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B  y the time writing this editorial, around nineteen 
months (Dec 2019) has passed since the first report 
of a Severe Acute Respiratory Syndrome Coronavi-
rus 2 (SARS-CoV-2) outbreak in individuals of Wuhan, 

China1. Also, it has been more than sixteen months (Mar 2020) 
since the declaration of the Coronavirus disease 19 (COVID-19) 
pandemic by the World Health Organization (WHO)1. The evo-
lution and rapid scattering of this novel coronavirus have tra-
pped in an unprecedented global public health crisis, which, so 
far, has reached 196,553,009 people around the globe, provo-
king 4,200,412 deaths (31st July 2021)1.

The global endeavor of defeating contagion has achieved 
groundbreaking events such as the fastest development and 
massive application of effective vaccines in history2. Currently, 
+500 SARS-CoV-2 vaccines are being developed over the full 
spectrum of platforms (i.e., non-viral vector, viral vector, inac-
tivated and live-attenuated virus, and recombinant vaccines); 
some of which are already pre-clinical and clinical studies2,3. 
Remarkably, ten vaccines are already available on the market4, 
from which, by the end of July 2021, +3800 million doses have 
been administered1. Complemented by non-pharmaceutical 
strategies (e.g., restrictions on international mobility), inducing 
protective immunity to SARS-CoV-2 massively until attaining 
herd immunity appears to be the definitive solution to overco-
me this pandemic5.

We are reaching milestones daily, so some exciting ques-
tions have been raised about immunological memory – the 
fundamental of protective immunology. This response coor-
dinated by a synchronized orchestra of antibodies, memory B 
cells, memory CD4+ T cells, and memory CD8+ T cells re-
mains poorly understood6. Either infection (natural immunity) 
or vaccination (vaccine-induced immunity) can trigger immu-
nological memory against SARS-CoV-2, and all nuances in 
such complexity may provoke different biological outcomes7. 
Diverse investigations have concluded that either path to im-
munity can confer specific protection to COVID-198–11. Moreo-
ver, they have discussed the question: what does it occur when 
these immunities are overlapped? Acquiring knowledge on the 
immune response dynamics that convalescent individuals who 
are subsequently vaccinated develop is essential. The deep 
understanding of this “hybrid immunity” will allow the design 
of appropriate vaccination regimes for the vast population of 
previously infected individuals12.

Observations on the response kinetics of immune me-
mory from naturally immunized cohorts have found that ~95% 
of subjects can develop a stable immunity against reinfection, 
which may last moderately declining over a year after symp-
toms onset6,13. Relevantly, such protective immunity suffers 
a considerable weakening in the face of current circulating 
SARS-CoV-2 variants of concern (VOCs) – i.e., B.1.1.7 (Alpha), 
B.1.351 (Beta), P.1 (Gamma), and B.1.617.2 (Delta) – when com-
pared with the wild-type Wuhan-Hu-1 variant4,14–16. As identi-
fied by previous works, multiple spike (S) protein mutations 
in VOCs explain their ability to escape neutralization antibody 

activity partially, making the acquired natural protective im-
munology less effective7,12.

Although to a milder degree, reduction to VOCs neutra-
lization has also been seen in vaccine immunized people16. 
Currently, four main types of vaccines govern the market: 
mRNA-lipid nanoparticle-based non-viral vectors (BNT162b2 
by Pfizer-BioNTech, and mRNA-1273 by Moderna), adenovi-
rus-based viral vectors (ChAdOx1-nCoV-19 by AstraZeneca, 
Ad26.COV2.S by Johnson & Johnson, Ad5-nCoV by CanSino 
Biologics, and Sputnik V by Gamaleya), inactivated virus (Co-
ronaVac by Sinovac, BBV152 by Bharat Biotech,  WIBP-CorV 
by Sinopharm (Wuhan), and BBIBP-CorV by Sinopharm (Bei-
jing)), and recombinant protein subunits (NVX-CoV2373 by 
Novavax)3,4. Phase 3 clinical trials showed good overall vac-
cine efficacies that ranged from ~95% (BNT162b2) to >50% 
(CoronaVac) at preventing COVID-19 illness, commonly af-
ter a two-dose prime-boost regime17. In such a sense, it has 
been observed that vaccination protection effectiveness sli-
ghtly reduces against VOCs, Delta variant being associated 
with the highest transmissibility and ability to avoid antibody 
neutralization16. However, although less potent to VOCs, pre-
liminary research suggests that vaccines probably remain 
efficacious8,11,16,18. Now, it is statistically modelized that vacci-
ne-induced neutralization activity would decay in a long non-li-
nearly fashion, causing the vaccines with initial efficacy of 95% 
to preserve 77% efficacy in a 250-day span19.

Identifying the differences between natural and vacci-
ne-induced immunities directs us to the proper interrogation: 
what is there at their interface? As mentioned earlier, nume-
rous research groups have addressed this question, and their 
results suggest that hybrid immunity has a more robust pro-
tective performance than either immunity. In a synergistic cha-
racter, researchers have seen that previously infected vacci-
nees mount cross-variant neutralization reactogenicity to the 
first vaccine dose, which equals or surpasses the observed in 
naïve individuals after the second vaccine shot5,7,8,11,16,20,21.

Reports in this regard informed the occurrence of anam-
nestic reactions in diverse cohorts of previously infected vacci-
nees after receiving the first vaccine dose of either BNT162b2, 
mRNA-1273, or ChAdOx1-nCoV-19 with no apparent improve-
ment after the second dose7–9,11,17,21. According to Goel et al. 
and Kramer et al., as anticipated, only COVID-19 survivors pre-
sent detectable levels of immunoglobulin G (IgG) antibodies 
specialized to recognize the full-length SARS-CoV-2 S protein 
(anti-S IgG) or the SARS-CoV-2 spike receptor-binding domain 
(RBD) (anti-RBD IgG) – antibodies associated with SARS-
CoV-2 neutralization responses13– before vaccination17,22. As 
observed, titers of anti-S IgG and anti-RBD IgG are higher in 
individuals with a history of SARS-CoV-2 infection pre- and 
post-vaccination (compared with naïve subjects at the exact 
sampling times)17,20,23. The first vaccine dose induces a variable 
and inadequate response of neutralizing antibodies genera-
tion in SARS-CoV-2–unexposed individuals, which boosts the 
second vaccination24. Contrary, the first vaccine dose triggers 
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a uniform and rapid amplification of anti-S IgGs and anti-RBD 
IgGs titers in SARS-CoV-2 experienced individuals10,11. While 
naïve and COVID-19 asymptomatic vaccinees’ antibody titers 
are significantly boosted after the second vaccine dose21, no 
significant improvement has been detected in participants 
with preexisting immunity after the boosting dose, suggesting 
a possible plateau in the neutralization antibody activity9,11,20.

Interestingly, as informed by Ebinger et al., neutralizing 
antibodies levels in naïve individuals who received the first vac-
cine dose were slightly higher when contrasted with the base-
line state of previously infected individuals23. In their research, 
neutralizing antibody levels were statistically similar in both 
groups, only if compared to the group of previously infected 
individuals after the first dose with the group of naïve indivi-
duals after completing a two-dose vaccination regime23. Also, 
higher frequencies of vaccine-related systemic side effects 
(e.g., fever, headache, muscle pain, and fatigue) have been as-
sociated with COVID-19 convalescent individuals and high IgG 
responses9.

As a complement, the humoral immune response of 
SARS-CoV-2–exposed individuals is boosted above the pro-
tective threshold after the first vaccination dose, even against 
VOCs8,16. Planas et al. noticed that sera from previously infec-
ted one-dose vaccinees displayed a significant increase in neu-
tralizing antibody titers against Alpha, Beta, and Delta SARS-
CoV-2 variants, in contrast with non-vaccinated convalescent 
people16. On the contrary, such cross-variant neutralization 
activity was observed in naïve individuals just days after the 
second vaccine immunization. Therefore, these emerging data 
highly advise that SARS-CoV-2 experienced individuals subse-
quently vaccinated may develop a broad protective immunity 
against all spreading VOCs7,16.

Every compartment of the adaptative immune systems 
is probably involved in prompting this non-anticipated hybrid 
immunity behaviour7. Broadly, as part of the immune response 
against infection, long-live memory B cells by a previous induc-
tion of T cells (specifically, T follicular helper cells) start com-
piling mutations in immunoglobulin variable gene sequences 
(somatic hypermutations (SHM)) in favor of a future genera-
tion of high-affinity antibodies13. Thus, evolved memory B cells 
can be recruited post-vaccination, which will differentiate into 
plasma cells producing highly potent neutralizing antibodies13. 
It has been observed that memory B cells continue accumu-
lating somatic mutations over 12 months in germinal centers 
in individuals who have recovered from COVID-1913,25. Those 
mutations accumulated long after infection are, indeed, thou-
gh accountable for the high potency in serum neutralization 
activity of the convalescent vaccinee cohorts against VOCs12. 
Although the study performed by Goel et al. it was not found 
any change in the levels of SHMs in memory B cell clones from 
convalescent individuals as a response to vaccination17, naïve 
vaccinees also would enter into this memory B cell matura-
tion after antigen exposure (vaccination), if analyzed after long 
spans12.

The prime-boost regime strategy chose for most vaccines 
relies on mounting protective responses through memory re-
call to antigen reexposure7. The natural SARS-CoV-2 infection 
primes convalescent populations. This primary encounter with 
the virus promotes the previously infected individuals to deve-
lop a T cell memory response to a vast epitope repertoire of 
the 25 SARS-CoV-2 proteins (S and non-S viral proteins), which 
according to several studies, are maintained in VOCs7,15,20. Most 
commercial vaccines induce a protective response using only 
the SARS-CoV-2 S-protein8,11. Accordingly, vaccine priming 
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activates a T cell memory to a restricted number of epitopes 
in naïve individuals (compared to SARS-CoV-2–exposed indivi-
duals)7. Therefore, the reactivation of broad infection-primed T 
cell memory response and the recruitment of long-live muta-
ted memory B cell after first vaccine dose in SARS-CoV-2–ex-
posed individuals probably play a role in the astounding res-
ponse kinetics of hybrid immunity20.

The boosting vaccine dose produced in B and T cell ki-
netics is remarkably similar to the one observed in the sero-
logical analysis. That is, boosting effect of the second vacci-
ne dose was only observed in naïve individual8,11,17,20. Humoral 
and cellular immunity of convalescent vaccinees may reach 
an activity plateau after the first vaccine dose20. In this sense, 
the study of Lozano-Ojalvo et al. reported a reduction in T cell 
responses in COVID-19 recovered individuals after the second 
vaccine dose20. Taken together, those results reveal that con-
valescing individuals may request an alternative vaccination 
regime different that the current prime-boost one developed 
in naïve individuals.

Global health systems are still battling a colossal challen-
ge aggravated by the shortage in vaccine supply and the occu-
rrence and dissemination of VOCs5,21. Vaccine policies are being 
discussed worldwide, proposing several strategies to address 
herd immunity to protect their populations15,24. A clear exam-
ple was seen in the United Kingdom when authorities approved 
extending the time interval between vaccine dosages to apply 
the first vaccine immunization to the most significant number 
of citizens8. However, as above expose, one dose in naïve indivi-
duals may not be enough to protect them from VOCs, such as 
the Delta variant16.

Hybrid immunity can become a turning-point opportunity 
to defeat the infection in context with the current pandemic 
scenario. Adopting policies aligned with the data mentioned 
above may be particularly beneficial for regions like Latin 
America. While this region shares only ~5% of the world po-
pulation, it accumulates +16% of the ~200 million COVID-19 
total cases, so far reported1. Acknowledging the reduced 
diagnostic capabilities of these countries, this entire area is 
probably one of the most affected globally, leading to one of 
the more numerous populations of convalescent people. From 
both an economic and pharmacological perspective, applying 
a one-dose regime of pertinent vaccines to convalescent indi-
viduals is sustainable5. As COVID-19 survivors may need just 
one vaccination to achieve high levels of protective immunity, 
massive antibody screening for SARS-CoV-2 spike antibodies 
could help prioritize and free up doses, optimize vaccine supply 
efficiency, and surpass problems linked to the current vaccine 
manufacturing bottleneck5,25,26.

Finally, as all cited reports were performed considering 
vaccines developed over only mRNA-lipid nanoparticle-based 
non-viral vectors and adenovirus-based viral vectors, it is vi-
tal to extend the research to the rest of marketed vaccines 
and figure out if the same “hybrid immunity” principles apply 
to them.
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La pandemia por SARS-Cov-2, que inicialmente se plan-
teó como una afección predominantemente respiratoria, se ha 
convertido en una noxa con manifestaciones en múltiples ór-
ganos, el factor común para la llegada del virus a los mismos 
son los receptores ACE 2, que es por dónde el virus ingresa a 
nuestras células.

A nivel vascular, es llamativo la incidencia incrementada 
de trombosis tanto macroscópica como a nivel de la micro-
circulación sistémica y pulmonar (microCLOTS) por inmu-
notrombosis1, la endotelitis producida por el virus2,3, parece 
activar estados protrombóticos por la lesión del glicocálix 
endotelial, con la consecuente activación de la cascada de 
coagulación y la adhesión y agregación plaquetaria posterior; 
sumándose la NETosis, que es un mecanismo de erradicación 
bacteriana, pero desregulado puede empeorar el estado pro-
trombótico ya narrado. Esto ha planteado si el uso de anticoa-
gulantes debe ser una panacea y si la dosis a recibir debe ser 
con fines profilácticos o de anticoagulación, parece ser que la 
anticoagulación con dosis plenas debe indicarse en pacientes 
con trombosis documentada4.

La trombosis vascular, en especial tromboembolismo ve-
noso y la tromboembolia pulmonar (TEP) observada a nivel 
clínico y en autopsias5, es un hallazgo relativamente frecuente 
en el COVID-19, pero su comportamiento desconcierta, ya que 
las escalas habituales para evaluar riesgo y probabilidad clíni-
ca de trombosis fallan, así también lo hacen los tratamientos 
farmacológicos usuales como la trombólisis, la antiagregación 
y la anticoagulación.

La ecocardiografía al pie de cama del paciente es una 
herramienta robusta, aun cuando no de primera línea, para el 
diagnóstico de episodios tromboembólicos pulmonares masi-
vos, y que permite tomar decisiones terapéuticas inmediatas 
en pacientes con inestabilidad hemodinámica. Datos como el 
signo de 60/60 y depresión de la contractilidad del ventrículo 
derecho con evidencia de signo de McConnell son sugestivos 
de embolia pulmonar6. En la COVID 19 se consiguen pacientes 
sin expresión ecocardiográfica de sobrecarga del ventrículo 
derecho y si angiotomografía pulmonar positiva para embolis-
mo; tal vez, por la formación de trombosis pulmonares in situ y 
no provenientes de émbolos de miembros inferiores.

A continuación, presentamos la estadística de los casos 
de tromboembolia pulmonar, en una serie de 227 pacientes 
atendidos en nuestra terapia intensiva (tabla 1); 15 pacientes 
(6%) tuvieron TEP, el 76% fueron hombres y el diagnóstico se 
realizó con ecocardiografía transesofágica o con angiotomo-
grafía pulmonar. La mortalidad fue del 80% y antes del evento 
todos los pacientes tenían heparina fraccionada a dosis de an-
ticoagulación. A 7 pacientes se les administró terapia trombo-
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lítica con estreptoquinasa o con activador del plasminógeno 
tisular, con resultados no alentadores, ya que sobrevivió solo 
1 paciente. Los niveles de dímero D al ingreso y a las 72 horas 
no parecen guardar relación con la génesis de trombosis en 
esta serie.

Por lo escrito, el diagnóstico de tromboembolia pulmonar 
en el paciente con COVID-19 críticamente enfermo tiene una 
incidencia relativamente elevada, con alta mortalidad, sin una 
prueba “gold stantard” para el diagnóstico y sin la certeza de 
la utilidad de la anticoagulación, antiagregación y trombólisis, 
que eran estrategias farmacológicas tradicionales para el ma-
nejo de esta entidad. Esperamos la publicación de trabajos en 
curso sobre esta temática que aclaren el panorama y nos per-
mitan contar con más herramientas diagnósticas y terapéuti-
cas que mejoren el pronóstico de estos enfermos.
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Abstract: Classical swine fever is a highly contagious viral disease with a significant impact on food production worldwide. It 
currently represents one of the main limitations for the development of the pig industry in Cuba. Porvac® is a subunit marker 
vaccine that confers a very rapid onset of protection. Since there are different production systems in pig breeding, readjustments in 
the vaccination program are often required. This study compares the safety and efficacy in piglets of two vaccination schedules with 
Porvac® (0-2 weeks and 0-3 weeks), initiated at two or three weeks of age. Clinical monitoring was conducted, and a neutralization 
peroxidase-linked assay was used to measure the neutralization titers. All immunization regimens were safe and well-tolerated, 
without local or systemic adverse reactions in the vaccinated animals. Geometric mean neutralizing antibody titers higher than 
1/1500 were detected in all groups during the six months of the trial. One month after the second immunization, piglets primed at 
two weeks of age, and boostered three weeks later, developed significantly higher neutralization titers (1/15644) compared to those 
vaccinated at a similar age but with a two-week interval between doses (1/5760). However, no significant differences in the titers 
were found three and six months after vaccination among the four regimens. In summary, all the variants studied are effective, but 
it is recommended to start vaccination at two weeks old, with the second dose at either two or three weeks later, depending on the 
production system and the purpose of the farm. 

Key words: Classical swine fever, E2CD154, subunit vaccine, piglets, neutralizing antibodies.
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Introduction
Classical swine fever (CSF) is an infectious disease with 

the most significant economic impact on the swine industry in 
Cuba and many other countries. The disease is caused by the 
classical swine fever virus (CSFV), an enveloped, single-stran-
ded RNA Pestivirus. Due to its devastating effects, CSF has 
been listed as a notifiable disease by the World Organization 
for Animal Health (OIE)1. In endemic areas, prophylactic vacci-
nation is commonly used to limit the effects of the disease or 
as a first step within a general program to control and eradi-
cate the virus. The modified live vaccines (MLV) are the most 
widely used in CSF endemic regions and have effectively con-
trolled the disease in several countries such as Brazil, Argen-
tina, and Uruguay.

On the other hand, Cuba is one CSF endemic country whe-
re the virus has been emerging for more than 20 years despite 
the use of an attenuated C strain MLV2-4. The lack of discrimi-
nation between infected and vaccinated animals, the require-
ment for a cold chain of distribution, and the interference of 
maternal-derived neutralizing antibodies (MDNA) are the main 
drawbacks of MLV, which have limited its use in disease-free 
regions. Several subunit vaccines have been developed to over-
come these drawbacks, but they exhibit a late onset of protec-
tion as compared to MLV and provide insufficient protection 
against vertical transmission5-8.

Porvac® is a Cuban subunit marker vaccine against CSFV, 
which is based on a recombinant chimeric antigen comprising 
the E2 protein of CSFV and the molecular adjuvant CD154. 
This vaccine has been safe and capable of inducing an unusua-
lly rapid onset of protection against a challenge with a highly 
pathogenic CSFV strain, which is similar to the one described 

for MLV9-11. Porvac® induces both high neutralizing antibodies 
(NAb) titers and cell-mediated immune response and can in-
terfere with the transmission of the virus from pregnant sows 
to their offspring12.

Porvac® has been registered in Cuba and is been currently 
used in both, large state-owned pig production units and small 
private farms. Since there are different production systems in 
swine breeding, readjustments in the immunization schedules 
must make them compatible with those systems. The present 
study aimed to compare the safety and efficacy of two diffe-
rent immunization schedules with Porvac® (0-2 weeks and 0-3 
weeks), starting at either two or three weeks after birth. These 
experiments must provide the scientific basis for a more flexi-
ble approach in terms of vaccination schedules for the diffe-
rent production systems.

Methods 

Porvac® vaccine
The vaccine preparation was obtained from the stable 

HEK 293 cell line (ATCC CRL1573), which expressed the CSFV 
E2 antigen fused to the porcine CD154 protein. It was produced 
under Good Manufacturing Practices in a certified production 
area of the Center for Genetic Engineering of Camaguey, Cuba,  
and formulated as a water-in-oil formulation with Montanide 
ISA50V2 (SEPPIC, France) at a final concentration of 25 μg of 
E2-CD154 antigen/ mL.

1 Departamento de Biotecnología Animal, Centro de Ingeniería Genética y Biotecnología (CIGB), Playa, Cuba. 
2 Centro para la Producción de Animales de Laboratorio (CENPALAB), Centro de Toxicología Experimental (CETEX), Boyeros, La Habana, Cuba. 

Corresponding author: ayme.oliva@cigb.edu.cu
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Experimental animals  
The study included the litters from four unvaccinated CS-

FV-negative sows (Duroc x Yorkshire crossbred swine). The 
piglets were kept with their mothers until weaning, between 
33 and 42 days, each group in a separate experimental room. 
Trials were carried out under appropriate high containment 
conditions following the animal welfare regulations and stan-
dards according to Good Clinical Practices13-15. The study was 
approved and supervised by the Committee for Care and Use 
of Laboratory Animals (CICUAL) of the Center for the Produc-
tion of Laboratory Animals (CENPALAB).

The general clinical conditions of the animals were evalua-
ted during the immunization period, especially the occurrence 
of adverse reactions at the injection site. The rectal tempe-
rature was measured immediately before the first vaccination 
and 72 hours after each vaccine administration. Blood samples 
were taken from the ophthalmic venous sinus in the absence 
of anticoagulant, previous to the first immunization (T0) and 
at one, three, and six months after the second immunization 
(T1, T3, and T6, respectively). Hematological and biochemi-
cal analyses were conducted at the analytical laboratory of 
CENPALAB. The levels of total protein, glucose, alkaline phos-
phatase, alanine aminotransferase, aspartate aminotransfera-
se, albumin, creatinine, uric acid, and urea were measured a 
Cobas Integra 400 PLUS Analyzer (Roche DiagnosticSystems).

Vaccination
Four experimental groups (G2-2, G2-3, G3-2, and G3-3) 

were formed with complete litters comprising 9 and 12 piglets 
per group. Two groups included 2-week old piglets, and the 
other two were formed with 3-week old piglets on the day of 
prime vaccination.  Each group was further subdivided to recei-
ve the vaccine with either two or three-week intervals between 
the priming and the booster. The intramuscular route inocula-
ted a dose of 2 mL (50 μg of E2-CD154). The first immunization 
was performed on the right side of the neck and the second on 
the left side, using 18 x 1’’ needles, in agreement with the good 
veterinary clinical practices.

CSFV-neutralizing antibodies detection
The serum samples were tested by Neutralization Peroxi-

dase Linked Assay (NPLA) to determine the NAb titers against 
CSFV, following the methods described by OIE Manual16,17. 
National Center provided Margarita CSFV strain for Animal 
and Plant Health, Mayabeque, Cuba, and the anti E2 Mab CBS-
SE2.3 conjugated to horseradish peroxidase by CIGB-Sancti 
Spiritus, Cuba.

Data analysis
Data analysis was performed using package GraphPad 

Prism 6 (Prism 6 for Windows, Version 6.01, GraphPad Sof-
tware, Inc., La Jolla, USA). The Kolmogorov-Smirnov test was 
used to evaluate normality, and the Levene test assessed 
the homogeneity of variances in the data. One-way ANOVA, 
followed by Tukey multiple comparison tests, was applied to 
compare the temperature values among groups. Kruskal-Wa-
llis non-parametric test, followed by the Dunn test, was used 
to compare the geometric means (GM) of the antibody titers 
among the different groups. Statistical significance was consi-
dered when p <0.05.

Results

Evaluation of the clinical signs during the 6 months follow-up
The animals exhibited good health conditions at the be-

ginning of the trial. After vaccination, they showed no signs of 
inflammation, redness, or induration at the inoculation site. No 
systemic adverse effects or other alterations were observed, 
regardless of the age of the animals at vaccination and the 
vaccination schedule applied.

Evaluation of the body temperature during the 
immunization period

The rectal temperature was monitored before the immu-
nizations as a part of the assessment of the health status of 
the animals. Subsequent measures of the body temperature 
were done at 72 h after each immunization (Figure 1). Mean 
body temperature in all the groups remained within the phy-
siological range, although some hyperthermia values were ob-
served in G2-2 and G2-3 before vaccination and 72 h later. No 
significant differences were found between the immunization 
days and 72 h later; therefore, the high values of temperature 
registered for some individuals were not associated with vac-
cination. Animals remained healthy until the end of the trial.

Evaluation of hematological and biochemical parameters
The hematological and biochemical parameters of the 

animals were evaluated before and three months after vac-
cination (tables 1 and 2). Although some variability was ob-
served at the initial measurements at 15 or 21 days of age, no 
differences were found among the four groups three months 
after vaccination (ANOVA p < 0.05). At that time all the values 
were within the normal ranges for the species.

Immunogenicity of Porvac® in piglets
All piglets were CSFV seronegative at the beginning of the 

study, with NAb titers lower than 1/5. One month after recei-
ving two immunizations, all animals developed NAb titers of 
1/3200 or higher, regardless of the schedule applied (Figure 2). 
Statistical differences were documented among groups (Krus-
kal-Wallis, p<0.05). NAb titers were lower in group G2-2 (GM 
=1/5552) as compared with groups G2-3 (GM = 1/12800) and 
G3-3 (GM =1/8300) (Dunn test, p<0.05).  No significant diffe-
rences were found between the groups immunized at two and 
three weeks (G2.2 vs. G3.2 (GM=1/11943) and G2.3 vs. G3.3). 

In the evaluation conducted three months after the se-
cond immunization, all groups exhibited GM NAb titers above 
1/9000, without significant differences among them (Krus-
kal-Wallis, p>0.05).

Six months after vaccination, the NAb titers had decrea-
sed as expected, although they remained equal to or higher 
than 1/400 in all animals. Finally, six randomly selected ani-
mals from the different schemes were followed up one year 
after vaccination. Interestingly, NAb titers of these pigs remai-
ned ≥ 1/400 at this time. 

Discussion
Vaccination is the most important activity within the CSF 

prevention program in endemic countries like Cuba since diffe-
rent pig farms use diverse production systems, the evaluation 
of different vaccination regimes with Porvac® is an important 
step to adjust vaccination to those production systems.
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In this study, we have evaluated the safety and immuno-
genicity of four immunization regimens with Porvac®. Two va-
riables were explored: (1) age for the first administration and 
(2) time interval between the priming and booster doses.

The four regimens were safe and well-tolerated. Neither
systemic nor local adverse reactions were observed nor tem-
perature changes associated with vaccination. Those results 
confirm pre-registration studies in pigs of different ages with 
this vaccine10-12,18. They are also by those obtained in a pre-re-
gistration study with a CP7_E2alf marker vaccine and animals 
of similar age19.

Concerning some elevated temperature values registered 
during the immunization period, the physiological temperature 
in pigs ranges between 38.7 and 39.7 ° C, although this range 
could reach 40.2 °C in piglets during the first weeks after bir-
th20. Our study was conducted between spring and summer 
with maximum values of ambient temperature above 30° C. 

This environmental situation can lead to a  condition called 
heat stress, which is characterized by modifying the physiolo-
gical constants of the animals21. Therefore, the experimental 
manipulations in one of the most sensible pig’s categories, and 
the heat stress could have influenced the temperature ranges 
observed.

The development of the innate immune system in pigs be-
gins early during gestation. The newborn piglet already has a 
naive adaptive immune system with low blood levels of natural 
antibodies, which recognize the most common pathogens22,23. 
Piglets achieve full maturity in their immune system after four 
weeks of life, which guarantees an adequate immune response 
to vaccines24. Previous studies conducted with other vaccines 
have found that five-week-old piglets developed a superior 
NAb response compared to those immunized two weeks ear-
lier24.

However, in the present study, even two-week-old naïve 

Figure 1. Evaluation of the rectal temperature before and after the vaccination.

Table 1. Hematological para-
meters of the animals before 
and 3 months after vaccina-
tion.
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Table 2. Biochemical parameters of the animals before and 3 months after vaccination.

Figure 2. CSFV NAb titers in all experimental groups during the six months follow-up study.

Safety and immunogenicity in piglets of two immunization schedules initiated at two or three weeks of age with Porvac®, a classical swine fever subunit marker
vaccine
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piglets could induce a potent NAb response against CSFV after 
vaccination with Porvac®. Similar levels of NAb were measu-
red in those animals, at any of the time points evaluated, com-
pared with the group immunized at the age of three weeks.

Additionally, the findings suggest that a three-week inter-
val between immunizations is more effective than two weeks 
to induce NAb, although these results were found only one 
month after vaccination. Those differences faded over time 
and were found neither at 3 nor at 6 months after vaccination.

Even so, it should be noted that, from a practical point of 
view, the differences above are irrelevant since the NAb titers 
elicited by the four regimes studied were manifold higher than 
the protective threshold of 1/50, previously defined by other 
investigators25,26.

The high immunogenicity of Porvac®, even at this very 
early age, is probably due to the action of the CD154 protein 
(CD40L), which functions as a molecular adjuvant. This mo-
lecule is directly involved in the activation and maturation of B 
lymphocytes, which occupy a central role in the immune res-
ponse, functioning as precursors of antibody-secreting cells 
and effective antigen-presenting cells (APC). CD154 also inte-
racts with professional APC such as dendritic cells, promoting 
their maturation and activation27,28.

Finally, those results confirm previous findings that Por-
vacÒ can promote a long-lasting response, which is welcome 
for breeding gilts and boars, although immune protection for 
7–8 months is sufficient for growing and fattening pigs29. In the 
present study, when the vaccinated animals arrived at repro-
ductive age still exhibited protective NAb levels against CSFV, 
demonstrating that a long-lasting humoral immune response 
can also be generated by immunizing two-week-old naïve pi-
glets Porvac®. This agrees with the results of pre-registration 
controlled trials conducted by Suárez et al., 201111, where pro-
tective NAb titers were still detected at 9 months post-vacci-
nation.

This study was conducted in naïve animals born to un-
vaccinated sows; therefore, they did not have MDNA at vac-
cination. It is well known that MDNA can interfere with active 
immunity, mainly described for MLVs24,30,31. However, previous 
studies have already demonstrated that pre-existing MDNA 
does not interfere with the immunogenicity of Porvac®18. The-
refore, it is very likely that the results shown here could be 
safely extrapolated to those piglets born to Porvac® vaccina-
ted sows.

Conclusions
A three-week interval between doses induced higher NAb 

titers than a 2-week interval in piglets vaccinated with 2 weeks 
of age. Those differences were only observed at 1 month, but 
not at 3 and 6 months after vaccination.

Regarding the time of the prime vaccination, no differences 
in the NAb response were found between 2 and 3 weeks of age.

The four immunization schedules evaluated in this study 
induced high titers of NAbs in naïve piglets, well above the pro-
tective threshold; therefore any of them could be used in pig 
production units, harmonized with their respective productive 
systems. As a general recommendation, all producers could 
apply the first dose of PorvacÒ at two weeks of age. The ani-
mals born in the genetic farms and reproductive centers would 
receive the second dose two weeks later. The rest of the farms, 
including medium and small-scale producers, may apply the se-
cond dose with either two or three week’s interval depending on 
their production systems.
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Assessing HeberFast® Line Gavac, a lateral flow immunochromatographic system 
for the rapid detection of anti-Bm86 antibodies in Gavac vaccinated cattle
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Abstract: Rhipicephalus Boophilus microplus cattle tick is a scourge for livestock production. The infestations produced by this 
pathogen are incompletely contained by chemical treatments, with the associated environmental pollution risks. Vaccination against 
cattle ticks has emerged as a feasible and environmentally friendly strategy to control tick-borne diseases. In this setting, Gavac® 
vaccine has proven effective in decreasing cattle tick populations through antibody responses against the tick Bm86 antigen, as 
part of an Integrated Control Program. However, animal vaccination programs require easy and ready-to-use screening tests to 
follow up the immune response in vaccinated animals under field conditions. This study reports the evaluation HeberFast® Line 
Gavac, a lateral flow immunochromatographic system for the rapid detection of anti Bm86 antibodies in vaccinated cattle. The 
system was tested on 598 serum samples taken from immunized animals, arranged in three groups according to their anti-Bm86 
antibody response in ELISA (209 high, 150 medium or 239 low and 100 samples from non-immunized animals. The HeberFast® 
Line Gavac system was assessed for sensitivity, specificity, and concordance against the ELISA reference test. Consistency was 
evaluated among production batches and inter-analyst reading-independent consistency at two moments: ten minutes after 
completing the test and after strip drying. The system showed high sensitivity (81.6%, 82.2%, and 81%), specificity (96.7, 94.6, and 
93.3%), and agreement with the ELISA reference test (75%; 74%, and 71%) for high, medium and low anti-Bm86 sera, respectively. 
The effectiveness of the diagnosis was 87.6; 87.1; 85.9 for high, medium, and low antibody titers, respectively. Consistency among 
production batches and analysts was documented, and no significant differences between evaluation times were found. These 
results indicate that HeberFast® Line Gavac is a valuable tool for the serological surveillance of Gavac vaccinated cattle.

Key words: Cattle tick, vaccination, antibody screening strip, lateral flow immunoassay, Bm86, Gavac®.

RESEARCH / INVESTIGACIÓN

Introduction
Rhipicephalus (Boophilus) microplus cattle tick is a scour-

ge for livestock production in tropical and subtropical areas. 
Ticks cause significant losses due to their direct weakening 
effects in cattle and through tick-borne diseases, ultimately 
causing animal death1. In Cuba, an Integrated Management 
Program for cattle tick control has been implemented na-
tionwide. This program comprises the combination of Gavac®, 
a recombinant vaccine against cattle tick, with chemical acari-
cide treatments, scheduled according to the infestation index, 
and other measures for the biological, mechanical, immuno-
logical, and genetic control of the plague. The application of 
the vaccine has effectively sparse the number of acaricide 
treatments required, thereby reducing the environmental po-
llution risks and diminishing a 98% the deaths rates caused by 
hemoparasites2-4.

The active ingredient of Gavac® is the tick gut Bm86 pro-
tein. Anti-Bm86 antibodies induced upon vaccination will at-
tach to the gut epithelium of suckling ticks, with deleterious 
effects on their populations and the size of their progeny5,6. 
Regular immunizations are required to maintain protective an-
ti-Bm86 antibody titers in the blood of the animals6-8.

Commonly, antibody titers in sera of immunized animals 
are monitored through antigen-specific Enzyme-Linked Immu-
nosorbent Assays (ELISA) tests, high efficiency, and specificity. 
However, such assays are troublesome under field conditions, 
time-consuming, and require specialized laboratory facilities 
and qualified personnel to perform and evaluate the results 

objectively. Thus, a fast and easy-to-use screening test is nee-
ded to implement and evaluate ongoing, and future cattle tick 
vaccination campaigns under field conditions.

Therefore, this study aimed to evaluate the performance 
of HeberFast® Line Gavac, a fast chromatographic screening 
test for the detection of anti-Bm86 antibodies, and its concor-
dance with the reference ELISA test used in the laboratory. 
The main parameters to compare were sensitivity, specificity, 
and consistency.

Materials and methods

Material and Reagents

Ethical statement
Blood was extracted from cattle following an experimen-

tal protocol elaborated according to the ethics guidelines for 
animal care9 and approved by the Ethics Committee of the 
Center for Genetic Engineering and Biotechnology (CIGB).

Serum collection and measurement of anti-Bm86 
antibody titers by ELISA

Positive and negative anti-Bm86 antibody blood was co-
llected from animals in units either under tick control programs 

1 Departamento de Biotecnología Animal, Dirección de Investigaciones Agropecuarias, Centro de Ingeniería Genética y Biotecnología, La Habana, Cuba. 
2 Unidad de Laboratorios Centrales de Sanidad Agropecuaria (ULCSA), Ministry of Agriculture, Cuba. 
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with Gavac® vaccination or without vaccination. Blood was 
taken from healthy cattle, regardless of age, sex, or reproduc-
tive categories, and the sera were stored at –20oC until use.

ELISA measured the level of anti-Bm86 antibodies in sera. 
Briefly, ELISA microplates (Polysorp, Nunc, USA) were coated 
with Bm86 protein at 2 μg/mL and incubated overnight at 4ºC. 
Plates were washed with PBS-Tween 20 (0.05%), and blocked 
with 1% skimmed milk for 1 h at 37ºC. Sera was next diluted 
1:500 in PBS-Tween 20 (0.05%) and 100 μL added to each well, 
and further incubated for 1 h at 37ºC. Next, a rabbit anti-bovine 
IgG antibody conjugated to horseradish peroxidase was added 
for 30 min at 37ºC. Finally, the reaction was developed with 0.5 
mg/mL ortho-phenylenediamine and 0.015 % H2O2, and the re-
action stopped 10 min later with H2SO4 (1%). The optical den-
sity (OD) was measured at 492 nm in an ELISA plate reader 
(Sunrise, Austria). A standard curve made with five 1:2 serial 
dilutions of an anti Bm86 positive reference serum reference, 
starting with 1:640, was used to interpolate the OD values of 
each serum. The anti Bm86 antibody values were expressed as 
absorbance units (AU)/mL. Three groups were formed accor-
ding to the results of this evaluation:

Group 1. High responders: 209 positive samples with an-
ti-Bm86 antibody values higher than 1000 AU/mL.

Group 2. Medium responders (gray zone): 150 samples 
with anti-Bm86 antibody values between 530 and 1000 AU/
mL (minimum protective titers).

Group 3. Low responders: 239 samples with non-protecti-
ve (negative) antibody values lower than 530 AU/mL.

Another group of negative sera with 100 samples from 
non-immunized animals was conformed.

HeberFast® Line Gavac

Bm86 protein and its conjugation to colloidal gold
The active pharmaceutical ingredient in GAVAC® vaccine 

was supplied by its manufacturer, the Center for Genetic En-
gineering and Biotechnology of Camagüey, Cuba. The conju-
gation of the Bm86 protein to colloidal gold was carried out 
according to Bailes et al., 201210 using homemade 20 nm 
colloidal gold particles. The protein was solubilized in 0.005 
mol/L of sodium chloride. The colloidal gold was also adjusted 
to pH 7 with 0.1 M K2CO3.

The following flocculation test first determined the 
amount of protein in relation to a fixed volume of gold: 500 μL 
of 20 nm colloidal gold at pH 7 were mixed with 100 μL of the 
protein solution in a range between 4 and 20 μg. The mixture 
was homogenized and incubated for 10 min at room tempera-
ture, and 500 μL of 10% sodium chloride solution was added 
to each reaction mixture. Finally, the conjugate content in the 
mixture was quantified by measuring the absorbance at 530 
nm in a spectrophotometer (Thermo Scientific GENESYS 10S 
UV-Vis, Madison, USA).

Once the optimal amount of protein had been selected, 
the reaction was conducted for 30 min at -20 °C -25 °C, sti-
rring at 300 rpm. The free sites on the colloidal gold particles 
were blocked with an adequate volume of 10% BSA, for a final 
concentration of 0.5 %. The final mixture was centrifuged at 
16000 x g for 1 hour at 4⁰C. The conjugate obtained (pellet) 
was suspended in 0.1 M TBS, BSA 1% pH 7.0, and diluted up to 
an absorbance of 40 at a wavelength of 530 nm.

Preparation of the immunoreactive strip
The strip components were nitrocellulose (NC) membra-

ne of 15 μm (MDI, type CNPC-SS12-L2-H50, dimensions 7,5 x 

26 cm, 1,5 cm of NC), pad for the antigen-gold conjugate (MDI, 
type PTR-5, dimensions 2,7 x 26 cm), and absorbent pad (MDI, 
type AP080, dimensions 3,5 x 26 cm) . The conjugate was di-
luted to an absorbance of 20, at a wavelength of 530 nm and 
dispensed onto the antigen-gold conjugate pad.

The Bm86 protein, dissolved at 4 mg/mL in phosphate 
buffer saline (PBS) was absorbed into the membrane in the 
test line. The mixture of the control line components consisted 
of a monoclonal antibody against Bm86 protein provided by 
the Center for Genetic Engineering and Biotechnology of Sanc-
ti Spíritus, Cuba at 4 mg/ml, and 0.2 mg/mL of poly L-lysine, 
dissolved in PBS.

Both the macroporous material and the nitrocellulose 
membrane were sprayed with the BioDotQuanti 2000, BioJet, 
England, and then dried in an oven at 37 °C, for 30 min. The NC 
membrane cards were blocked for 1h at room temperature in 
blocking solution (0.02% (v/v) Tween 20, 0.02% (w/v) sodium 
azide, 5% (w/v) sucrose, and 0.5% bovine seroalbumin (BSA), 
dissolved in PBS. Later they were dried in the oven at 37 °C 
for 1 h.

Test strip assembly
The NC membrane was coupled in the center of polyvin-

yl chloride support. The absorbent pad and the conjugate pad 
were glued by overlapping 1 mm at the top and bottom of the 
NC Membrane, respectively. The sample pad was then glued 
by overlapping 2 mm on the bottom of the conjugate pad. The 
master assembled card was cut into 4 mm wide strips using a 
CM5000-guillotine-cutter (BioDot, Irvine, USA).

Immunochromatographic assay
The rapid, one-step, and visual reading lateral flow immu-

noassay (LFIA), branded HeberFast® Line Gavac, consists of a 
strip of nitrocellulose (NC) membranes to detect antibodies 
against the Bm86 antigen in bovine serum. The membrane 
consists of two phases: a fixed phase composed of the Bm86 
protein as a capture biomolecule for the specific immunoglo-
bulins present in the serum and a mobile phase containing a 
protein-colloidal gold marker conjugate, which finally deve-
lops the reaction with a specific dye.

Each strip was introduced into 80 μL of bovine serum (pre-
viously diluted 1:8 in buffer). The diluted sera migrated by ca-
pillarity within the macroporous material, dissolving the Bm86 
conjugate labeled with colloidal gold. Two independent reac-
tions could be observed in the virtual window. If the sample 
was positive, the immune complex reacted with the Bm86 pro-
tein attached to the NC membrane, forming a first horizontal 
redline Positive Line (PL). For all samples, the free conjugate 
was captured in a second red horizontal line Control Line (CL) 
where a polyclonal anti-IgG murine antibody is fixed to the so-
lid phase.

Performance evaluation
Strips were used to detect antibody responses in 698 

samples of bovine sera, from598 vaccinated and 100 unvac-
cinated animals. The results of the samples were interpreted 
at two moments, at the end of the reaction 10 min after the 
sample was applied and once the strip dried. LFIA tested sam-
ples in triplicate. The specificity, sensitivity, positive predictive 
value (PPV), negative predictive value (NPV), efficacy as well 
as kappa coefficient (K), were determined.
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Kappa coefficient (K)
The Kappa coefficient was calculated to assess the level 

of significance of the agreement between the ELISA and the 
LFIA. The following ranges and their respective performance 
criteria were defined: 0.81-1.00, almost perfect agreement; 
0.61-0.80, reasonable agreement, 0.60-0.41, moderate agree-
ment; 0.40-0.21, discrete agreement, 0.20-0.01 insignificant 
agreement, and lower than 0.01, no agreement11.

Batch to batch consistency
The samples from all panels were all evaluated by the 

three batches of strips (Gavac1501, Gavac1502, and Ga-
vac1503). Results were considered valid for samples with 
coincident results with two different strip batches.

Inter-analyst interpretation
Three analysts read each sample, and results were regar-

ded as valid when two out of the three observers coincided.

Statistical analysis
The LFIA and the ELISA reference system results were 

statistically compared using the epidemiological analysis of 
tabulated data (EPIDAT) software, version 3.112. Concordance, 
sensitivity, specificity, efficacy, positive and negative predictive 
values, batch to batch consistency, and inter-analyst interpre-
tation were compared.  Statistical significance was considered 
for a 95 % confidence interval.

Results
Evaluation of the panel of samples from unimmunized 

animals.
All sera from unimmunized animals were negative. Only 

one signal appeared in the diagnostic control line, which gua-
rantees the validity of the test. This represented a 100% of 
specificity for the system. Four representative samples from 
this group are shown in figure 1.

Evaluation of samples from immunized animals
All the strips used were accepted as valid, as the control 

line indicating their quality and reliability was observed. The 
intensity of the test capture region line varied depending on the 
concentration of immunoglobulins in the sample.

The overall false positive rate fluctuated between 3.34% 
and 6.69%, while a range of 4.78%-5.26% was found for fal-
se-negative results for the different lots and times evaluated. 
As expected, the percentage of false negative and false po-
sitive values was highly dependent on anti-Bm86 antibodies 
in the samples. Samples from group 2 (medium responders) 
showed the greatest incongruities when compared to the re-
ference ELISA (36% - 38.7% of false negatives) (Table 1). The 
percentage of false-negative values dropped to 4.8%-5.2% in 
the group of high responders. On the other hand, the percen-
tage of false positives in the ELISA negative sera was only 3.4-
7.1%. Figure 1 shows 4 representative samples from each of 
the three groups evaluated. 

The general agreement of the immunochromatographic 
strips with respect to ELISA was good for the 3 batches eva-
luated based on the kappa coefficient (Gav1501, Gav1502, and 
Gav1503) (Table 2). 

The results of sensitivity, specificity, efficacy (test validity 
index), positive and negative predictive values, and confidence 
intervals of the 3 batches in studies are shown in Table 3.

Consistency between batches
The agreement among the three batches of strips eva-

luated (Gav1501, Gav1502, and Gav1503) is shown in Table 4. 
All batches exhibited high kappa coefficients, which indicate a 
good, or almost perfect degree of concordance. These results 
demonstrated the consistency of the manufacturing process.

Independence of the analysts
The concordance among the three analysts that read the 

assays ranged from good to almost perfect as the concentra-
tion of immunoglobulins increased. The results are shown in 
Table 5. The samples evaluated in the two moments gave no 
significant differences.

Figure 1. Evaluation of sera from Gavac immunizes animals and unvaccinated controls. Four representative samples per group 
were included. A: unvaccinated control group; B: high responders, (>1000 AU/mL); C: medium responders (530 - 1000 AU/mL); 
D: low responders (>530 AU/mL).
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Discussion
Tick mitigation strategies are part of a long tradition and 

focus on the local application of acaricides or the search for 
biological products that reduce the impact of the problem13. 
The use of the Gavac® immunogen within a control program 
decreases the reproductive parameters of the tick through 
the specific antibodies developed in the immunized animals14. 
Moreover, the fast development of anti-Bm86 antibody levels 
guarantees herds immunity and the effective control of tick 
populations4.

In this setting, the development of rapid, specific, sensi-
tive, and economically feasible diagnostic methods such as 

LFIA is of paramount relevance in veterinary medicine. They 
support the massive screening of samples in a shorter time 
under field conditions and the early detection of pathogens, 
further providing specific treatments and monitoring for the 
control epidemiological units15.

In this study, the performance of the HeberFast® Line 
Gavac immune screening test was evaluated for detecting an-
ti-Bm86 antibody titers in sera of immunized cattle. The sen-
sitivity and specificity of the immunochromatographic system 
for the three batches under study were in the 81-82% and 92-
95% ranges, respectively. Similar results have been previously 
reported for the use of LFIA strips for massive screening. For 
instance, the direct Sensitive Membrane Antigen Rapid Test 

Table 1. Evaluation of the diagnostic strips with a panel of positive anti-Bm86 sera.

Table 2. General agreement between the im-
munochromatographic assay and the referen-
ce ELISA.

Table 3. Performance of the immuno-
chromatographic system.

Assessing HeberFast® Line Gavac, a lateral flow immunochromatographic system for the rapid detection of anti-Bm86 antibodies in Gavac vaccinated cattle
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(SMART®; New Horizons Diagnostics Corp., USA) and the di-
rect Pathogen Detection Kit® (PDK; Intelligent Monitoring Sys-
tems, USA) were reported to display 100 % sensitivity for cho-
lera diagnosis in diarrheal and semi-formed stool samples, and 
in intestinal contents of corpses. Furthermore, 100 % specifici-
ty was also attained with SMART®, while the same parameter 
for direct PDK® ranged between 77.4% and 85.7%, depending 
on sample type16. In immunochromatographic studies to de-
tect Giardia spp. and Cryptosporidium spp. in feces, 58-97.2 % 
sensitivity and 99-100 % specificity were reported17,18.

In summary, diagnostic tests must perform with high spe-
cificity and sensitivity to avoid false positives or false negative 
results. This is more relevant when diagnosing severe illnes-
ses or other conditions able to compromise herd health and 
integrity and devoid of any contingency measures other than 
animal sacrifice. A misdiagnosis can lead to serious economic 
losses in those situations, as forum treatable pests such as 
Foot and Mouth Disease, African Swine Fever, Classical Swine 
Fever, and similar19,20.

Since the HeberFast® Line Gavac strip will be applied to 
determine the immune status of animals vaccinated with Ga-
vac®, the specificity of this test is more critical than its sensi-
tivity. Consequently, the essay must exhibit a low fraction of 
false positives when assessing post-vaccination immunity. The 

assay's specificity was in the range 92.9-95.4% for the three 
batches tested, well above its sensitivity values (81-82.4%).

In veterinary medicine, lateral flow immunoassays have 
been developed for various purposes; detection of diseases in 
companion and farm animals to achieve better results in the 
care and development of animals, for example, Parvovirus21, 
Newcastle22, Avian infectious bronchitis virus23, African swine 
fever24 and Babesiosis25, The rapid detection of these disea-
ses reduces the economic losses. Immunochromatographic 
methods have also been developed to detect antibiotics and 
analogs in milk26, which is greatly important for food safety.

In general, this test offers advantages and benefits, espe-
cially in the field, due to its fast and safe use and relatively low 
production costs. Moreover, it does not require equipment for 
readouts, and the results are easily interpreted with the naked 
eye, with high specificity and sensitivity in just 10 min. Finally, 
this immunoscreening test has been developed to work with 
serum, a sample that can be easily collected and processed.

HeberFast® Line Gavac is the first rapid kit worldwide for 
the detection of antibodies against the Bm86 protein. Its intro-
duction in the field could facilitate the follow-up of the immune 
response against any vaccine based on this antigen and deter-
mine the level of immunity achieved in the vaccinated herds.

Table 4. Consistency in production.
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Conclusions
The HeberFast® Line Gavac immunochromatographic sys-

tem allows the determination of the anti-Bm86 serological sta-
tus quickly and straightforwardly to a large number of samples 
in field conditions with minimal effort. The introduction of this 
test would significantly improve the follow-up of the antibody 
response to GAVAC in all the country as part of the Integrated 
Control Program for cattle tick control.
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Formulation and organoleptic evaluation[UdMO1] of Poly[UdMO2] Herbal Cream of Punica, Neem, Carrot & Jamun as Active Ingredients

Formulation and organoleptic evaluation of Poly Herbal Cream of 
Punica, Neem, Carrot & Jamun as Active Ingredients

Puja Saha1*, Jayashree Bhowmick2, Anupam Saha3 DOI. 10.21931/RB/2021.06.03.5
Abstract: Assuming that herbal preparation is better with fewer side effects than synthetics, natural treatments are more effective 
than allopathy in terms of side effects for better human body healing. Herbal products have a growing demand in the world market, 
and the plants have been reported in the literature as having various pharmacological activities such as anti-microbial, anti-oxidant, 
anti-inflammatory activity, [UdMO4] anti-cancer, anti-diabetic. The purpose of this study was to develop anti-aging poly-herbal 
cream by mixing the extract of Punica leaf, Neem Oil, Jamun powder, Carrot powder as the main ingredient, and then creams were 
developed based on the anti-oxidant ability of herbal extracts and performed their evaluation study. Punica granatam leaves were 
shade dried and extracted using the Soxhlet method with different solvents such as n-hexane, benzene, and alcohol.[UdMO5] Fine 
extract powder was collected and removed distilled water thoroughly. The cream was formulated into different concentrations, 
namely F1, F2, F3, and F4. Similar types of research with similar components have been reported, but in this experiment, the 
formulation is different, and this work is kept cost-efficient and straightforward; it's an attempt to reduce few components and 
prepare cream and evaluate its potential.  According to The International Council for Harmonization of Technical Requirements for 
Pharmaceuticals for Human Use ICH[UdMO6] guidelines, the cream was stable during stability studies, and F3 turned out to be a 
better formulation than the other three.

Key words: Anti-aging, Poly-herbs, Herbal Remedy, Herbal Cream, Pharmaceutical Cream, Skin Care.

RESEARCH / INVESTIGACIÓN

Introduction
Dermal layer aging results from continual deterioration 

due to cellular DNA and protein; aging is classed into 2 dis-
tinct varieties: sequential skin aging and photo-aging. Each 
type has distinct clinical and historical options, and sequential 
skin aging is a universal and specific process characterized by 
physiological alteration in skin function. Within the aging pro-
cess, keratinocytes cannot create a helpful stratum corneum, 
and the rate of formation from neutral lipids slows down, lea-
ding to dry pale skin with a wrinkle. In contrast, photo-aging 
is caused by the disorganization of stratum and dermal parts 
associated with physiological state and helio dermatitis. Herbs 
and plants have already proved helpful as a tool in the practice 
of medicine1–3.

Cosmetic merchandise is used to shield pores and skin in 
opposition to exogenous and endogenous dangerous retailers 
and beautify the splendor and elegance of skin and the usage 
of cosmetics now not only handiest growing an appealing outsi-
de look, but also towards accomplishing sturdiness of suitable 
fitness via way of means of decreasing skin disorders3–8. The 
artificial or herbal substances found in skincare formulation 
that helps the health, texture, and integrity of dermis, moisturi-
zing and preserving the pliancy of the skin with the aid of using 
decreasing the type I collagen, photo-protection, and plenty 
more, and this belongings of beauty is because of the presence 
of substances in cosmetics as it allows to lessen the production 
of loose radicals in the skin and manage the dermal residences 
which is the obstruction to penetrate the skin for an extended 
time3,5,6. Cosmetic merchandise is the satisfactory desire to 
lessen dermal problems like hyperpigmentation, skin wrinkling, 
skin aging, problematic pores, rough skin texture, etc. The need 
for natural cosmetics is swiftly increasing, and the growth 
is because of the supply of recent ingredients, the monetary 
rewards for growing hitting merchandise, customer needs, and 
higher expertise in dermal biology3,5,9–11. The plant parts utili-

zed in cosmetic products should have medicinal properties 
like anti-inflammatory, anti-oxidant, emollient, anti-seborrheic, 
antiseptic, anti-bacterial activities, etc. Herbal merchandise de-
clares to have fewer adverse effects, normally visible with mer-
chandise containing artificial agents. The marketplace studies 
suggest a rise in the trade with the cosmetic industries, a prime 
function in fueling this international call for herbals12–14.

Punica leaf, part of the tree pomegranate
P. granatum is one of the most common and potential

plants for medicine in managing various ailments15. Punica 
granatum L. (belongs to the family Punicaceae) has been used 
to treat many ailments. Various plant parts have been scien-
tifically tested for various pharmacological activities, such 
as potent antioxidative15,16, anti-inflammatory, anti-bacterial, 
anti-microbial, anti-fungal properties, anti-hypertensive, and 
antiproliferative properties17,18. Pomegranate has excellent po-
tential to be developed for use in dermal products19. Chloro-
phyll-a extracted from pomegranate leaf and stem may be a 
potential source and can supply natural or herbal colorants for 
the coating enterprises and nail varnish. Pomegranate leaf ex-
tracts act on inhibiting the development of obesity and hyperli-
pidemia in obese mice fed with a high-fat diet20–22.

Almond oil is the oil isolated from Almonds
The almond Prunus dulcis (Mill) D.A. Webb (subfami-

ly Prunoideae of family Rosaceae) contains fixed oil, phenolic 
compounds abundant in almonds; it also contains  and some 
micronutrients, vitamins, minerals and has different pharmaco-
logical activities23–26. Almond seeds and oil have cardio-protec-
tive, immune-stimulant effects, anti-inflammatory, and reduce 
irritable bowel syndrome symptoms , and they are also helpful 
in treating constipation27,28. Almond oil has also been used to 
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treat dry skin disorders like psoriasis, eczema, and many more 
disorders in ancient treatment cultures but today it is used in 
aromatherapy and for producing many skin-hair cosmetics29.

Jamun powder is made from sun-dried Jamun Seeds
The black Jamun (Syzygium cumini L.) is an important in-

digenous plant of Myrtaceae, commonly known as jamun or In-
dian blackberry, originally from Indonesia and India, which has 
anti-oxidant solid antigenotoxic potential32,33. The fruit pulp is 
sweet, and the seeds are acidic and sour. The presence of oxa-
lic, gallic, tannic acids and other alkaloids creates one to feel 
such an astringency taste. The pulp and seeds are used for 
traditional medicine against diabetes, diarrhea, and ringworm 
infection also protect against radiation-induced sickness32,34–37. 
It is very beneficial as it has anti-diabetic, cytoprotective, an-
ticoagulant, analgesic and anti-inflammatory, anti-cancerous, 
anti-microbial, anti-oxidant, hypo-lipidemic, hepato-protective 
properties35,38,39.

Carrots
(Daucus carota) are essentially root veggies belonging to 

the family of Apeaceae or Umbelliferrous. These veggies are 
believed to have originated approximately 5000 years ago. 
Carrots are to be had in diverse, colorful variations like pink, 
orange, white, purple, etc; however, the maximum usually ob-
served variants are pink carrots and orange carrots. Carrots 
have anti-oxidants, which enables in regaining the misplaced 
glow of the skin. It helps in imparting remedies from scars and 
blemishes. Carrot is a unique anti-growing old compound due 
to the presence of Vitamin A.

Additionally, a considerable quantity of Vitamin C. Vitamin 
A acts as an excellent anti-oxidant, fights with the  free radi-
cals of the body, stabilize them, and stops them from unfa-
vorable our pores of skin cells and accordingly prevents the 
symptoms of growing old like wrinkles, pigmentation, and cho-
ppy pores and skin tone. Vitamin C enables the prevention of 
wrinkles using assisting the manufacturing of collagen in the 
body, which is a crucial protein required for retaining pores and 
skin elasticity. Carrot is likewise a wealthy supply of β-caro-
tenoids, which boom  or trigger skin immunity in opposition to 
solar rays and heals sunburns40–43.

Neem tree
(Azadirachta indica) is a local, evergreen, tropical tree to 

India44. Neem is a versatile, multifarious tree with a great ca-
pacity to own the most beneficial non-wooden products. Neem 
has various medicinal properties, including anti-cancer pro-
perties.  In India, Neem is called the village of pharmacy due 
to its recovery versatility, and it's been utilized in Ayurvedic 
medication for extra than 4,000 years because of its medicinal 
properties44–47. Azadirachtin is the principal compound of the 
neem oil with insecticidal activity48. Neem extracts were also 
reported to possess inhibitory effects on several cancer cell li-
nes such as breast, gynecological, gastrointestinal, hematolo-
gical, prostate, and skin cancers. Several active chemical com-
pounds were discovered in neems, such as Nimbin, Nimbin, 
Saladin, azadirachtin (AZA), glycosides, and dihydrochalcone 
polyphenolics, coumarin, and tannins49–51. Pharmacological 
activities have been reported, including anti-bacterial, anti-in-
flammatory, anti-fungal, anti-arthritic, anti-pyretic, anti-gas-
tric ulcer, hypoglycemic, and anti-tumor activities46,49,52–54.

Grapeseed oil
Is obtained from the seeds of grapes, and it was a by-pro-

duct of winemaking and had many uses ranging from cooking 
cosmetics in controlling several diseases and wound healing 
potential55–57. Vitis vinifera L., which is commonly called grape 
used as a food and a beverage58. It is widely used as cooking oil, 
in skin care applications, and also as cosmetics. The grape seed 
oil contains 0.8 to 1.5% of phenols, steroids, and minor amounts 
of vitamin E. The grape seed oil was reported to possess the 
highest gallic acid, anti-oxidant, epicatechin, proanthocyanidins, 
catechin, and procyanidins. It has anti-oxidant, anti-fungal, an-
ti-bacterial, antiviral, and anti-inflammatory activities59,60.

Peppermint oil
(Mentha piperita) extracted from peppermint leaves is an 

excellent gastric stimulant, carminative, which has also been 
used in cosmetic formulations as a perfume component and 
a general skin conditioning agent61,62. Peppermint (Mentha 
× Piperita) is a hybrid mint, which is a cross between Water 
mint (Mentha aquatica) and Spearmint (Mentha spicata) that 
is thought to be grown naturally62,63.

Similar types of research with similar Active Pharma-
ceutical Ingredients API  have been reported. However, in this 
experiment, the formulation is different, and in each formula-
tion, peppermint oil is used as the flavoring agent, whereas in 
the literature review, it is found that each formulation has a 
different flavoring agent. This work is kept cost-efficient and 
straightforward, it's an attempt to omit few components and 
prepare cream and evaluate its potential.  

Materials and methods 
The plan of work and the procedure followed for this expe-

riment were performed by Matangi and the team in 20143. The 
experiment was performed in Bharat Technology, Uluberia, in 
2018 as an academic project for the partial fulfillment of a Ba-
chelor of Pharmacy degree.

Materials
Glycerin, Propylene Glycol, Zinc oxide, Micro Crystalline 

Cellulose, Sodium alginate, Methylcellulose, Beeswax, So-
dium benzoate/paraben, Almond oil, Punica leaves, Neem oil, 
Jamun powder, Carrot powder, Vitamin E, Grapeseed oil, Pe-
ppermint oil, and Purified water.

Preparation of Punica leaf extract
Punica granatum leaves were bought from the market 

and dried. The dried leaves were ground to a fine powder in 
a suitable grinder mixture. Shade dried powder was extracted 
using a Soxhlet extractor with hexane, alcohol, and distilled 
water separately to get the semisolid extract. The organic sol-
vents were then recovered by steam distillation. The extracts 
were then concentrated to remove wetness under reduced 
pressure and controlled temperature, respectively, and they 
were preserved in a refrigerator.

Preparation of Jamun Seeds powder
Black Jamun (Syzygium cumini L.) were bought from the 

market, and the seeds are separated from the freshly part of 
the fruit, washed adequately, and dried. The seeds were dried 
under the sun for a week. Seeds were pounded along with the 
outer skin and made into a fine powder.
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Cream Formulation
The formula for the cream is given in Table No. 1.

Method For Preparation Of Cream
Shade-dried Punica leaf powder was put separately in a 

soxhlet extractor, and then ethanol was added successively. 
The extracts were then concentrated under reduced pressure 
and controlled temperature for dryness and were stored for 
stabilization at a specific temperature. Glycerin was applied to 
the binder and polymer content, the water mixture in a beaker. 
This forms liquid dispersion and displays the property of slight 
swelling. The Punica leaf extract, neem oil, and Jamun powder 
were added to the liquid dispersion. Using a water bath,  mel-
ted oils together with the base in a separate beaker. Skin whi-
tener and preservative were gradually incorporated along with 
all other components. Triturated all ingredients above and the 
requisite consistency was established, which forms poly-her-
bal anti-aging cream.

Results and discussion

Evaluation of cream
There are various evaluation parameters for cream. For 

this work, the evaluation parameters chosen are Organoleptic 
evaluation, Microbial Count test, Stability Studies, pH deter-
mination, homogeneity determination, wetness determination, 
smear determination, emolliency determination, viscosity de-
termination, dilution test, dye solubility test.

Organoleptic evaluation
The cream formulated was evaluated for its organolep-

tic properties (color, state, and odor). The appearance of the 

cream was analyzed by its color and roughness visually and by 
touch. Results are listed in Table No. 2.   

Table 1. Formulation Table.

Table 2. Organoleptic Properties.

Test for microbial growth in formulated creams
This method was applied from the work of Matangi and 

Team in the year 20143. Here, Streak Plate Method64 was 
used, where the formulated creams were inoculated in a plate 
with the Muller Hinton agar media. Along with that, a control 
group was made without the cream for comparison. The plates 
were kept in the incubator and are incubated for 24 hours at 
37˚C. After the incubation period, plates were taken out and 
analyzed for microbial growth by comparing them with the 
control. Results are listed in Table 3.

Stability studies
Thermal stability testing of cream was done at room tem-

perature with relative humidity (RH) 65%; results are listed in 
Table 4. To assess the drug and formulation stability for an 
extended period, accelerated stability studies were done ac-
cording to ICH guidelines; the results are listed in Table 5.

Formulation and organoleptic evaluation[UdMO1] of Poly[UdMO2] Herbal Cream of Punica, Neem, Carrot & Jamun as Active Ingredients
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Determination of Homogeneity
The formulations were tested for homogeneity by touch 

for texture and by visual appearance. Result obtained of each 
formulation is given in Table No. 6,7,8,9.

Determination of the type of smear
It was determined by applying the cream on the surface of 

the skin of a human volunteer (Self, no ethical permission need 
as it is non-toxic, natural, and safe components which makes 
it exceptional65. After applying the cream, the type of smear or 
film formed on the skin was checked. Result obtained of each 
formulation is given in Table No. 6,7,8,9.

Determination of Viscosity
The viscosity determinations were carried out using a 

Brookfield viscometer (DV II + Pro model) using spindle num-
ber S-64 at 20 rpm at a temperature of 25°C. Result obtained 
of each formulation is given in Table No. 6,7,8,9.

Determination of pH
Accurately weighed 1gm of the sample was dispersed in 

100 ml of water. The pH of the suspension was set at 27°C 
using a digital pH meter. Result obtained of each formulation 
is given in Table No. 6,7,8,9.

Spread ability Test
This method was applied from the work of Dhase and 

Team in the year 2014, Chen and Team in the year 201666,67. 

Spread ability can be expressed by the extent of the area to 
which the topical application spreads when applied to the 
affected parts on the skin and the curative value of the for-
mulation also hang-on upon its spreading value. Hence, it was 
found obligatory to determine the spread ability of the formu-
lation. For this purpose, a small amount of about 23cm  of each 
formulation was applied in between two glass slides, and they 
were pressed together to obtain a film of uniform thickness by 
placing 1000gm weight for 5 minutes. Thereafter a weight of 
10gm was added to the pan, and the top plate was subjected 
to pull with the help of string attached to the hook. The time 
in which the upper glass slide moves over the lower plate to 
cover a distance of 10 cm was noted. The Spread ability (S) can 
be determined using the formula66,67. 

S= (m × L)/T,
Where S–Spread ability;
m - Weight binds to the upper glass slide,
L - Length budged on a glass slide
T - Time is taken.
Results obtained are given in Table No. 10. The cream was 

found to be easily spreadable.

Dye solubility test
This method was applied from the work of Dhase and 

Team in the year 201466. In this test, a small sample is mixed 
with a water-soluble dye and observed under the microscope. 
If the continuous phase appears red, the cream is O/W (Oil in 
Water) type as the water is in the external phase, and the dye 
will dissolve in it to give color. If the scattered globules appear 
red and continuous phase colorless, they are W/O (Water in 

Table 3. Microbial Test.

Table 4. Thermal stability determination.

Table 5. Accelerated Stability Studies.
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Oil) type. Likewise, if an oil-soluble dye such as Scarlet red or 
Sudan III is put on to an emulsion and the continuous phase 
appears red, it is w/o emulsion. Following the procedure, red 
color was observed; hence, it was O/W type of cream66.

Dilution test
This method was applied from the work of Dhase and 

Team in the year 201466. In this test, the cream is diluted ei-
ther with oil or water. If the cream is o/w type and diluted with 
water, it will remain stable as water is the dispersion medium, 
but if it is diluted with oil, the cream will break as oil and water 
are not miscible. Oil in water emulsion can be diluted with an 
aqueous solvent, whereas water in oil emulsion can be diluted 
with an oily liquid. Following the procedure, it was found to be 
O/W type of cream as because the obtained product was sta-
ble66.

The cream was the o/w type of emulsion. Due to the base 
material, the proper addition of surfactants to its proper quan-
tity, and the proper combination of all the excipients, it was 
stable. The proper ratio of all ingredients of excipients with the 
active ingredients also reasons for the stability. During the for-
mulation, the oil phase and water phase are mixed, and it was 
also responsible for the stability of that cream.

After the formulation of cream by checking all these diffe-
rent evaluation parameters, the 4 formulated creams showed 
good homogeneity when the creams were observed by touch 
and visual test. The color and physical appearance (color & 
odor) were not changed during storage; it may happen due to 
preservatives' helpful addition.

All the individual pH noted for the formulated herbal 
creams were F1 - 6.1, F2 - 5.7, F3 - 5.6, F4 - 5.9. The formu-
lation F3 has shown the reading, which was matching to the 

Table 6. Formulation 1.

Table 7. Formulation 2.

Table 8. Formulation 3.
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skin pH. As per the result, it was found that Trial F3 has better 
consistency of formulation of cream in the combination of di-
fferent excipients in their quantities.

The prepared formulations showed no affirmation of pha-
se separation, had good spread ability and had good consis-
tency during the study period. Stability parameters like visual 
appearance, texture, viscosity, and fragrance of the formula-
tions reflected no significant variation during the study period. 
The prepared formulations showed an acceptable pH range 
that was approximately pH 5.6; it confirms the compatibility of 
the formulations with skin secretions.

Conclusions
In this project work, the selected active ingredients are 

Punica leaf extract, carrot powder, Jamun powder, and neem 
oil. These all ingredients are cheap and readily available in 
the market, including all these ingredients, the selected exci-
pients-beeswax, grape seed oil, almond oil, stearic acid, lanolin 
as base material; Sodium benzoate as a preservative; Cetyl 
alcohol as emollient and surfactants; peppermint oil as a fla-
voring agent for all type of formulation like F1, F2, F3 & F4. 
F3 stood out to be the better formulation concerning results 
obtained.

From the existing examination and acquired results, it 
could be concluded that it's possible to broaden poly natural 
cream containing natural extracts with anti-oxidants belon-
gings, which may be  formulated to act as a barrier or to defend 
skin and make cosmetic cream.
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Purificación parcial de péptidos del veneno de escorpión Hadruroides charcasus 
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Partial purification of peptides from the scorpion venom Hadruroides charcasus (Karsch, 
1879) with antimicrobial activity
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Resumen: Los venenos de muchas especies de escorpiones son fuentes ricas en componentes biológicamente activos, como los 
péptidos antimicrobianos, biomoléculas que aún no han sido estudiados del veneno de Hadruroides charcasus. El objetivo de este 
artículo es evaluar la actividad antimicrobiana de los péptidos parcialmente purificados del veneno del escorpión Hadruroides. 
asus. A partir de 15,46 mg de proteína total del veneno del escorpión H. charcasus se purificaron parcialmente sus péptidos por 
medio de cromatografía de filtración en gel empleando sephadex G-75, consecutivo a una cromatografía de intercambio iónico 
en CM-Sephadex C-25. El peso molecular estimado de los péptidos se determinó mediante electroforesis PAGE-SDS-Tris-Tricina 
al 15% y la evaluación de la actividad antibacteriana y antifúngica se empleó el método de microdilución y Kirby-Bauer con 
cepas de Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213, Pseudomonas aeruginosa ATCC 27853 y Candida 
albicans ATCC 10231. En la cromatografía de filtración en gel se obtuvieron 5 fracciones, de lo cual, la fracción IV presentó una 
concentración mínima inhibitoria de 3,6 mg/mL en S. aureus ATCC 29213 y en C. albicans ATCC 10231. De la cromatografía de 
intercambio se obtuvieron 7 fracciones, destacando la fracción OPDIV-5 con péptidos de 4 kDa; 5 kDa; 5,5 kDa y 6,4 kDa que 
presentó actividad antimicrobiana frente S. aureus ATCC 29213, E. coli ATCC 25922, P. aeruginosa ATCC 27853, C. albicans ATCC 
10231.El veneno del escorpión H. charcasus presenta péptidos de naturaleza catiónica con actividad antibacteriana y antifúngica, 
según su actividad en las cepas evaluadas.

Palabras clave: Antibacteriano, antifúngico, cromatografía de filtración, cromatografía de intercambio iónico, electroforesis.

Abstract: Venoms of many scorpion species are rich sources of biologically active components, such as antimicrobial peptides, 
biomolecules that have not yet been studied from Hadruroides charcasus venom. The aim of this article is to evaluate the antimicrobial 
activity of partially purified peptides from the venom of the scorpion Hadruroides charcasus. asus. From 15.46 mg of total protein from 
H. charcasus scorpion venom, its peptides were partially purified by gel filtration chromatography using sephadex G-75, followed by ion 
exchange chromatography on CM-Sephadex C-25. The estimated molecular weight of the peptides was determined by 15% PAGE-SDS-
Tris-Tricine electrophoresis and the evaluation of antibacterial and antifungal activity used the microdilution and Kirby-Bauer method
with strains of Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213, Pseudomonas aeruginosa ATCC 27853 and Candida 
albicans ATCC 10231. In gel filtration chromatography, 5 fractions were obtained, of which fraction IV showed a minimum inhibitory
concentration of 3.6 mg/mL in S. aureus ATCC 29213 and C. albicans ATCC 10231. From the exchange chromatography, 7 fractions
were obtained, highlighting the OPDIV-5 fraction with peptides of 4 kDa; 5 kDa; 5.5 kDa and 6.4 kDa that presented antimicrobial
activity against S. aureus ATCC 29213, E. coli ATCC 25922, P. aeruginosa ATCC 27853, C. albicans ATCC 10231. H. charcasus scorpion 
venom presents peptides of cationic nat

Key words: Antibacterial, antifungal, filtration chromatography, ion exchange chromatography, electrophoresis.
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Introducción
La resistencia a los antimicrobianos es un problema de 

salud mundial tanto en medicina humana como veterinaria 
donde los agentes antimicrobianos han sido ampliamente uti-
lizados para tratar enfermedades bacterianas, por ejemplo, 
Escherichia coli es un microorganismo comensal común en 
personas y animales con ciertas cepas que son patógenas y 
se consideran excelentes indicadores de resistencia a los an-
timicrobianos1.

También se conoce que Pseudomonas aeruginosa es una 
bacteria metabólicamente versátil que puede causar una 
amplia gama de infecciones oportunistas graves y a menudo 
muestran resistencia adaptativa, debido al estado de creci-
miento de la bacteria en el paciente, incluida la capacidad del 

microorganismo para crecer como biopelícula y además que 
conducen a la mortalidad2. Otro de los ejemplos son reportes 
de Staphylococcus aureus, que está relacionada con su capa-
cidad para adquirir y diseminar determinantes resistentes a los 
antimicrobianos en la naturaleza. En un estudio donde fueron 
positivos para S. aureus por PCR, más del 50% mostraron re-
sistencia fenotípica a la meticilina, como también resistencia 
registrada a ampicilina y penicilina en un 96,7%, rifampicina y 
clindamicina 80%, oxacilina 73,3% y eritromicina 70%. También 
S. aureus reveló susceptibilidad variable a imipenem 96,7%,
levofloxacina 86,7%, cloranfenicol 83,3%, cefoxitina 76,7%, ci-
profloxacina 66,7%, gentamicina 63,3%, tetraciclina y sulfame-
toxazol-trimetoprima 56,7 % y vancomicina con doxiciclina en
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un 50%3. Por otro lado, pero casos relacionados a las bacterias, 
son las infecciones fúngicas, las cuales han aumentado signifi-
cativamente, lo que contribuye a la morbilidad y la mortalidad, 
como es el caso de Candida albicans caracterizado como un 
patógeno oportunista, a pesar de las terapias antifúngicas, ha 
llegado a ser letal por el aumento de la resistencia antimicro-
biana, con una resistencia significativa frente a fluconazol e 
itraconazol a diferencia de otros antifúngicos que se reporta 
sensibilidad tales como para ketoconazol y anfotericina B4.

Razones en las que actualmente se ha identificado un 
mecanismo intrínseco y la adquisición de resistencia antimi-
crobiana en muchas cepas bacterianas que son de gran im-
portancia clínica por tal motivo ha puesto en grave peligro el 
uso de antibióticos y también ha provocado la propagación de 
microbios que son resistentes a los medicamentos efectivos 
de primera elección5, Tal es así que la bacterias tanto gram 
positivas como gram negativas han logrado esta resistencia 
gracias a elementos genéticos móviles capaces de insertarse 
y transferirse de bacteria a bacteria6. Casos que han derivado 
el desarrollo de varios estudios experimentales, donde se ha 
logrado determinar que principios bioactivos tales como pépti-
dos presentes en los venenos de escorpión logran desarrollar 
actividad antimicrobiana in vitro frente a diferentes microorga-
nismos de importancia en el área de salud. Identificando acti-
vidades, independiente tanto de la especie de escorpión como 
del microorganismo evaluado. Uno de los reportes, es a partir 
del veneno del escorpión Tityus discrepans con una amplia 
actividad antibacteriana frente a bacterias Gram positivas y 
Gram negativas7, mientras que los venenos de los escorpiones 
Urodacus yaschenkoi martensii8 y Buthus martensii9 y Androc-
tonus amoeruxi son más efectivos  con bacterias Gram positi-
vas, entre ellas S. aureus meticilino resistente (MRSA), sien-
do una cepa multidrogorresistente10. Y el veneno de Vaejovis 
punctatus con actividad antifúngica11. Características tomadas 
en cuenta para determinar si el veneno de H. charcasus posee 
efecto antimicrobiano sobre microorganismos de interés clíni-
co, se planteó en el presente estudio cuyo objetivo es, evaluar 
la actividad antimicrobiana de péptidos aislados del veneno del 
escorpión H. charcasus frente E. coli ATCC 25922, S. aureus 
ATCC 29213, P. aeruginosa ATCC 27853 y C. albicans ATCC 
10231.

Materiales y métodos

Escorpiones y veneno
Los especímenes de H. charcasus fueron recolectados en 

el distrito de Chongoyape, ubicado en la latitud 6º 37’ 40.0’’ y 
longitud 79º 25’ 21.4’’, Chiclayo (Perú), la identificación de la 
especie por el Dr. José Ochoa Cámara, de la Universidad Na-
cional de San Antonio Abad del Cusco el veneno se obtuvo por 
estimulación eléctrica12, luego se recolectó en tubos eppen-
dorf, se liofilizó y se conservó a -20 °C hasta su uso, de 60 
escorpiones se obtuvo 1,2 ml de veneno soluble.

Purificación de péptidos del veneno de H. charcasus
Para la cromatografía de filtración en gel, se aplicaron 

15,46 mg de proteína del veneno a una columna de Sepha-
dex G-75 (1,5 cm x 50 cm) en presencia de buffer acetato de 
amonio al 20 mmol/l, pH 4,7, a una velocidad de flujo de 500 
μl/4min13, las fracciones con actividad antimicrobiana, luego se 
separaron por cromatografía de intercambio iónico, en una co-
lumna de carboximetilcelulosa (CM-Sephadex C-25; 2 cm x 9 

cm), equilibrada y desarrollada en presencia de buffer acetato 
de amonio, pH 4,7; con un gradiente continuo de 0 mol/l a 0,5 
mol/l14.

Composición del veneno y sus fracciones mediante método 
de electroforesis PAGE-SDS-Tricina

En condiciones desnaturalizantes fue realizada la electro-
foresis SDS-PAGE basados en el método de Schägger y Von 
Jagow15, en una corrida a corriente constante y en gel de po-
liacrilamida al 15,0%. Para el buffer de corrida se empleó so-
lución de tris-tricina-dodecil sulfato de sodio y como estándar 
de proteínas de rango bajo pre-teñidas (2 a 40 kDa) Thermo 
ScientificTM.

Los geles obtenidos, se revelaron por el método de tinción 
con plata16. Finalmente, se registraron digitalmente los geles 
en el equipo ChemiDocTM XRS, Bio-Rad.

Actividad antimicrobiana del veneno H. charcasus
En esta parte de la metodología, se empleó el método de 

microdilución17,18 con la fracción IV y V de la cromatografía de 
filtración, se realizaron diluciones dobles seriadas, con un to-
tal de siete concentraciones, para la fracción IV de 3,6 mg/ml 
hasta 0,056 mg/mL y para la fracción V de 6,3 mg/mL hasta 
0,098 mg/ml.

Para la preparación del inóculo, se emplearon cepas de E. 
coli ATCC 25922, S. aureus ATCC 29213, P. aeruginosa ATCC 
27853 y C. albicans ATCC 10231, se realizaron ensayos por tri-
plicado sembrando 50 μL del inóculo conteniendo 5x104 UFC/
ml en cada pocillo, luego se repartieron 50 μl de cada dilución, 
después se incubaron a 37 ºC durante 24 horas. Los controles 
positivos fueron caldo más inóculo, y los controles negativos 
solo caldo. El crecimiento del control positivo se determinó por 
un botón de crecimiento de ≥ 2 mm o una turbidez definida.  Se 
empleó el método Kirby-Bauer19, para la sensibilidad antimi-
crobiana de las fracciones de la cromatografía de intercambio 
iónico, en las placas de agar Mueller-Hinton se sembraron con 
un inóculo de 1 a 2 x 108 UFC/ml.

El análisis de los datos se realizó usando el complemento 
MegaStat para Excel, con análisis varianza para determinar si 
los componentes proteicos purificados del veneno y las con-
centraciones empleadas si influyeron en el crecimiento micro-
biano.

Resultados
A partir de 15,46 mg de proteínas total del veneno de H. 

charcasus, se analizaron por el método de cromatografía de 
filtración en gel Sephadex G-75, obteniendo cinco fracciones 
bien definidas de la cromatografía de filtración Sephadex G-75 
(Figura 1), en el análisis del gel de electroforesis de Poliacrila-
mida (PAGE-SDS-Tricina), presentó un número variable ban-
das proteicas para cada uno de las fracciones purificadas, asi-
mismo reveló para la fracción IV la presencia de siete bandas 
con rango de pesos moleculares de 9,8 kDa, 12 kDa, 15,1 kDa, 
18,3 kDa, 24,3 kDa, 30,2 kDa y 37,5 kDa y para la fracción V 
se obtuvieron 6 bandas con rango de peso entre 5,1 kDa, 5,7 
kDa, 7,9 kDa, 8,5 kDa, 10,7 kDa y 12,2 kDa respectivamente 
(Figura 2).

En la evaluación de la actividad antimicrobiana se muestra 
en la fracción IV presentó una concentración mínima inhibitoria 
(CMI) de 3,6 mg/mL para las cepas de S. aureus ATCC 29213 y 
C. albicans ATCC 10231 y para las cepas de E. coli ATCC 25922 
y P. aeruginosa ATCC 27853 no presentó inhibición total de
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crecimiento a las concentraciones empleadas respectivamen-
te (Figura 3), para la fracción V no presentó inhibición total de 
crecimiento microbiano (Figura 4). 

En la figura 5 se muestra el análisis de la separación de 
los péptidos por el método de cromatografía de intercambio 
iónico Sephadex C-25, se recuperaron al menos siete fraccio-
nes (OPDIV-1 a OPDIV-7), de los cuales al evaluar la actividad 
antimicrobiana mediante el método Kirby-Bauer, las cepas de 
E. coli ATCC 25922, S. aureus ATCC 29213, C. albicans ATCC
10231 y P. aeruginosa ATCC 27853 presentaron sensibilidad
frente a la fracción OPDIV-5 a concentración de 1μg/mL (tabla
1) y en el análisis de PAGE-SDS-Tricina, la fracción OPDIV-5
presentó cuatro bandas de pesos moleculares de 7,5 kDa,
6,4 kDa, 5,5 kDa y 4 kDa (Figura 6).

Discusión 
Actualmente los escorpiones son bien conocidos por 

sus picaduras peligrosas y sus venenos se han aplicado en la 
medicina tradicional, principalmente en Asia y África y se ha 
convertido en una valiosa fuente de moléculas biológicamente 
activas desde nuevos antibióticos hasta posibles terapias con-
tra el cáncer20, además de acuerdo a los reportes publicados 
el veneno de escorpión posee una fuente abundante péptidos 
antimicrobianos nuevos y potentes tanto como naturales o mo-
dificados químicamente con la finalidad ampliar su capacidad 
antibacteriana, antifúngica, antiparasitaria21,22. Los péptidos an-
timicrobianos son uno de los componentes del sistema inmune 
innato en una amplia gama de organismos eucariotas como hu-

Figure 1. Purificación de las 
proteínas del veneno de H. char-
casus por cromatografía de fil-
tración en columna Sephadex 
G-75 con las fracciones (F-I, F-II,
F-III, F-IV y F-V).

Figura 2. Electroforesis en gel de poliacri-
lamida con SDS - Tricina (PAGE-SDS-Trici-
na) de las proteínas purificadas, en el carril 
M marcador de peso molecular (2 – 40 KDa) 
(marcador de peso molecular) y fracciones 
de proteínas (FI - FV) y veneno total (VT).
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manos, plantas e insectos y que juegan un papel vital en los pri-
meros mecanismos de defensa inmune contra los patógenos23.

En el presente estudio se logró determinar la presencia 
péptidos antimicrobianos del veneno de H. charcasus esto es 
algo propio del veneno de los escorpiones tal como se eviden-
cia de otras especies de escorpiones que demostraron e inclu-
sive aislar péptidos con potencial acción antimicrobiana como 
las pantininas de Pandinus imperator24, los péptidos TsAP-1 y 
TsAP-2 de Tityus serrulatus25 péptidos del veneno de Scorpio 
maurus palmatus26 y los péptidos HsAp del escorpión Hetero-
metrus spinifer27.

Además, en el presente trabajo mediante el empleo de 
dos métodos cromatográficos, uno de filtración en gel y otro de 
intercambio iónico permitió separar las proteínas en fraccio-
nes. Cuando el veneno crudo se separó por columna Sephadex 
G-75, se obtuvieron 5 fracciones, siendo evidente la fracción IV
con actividad antibacteriana frente a S. aureus y antifúngica
frente a C. albicans. Esta fracción relacionada con su activi-
dad antimicrobiana fue purificada y analizada en CM Sephadex 
C-25, obteniendo 7 fracciones, de los cuales la quinta fracción
denominada OPDIV-5 contiendo péptidos con pesos molecula-
res de 7,5 kDa, 6,4 kDa, 5,5 kDa y 4 kDa mediante el método
Kirby–Bauer se encontró actividad frente E. coli, S. aureus, P.
aeruginosa y C. albicans.

Esto es característico de los péptidos antimicrobianos que 
por lo general presentan peso molecular por debajo de 8,5 kDa 
como es el caso de las familias de las opiscorpinas del escor-
pión Opistophthalmus carinatus28, vejonina de Vaejovis mexi-

canus29 Heterinas de Heterometrus spinifer30, demostrando su 
amplia acción antibacteriana y antifúngica.

La purificación parcial de la fracción OPDIV-5 conformado 
por cuatro péptidos con carga positiva que al interactuar con 
las cargas negativas de la CM Sephadex C-25, solo se pudo 
eluir aumentando la concentración del acetato de amonio, 
además, presentó actividad antibacteriana como actividad an-
tifúngica. esto se debió al empleó mayor concentración del bu-
ffer acetato de amonio con la finalidad de recolectar péptidos 
de naturaleza catiónica y con mayor carga.

Los péptidos antimicrobianos del veneno de escorpión son 
péptidos anfipáticos cargados positivamente, se manifiesta en 
los péptidos meuVAP-6, meuAP-18-1 y meuPep34 de Meso-
buthus eupeus31, inclusive en los péptidos VpAmp de Vaejovis 
punctatus, por presentar acción contra bacterias gram positi-
vas y contra C. albicans y frente a bacterias gram negativas32, 
similar fue para los péptidos UyCT de Urodacus yaschenkoi por 
tener predilección por bacterias gram positivas33, péptido anti-
bacteriano de Centruroides margaritatus34.

Conclusiones
El veneno de H. charcasus, posee péptidos de naturaleza 

catiónica, con capacidad antimicrobiana frente a microorganis-
mos patógenos de importancia clínica.

Figura 3. Actividad antimicrobiana de la fracción IV frente Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213, 
Pseudomonas aeruginosa ATCC 27853 y Candida albicans ATCC 10231.
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Figura 4. Actividad antimicrobiana de la fracción V frente a Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213, 
Pseudomonas aeruginosa ATCC 27853 y Candida albicans ATCC 10231.

Figura 5. Purificación de la fracción IV (Sephadex G-75) con acción antimicrobiana, en cromatografía de intercambio iónico 
Carboximetilcelulosa Sephadex C-25.
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Resumen: Los hidrocarburos policíclicos aromáticos (HPAs) son compuestos tóxicos que no se degradan fácilmente bajo 
condiciones naturales tales como fenómenos físicos (fotooxidación, volatilización), químicos (intercambio iónico, complejación, 
transformación) y biológicos (degradación por microorganismos autóctonos) que además, dependen de la temperatura, humedad 
y niveles de oxígeno. El objetivo del presente trabajo fue aislar, identificar y caracterizar fenotípicamente hongos hidrocarbono 
clásticos de ambientes extremos que sean capaces de tolerar HPAs, tales como Trametes coccinea IDEA, que se aisló del 
Lago de asfalto natural de Guanoco en Venezuela. A fin de estudiar su tolerancia a los HPAs, el hongo se expuso a diferentes 
concentraciones de naftaleno, fenantreno y pireno (0, 2.5, 25, 50, 100, 200, 400, 800 y 1600 mg/L). Posteriormente, en ensayo 
en medio de cultivo líquido, se procedió a estudiar el efecto de los HPAs sobre la actividad de enzimas del sistema enzimático 
de degradación de lignina (SEDL), así como sobre la posible variación en los niveles de toxicidad empleando Lactuca sativa 
como bioindicador. Los resultados mostraron una mayor tolerancia al pireno, seguido por el naftaleno y fenantreno. Se observó 
una fuerte inducción de la actividad lacasa en presencia de naftaleno (167.96 U/mgP) y pireno (124.89 U/mgP) con respecto 
al control, mientras que con fenantreno se obtuvo una baja actividad (88.67 U / mgP). De manera interesante, se evidenció 
una generación de sub-productos más tóxicos cuando el naftaleno y el fenantreno fueron biotratados por el hongo, mientras 
que el nivel de toxicidad del pireno disminuyó significativamente. T. coccinea IDEA tiene un alto potencial para ser utilizado en 
estrategias de biorremediación de hidrocarburos, las cuales deben ser monitoreadas mediante análisis ecotoxicológicos para 
detectar posibles variaciones de toxicidad de los productos parcialmente biotransformados.

Palabras clave: Micorremediación, biotransformación, ecotoxicidad, HPAs.

Abstract: Polycyclic aromatic hydrocarbons (HPAs) are toxic compounds that are not easily degraded under natural conditions. The 
goal of the present study was to isolate, identify and phenotypically characterize hydrocarbonoclastic fungi from extreme environments 
that are capable of tolerating HPAs, such as Trametes coccinea IDEA, that was isolated from the Natural Asphalt Lake of Guanoco 
in Venezuela. To study its tolerance to HPAs, the fungus was exposed to different concentrations of naphthalene, phenanthrene, and 
pyrene (0, 2.5, 25, 50, 100, 200, 400, 800, and 1600 mg/L). Subsequently, in a test in a liquid culture medium, the effect of these HPAs 
on the activity of enzymes of the lignin-degrading enzymes system (LDES) was studied, and the possible variations in toxicity levels 
using Lactuca sativa as bioindicator. The results showed a high tolerance to pyrene, followed by naphthalene and phenanthrene. Strong 
induction of laccase activity was observed at the presence of naphthalene (167.96 U/mgP) and pyrene (124.89 U/mgP) compared with 
the control, while with phenanthrene a low activity was obtained (88.67 U / mgP). Interestingly, a generation of more toxic byproducts 
was observed when naphthalene and phenanthrene were biotreated by the fungus, while the toxicity level of pyrene decreased 
significantly. T. coccinea IDEA has a high potential to be used in hydrocarbon bioremediation strategies, which must be monitored by 
ecotoxicological analysis to detect the possible toxicity levels variations in the partially biotransformed products.

Key words: Mycoremediation, biotransformation, ecotoxicity, PAHs.

RESEARCH / INVESTIGACIÓN

Introducción
Los hidrocarburos policiclicos aromáticos (HPAs) son 

compuestos de origen natural y antropogénico, que se encuen-
tran en el suelo, el aire y el agua. De estos compuestos, 16 
han sido considerados por la Environmental Protection Agency 
(EPA) como tóxicos, recalcitrantes y cancerígenos1,2. Además, 
estos compuestos no se degradan fácilmente bajo condiciones 
naturales y su persistencia en el ambiente incrementa al au-
mentar su peso molecular. Se ha reportado que los HPAs se 

encuentran en todos los componentes del medio ambiente y 
se bioacumulan en los organismos3.

Es por ello, que se han sumado esfuerzos para encontrar 
organismos que sean capaces de tolerar y degradar estos com-
puestos con la finalidad de emplearlos en nuevas estrategias 
biotecnológicas de saneamiento ambiental. La biorremedia-
ción emplea organismos para degradar, detoxificar o biotrans-
formar compuestos tóxicos y convertirlos en menos tóxicos o 

1 Área de Energía y Ambiente, Fundación Instituto de Estudios Avanzados (IDEA), Caracas, Venezuela. 
2 Instituto de Investigaciones de Recursos Naturales, Facultad de Ciencias Naturales, Universidad de Guayaquil, Guayaquil, Ecuador. 
3 Division of Plant Industry, Florida Department of Agriculture, Gainesville, FL, USA.
4Grupo Biomass to Bioresources, Universidad Regional Amazónica Ikiam, CP, Tena, Ecuador.
5Grupo de Microbiología Aplicada, Universidad Regional Amazónica Ikiam, CP, Tena, Ecuador.

Corresponding author: beatriz.pernias@ug.edu.ec
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inocuos4. Dentro de dichos organismos, se ha demostrado que 
los hongos cuentan con un sistema enzimático de degradación 
de lignina (SEDL) que, por su baja especificidad de sustrato, 
es capaz de biotransformar eficientemente HPAs5. Dentro del 
grupo de hongos, los hidrocarbonoclásticos extremófilos sur-
gen como un grupo heterogéneo que vive de manera óptima 
en condiciones extremas y tiene una alta capacidad de usar 
hidrocarburos como única fuente de carbono y energía5.

En este sentido, existen algunas especies de hongos ca-
paces de tolerar y degradar estos hidrocarburos puesto que 
producen extracelularmente enzimas que catalizan reacciones 
oxidativas. Entre las enzimas con alto potencial en biocatálisis 
ambiental, han sido reportadas la citocromo P-4506, la lignina 
peroxidasa (LigP)7, la manganeso peroxidasa (MnP)8,9, la cloro-
peroxidasa10, la lacasa (Lac)11 y las benzopireno hidroxilasa12.

Dentro de éstas exoenzimas oxidativas, se destacan las 
lacasas (EC 1.10.3.2), las cuales son enzimas glicosiladas, 
multicobre, cuya función es catalizar la oxidación de compues-
tos fenólicos, polifenólicos y aminas aromáticas, mediante el 
acoplamiento con la reducción de oxígeno a agua13. Sin embar-
go, esta enzima presenta una amplia inespecificidad de sustra-
to, por lo que puede oxidar una gran variedad de compuestos, 
tales como colorantes, pesticidas, disrruptores endocrinos e 
HPAs14. La lacasa ha sido utilizada a nivel industrial para el 
análisis de drogas, el blanqueamiento en la industria papelera 
y textil, la síntesis de polímeros y en procesos de biorremedia-
ción y saneamiento de aguas residuales15. En el caso de los 
HPAs, se ha reportado que esta enzima es capaz de oxidar naf-
taleno, fenantreno, antraceno, benzopireno, 9 metilantraceno 
y 2 metilantraceno16.

Sin embargo, aunque estas enzimas son capaces de de-
gradar hidrocarburos, en algunos casos, en el proceso de bio-
transformación se podrían generar compuestos más tóxicos 
que los HPAs originales, por lo que deben realizarse pruebas 
de ecotoxicología a fin de verificar la posible generación de 
compuestos más tóxicos que el contaminante original17.

En la búsqueda de hongos que sean capaces de sintetizar 
estas enzimas para su uso potencial en procesos de degrada-
ción de hidrocarburos, se han aislado hongos de ambientes 
extremos, tales como el caso del Lago de Asfalto de Guanoco, 
ubicado en el estado Sucre en Venezuela18. Este lago de asfalto 
tiene una superficie de 420 hectáreas, presenta una baja con-
centración de nutrientes debido a que está conformado casi 
en su totalidad por asfalto y se caracteriza por contener 83% 
carbono, 11% hidrógeno y 6% azufre19.

En la presente investigación se aisló del Lago de Asfalto 
de Guanoco el hongo Trametes coccinea, el cual es un hon-
go de pudrición blanca, capaz de producir a nivel extracelular 
enzimas tales como celobiohidrolasas, glucanohidrolasas, β- 
glucosidasas, xilanasas, α-amilasa, lignina peroxidasa, manga-
neso peroxidasa, fenoloxidasa20,21 y, adicionalmente, sintetiza 
grandes cantidades de la enzima lacasa22. También, se ha des-
crito que este hongo es capaz de degradar antraceno (67.5%), 
pireno (31.1%)23, fenantreno (45.6%) y benzo[a]antraceno 
(90.1%) en 14 días a una temperatura de 28°C24.

Los objetivos principales de este trabajo fueron: i) aislar e 
identificar un hongo con alta capacidad de degradar HPAs del 
Lago de Asfalto de Guanoco, ii) determinar la tolerancia del 
hongo a distintas concentraciones de HPAs, iii) identificar cam-
bios en la actividad de las enzimas lacasas ante su exposición 
a distintos HPAs, y iv) analizar la variación en la toxicidad de los 
HPAs tras su biotransformación por el hongo.

Materiales y métodos

Aislamiento, caracterización taxonómica e identificación 
molecular

Un hongo Basidiomycota de identificación desconocida, el 
cual fue adoptado en nuestro Laboratorio de Petromicrobiolo-
gía como el Soldado Desconocido, fue aislado de una raíz de 
una dicotiledónea que se encontraban inmersa en medio del 
Lago natural de Asfalto de Guanoco, ubicado en el estado Su-
cre en Venezuela, al Norte de América del Sur (Figura 1). La 
raíz se colocó en una bolsa plástica en oscuridad y fue con-
servada en el laboratorio a +4oC. A los tres meses apareció el 
basidiocarpo creciendo sobre la raíz del árbol (Figura 2A). 

Para su aislamiento, se seccionó un trozo del contexto del 
hongo en condiciones de esterilidad y se sembró en placas con 
medio Power25 donde, tras sucesivos repiques, se obtuvo un 
cultivo axénico (Figura 2B). 

La identificación taxonómica se realizó mediante la carac-
terización de su morfología macro y microscópica (color del 
basidiocarpo, hifas, conidias, clamidosporas, conidióforos y 
células conidiogénicas). La información fue recopilada en una 
descripción y se comparó con la literatura especializada.

La identificación molecular de este organismo se reali-
zó inoculando esporas en medio MPPY según la metodología 
propuesta por Montenegro et al.26 y Naranjo et al.27 y fueron 
incubadas en un agitador a 30°C y 250 rpm durante 48 h. Pos-
teriormente, el micelio fue recuperado por filtración utilizando 
un filtro Nytal, se lavó dos veces con NaCl al 0.9% (P/V), se 
congeló con nitrógeno líquido y se almacenó a -80°C. Luego, 
se tomaron 300-500 mg de micelio, se pulverizó con nitróge-
no líquido y se añadieron 1 mL de tampón de rotura (0.18 M 
Tris/HCl pH 8.2, 10 mM EDTA, 1% SDS) y 1 mL de fenol, se 
incubó por 30 min a 50°C con agitación en Vórtex cada 5 min. 
Luego, se extrajo el ADN genómico con fenol/CIA (fenol:clo-
roformo:alcohol isoamílico, 25:24:1) y se repitió este procedi-
miento hasta que la interface quedó limpia. El ADN genómico 
fue precipitado con 2.5 vol de etanol y 0.1 vol de 3M acetato de 
sodio (pH 3.2) y se conservó durante la noche a -20 oC. Al día 
siguiente, la muestra se centrifugó a 14.000 rpm a RT, se hizo 
un lavado con ETOH al 70% y el ADN se resuspendió en buffer 
Tris-EDTA (TE)28.

Para la identificación molecular se amplificó por PCR la 
región 26S rRNA, utilizando los cebadores: NL1(sentido): 5’…
GCATATCAATAAGCGGAGGAAA AG…3’ y NL4 (antisentido): 
5’…GGTCCGTGTTTCAAGACGG…3’. Las reacciones de PCR se 
llevaron a cabo en un termociclador Applied Biosystems 2720 
empleando una concentración final de los deoxiribonucleo-
tidos trifosfatos (dNTP’s) de 0.25 mM y 100-250 ng de ADN 
genómico como molde. Las condiciones de PCR fueron las si-
guientes: i) pre-desnaturalización a 95°C por 5 min, seguidos 
por 30 ciclos de ii) desnaturalización a 95°C por 5 min, iii) ani-
llamiento a 52°C por 30 s, iv) extensión a 72°C por 1 min y, v) 
una extensión final a 72°C por 7 min.

El producto de PCR obtenido (600 pb) fue doblemente pu-
rificado utilizando el kit de purificación Wizard Genomic DNA 
Purification Kit Promega (Madison, WI). Posteriormente, las 
muestras de ADN fueron enviadas a secuenciar en UC Ber-
keley DNA Sequencing Facility (California, USA). El análisis 
in silico de las secuencias de nucleótidos se realizó utilizan-
do los programas DNASTAR Programs (DNASTAR, Inc., UK), 
BLASTN29 utilizando formato FASTA30.
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Figura 1. Localización espacial de Lago de Asfalto de Guanoco.

Figura 2. Soldado Desconocido creciendo en una raíz de dicotiledónea inmersa en el Lago natural de Asfalto de Guanoco (A). 
Cultivo axénico del Soldado Desconocido en medio Power (B).

Prueba de tolerancia del hongo a los HPAs en medio 
sólido BSM

Para determinar la tolerancia del hongo a los HPAs, en 
principio, se utilizó como base el medio salino básico (BSM)31. 
los HPAs se diluyeron inicialmente en una mezcla de 20 ml de 
acetona/ tween 80/agua y se ajustaron a las siguientes con-
centraciones: 12.5, 25, 50, 100, 200, 400, 800 y 1600 mg/L en 
medio BSM. Cada 24 horas y durante 8 días, se realizaron me-
diciones del diámetro de las colonias con un vernier calibrado 
a fin de determinar su tasa de crecimiento.

Índice de Tolerancia
El índice de tolerancia (IT) se determinó a los 8 días de in-

cubación del hongo con los diferentes HPAs a 30°C, mediante 
la siguiente ecuación:

Donde:
LMt = es la longitud del micelio tratado con los HPAs.
LRc = es la longitud del micelio control.
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Prueba de tolerancia del hongo a los HPAs en medio 
líquido BSM

Una vez conocida la concentración mínima inhibitoria de 
HPAs que no afectaba el crecimiento del hongo, se inocularon 
95 ml de medio BSM con 20x104 esporas de T. coccinea y se 
incubaron a 30ºC por 7 días. Al día 7 se procedió a añadir 5 
mg/L de cada uno de los HPAs (naftaleno, fenantreno y pireno) 
diluidos en una mezcla tween-acetona con un volumen final de 
100 ml. Se utilizó como control en hongo en medio BSM con el 
diluente tween-acetona. Todos los experimentos se realizaron 
por triplicado. Se tomaron muestras a los días 0, 1, 3 y 5.

Efecto de los HPAs sobre la actividad enzimática de las 
enzimas extracelulares guaiacol peroxidasa, lignina 
peroxidasa, manganeso peroxidasa y lacasa

Para determinar la actividad de la guaiacol peroxidasa 
se utilizó la metodología de Fielding y Hall (1978) citada por 
Chaoui et al.32. La actividad de la enzima se determinó siguien-
do el incremento en la absorbancia a 470 nm por la polime-
rización  del Guaiacol. Utilizando el coeficiente de extinción 
(26.6/mM x cm) se llevaron a unidades de enzima por g de 
peso fresco, definiéndose una unidad de enzima como la can-
tidad de enzima que produce 1 μmol de tetraguaiacol en 1 min 
a 25°C. Para llevar a cabo la reacción, se mezcló 25 mM de 
buffer fosfato (pH 7) con 10 mM de H2O2, 9 mM de guaiacol y 
25 μl del cultivo enzimático.

La actividad de la LiP se midió siguiendo la metodología 
propuesta por Troller et al.33 y fue analizada mediante la oxida-
ción del alcohol veratrílico en una mezcla de reacción que con-
tenía: alcohol veratrílico (20 mM) en un buffer 0.5 M de fosfato 
de sodio (pH 3.0), como agente oxidante peróxido de hidrógeno 
al 30 % y 0.025 mL del cultivo enzimático. La oxidación del 
alcohol veratrílico fue monitoreada de 0-200 s por medio del 
incremento de la absorbancia a 310 nm. La unidad de actividad 
enzimática (U) se definió como: 1 μM alcohol veratrílico oxida-
do por mL de sobrenadante en un min (ε310 = 9.3 mM-1.cm-1)

La actividad de la MnP se determinó según la metodología 
propuesta por Papinutti et al.34 y fue analizada por medio de la 
oxidación del rojo de fenol, en una mezcla de reacción consti-
tuida por: 0.1 mL de rojo de fenol (0.1 %) en un buffer 0.5 M de 
fosfato de sodio (pH 5.0), cofactor 0.1 mL de sulfato de man-
ganeso (1 mM) y 0.04 mL del cultivo enzimático. La oxidación 
del rojo de fenol fue monitoreada de 0-200 s por medio del 
incremento de la absorbancia a 610 nm. La unidad de actividad 
enzimática (U) se definió como: 1 μM rojo de fenol oxidado por 
mL de sobrenadante en un min (ε610 = 22.0 mM-1.cm-1).

La actividad de la Lac fue determinada según la meto-
dología propuesta por Saparrat et al.35 siguiendo la oxidación 
del ABTS en una mezcla de reacción constituida por: 0.01 mL 
de ABTS (25 mM) en un buffer 0.1 M de tartrato de sodio (pH 
5.0) y 0.1 mL del cultivo enzimático. La oxidación del ABTS 
fue monitoreada de 0-200 s por medio del incremento de la 
absorbancia a 436 nm. La unidad de actividad enzimática (U) 
se definió como: 1 μM ABTS oxidado.

Estimación de proteínas totales
La concentración de proteínas se estimó en el sobrena-

dante utilizando el método de Bradford36 y como estándar BSA.

Actividad de la enzima lacasa en un zimograma
Para observar la actividad de las isoenzimas de la lacasa 

por separado, se corrió un gel PAGE al 12 % bajo condiciones 
no denaturalizantes y, posteriormente, se fijó por 10 min con 

una solución 30% metanol y 10% ácido acético. El gel se in-
cubó en una solución que contenía 5 mM de ABTS en buffer 
tartrato 0.5 M pH 5.0. Finalmente, se tiño el gel con azul de 
coomasie para verificar el peso molecular de las isoenzimas y 
para confirmar que la diferencia en la actividad no era debido 
a la concentración de la enzima sino a su activación por los 
HPAs.

Actividad de enzimas peroxidasas en gel
Para observar la actividad de las enzimas peroxidasas se uti-

lizó el mismo protocolo anterior para el ABTS sólo que en este 
caso, en vez de ABTS, se utilizó 5 mM de Guaicol y 10 mM de H202.

Ensayos de toxicidad empleando Lactuca sativa como 
bioindicador

A fin de determinar variaciones en la toxicidad de los 
compuestos antes y después de haber sido biotratados con el 
hongo, se practicó una prueba de toxicidad según el protocolo 
propuesto por la USEPA EPA 00/3-88-029. En primer lugar, 
se estandarizó la concentración de medio de cultivo a utilizar, 
partiendo de la premisa de utilizar una dilución a la cual ni el 
medio de cultivo BSM ni el medio BSM en presencia del hongo 
fuese tóxico. En pruebas previas se determinó que la dilución 
óptima del sobrenadante era 1:15. Todos los extractos se con-
servaron durante la noche a -20°C previo a los ensayos con el 
fin de inactivar las enzimas ligninolíticas. Se calculó el Índice 
Integral de Fitotoxicidad (IIF) utilizando la fórmula propuesta 
por Pernía et al.17: 

Donde:
SGM = número de semillas germinadas de la muestra, es 

el promedio del número de semillas germinadas en las cuatro 
réplicas para cada tratamiento (n = 4).

SGC = número de semillas germinadas del control, es el 
promedio del número de semillas germinadas en las cuatro 
réplicas del testigo (n = 4).

LRM = Longitud de la radícula de la muestra, es el pro-
medio de la medición en centímetros de las radículas de 10 
plántulas por réplica de cada tratamiento (n = 40).

LRC = Longitud de la radícula del control, es el promedio 
de la medición en centímetros de las radículas de 10 plántulas 
por réplica del testigo (n = 40).

LHM = Longitud del hipocótilo de la muestra, es el pro-
medio de la medición en centímetros de los hipocótilos de 10 
plántulas por réplica de cada tratamiento (n = 40).

LHC = Longitud del hipocótilo del control, es el promedio 
de la medición en centímetros de los hipocótilos de 10 plántu-
las por réplica del testigo (n = 40).

Este índice muestra los resultados de -100 a +100 pudién-
dose interpretar en términos de porcentaje. También permite 
observar no solo los efectos de inhibición de crecimiento (va-
lores positivos), sino también los efectos de estimulación de 
crecimiento (valores negativos).

Análisis estadísticos
Para el análisis estadístico se aplicó una prueba de An-

derson-Darling para verificar la distribución normal de los 
datos. Con la finalidad de analizar la homocedasticidad de los 
tratamientos se aplicó una prueba de Levene. Para comparar 
entre las medias de crecimiento, concentración de proteínas, 
actividad enzimática y crecimiento de las plántulas se aplicó 
una prueba ANOVA de una vía con test a posteriori de Dunnet 
o Tukey (p<0.05). Todas las pruebas estadísticas se realizaron
con el programa Minitab versión 19.

Trametes coccinea IDEA, un hongo súper productor de lacasa aislado de un lago natural de asfalto: Tolerancia y biotransformación de hidrocarburos policíclicos aromáticos
Trametes coccinea IDEA, a super laccase-producer fungus isolated from a natural asphalt lake: Tolerance and biotransformation of aromatics polycyclic hydrocarbons



1928

Resultados

La caracterización taxonómica y la identificación molecular 
del Soldado Desconocido determinaron que pertenece a la 
especie Trametes coccinea

El hongo Basidiomycota creciendo en una raíz de una di-
cotiledónea fue exitosamente aislado a partir de su micelio 
aéreo. La descripción taxonómica del Soldado Desconocido 
fue la siguiente: colonias blancuzcas cuando están jóvenes y a 
medida que maduran se tornan amarillentas con pigmentación 
anaranjada, crecen de forma zonada, superficial y con borde 
entero, algodonosas y superficiales (Figura 2B). Conidiogéne-
sis tretrica, enteroblástica, baxautica. Las hifas son hialinas, 
de pared delgada y lisa, con fíbulas ramificadas. Los conidió-
foros no están diferenciados. Conidios hialinos, cilíndricos a 
globosos, algunos con una ligera constricción central, con ex-
tremos truncados cuando recién están escindidos de las hifas 
y con extremos redondeados cuando están maduros, de pared 
delgada y lisa, sin gútulas, aseptados, excisión esquizolítica. 
Clamidiosporas hialinas, obclavadas, solitarias, terminales a 
intercalares, algunas con un extremo truncado, de pared en-
grosada y lisa. Basidiocarpo, constituido por hifas esqueléticas, 
hialinas, y sin septos (Figura 3).

La caracterización taxonómica y la identificación molecu-
lar permitieron determinar que el Soldado Desconocido per-
tenecía a la especie Pycnoporus sanguineus (L.) Murrill 1904, 
Polyporaceae, el cual actualmente ha sido re-clasificado como 
Trametes coccinea (Fr.) según Li y He38.

Tolerancia de T. coccinea a los HPAs estudiados
Los resultados mostraron que T. coccinea tiene toleran-

cia al naftaleno y al pireno, a excepción del fenantreno el cual 
fue tóxico para el hongo a bajas concentraciones. En cuanto al 
naftaleno pudimos observar un efecto tóxico a partir de 800 
mg/L, donde el índice de tolerancia se redujo a 0.77 y 0.60 a 
800 y 1600 mg/L, respectivamente. El porcentaje de creci-
miento del hongo se redujo en el tratamiento con 800 mg/L a 
77.25% y 59.61% a 1600 mg/L (F = 148.71; p = 0.000).

El fenantreno generó una reducción de crecimiento del 
hongo a partir de 25 mg/L, con una disminución de 78.43%, 
70.20%, 72.55%, 66.67%, 66.27% y 61.96% a 25, 50, 100-
200, 400, 800 y 1600 mg/L, respectivamente (F = 70.50; p = 

0.000). De la misma manera, el índice de tolerancia se redujo 
al aumentar la concentración de fenantreno hasta 0.62 a 1600 
mg/L.

El pireno fue el HPA menos tóxico para T. coccinea, ya que 
no presentó inhibición del crecimiento hasta los 800 mg/L de 
pireno. Solo se apreció una ligera reducción a altas concentra-
ciones (1600 mg/L), donde hubo una disminución significativa 
del crecimiento de 20.78% (F = 70.50; p =  0.000), concomitan-
te con una reducción del índice de tolerancia (0.78).

Una vez que se determinó el efecto tóxico de los HPAs 
sobre el crecimiento del hongo, se tomó la decisión de traba-
jar en medio líquido con una concentración mínima inhibitoria 
de 5 mg/L considerando el efecto tóxico del fenantreno, a fin 
de poder comparar los efectos de los distintos HPAs sobre las 
actividades enzimáticas del SEDL de T. coccinea, la concentra-
ción de proteínas totales y la fitotoxicidad. 

Efecto de los HPAs sobre la concentración de proteínas 
totales y la actividad de las enzimas ligninolíticas: La 
isoenzima lacasa de 68 Kda se induce en presencia de HPAs

En cuanto a la concentración de proteínas totales en el 
sobrenadante, se observó un incremento en el tiempo para 
todos los tratamientos (Figura 5). Sin embargo, se encontró 
una reducción en la concentración de proteínas en el sobrena-
dante del hongo tratado con naftaleno desde el primer día de 
exposición. En el día 1, se observó una reducción significativa 
en la concentración de proteínas totales en el sobrenadante 
del tratamiento con naftaleno, de 0.093±0.001 mg/mL en el 
control a 0.068±0.002 mg/mL (F = 14.11; p = 0.001). En el día 
5, también se apreció una disminución en el contenido protéico 
para los tratamientos con naftaleno y fenantreno según Anova 
de una vía y test a posteriori de Dunnet (F=26.64; p= 0.000). Se 
evidenció una reducción en el contenido de proteína en el tra-
tamiento con naftaleno, de 0.121±0.006 mg/mL en el control 
a 0.085±0.011 mg/mL (F = 7.98; p = 0.000) y en el biotratado 
con fenantreno se redujo a 0.101±0.01 mg/mL.

Al estudiar el efecto sobre la síntesis de enzimas ligni-
nolíticas, no se evidenció actividades de las enzimas guaiacol 
peroxidasa, LigP ni MnP. Sin embargo, se observó una fuerte 
inducción de la actividad lacasa en presencia de pireno y naf-
taleno. En la Figura 6A se observa un incremento en el tiempo 
para la actividad lacasa en todos los tratamientos la cual se vió 
fuertemente inducida en presencia de pireno y naftaleno. En el 

Figura 3. Fotografía y dibujos del Soldado Desconocido en medio de cultivo (A). Conidias (c), hifas productoras de conidias, 
clamidosporas (cl), clamidosporas intercalares (icl), fíbulas(cc) e hifas (h) en microscopio óptico1000X (B).
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Figura 4. Porcentaje de tolerancia e inhibición del crecimiento del hongo T. coccinea en medio sólido BSM expuesto a distintas 
concentraciones de HPAs. Naftaleno (A), Fenantreno (B), Pireno (C). Las barras y puntos representan la media ± desviación 
estándar (n=3). Letras iguales señalan que no hay diferencias estadísticamente significativas según ANOVA de 1-vía p<0.05 y 
test a posteriori de Tukey.  
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día 1, se evidenció un aumento significativo de la actividad la-
casa en el sobrenadante del tratamiento con pireno, incremen-
tando de 5.95±4.96 U/mgP en el control hasta 96.90±51.10 
U/mgP (F = 5.70; p = 0.027). Para el día 3, la actividad de la 
lacasa incrementó en el tratamiento con naftaleno de 18.81 a 
104.91 U/mgP (F = 4.98; p = 0.039) y, para el día 5, se evidenció 
un fuerte estímulo de esta acividad enzimática en presencia 
de pireno (124.85±14.76 U/mgP) y naftaleno (167.95±16.23 U/
mgP) (F = 22.45; p = 0.001).  

Además, los zimogramas con ABTS (Figura 6B) muestran 
3 isoenzimas de la lacasa con pesos moleculares estimados 
de 68, 58 y 56 KDa. De estas, la isoenzima que mostró una 
mayor actividad en presencia de los HPAs fue la de mayor peso 
molecular (68 KDa), especialmente, en presencia de naftaleno 
y pireno. En nuestro laboratorio se realizó esta misma prueba 
con un sobrenadante enriquecido con almidón y se vió un in-
cremento en la actividad de las dos isoenzimas de menor peso 
molecular (datos no mostrados), de donde se desprende que la 
activación enzimática de las distintas isoenzimas depende del 
sustrato, en este caso, los HPAs estudiados.

Variación en la toxicidad de los HPAs tras su 
biotransformación por T. coccinea: La biotransformación de 
pireno estimula el crecimiento de las plántulas de L. sativa.

Se observó una variación en la toxicidad de los HPAs sobre 

Figura 5. Concentración de proteí-
nas totales de T. coccinea en medio 
líquido BSM y medio BSM suple-
mentado con 5 mg/L de naftaleno, 
fenantreno y pireno, durante 5 días.
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el crecimiento de L. sativa luego de ser biotratados con el hon-
go. Con respecto al porcentaje de germinación, se observó una 
disminución ante la exposición a naftaleno (91.67 %), naftale-
no biotratado con T. coccinea (93.33 %), fenantreno biotratado 
(91.67 %), pireno (96.67 %) y pireno biotratado (95.00 %). Sin 
embargo, esta disminución no fue significativa con respecto al 
control (100 %) (p>0.05). 

Por otro lado, la longitud de las radículas de las plántulas 
se redujo ante la exposición a los HPAs (F = 15.54; p = 0.000). 
La longitud media de los controles fue de 2.01 cm el cual dis-
minuyó en los tratamientos de naftaleno biotratado (1.34 cm), 
fenantreno biotratado (1,49 cm) y pireno (1.57 cm). En el caso 
del pireno biotratado (2.34 cm), mostró un estímulo de creci-
miento en comparación al pireno solo (1.57 cm).

Las pruebas de fitotoxicidad mostraron que ocurrió un 
proceso de biotransformación de los HPAs al observarse di-
ferencias en los niveles de toxicidad de los compuestos al ex-
ponerlos al hongo. En el caso del naftaleno y el fenantreno, el 
contacto con el hongo generó compuestos más tóxicos que el 
compuesto original mientras que, por el contrario, en el caso 
del pireno se generaron compuestos menos tóxicos, lo que se 
reflejó como un estímulo significativo en el crecimiento de las 

plántulas de L. sativa.
En este sentido, el IIF empleado en la presente investiga-

ción, mostró que el naftaleno promueve un estímulo de creci-
miento con un valor de -6 y, luego del tratamiento con T. coc-
cinea, genera una toxicidad con un valor de IIF de 17. De igual 
manera que el naftaleno, el fenantreno promueve un estímulo 
de crecimiento de -20 y, cuando es biotratado por el hongo, se 
evidenció una toxicidad de 16. Por el contrario, el pireno inicial-
mente fue tóxico para las plantas (2) y, luego de su exposición 
con el hongo, se observó un estímulo del crecimiento de -20, el 
cual pudiera deberse a la generación de sub-productos menos 
tóxicos que el original, en este caso, el pireno.

Discusión
El hongo T. coccinea aislado del Lago de Asfalto de Gua-

noco tiene la capacidad de tolerar ambientes extremos con 
altas temperaturas y contaminados con hidrocarburos recal-
citrantes. En el presente trabajo, la cepa aislada fue capaz de 
crecer sobre bajas concentraciones de HPAs sin síntomas de 
toxicidad. Esta capacidad podría deberse a la presión adap-
tativa de esta cepa al vivir en presencia de asfalto y a bajas 
concentraciones de nutrientes. Además de ello, una cepa de 
esta misma especie fue aislada por Dantán-González et al.38, 
creciendo en un tronco cubierto de crudo cercano a una refine-

ría en Veracruz, México, lo que demuestra su alta tolerancia a 
los hidrocarburos.

En el presente estudio no se observaron las actividades 
enzimáticas guaiacol peroxidasa, LigP ni MnP, resultados que 
coinciden con los reportados por otros autores que señalan 
que la principal enzima extracelular oxidtiva del SEDL de P. 
sanguineus (formalmente T. coccinea) es la lacasa23,24. Sin em-
bargo, contrastan con los resultados obtenidos por Esposito 
et al.20 quienes encontraron actividades LigP y MnP al exponer 
al hongo a extracto de malta, lo que sugiere que, aunque esta 
especie sintetize exoenzimas oxidativas en presencia de algu-
nos sustratos como la malta, las mismas no se estimulan en 
presencia de los HPAs estudiados en la presente investigación 
(naftaleno, fenantreno y pireno) ni en los estudiados por Li et 
al.24, quienes expusieron el hongo a fenantreno, benzo[a]antra-
ceno y a antraceno.

Por otro lado, una posible explicación de la baja actividad 
lacasa los primeros días del experimento se debe a la presen-
cia de glucosa en el medio, la cual, al irse consumiendo por 
el hongo, la actividad de la enzima incrementa proporcional-
mente a la desaparición de la glucosa en el caldo de cultivo. 
A este respecto, Siqueira et al.21 reportaron la inhibición de la 
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Figura 6. A. Actividad de la enzima lacasa en medio BSM control y suplementado con 5 mg/L de los diferentes HPAs B. Zimo-
grama de los sobrenadantes de T. coccinea expuestos a los HPAs por 5 días y 5 mM de ABTS. Al lado, el mismo gel teñido con 
azul de coomasie.  PM: peso molecular, Control: T. coccinea en medio BSM y medio BSM con 5 mg/L de NAF: naftaleno, FEN: 
fenantreno y PIR: pireno.

producción de la α-amilasa en presencia de glucosa, por lo que 
sugieren que esta fuente de carbono y energía pudiera generar 
represión catabólica.

Al igual que en el presente trabajo, otros trabajos reportan 
la presencia de varias isoenzimas de la lacasa. García et al.39  

encontraron 3 isoenzimas con distintos pesos moleculares, 
entre ellas una de 68 Kda, lo cual coincide con la isoenzima 
que se activó en T. coccinea en prencia de  naftaleno y pireno 
en nuestro estudio. De igual manera, Litthauer et al.40 encon-
traron una lacasa termoestable de 58 KDa, pH óptimo 3-5, que 
toleraba temperaturas de 50-75°C. Así mismo, Dantán-Gonzá-
lez et al.38 aislaron dos isoenzimas de lacasa de 68 KDa con PI 
de 7.00 y 7.08, respectivamente. En nuestro caso, observamos 
la presencia de 3 isoenzimas de pesos moleculares distintos: 
56, 58 y 68 KDa. Se pudiera sugerir, que la activación de las 
distintas isoenzimas lógicamente podría depender del sustrato 
utilizado, en este caso, por los HPAs ensayados.

En este sentido, la inducción de la actividad de la lacasa 

de 68 KDa de T. coccinea en presencia de naftaleno y pireno, 
sugiere que esta enzima podría reconocer estos compuestos 
como sustratos con una mayor especificidad. En otras pruebas 
realizadas en nuestro laboratorio, observamos que la actividad 
de la lacasa de T. coccinea en un medio rico en almidón se vio 
duplicada al añadir 5 mg/L de pireno, lo que confirma la induc-
ción de esta enzima ante la exposición a este HPA.

La capacidad de la lacasa para degradar distintos com-
puestos orgánicos se debe a su baja especificidad de sustrato. 
Se ha demostrado que ciertos compuestos recalcitrantes tales 
como pesticidas, colorantes, bifenilos policlorados y diversos 
HPAs presentan una similaridad estructural con la lignina - 
sustrato original de la lacasa - y son degradados por la misma.

Con respecto a la toxicidad de los HPAs tratados con T. coc-
cinea, se evidenció un incremento en la toxicidad del fenantre-
no al ser biotratado con el hongo. Según Li et al.24, esta especie 
transforma el fenantreno en 9,10-fenantrenodiona mediado por 
la enzima lacasa y se conoce que las dionas son muy tóxicas. 
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Además, se ha demostrado que esta especie degrada el fenan-
treno via lacasa y también por la enzima citocromo P450, donde 
se genera el metabolito secundario 2-methyl- phenol24.

Aunque T. coccinea es capaz de degradar hidrocarburos y 
es promisorio para fines de biorremediación, se sugiere el uso 
de la enzima lacasa purificada (Ej. isoenzima lacasa de 68 Kda) 
debido a la posibilidad de generar compuestos más tóxicos al 
original, como en el caso de naftaleno y fenantreno. Por otro 
lado, se ha descrito que T. coccinea (previamente P. sangui-
neus) tiene propiedades antibióticas sobre varias especies bac-
terianas41, lo cual podría ser contraproducente ya que, por un 
lado, no se pueden generar consorcios con bacterias con fines 
de biorremediación y, por otro lado, el hongo podría eliminar 
bacterias autóctonas presentes en los suelos contaminados 
con capacidad de mineralizar HPAs.

Conclusiones
El hongo Trametes coccinea fue aislado del Lago natural 

de Asfalto de Guanoco y demostró tolerancia hacia los hidro-
carburos naftaleno, fenantreno y pireno. Además, se evidenció 
que estos HPAs estimulan a la enzima lacasa, especialmente 
la isoenzima de 68 kDa que podría estar implicada en la oxi-
dación inicial en el proceso de degradación de hidrocarburos. 
También se observó una variación en la toxicidad de los hi-
drocarburos sobre la especie L. sativa al ser biotratados por 
T. coccinea, generándose una mayor toxicidad en el caso del
naftaleno y el fenantreno, mientras que, en el caso del pireno,
disminuyó su toxicidad. Se recomienda trabajar con la enzima
lacasa purificada para fines de biorremediación de suelos y
aguas contaminados con HPAs.

Figura 7. Efecto de los sobrenadantes de T. coccinea crecido en distintos HPAs sobre  la germinación y el crecimiento de radí-
culas e hipocótilos de plántulas de L. sativa  expuestos a agua= control agua, BSM = control medio BSM, Tc = control hongo en 
medio BSM, NAF = medio BSM con 5 mg/L de naftaleno, Naf-Tc = medio BSM con naftaleno y T. coccinea, Fen = medio BSM con 
naftaleno, Fen-Tc= medio BSM con naftaleno y T. coccinea, Pir = medio BSM con  naftaleno, Pir-Tc = medio BSM con  naftaleno 
y T. coccinea durante 5 días. Los resultados se muestran como medias ± desviación estándar (n=30). *Estadísticamente signifi-
cativas en comparación al control agua, según ANOVA de 1-vía y test de Dunnet p<0.05. B. Índice Integral de Fitotoxicidad (IIF) 
para las plantas de L. sativa expuestas a los distintos sobrenadantes.
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Comparison of Anxiety Levels in Patients with Coronavirus Disease (COVID-19) 
and their Families
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Abstract: Very little research has been done on the anxiety of the families of patients with covid-19. Considering the vital role 
of the family in the continuation of supportive-psychological therapies and the direct impact on the patient's anxiety level, in 
this study, we examined the anxiety level of the family of patients with Covid-19 and compared their with their patient's anxiety 
level. In this comparative study, the samples were 60 people who were given a definitive diagnosis of covid-19 in selected 
hospitals (Masih Daneshvari Hospital and Besat Hospital). From the family members, the person who, according to the patient, is 
most affected and has an emotional relationship with him (spouse-father-mother-child) was selected. The standard Spielberger 
Anxiety Questionnaire has been used to measure apparent (state) and hidden (trait) anxiety. The questionnaire was completed 
by both groups (patient-family) and compared with each other. The mean of evident anxiety in patients and caregivers was 
70.82 and 74.2, respectively, which this difference was statistically significant (P = 0.023). It is also observed that the mean of 
hidden anxiety in patients and caregivers was 68.83 and 74.71, respectively, which the mean of hidden anxiety in patients was 
significantly less than caregivers (P = 0.006). After identifying anxiety, nurses can better and more effectively deal with these 
unwanted conditions in the patient and her family by providing appropriate and correct education.

Key words: Anxiety, COVID-19, Patient.

RESEARCH / INVESTIGACIÓN

Introduction
In December 2019, a viral outbreak was reported in Wu-

han, China. The cause of this disease was a new and gene-
tically modified virus from the family of coronaviruses called 
SARS-COV, which was named Covid-19 disease1. Unfortuna-
tely, due to its very high prevalence, the virus spread rapidly 
throughout the world and infected almost all world countries 
in a short period (less than four months)2,3. The COVID-19 virus 
has spread easily in some affected areas of the community. 
The local spread of COVID-19 disease means that individuals 
are infected in this region. Some individuals are not sure how 
or where they became infected4. COVID-19 virus is developed 
quickly in diverse parts of Iran and instigated people to diffe-
rent levels of anxiety. The symptoms of this virus vary from 
mild to severe. Signs and symptoms of infection include fe-
ver, cough, and breathing difficulty5. Anxiety is a common sign 
in patients suffering from respiratory disorders and can sig-
nificantly reduce patients' quality of life. The majority of the 
anxiety cases develop clinical symptoms associated with se-
vere respiratory disease and side effects of medications6. Lung 
diseases, including pulmonary disorders, are highly associated 
with anxiety disorders. Illness with severe clinical signs and 
also duration caused more levels of anxiety7.

Higher distribution of anxiety and depression in lung disea-
ses has been reported compared to other cases. The previous 
survey showed that 20-40% of patients who suffered from 
Chronic Obstructive Pulmonary Disease (COPD) had symp-
toms of anxiety8. In a study of patients with asthma and COPD, 
Pietras et al. found a positive association between anxiety and 
dyspnea9. Clinical anxiety affects up to two-thirds of chronic 
respiratory patients and reduces the quality of life and phy-
sical function. Little research has been done on anxiety expe-
riences in patients with severe respiratory symptoms10. Anxie-
ty is common in cases of COVID-19 and appears to be due to 
the unknown and cognitive ambiguity of the virus. Anxiety 
caused a severe reduction in the immunity levels of humans 

has always been anxious for human11. At this time, people are 
looking for more information to relieve their anxiety. Anxiety 
can make people unable to distinguish right from wrong to be 
exposed to false news. Stress and anxiety can weaken the im-
mune system and make them vulnerable to diseases such as 
Coronavirus12.

Anxiety is a psychological condition that almost all human 
beings experience to varying degrees throughout their lives. 
But when it increases and reaches a level that causes distress 
and conflict, it is known as a disorder. Anxiety disorder is one 
of the most common disorders characterized by persistent, ex-
cessive, and unrealistic concerns about everyday issues13. This 
disorder can cause sleep problems, centralization, physical 
problems such as; burnout, headaches, tension, muscle pain, 
and many problems in the future for people14. Evidence shows 
that this disorder is more common in people who had crises in 
their lives. Li et al. conducted a study to investigate the psy-
chological consequences of COVID-19 in China through an on-
line survey and concluded that the disease increased anxiety, 
stress, and decreased happiness among people. Given the glo-
bal (pandemic) status of Covid-19 disease, which affects al-
most all essential economic, political, social, and even military 
aspects of all countries of the world, in other words, paralyzed, 
the psychological effects of this viral disease on mental heal-
th is very important for people at different levels of society15. 
Due to this virus's pathogenicity, spread rate, and high morta-
lity rate, individuals' mental health status, including patients, 
health care workers, families, children, students, psychiatrists, 
and staff of various occupations, may be endangered16,17. It is 
essential to pay attention to this fact that in connection with 
the observance of protocols and training given to patients to 
reduce anxiety, the family plays a decisive and vital role. The 
family is the context of each person who plays a crucial role in 
guiding him.

Effective communication between the treatment team 
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and the patient's family members is critical to provide safe 
care and prevent further injury to the patient18. This is espe-
cially important for providing quality care services in stress-
ful and unknown diseases such as Covid-19. Infection of one 
member of the family with this disease causes anxiety and 
psychological problems in other family members. Therefore, 
it is necessary to know the level of anxiety in patients' families 
due to their direct impact on increasing or decreasing the level 
of patient's anxiety and follow-up and continuation of suppor-
tive therapies19. When a patient enters the emergency depart-
ment, the patient's family usually experiences psychological 
conditions such as anxiety and worry, such as fear or response 
to an unknown threat, which is a general reaction to stressful 
situations such as illness or life-threatening situations20. The 
patient's family members play an essential role in supporting 
the patient and cause the desired therapeutic response in the 
patient. However, when anxiety is high in family members, they 
may not play an effective supportive role21. Very little research 
has been done on the anxiety of the families of patients with 
covid-19. Considering the vital role of the family in the con-
tinuation of supportive-psychological therapies and the direct 
impact on the patient's anxiety level, in this study, we exami-
ned the anxiety level of the family of patients with Covid-19 
and compared their with their patient's anxiety level.

Methods 

Participants
This study was a comparative study. The research envi-

ronment of this study included the emergency departments 
of selected hospitals for admission of patients with covid-19 
(Masih Daneshvari Hospital and Besat Hospital). The study 
samples consisted of 60 people (men and women) who were 
given a definitive diagnosis of covid-19 by performing a corona 
test with a CT scan of the lungs, and the treating physician 
quarantined them at home and received medication and conti-
nued treatment at home with their family, which were selected 
by continuous sampling from the research environment. From 
the family members, the person who, according to the patient, 
is most affected and has an emotional relationship with him 
(spouse-father-mother-child) was selected.

Data collection tools
The questionnaire used to collect data in this study con-

sists of two parts. The first part was a researcher-made ques-
tionnaire containing demographic information (age, level of 
education, marital status, and occupation). The second part 
was the standard Spielberger Anxiety Questionnaire, which 
showed patients' current level of anxiety and their families. 
This questionnaire has been used extensively in research and 
clinical practice and includes separate self-assessment sca-
les to measure obvious and hidden anxiety. The questionnaire 
has been translated into 30 languages of the world and has 
been adapted to Iranian culture, in other words, it has been 
standardized22. Mehram, in 1373 calculated the reliability of 
this test through Cronbach's alpha on the average population 
(=0.9452). In general, scores (20-42) of mild anxiety, scores 
(43-64) of moderate anxiety, and scores (65-80) are classified 
as severe anxiety23.

Data collection
All samples of the study that met the inclusion criteria 

(corona test and positive lung scan) were selected by conti-
nuous sampling with a selected person from their family (res-
ponsible for patient care) informed consent to participate in 
the study researcher. Then the standard Spielberger anxiety 
questionnaire was completed by both groups (patient-family) 
and compared with each other.

Results
The results showed that the mean age of the patients was 

43.25 with a standard deviation of 11.18 years, and 76.7% of 
them were married, and the educational level was 36.7% at the 
diploma level. The mean age of the caregiver was 42.8 years 
with a standard deviation of 10.77 years, and 80% of them were 
married, and the educational level was 40% at the bachelor le-
vel (Table 1).

Table 2 shows that none of the patients and their caregi-
vers had apparent (state) anxiety at a superficial level, and the 
apparent anxiety of all caregivers and 98.3% of patients was 
high. The mean of evident anxiety in patients was 70.82 with a 
standard deviation of 7.59, and the mean of evident anxiety in 
caregivers was 74.2 with a standard deviation of 4.24. Based on 

Table 1. Frequency Distribu-
tion of Demographic Charac-
teristics of the Participants.
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the result of the Kruskal-Wallis test, this difference was statis-
tically significant, and the mean of evident anxiety of patients 
was significantly less than caregivers (P = 0.023). It is also ob-
served that all caregivers' hidden (trait) anxiety was high, and 
88.4% of patients had hidden anxiety at a high level. The mean 
of hidden anxiety in caregivers was 74.71 with a standard devia-
tion of 2.91 and in patients was 68.83 with a standard deviation 
of 10.72. Based on the result of the Kruskal-Wallis test, this di-
fference was statistically significant, and the mean of hidden 
anxiety in patients was significantly less than caregivers (P = 
0.006).

Discussion
COVID-19 is a pandemic disease with high mortality ra-

tes and distribution globally24-27. In this study, it was found that 
this disease (COVID-19) is anxious for most patients and cau-
ses more anxiety in the family (patient caregivers) than the pa-
tient. The mean of state anxiety in patients was 70.82, and the 
mean of state anxiety in caregivers was 74.2. Also, the mean 
of trait anxiety in patients was 68.83, and this means in caregi-
vers was 74.71. Given the importance of the role of the family 
in the treatment of patients, and considering that most of the 
educational programs related to corona in medical centers are 
held only for patients, this study recommends that in addition 
to the patient, appropriate educational programs should also 
be considered for their family. The most appropriate providers 
of education in hospital wards are the nurses of such wards, 
who, in addition to frequently encountering similar patients 
and their families, also have the most time to communicate 
with them28. After identifying anxiety, nurses can better and 
more effectively deal with these unwanted conditions in the 
patient and her family by providing appropriate and correct 
education29,30.

Conclusions
This research showed that the COVID-19 pandemic di-

seases caused severe effects on patients and their families 
mental and nervous systems. The majority of cases were 
faced with apparent anxiety. As anxiety in COVID-19 patients 
and their families may cause weakening of mood, despair, and 
hopelessness and finally encouraging the patient not to fail the 
disease; thus, it is essential to use antidepressant therapeutic 
agents to reduce the rate of anxiety among patients and their 

families. This is the first report comparing anxiety levels in pa-
tients with Coronavirus Disease (COVID-19) and their families 
globally. Thus, further investigations should perform to find 
more aspects of the COVID-19 mental disorders.
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Abstract: Cicer Arietinum (CA) or chickpea seeds were used as a local natural coagulant, cheap and cultivable which available 
in Egypt that can be used to reduce turbidity from wastewater, especially sewage water instead of chemical coagulant that 
causes different diseases like intestinal constipation, loss of memory, convulsions, so this paper represents the use of chickpea 
as a natural coagulant and eco-friendly in the environment because it assumed to be safe for the human health and efficient in 
sewage treatment, So the researchers advices now to use natural coagulant as coagulant aids which has a higher ability to raise 
the consistency of floc and prevent of the coagulation operation. The optimum removal conditions that applied on the research 
were temperature =250C, pH= 3, Contact time=120 min, agitation speed for 2 minutes =80 rpm (rapid mixing), (CA) dosage is 90 
mg/L, and (95.89%) turbidity reduction was achieved on the studied area.

Key words: Turbidity, Cicer Arietinum, Chickpea, Natural Coagulant.

RESEARCH / INVESTIGACIÓN

Introduction
Water is the main element for life on the earth's surfa-

ce; turbidity is a handy indicator for water quality so, there are 
new techniques for sewage and water treatment, but the coa-
gulation/flocculation method is still the essential process for 
treatment and turbidity removal from water. Nowadays, natu-
ral coagulants are becoming better for treatment than other 
organic and inorganic coagulants like Alum and polyacrylami-
de, to reduce the human diseases and no human health danger 
also it is minimal expensive than the traditional chemicals.

The history of natural coagulants' utilization is extended, 
For more than 2000 years in India, Africa, and China as opera-
tive coagulants for turbidity water elevation. They are perhaps 
produced from plant seeds, leaves, and roots14. Many operati-
ve coagulants from plant origin have been specified: Nirmali, 
Okra, red bean, Sugar and red maize, Moringa oleifera, Cac-
tus latifera, and seed powder of Prosopis juliflora7,8,19. Sewage 
/ Wastewater recognized as an aggregation of water holding 
wastes from sewage is organic to consists of carbon compo-
sitions like human waste, paper, vegetable matter residences, 
institutions, commercial and industrial factories with ground-
water, surface water, and stormwater probably exist5. Sewage 
consists of 99.9% water and 0.1% solids, etc.; even after 1990, 
to increase scientific knowledge and a developed information 
base, wastewater treatment has initiated to focus on the heal-
th-related toxic chemicals emitted into the environment. The 
water quality progress objectives of 1970 have continued, but 
the assurance has shifted to the definition and elimination of 
toxic and trace compounds, which could cause long-term heal-
th wares and opposite environmental influences. As a signi-
ficance, However, the early treatment objectives stay helpful 
today, the required degree of treatment has risen significantly, 
and further treatment objectives and goals have been added, 
like especially natural coagulants17,18,20. Chickpea seeds can re-
duce the turbidity in the wastewater. Natural coagulants have 
shown their coagulation efficiency and are reported in many 
research articles. Natural coagulants applications in removing 
turbidity from the water industry are still low. Cicer Arietinum 
(CA) belongs to the family Leguminosae, which is an annual 
plant that used as a coagulant for water treatment which con-
tains various species of monosaccharides such as glucose, ri-

bose, galactose, and fructose and disaccharides like maltose 
and sucrose likewise oligosaccharides like ciceritol, stachyose, 
verbascose and raffinose15. Medically, C. arietinum exhaus-
tion minimizes the level of inveterate diseases such as heart 
troubles and minimizes the cholesterol rates, reducing the 
hazard of colorectal cancer. (CA) has an efficient weight loss 
and decreases obesity, so it considers as minimal-Gl food6. Ci-
cer Arietinum is locally available in Egypt, so we used it as an 
effective natural coagulant to reduce turbidity from wastewa-
ter(sewage) in the studied area, Ismailia canal (Mostorod refi-
nery site) then becoming easier in household applications. We 
noticed that natural coagulants have a bright future to their 
considerable origin, ecofriendly in the surrounding, and biode-
gradable from the previous information concerned by many re-
searchers. The impartial tools of that research to estimate the 
efficiency of (CA) to reduce turbidity from natural wastewater 
by measuring the parameters (pH, turbidity).

Materials and methods
Cicer arietinum (chickpea is a commercial name): is locally 

available in the market, was ground to fine powder, which kept 
approximate size less than 600 μm to achieve solubilization of 
effective components in the seed filtered water was added to 
the powder to make suspension by about 1%. The suspension 
was busily shaken until 45 minutes by utilizing a magnetic sti-
rrer to elevate water extraction of the coagulant proteins, whi-
le that was after that push through filter paper (Whatman no. 
42, 125 mm dia.). The refine portions were utilized until seeked 
potion of natural coagulants. Fresh solutions were intended 
every day and preserved to prevent longevity effects (such as 
changing pH, viscosity, and coagulation action)3. Whole coagu-
lation tests were held out utilizing wastewater from the outlet 
of Ismailia Canal (Mostourd refinery site) as a water source. 
pH= (7.34), (TDS) is (100.7) NTU and Temperature= (29OC). 
Hardness was measured by titration with EDTA. TS (Total so-
lid), TSS (Total suspended solid), and heavy metals were me-
asured corresponding to Standard processes7. Overall solids 
are measured by evaporating the whole of the water outside 
of a specimen and weighing the residual solids. Unsettled so-
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lids are measured by thread sample water through a filter. 
The solids held by the filter, once dried, are the suspended so-
lids: Pekin Elmer, Analyst atomic absorption, measured heavy 
metals. Turbidity was recorded on a 2100N IS Turbidimeter 
(Hach). The color was decided by absorption scan (190-350 
nm) using UV/ Vis-Spectrophotometer (LLG-UniSPEC 2)2. All 
Experiments were carried out in the laboratory. The eligible 
analysis was utilized to seek the best combination of variables 
to obtain optimum values due to elimination of responses and 
thus acquire clear wastewater to be reused for irrigation or in 
the same industrial methods. Eligibility varies from zero to one 
owing to every specified response. A significance of one exem-
plifies a perfect state; however, zero suggests that one or more 
answers fall outgoing the eligible boundaries1.

Preparing Cicer Arietinum (CA)
The seeds were washed with a significant amount of 

water to remove impurities, then dried in the sun for 2 days.  
This was shown in Figure (1); after that (CA), a mixer (Oster) 
was ground to obtain an excellent powder then storage in a 
plastic vacuum container. To get a stock of solution, we ad-
ded 10 grams of natural coagulant in 1000 ml distilled water, 
obtaining the solution of 10,000 mg/L at room temperature ~ 
20-250C (cool place) and stirred at high speed 120 rpm for 1
hour, to be homogenous and ready for use in the treatment of
sewage water.

Methodology and Coagulation Test
In the laboratory, we applied the jar test, which is the 

extreme close method for coagulation-flocculation, Like in 
Figure (2), We prepare six beakers filled with 300 ml was-

tewater respectively; before operating the test, the samples 
were mixed for measuring turbidity, then we added different 
concentrations of natural coagulant (CA) into the beakers with 
wastewater at room temperature ~ 20-25oC. In this test, we 
used different pH of wastewater from 1 to 10. The beakers 
were agitated at several speed and mixing times, which the 
suspension was stirred at 200 rpm for 2 minutes of rapid mi-
xing and followed by slow mixing at 60 rpm for 12 minutes. 
This mixing let flocs particles suspend finally removed from 
the samples in the beakers to be ready for measuring (turbi-
dity, TSS, TDS, COD, BOD) (physicochemical parameters). All 
those experiments were carried out at a temperature in the 
zone between (25-45oC), Turbidity test was conducted by 
nephelometric turbidity unit (NTU). Standard procedures mea-
sured BOD and COD. Hardness was measured by titration with 
EDTA. TDS was measured by weighting the filtrate before and 
after the drying. The reduction of turbidity can be calculated 
for each sample from the equation:

Lowering of turbidity (NTU)= Primary Turbidity (NTU)- Fi-
nal Turbidity (NTU) 

Results and discussion

Effectiveness of Dosage (CA) on Physicochemical Parameters
The results of the jar test at various Cicer. Arietinum con-

centrations (50, 30, and 20 mg/L). The optimum concentration 
of (CA) is 50 mg/L, which reduced turbidity from (97 to 93.16 
%) and TSS from (110 to 55.6).

Effectiveness of Various pH Values

Figure 1. Preparation of Cicer arietinum (CA)

Figure 2. A traditional jar test device was owing for the treatment of turbid water.
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The coagulation achievement of Cicer arietinum for redu-
cing turbidity in wastewater preferred the acidic condition; in 
this experiment, the variation in pH was applied from (3-10), 
which works best at pH=3, we noticed that the water appeared 
clearer and the flocs were observed after the settling process, 
but when the pH increased more than 6 the water turned clou-
dier and fewer flocs were found and gave lower turbidity % at 
pH=10 because the conditions turned alkaline, all these data 
were noticed in Figure (3).

Reduction of Turbidity Using Different Doses of (CA)
Before we studied the effect of different doses on turbi-

dity, the raw wastewater turbidity was found 97 NTU, using 
various Cicer Arietinum doses (50,60,70,80,90,100) mg/ L. It 
was observed that C. arietinum highly efficient to higher do-
sage and lower dosage, but increasing in dosage caused again 
increase in turbidity as shown in Figure (4).

Effectiveness of Contact time on the turbidity ratio
In Figure (5), Different values of contact time were exa-

mined from (40 to 160 minutes). The test showed turbidity 
elimination raised when the time increased from 100 to 120 
minutes, then decreased when the contact time was increa-
sed up to 120 minutes because the coagulant (CA) efficiency in 
absorbing the colloids decreased flocs were broken. So, from 
the previous study, further increase for mixing escalates micro 
flocs breakage in primary particles, slowing down floc's grow-
th during flocculation10. The highest turbidity removal was 
achieved at 120 minutes.

The efficiency of Temperature on Turbidity Reduction
In this experiment, we used different temperature values 

were (25,30,35,40), which the optimum temperature for re-
moval turbidity was 250C as observed in Figure (6), Which by 
increasing temperature, the turbidity removal efficiency de-
creased.

Optimization of Agitation Speed on Turbidity Reduction
Mixing speed is one of the most substantial roles for ob-

taining turbidity removal competence or failure of the floccu-
lation, different values were used beginning from (20-140), So 
Figure 7 indicates that the high evaluation at 80 rpm with 95% 

removal. From the following data, we observed that this case 
was especially which by higher agitation speed, the turbidity 
removal efficiency became very weak and minimized to the 
flocs created in the coagulation-flocculation operation was fa-
cilely destroyed13. A traditional flocculation unit operation con-
tains three separate steps: 1-quick or flash blending: the con-
venient chemicals (flocculation and if required pH adjusters) 
are poured to the wastewater stream, stirred, and emphati-
cally blended at rising speed. 2-Slow mixing (flocculation): the 
wastewater is only reasonably stirred to compose large flocs 
readily settled out. 3- Sedimentation: the floc created through 
flocculation is authorized to settle and is separated from the 
current flow9,19,21.

Conclusions
The application of natural coagulant (Cicer arietinum) on 

surface water treatment was checked in this research. The 
surface water was described by the concentration elevation 
of suspended particles. On varying the coagulant dosage, pH, 
and settling time, these particles get readily dissolved and 
settled along with the coagulants added4. Based on the fact 
that Cicer arietinum (CA)  being the most economical and en-
vironment-friendly alternative natural coagulant, so we used 
it for removing colloids and decrease turbidity by jar test me-
thod instead of chemical coagulants which have inherent di-
sadvantages affecting on human health, from the parameters 
that were discussed in the experiment as atrial to remove or 
decreased turbidity efficiency from wastewater (Mostourd 
refinery area), we reach to a result that the optimal dose of 
Cicer arietinum (CA) for higher efficiency of turbidity and color 
removal is 90 mg/L, with other constant parameters like (Tem-
perature =250C, pH= 3, Contact time=120 min, and agitation 
speed for 2 minutes =80 rpm (rapid mixing), from These all 
other optimal water quality parameters have a very significant 
effect on improving turbidity reduction percentage by 95.89%. 
Since we have collected the wastewater from the outlet of Is-
mailia Canal (Mostourd refinery site) as a water source; we su-
ggest that instead of using chemical coagulants that has Avery 
terrible side effects on health, we must and restricted on using 
natural coagulants like (Cicer arietinum (CA) as an alternative 
method for the treatment process.     

Figure 3. Turbidity re-
duction at different pH 
of the wastewater.

Usage of Cicer Arietinum as a local and eco-friendly natural coagulant in sewage treatment and its ability to increase the formation of floc process
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Figure 5. Shows the effects 
of various contact time on 
the efficiency of turbidity 
removal.

Figure 6. Shows the 
Effects of Various Tempe-
ratures on the Removal of 
Turbidity

Figure 4. Elimination of 
turbidity using various 
dosages of Cicer Arieti-
num.
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Figure 7. The influences of various mi-
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Assessment of the diagnostic value of CEA, CA125, and CRP and their cut-off 
point for discrimination of exudative pleural effusions

Hanie Raji1, Seyed Hamid Borsi1, Mehrdad Dargahi MalAmir1, Ahmad Reza Asadollah Salmanpour* DOI. 10.21931/RB/2021.06.03.10
Abstract: Pleural effusion is divided into exudative and transudative effusion, and the distinction between exudate and transudate 
requires multiple investigations of biochemical parameters and their comparison in pleural fluid and serum. This study aimed 
to assess the diagnostic value of CEA, CA125, and CRP and their cut-off point for discrimination of exudative pleural effusions. 
This epidemiological and cross-sectional study was performed on 50 patients aged between 18 to 90 years with the diagnosis of 
exudative pleural effusion referred to Imam Khomeini Hospital in Ahvaz in 2018 and 2019. Demographic and clinical information 
of patients were collected. The pleural effusion was diagnosed based on physical examination and chest radiography. Pleural 
effusion was confirmed by thoracentesis. A pleural fluid sample was taken from all patients, and the levels of CEA, CA125, and 
CRP markers were measured in the pleural fluid. Differentiation of transudate and exudate pleural effusions was performed using 
Light criteria. The mean CEA and CA125 level of pleural fluid were significantly higher, and the mean CRP level of pleural fluid 
was significantly lower in patients with malignant diagnoses (P <0.05). Cut-off value with highest sensitivity and specificity in 
differentiating types of exudative pleural effusions was obtained for CEA tumor marker (greater than 49.8), CA125 tumor marker 
(greater than 814.02), and CRP marker (less than 7.56). Also, in differentiating types of exudative pleural effusions, CEA tumor 
marker had sensitivity (89.03%) and specificity (78.42%); CA125 tumor marker had sensitivity (53.18%) and specificity (62.44%), 
and CRP marker had sensitivity (82.16%), and specificity (89.05%) were. Although the tumor markers had high specificity in the 
present study, the low sensitivity of some of these tumor markers reduced their diagnostic value. On the other hand, given the 
numerous advantages of tumor markers, such as low cost and non-invasive, combining them with another can increase the 
diagnostic value and accuracy.

Key words: Pleural effusion, Exudative, Transudative, Tumor markers.

RESEARCH / INVESTIGACIÓN

Introduction
Pleural effusion is one of the most common clinical mani-

festations associated with some chest diseases1, which is the 
accumulation of fluid in the pleural cavity and is often caused 
by a systemic or intrathoracic process. The prevalence varies 
by clinical setting, but 90% of all pleural effusions are caused 
by heart failure, malignant processes, and pneumonia and can 
lead to serious health problems if not properly treated or diag-
nosed2. The fluid that enters the pleural space can be of the ori-
gin of the pleural capillaries, interstitial lung space, intra-aortic 
lymphatics, intrathoracic blood vessels, or peritoneal cavity3,4. 
The pleural effusion is divided into two types of exudative and 
transudative effusions3,5. The distinction between exudate and 
transudate requires multiple investigations of biochemical pa-
rameters and their comparison in pleural fluid and serum6-9. 
Recently, to help differentiate the etiologies of pleural effusion, 
several studies have investigated tumor markers as a potential 
alternative to invasive procedures10-13. Different studies have 
investigated the diagnostic value of different tumor markers to 
differentiate different types of pleural effusion. However, the 
wide range of sensitivity, specificity, and cut-off values and the 
inconsistency in the results have made their diagnostic accu-
racy still questionable14-18. CEA has been the most common 
marker tumor studied for the diagnosis of malignant pleural 
effusion19. It has recently been reported that serum and fluid 
levels of pleural effusion CA-125 can be used to diagnose pleu-
ral effusion malignancy20,21. In addition, CRP is often produced 
by the liver, and CRP levels in pleural effusions can be used 
to differentiate parapneumonic effusions from other types of 
effusions22,23. Since no high sensitivity and specificity, the mar-
ker has been identified for the diagnosis of exudative effusion 
pleural effusions and due to inconsistency in the results of our 

studies, the aim of the present study was to evaluate the bio-
marker value of CEA, CA-125 and CRP tumor biomarkers in 
differentiation between exudative effusion pleural effusions.

Materials and methods 

Study designs
Following approval of the study in the Ethics Committee 

of Ahvaz Jundishapur University of Medical Sciences (Code of 
Ethics: IR.AJUMS.REC.1397.950), this study is an epidemiolo-
gical and cross-sectional study on 50 patients aged 18 to 90 
years with the diagnosis of exudative pleural effusion who re-
ferred to Imam Khomeini Hospital in Ahvaz in 2018 and 2019. 
Initially, the goals, benefits of participating in the study, and 
how to conduct the research were explained to participants. 
Eligible patients were then enrolled in the study, if desired, 
with written consent.

At first, demographic data and clinical history of all pa-
tients were obtained and collected in a checklist. Required 
information about the underlying disease and the cause of 
pleural effusion was also collected and recorded based on 
the patient's medical record findings. Patients with exudative 
pleural effusion with different etiologies were included in the 
study, and biomarkers were measured before any treatment. 
Patients with unknown pleural effusion origin were excluded.

The diagnosis of pleural effusion was made after a phy-
sical examination and chest imaging. Pleural effusion was 
confirmed by thoracentesis. Microbiological, biochemical, and 
cytological studies were also performed for all patients. Di-
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fferentiation of transudate and exudate pleural effusions was 
performed using light criteria. Accordingly, the presence of one 
of the following indicated exudative pleural effusion.

- Pleural protein/serum protein ratio > 0.5
- Serum LDH/pleural LDH ratio > 0.6
- Pleural LDH activity exceeds two-thirds of the highest

normal level for serum LDH10,24,25.
A pleural fluid sample was obtained from all patients, and 

the supernatants were collected after centrifugation (3500 rpm 
for 10 minutes) and stored at -20°C for final testing. The pleu-
ral fluid sample was inserted through a needle between the rib 
cage based on examination and percussion, and auscultation 
(sound reduction and dullness). The samples were sent to the 
laboratory after collection and the levels of CEA, CA125, and 
CRP markers in the pleural fluid of the patients were measured.

CEA and CA125 measurements were performed on pleu-
ral specimens by electrochemical luminescence (ECL) and 
CRP measurements by turbidometric technique. All biomar-
kers were analyzed according to the manufacturer's instruc-
tions. Finally, all data collected were analyzed statistically to 
evaluate the diagnostic value of each tumor marker in different 
types of exudative pleural effusion.

Statistical analysis
The data are analyzed by descriptive statistics, including 

mean, standard deviation, frequency, and percentage. Data 
were analyzed using the Kolmogorov-Smirnov test and Q–Q 
plot and variance homogeneity by Leven test. Independent 
t-test (or Mann-Whitney nonparametric test), chi-square (or
Fisher exact test), and logistic regression were used for data
analysis. The ROC curve was used to determine the diagnostic
value of tumor markers, and the area under the ROC diagram
(AUC) was considered as the diagnostic value of the biomar-
ker. Sensitivity, specificity, accuracy, positive and negative pre-
dictive values of each tumor marker were also calculated. All
analyses were performed using SPSS software version 22, and 
the significance level was considered less than 0.05.

Results
The distribution of patients by gender was approximately 

similar, and the percentage of male and female patients was 
similar (48% vs. 52%). Patients older than 60 years had the 
highest frequency (72%) compared to other age groups. The 
etiology of the disease in most patients was adenocarcinoma 
and parapneumonic (Table 1).

To determine the diagnostic value of CEA, CA125, and CRP 
markers in differentiating different types of exudative pleural 
effusions, patients were divided into three groups according to 
the etiology of the disease. The mean level of CEA in pleural 
fluid was significantly higher in patients with malignancy (P 
<0.05). This rate was also higher in patients with the etiology 
of tuberculosis than in patients with the parapneumonic diag-
nosis. The mean CA-125 level of pleural fluid was significantly 
higher in patients with malignancy (P <0.05). This rate was 
also higher in patients with the etiology of tuberculosis than in 
patients with the parapneumonic diagnosis. The mean pleural 
fluid CRP level was significantly lower in patients with ma-
lignancy (P <0.05). Also, this rate was lower in patients with 
tuberculosis than in patients with parapneumonic diagnosis 
(Table 2). 

The cut-off value with the highest sensitivity and specifi-
city for CEA tumor marker differentiation in exudative pleural 
effusions was more significant than 49.8. According to this 
cut-off value, the sensitivity of the CEA tumor marker in di-
fferentiating different types of exudative pleural effusions was 
89.03%, specificity was 78.42%, positive predictive value was 
82.01, and negative predictive value was 64.36%.

The cut-off value with the highest sensitivity and specifi-
city for CA125 tumor marker in the differentiation of exudative 
pleural effusions was greater than 814.02. Accordingly, CA125 
tumor marker sensitivity in differentiating pleural effusions 
was 53.18%, specificity was 62.44%, positive predictive value 
was 67.34%, and negative predictive value was 59.19%.

The value of highly sensitive and specific cut-off for the 

Table 1. Demographic information of the pa-
tients.
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CRP marker differentiating different types of exudative pleural 
effusions was less than 7.56. Accordingly, CRP marker sensiti-
vity in differentiating pleural effusions was 82.16%, specificity 
was 89.05%, positive predictive value was 64.32%, and negati-
ve predictive value was 59.71%.

Discussion
Malignant pleural effusion is a common problem in cancer 

patients that can be both a symptom and a complication of a 
previously diagnosed malignancy. Despite the combination of 
pleural fluid cytology and pleural biopsy, it is not possible to 
obtain a diagnosis in many cases24. Researchers have been re-
searching to evaluate the value of pleural fluid analysis in the 
differential diagnosis of pleural effusions on different tumor 
markers24,25.

In our study, 26 patients were male, and 24 were female. 
Also, in the present study, out of 50 people studied, 18 patients 
were parapneumonic, 27 patients were adenocarcinoma, 2 pa-
tients were mesothelioma, and 3 patients were tuberculosis.

Based on our results, mean levels of pleural fluid CEA and 
CA125 were significantly higher in patients with malignancy 
(P<0.05). It also indicated that the rate is higher in patients 
with tuberculosis etiology than in patients with the parapneu-
monic diagnosis. The threshold for identifying exudative pleu-
ral effusion with the highest sensitivity and specificity for CEA 
tumor markers is more remarkable than 49.8. consequently, 
the sensitivity of the CEA tumor marker was 89.83%, the spe-
cificity was 78.42%, the positive predictive value was 82.01%, 
and the negative predictive value 64.36%, which shows and 
highlights high biomarker effectiveness in the diagnosis of be-
nign and malignant.

Also, the highest sensitivity and specificity for the cut-off 
value of the CA125 tumor marker when differentiating types 
of exudative pleural effusion was greater than 814.02. there-
fore, the sensitivity of the CA125 tumor marker when differen-
tiating exudative pleural effusions was 53.18%, the specificity 
was 62.44%, the positive predictive value was 67.34%, and the 
negative predictive value was 59.19%, as obtained from the 
study.

Owing to the chronic nature of the disease, the approach 
on individuals affected by unclassical and even unidentified 
pleural effusion is applied. Additionally, using this method 
eases the distinguish of malignant cases of tuberculosis with 
lower costs of the experiment26.

In the study done by Nguyen et al., who determined the 

diagnostic value of tumor antigens for malignant pleural effu-
sions, the sensitivity and specificity were 54.9% and 96.2% for 
CEA tumor markers and 57.5% 92.8% for CA-125, respecti-
vely15. In another study done by Zhai et al., who investigated the 
diagnostic accuracy of CEA and CA-125 tumor markers in the 
differentiation of malignant pleural effusions, The results indi-
cated that the serum levels of both tumor markers were signi-
ficantly higher in the types of malignant pleural effusions than 
in benign pleural effusions. The CEA and CA15-3 levels were 
more stable than the CA-125 and CA19-9 tumors. CEA was 
also the best marker to distinguish between benign and ma-
lignant pleural effusions. The sensitivity and specificity of CEA 
were 84.7% and 90.9% in the pleural and 64.0% and 88.0% in 
the serum. The sensitivity and specificity for the CA-125 tu-
mor marker were 49% and 73.1% in the pleural and 60.4% and 
54.8% in the serum14. Tozzoli et al. compared the diagnostic 
value of pleural fluid CEA in patients with pleural effusion with 
histological findings.

The results indicated that the sensitivity and accuracy of 
pleural fluid CEA were significantly higher than that of pleural 
cytology, and the sensitivity of diagnosis of benign and malig-
nant cases was high. They deduced that measuring pleural 
fluid CEA in patients with unexplained etiology of a pleural 
effusion is a safe and reasonably priced  way for doctors to 
select patients for further examination. Increased pleural CEA 
values in patients with pleural effusion with negative cytology 
indicate the need for further invasive examinations, whereas 
people with low pleural CEA values should only be examined 
again12. In a study by Antonangelo et al., A comparison of tu-
mor markers in benign and malignant pleural effusions with 
positive, suspicious, and negative cytology showed that the 
CEA and CA125 markers were significantly higher in malig-
nant effusions with positive cytology. Only the CA125 marker 
tumor score was significantly higher in the negative or sus-
pected cytological results than in the benign effusions in the 
pleural fluid. As a result of this study, it could be shown that a 
tumor sensitivity and specificity of up to 60% can be used as 
a parameter for the assessment of patients with a suspected 
malignancy or cancer in the history27. The results of a study 
by Shalaby et al. showed that the CA-125 tumor marker was 
significantly higher in patients with exudative effusion than in 
patients with transudative effusion. This tumor marker was 
also more common in malignant effusions than benign effu-
sions and tuberculosis compared to other infections. As a re-
sult, the highest CA125 level of pleural fluid was observed in 
malignancy and then in tuberculosis, and thus the level of this 

Table 2. Comparison of pleural fluid CEA levels based on disease etiology.
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marker tumor in the pleural fluid could be used as a diagnostic 
marker for pleural effusion21. In the present study, the mean 
CRP of pleural fluid was significantly lower in patients with 
malignancy (P <0.05). This rate was also lower in patients with 
tuberculosis etiology than in patients with the parapneumonic 
diagnosis.

The limit with the highest sensitivity and specificity for 
CRP markers when distinguishing different types of exudative 
pleural effusions was less than 7.56. Accordingly, the sensiti-
vity of the CRP markers when differentiating pleural effusions 
was 82.16%, the specificity 89.05%, the positive predictive 
value 64.32%, and the negative predictive value 59.71%. In a 
study by Ji et al. To investigate the role of three markers of 
procalcitonin (PCT), CRP, and CEA in the differential diagnosis 
of malignant and benign pleural effusions, the CRP and PCT 
levels were significantly higher in benign pleural effusions than 
in malignant cases, while the CEA levels were lower were in 
benign cases. They concluded that the use of a biomarker is 
not only suitable for the diagnosis of pleural effusion and is 
not accurate enough. The combination of pleural CRP, pleural 
CEA and sPCT can effectively support the diagnosis of pleural 
effusions1,28.

Conclusions
Based on the present study results, the tumor markers 

examined in this study had high specificity, but the low sen-
sitivity of some of these tumor markers decreased their diag-
nostic value. However, since tumor markers in the diagnosis of 
malignant pleural effusion have many advantages, such as low 
cost and invasive use, the combination of tumor markers can 
significantly increase the value and diagnostic accuracy.
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Tips for a reduction of false positives in manual RT-PCR diagnostics of 
SARS-CoV-2

Francisco J. Alvarez, Mariela Perez-Cardenas, Marco Gudiño, Markus P. Tellkamp DOI. 10.21931/RB/2021.06.03.11
Abstract: RT-PCR is the standard gold technique for testing the presence of RNA of the coronavirus causing Severe Acute 
Respiratory Syndrome (SARS-CoV-2) due to its high specificity and sensitivity. Despite its general use and reliability, no lab in 
the world is immune to the generation of false positives. These errors cause a loss of confidence in the technique's power and 
damage the image of laboratories. More importantly, they can take a toll on tested individuals and have economic, psychological, 
and health-associated effects. Most false positives are caused during a manual operation inside the laboratory. However, not 
much has been published about the errors associated with particular laboratory techniques used to detect the virus since the 
beginning of the actual pandemic. This work precisely reflects on events that occur during manual RT-PCR diagnostics in a 
COVID-19 laboratory, providing tips for reducing false-positive results.

Key words: SARS-CoV-2, false positives, RNA extraction, RT-PCR.
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Introduction
In COVID-19 diagnostics labs, most errors in reporting 

consist of false negatives due to the low viral load that es-
capes detection. Therefore, the sampling time is significant: a 
sample taken too early after the person has been infected may 
have too low a viral load to be detected1. Likewise, a sample 
taken after the patient has cleared the virus almost wholly 
would result in a very low viral titer. The skills of the doctor 
or nurse in charge of taking the samples from patients can 
also contribute to generating false negatives. In addition, the 
choice of transport medium where the sample is carried to the 
labs for analysis, whether the sample contains blood, and the 
temperature during storage and/or transportation can make a 
difference in the quality of the sample before its processing. 
False negatives are of great concern for public health mana-
gement, but the impact of false positives has come to the fore 
recently due to the distress they can cause in the lives of pa-
tients and public health.

The RT-PCR (Reverse Transcriptase Polymerase Chain 
Reaction) is the standard gold technique for detecting the 
SARS-CoV-2 virus. It is routinely used for samples from diver-
se origins, such as nasopharyngeal and throat swabs, sputum, 
broncho-alveolar lavages2, and anal swabs3. It can detect as 
few as 5 copies of the virus in a sample4 and is, therefore, the 
technique of choice to reveal which individuals are contagious 
at any time of their infection period. They outcompete sero-
logical tests, which need a higher viral load to produce a po-
sitive result or indirectly measure the virus's presence in the 
organism. The RT-PCR has a sensitivity (ability to detect true 
positives) of 70% and a specificity (ability to report well true 
negatives) close to 100%5,6. Having such sensitivity, the techni-
que can easily amplify contaminating virus particles that don't 
belong to the actual samples to be tested. Hence, RT-PCR can 
generate false positives with a significant likelihood. Althou-
gh few studies report on rates of false positives for COVID-19, 
some estimates of false-positive rates suggest them to be in 
a range of about 0.3-4%7-9. For SARS-CoV and MERS-CoV, the 
rate oscillated between 0.3-6.9%10.

False positives can also arise due to errors in reporting the 
results and uncertainties regarding the cycle-threshold (Ct) 
value used as a diagnostic criterium11. The former point can be 

addressed by judicious data entry; however, the latter poses a 
true challenge when Ct values are close to the cut-off. Here, 
the likelihood of a false positive or false negative is highest. 
For instance, if a Ct of 40 is chosen as the diagnostic criterium, 
does a Ct of 39.5 necessarily mean that 1) the true Ct is indeed 
below 40 and 2) is the patient still infectious?11,12

A false positive report on healthy people can have dra-
matic consequences, varied and challenging to quantify. A po-
litician may be deprived of a critical meeting for the citizens 
he represents. A skilled celebrity may be deprived of a signi-
ficant sports competition. Worse even, the economic distress 
caused to those belonging to low-income groups in the society 
is more significant, for they may have to stop working, may 
have dependents, and no savings. The stigma of being ca-
lled positive and the fear of suffering complications can also 
be detrimental psychologically for many. Besides, healthy 
but wrongly diagnosed positive, people may be put at risk of 
real contagion when moved to areas in a hospital with infec-
ted patients or may suffer the delay of an essential medical 
procedure10,13. Unfortunately, due to the severity of the current 
pandemic, it is not feasible to perform confirmatory PCRs for 
every patient whose sample yielded a positive result. Instead, 
current guidelines by international and national public health 
agencies recommend evaluating every PCR result on a case by 
case basis in combination with the evaluation of local infection 
rates, clinical signs and symptoms, lung CT scans, and history 
of exposure10. The consequences for the labs that report false 
positives and negatives can also be dramatic. With their ima-
ge damaged, contracts for private labs may be postponed, and 
potential customers' confidence can vanish. Public labs are 
also questioned when reports of false positives appear. Howe-
ver, false positives are unavoidable and cannot be eliminated in 
any laboratory. However, it should be possible to reduce them 
to a minimum to better comply with the targets of national 
regulatory agencies.

The standard laboratory workflow for COVID-19 testing 
goes in one direction and has multiple barriers to prevent 
cross-contamination. Laboratory technicians have routinely 
tested themselves for covid, for apparent reasons. Still, the 
laboratory is the primary source of false positives, mainly 
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cross-contamination due to human error10. In this review, we'll 
discuss working habits that reduce the occurrence of false-po-
sitive reports of coronavirus infection while navigating the ma-
nual processing of nasopharyngeal swabs in all phases of the 
workflow. The tips provided are based on personal experience 
of false positives while working in a COVID-19 test lab at Ya-
chay Tech University, using typical kits and equipment.

Reduction of false positives in the RNA extraction area
The manual processing of samples during RNA extraction 

constitutes the highest source of false positives in the labora-
tory, but there is much room for improvement. The processing 
of samples in the RNA extraction area starts with setting the 
laminar flow hood under UV light for several minutes while the 
airflow stabilizes14. A small centrifuge should be located inside 
the hood, and it should be left open during UV irradiation to ex-
pose the rotor. The space under the hood should not be crow-
ded to help the airflow exert its function and allow the UV light 
to reach most surfaces. If more than one batch of samples is 
going to be processed in the day, it is advisable to have rounds 
of UV irradiation in between batches. Next, parts and equip-
ment to be used to process the samples are cleaned with 70% 
ethanol. Only filtered tips are used for the extraction and must 
be changed for every sampling step of the extraction process. 
Tube racks should be stable to avoid spills. Reagents should be 
aliquots of the original kit contents to minimize costs if conta-
mination (reagent contamination is a significant source of false 
positives but easy to identify because most likely, all samples 
of the same batch would come out positive and with similar Ct 
values). Lab technicians must wear protective gear with very 
fit pairs of gloves, without folds on the surface of their finger-
tips. Once the site is clean, the lab technician starts preparing 
a master mix that ensures that all the samples get the same 
initial buffer solution. Fig. 1 shows the process of RNA extrac-
tion for a typical commercial kit, with few modifications of the 
original protocol. Similar steps apply to many other commer-
cial kits. Double arrows A to C at the bottom indicate the times 
at which different contamination types can occur. 

The master mix contains an extraction control that helps 
verify whether the extraction process has been optimal for 
every individual sample. As an example, this control can be 
the RNA of a cellular household gene such as actin. This will 
later appear as a specific curve in the PCR reaction since the 
primers for that gene will be included in the primer mix used 
for the PCR reaction. The signal generated during PCR amplifi-
cation will appear in a different channel than that of the SARS-
CoV-2 target gene of interest. The absence of the extraction 
control curve in all the samples of the batch in the PCR would 
indicate that it was probably not added to the master mix. If 
absent in only one or a few samples, it could indicate the pre-
sence of inhibitors of the PCR reaction such as ethanol, and 
the extraction of those particular samples should be repeated.

Once the master mix has been added to all the micro-
centrifuge tubes, it is time to place the nasopharyngeal swab 
samples inside the hood, which had been kept in a refrigerator 
upon arrival. Careless manipulation of swab samples can ge-
nerate mix-ups leading to false positives. The manipulation of 
patient samples entails a high risk of contamination (arrow A, 
bottom of Fig. 1) that can then be passed down throughout 
the extraction process. Tubes should ideally be opened with a 
hand that does not hold the micropipette to avoid contamina-
ting it. A brief vortex ensures a good mix for every sample and 
potentially generates aerosols that can contaminate the wor-
king area. That is why it is essential to work under the hood, 
with the airflow removing those aerosols. Aerosols can also 
adhere to the shaft of the micropipettes, especially when they 
are introduced deep into the patient's sample tubes or touch 
the swabs that usually come within. If that happens, the parts 
suspected of being contaminated should be wiped with 70% 
ethanol between pipetting samples. Once the micropipette 
tip is loaded with the sample, keeping it at an angle instead 
of vertically prevents dripping of the content for a sufficiently 
long time before adding it to the microcentrifuge tube. Also, it 
is common practice in molecular biology or microbiology labs 
to eject the residual volume of the tip with an extra push of the 
micropipette plunger. This, however, is an essential source of 

Figure 1. Diagram showing the steps for viral RNA isolation using a standard commercial kit (QIAamp® Viral RNA Mini Kit, 
Qiagen), with few modifications. Letters A-C at the bottom indicate different types of contamination for the different steps of 
sample processing mentioned in the text.
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aerosols. Therefore, it is desirable to avoid ejecting that resi-
dual volume to avoid cross-contamination during the extrac-
tion of SARS-CoV-2 viral RNA.

The negative control of the extraction (NCE) must be the 
last microcentrifuge tube of every batch of samples to ensure 
that contamination is appropriately detected. Nuclease-free 
water is added to the tube instead of the viral sample. Being 
the last tube of the batch, the NCE will help identify cross-con-
tamination events from aerosols of a positive sample of the 
same batch. In the PCR, the NCE should only yield the curve 
corresponding to the extraction control. In the case the NCE 
produced the curve corresponding to the SARS-CoV-2 gene 
being tested, the extraction of the whole batch should be re-
peated. Fig. 2A shows the fluorescence profile of the extrac-
tion control in the amplification plot of a positive sample. 

Finally, many extraction kits require a few minutes to in-
activate the virus. That time can be used to clean surfaces in 
contact with patient samples, tip boxes, micropipettes, and the 
microcentrifuge tubes' exterior. Once the samples have been 
inactivated in the first steps of the RNA extraction process, the 
risk of acquiring floating virus particles is significantly redu-
ced, and many labs continue their work on the bench. However, 
the risk of cross-contamination among samples is higher on 
the bench than on the laminar flow hood. Hence, although not 
deemed necessary for the protection of the lab technician, a 
laminar flow hood helps avoid the generation of false positives 
among samples. During the intermediate steps of the extrac-
tion process, errors during pipetting and handling of samples 
and reagents account for additional cross-contamination risks 
(arrow B, bottom of Fig. 1). It is advisable always to assume 
that aerosols from positive samples are present in the air to 
increase the sense of alertness and carefulness during the 
handling of microcentrifuge tubes, buffer solutions, and micro-
pipettes. When using the micropipette, the tips should not en-
ter too deep into solutions because that facilitates the carryo-
ver of the solution and its posterior dripping. Very importantly, 
buffer solutions should be opened only when needed, keeping 
tubes closed in the meantime.

Most extraction kits require the use of small centrifuges 
for several steps. The centrifuges are challenging to clean 
from aerosols generated from positive samples during the 
manipulation of the tubes. A high risk of contamination occurs 

in the elution step (arrow C, bottom of Fig. 1) when a column is 
commonly placed inside an open microcentrifuge tube. Having 
it open, the lid of the microcentrifuge tube sometimes breaks 
during the final elution spin. Again, it is essential to use tightly 
fitting gloves when picking up the tubes and columns from the 
centrifuge. Centrifuges should be cleaned thoroughly after the 
processing of every batch of samples.

The use of automatized systems for RNA extraction im-
proves the processing speed enormously and reduces the 
chances of cross-contamination. During manual feeding of pa-
tient samples to the robot in the laminar flow hood, errors can 
still happen at the initial step of the process. If possible, the 
operator should close all the wells that are not being used. To 
avoid pipetting errors, it is advised to mark during the loading 
process the wells of the plate where the sample has been al-
ready added. Once the work under the laminar flow hood has 
ended, it must be cleaned, and UV irradiated to inactivate any 
virus particles that could have escaped in aerosols during the 
extraction process15. Automatized systems also need to be UV 
irradiated after use.

Reduction of false positives in the pre-PCR area
The most common method for producing reliable test re-

sults involves the use of an RT-PCR thermocycler. The con-
version of the extracted RNA into DNA is carried out by a retro 
transcriptase, while a DNA polymerase does further amplifica-
tion of that DNA. Both enzymes can be part of the same mix 
(one-step RT-PCR) or separate reactions (two-step RT-PCR). 
The PCR mix must include primers and fluorescent probes for 
a SARS-CoV-2 gene and for the extraction RNA target gene 
that was added during viral RNA extraction as a control. The-
se reagents are added in the pre-PCR area, space physically 
separated from the room in which the thermocycler is used. In 
the pre-PCR area, the lab technician will aliquot the PCR mix 
in the wells of PCR plates or tubes and then add the extracted 
RNA and controls.

There is absolutely no risk for the lab technicians in the 
pre-PCR area to be contaminated with active viruses. They 
can, however, bring contamination to the sample preparation 
area on her clothes. To avoid carrying over amplicons or viral 
RNA on their clothes, personnel who work in the pre-PCR area 

Figure 2. A) Amplification plot of a positive sample showing the extraction control (blue line) and the amplification of the 
SARS-CoV-2 gene (red line); B) Comparison of the amplification plots of two samples with low Ct (left) and two with high Ct 
(right). The horizontal line indicates the threshold of the PCR reaction.
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must use a different lab coat and gloves than those used in 
other areas of the laboratory. Although in principle, the assem-
bling of the PCR can take place on the bench, it is advisable 
to use a laminar flow hood for that purpose, similar to what 
was recommended for the extraction area, to prevent aerosols 
from positive RNA samples contaminating the wells of the 
PCR strips or plates. In Ecuador, a laminar flow hood is a man-
datory requirement for this area. We must never forget how 
sensitive the PCR technique is and detect as few as 5 copies of 
viral cDNA4. Similar to what is done in the extraction area, the 
laminar flow hood must be irradiated for 10-20 minutes with 
UV light until the airflow stabilizes before assembling the PCR 
reaction.

Despite working under the laminar flow hood, we must 
assume that aerosols containing RNA from positive samples 
could still be present and cause false positives. Hence, a good 
piece of advice for the assembly of the PCR is to keep all the 
wells in the PCR strips or plates covered at all times and only 
lift the caps (strips) or optical film (plates) when a new sample 
must be added to the appropriate well. Keeping nearby a log 
of the position of the samples in the wells helps to prevent 
mistakes during sample loading. Again, to prevent the spread 
of aerosols, it is essential to use very fit gloves, without folds 
on the surfaces of the fingertips, to properly open and cap the 
tubes (strips) or hand the optical film (plates). The closing of 
the caps of PCR tubes may require applying great force, which 
can cause vibrations on the cold rack that supports the strips 
and make them move or fall off the rack. For that reason, it is 
good to write a small number or another type of code on top 
of each PCR strip that indicates the orientation and position 
of wells in the PCR to be run. Another suggestion to avoid ae-
rosols is to not pipet the sample up and down to mix in with 
the PCR reagents in each tube. This common practice is not 
needed since the PCR strips or plates will be spun down in a 
centrifuge before taking them to the thermocycler. Combined 
with the high temperatures of the PCR process itself, the ho-
mogeneity of the reagent solution is assured.

The PCR reaction's assembly, a negative and one posi-
tive control, respectively, needs to be included. The negative 
control (Non-Template Control, NTC) contains the mix with 
the buffer, polymerase, and primers for the PCR reaction but 
nuclease-free water is added instead of extracted RNA. The 
control also lacks the extraction control added to the samples 
processed in the RNA extraction area. At the end of the PCR 
run, the NTC profile should be a flat line for all the channels. 
The positive control (PC) has the same content as the NTC, 
but instead of water, the same gene of the SARS-CoV-2 virus 
that the primers detect in the actual patient samples. The PC 
also lacks the extraction control added to the samples in the 
extraction process, and it also emits fluorescence in a different 
channel. Fig. 2A shows the fluorescence profile from a positive 
sample for SARS-CoV-2 at the end of the PCR run.

Both NTC and PC must be placed at the end of the assem-
bly of the PCR reaction after all the other samples have been 
loaded. In this way, the NTC will serve the purpose of letting 
us know whether cross-contamination has taken place during 
the assembly process. If the NTC yields a positive signal for the 
gene of interest, the PCR should be repeated because either 
the master mix was contaminated or aerosols from a positi-
ve sample were spread during the assembly process to other 
samples. If possible, the negative controls from the RNA ex-
traction step (NCEs) should not be added at the end to the PCR 
strips or plates to minimize their possible contamination with 
aerosols from positive samples during the assembly process. 
In this way, if the NCEs yield a positive signal for the viral gene 

of interest but the NTC produces a negative signal, we could be 
confident that the cross-contamination event has taken place 
during the RNA extraction steps and not in the pre-PCR area. If, 
on the other hand, one suspects contamination events taking 
place in the pre-PCR area, it is advisable to aliquot known ne-
gative samples or NTCs to the PCR plate and check afterward 
whether they yield a positive signal.

Although we focus mainly on the events that can genera-
te false-positive results, there is also a chance of generating 
false negatives in the pre-PCR area. One way is to accidentally 
not pipetting up any liquid from the RNA sample. This can ha-
ppen, for example, if there is an air bubble in the microcentrifu-
ge tube and the tip of the micropipette just absorbs air instead 
of sample. That is why it is important not to lower the concen-
tration during work on the bench and always look at the tips to 
make sure the liquid is absorbed and again check after centri-
fugation that every tube in the strip or plate has the same volu-
me. Staying focused and being mindful of every movement of 
the hands above the wells in the strips or plate helps minimize 
the risk of contamination at every step of the process. Where 
available, the use of multichannel pipettes also greatly helps 
to speed up the PCR assembly process. However, they can also 
fail to acquire the desired volume in some of the channels and 
be a source of false negatives.

Reduction of false positives in the PCR area
An essential source of false positives that can originate in 

the PCR area is amplicon contamination. This occurs when the 
products of a previous PCR are accidentally released and mi-
grate to other parts of the laboratory. The tubes with positive 
samples contain trillions of copies of the amplified genes that 
could easily contaminate future extraction processes and PCR 
assemblies. Even an initially slightly positive sample with a low 
viral load whose manipulation would not represent much risk 
during the extraction process can cause significant problems 
once the target genes have been exponentially multiplied16. To 
avoid this type of risk, PCR tubes or plates should be dispo-
sed of outside the PCR room at the end of the PCR run. Both 
the pre-PCR and PCR rooms must be physically separated and 
have independent air extraction systems. It is recommended 
not to cross from the PCR room to the extraction and pre-PCR 
rooms wearing the same protective clothing. Another possible 
source of false positives occurs when tube strips or plates are 
not adequately balanced during the centrifugation before the 
PCR run. This causes vibrations that can disperse the contents 
of the PCR tubes onto their walls, leading to underestimated 
readings by the thermocycler.

The best way to prevent amplicon contamination is the 
implementation of a regular cleaning protocol for all surfaces 
in the lab-based on 10% (w/v) sodium hypochlorite -a chemi-
cal amplicon oxidizer- followed by a rinse with 70% ethanol 
(to avoid the corrosive effect of the bleach on equipment)17,18. 
Commercial products abound that include diluted NaOH in 
their formulations. The use of UV irradiation in Class II bios-
afety cabinets14 or portable UV lights can also be of great 
help. Inactivating enzymatic methods such as degradation by 
uracyl-N-glycosylase19,20 can be included in the PCR reaction 
mix. On the other hand, inactivation protocols that require the
opening of the PCR tubes after amplification are to be avoided.

The Ct (cycle threshold) is the cycle number when the 
fluorescence of the amplicons surpasses the threshold fluo-
rescence during the PCR run. In our lab, based on the experien-
ce of other labs using the same diagnostics kits, a Ct value of 
40 or earlier is interpreted as a positive result for COVID-19. 

Tips for a reduction of false positives in manual RT-PCR diagnostics of SARS-CoV-2
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The Ct value also measures how many copies of the target 
gene were in the original sample. The smaller the Ct, the more 
viral copies the sample has. Fig. 2B shows the amplification 
plots of four samples, two of them with low Ct values indica-
ting high titers of the target gene. A sample with Ct 10 con-
tains thousands of more copies in origin than a sample of Ct 
20. Extraction of samples with high viral titers constitutes a
vital source of contamination for the subsequent samples in
the batch due to the unintended release of aerosols20. One can
never know beforehand which sample has a high viral titer; this 
is learned after the PCR. Automatic extraction reduces the risk 
of cross-contamination from high viral titer samples.

In the analysis post-PCR analysis, the lab personnel must 
decide in every case whether the sample is positive or negati-
ve, looking both at the Ct values and the curves. False positives 
can appear due to the presence of inviable viral particles in 
patients who are in the process of clearing the remains of the 
virus from their bodies. If the data look sound, the lab must 
report those results as positives and let the clinicians make 
the final decision based on the patients' medical history, local 
rates of COVID-19 infections, patient's signs and symptoms of 
the disease, or serological analysis6,10,21.

When the signal of the SARS-CoV-2 gene in the PCR 
appears with a Ct value close to (above or below) 40 (like the 
sample with Ct 39 in Fig. 2B), a definite diagnosis should not 
yet be made by the lab processing the samples. Such a pro-
file could result from contamination with aerosols of a close 

sample with a very low Ct value. The fastest solution is to re-
peat the extraction of that particular sample on the same day. 
Alternatively, one can request another sample of the same 
patient within 2-3 days: if the patient happened to be at the 
beginning of the infection process, she will appear positive in 
the second PCR, while a negative result would mean clearance 
of the virus at the end of the infection period. On average, the 
best time to get a sample that results in a lower chance of 
false-negative is eight days after infection or three days after 
the onset of symptoms1.

All lab members in charge of the analysis post-PCR should 
be using precisely the same criteria. For that, an algorithm like 
the one in Fig. 3 can be devised and agreed upon. That way, 
based on the PCR results, any user can quickly troubleshoot 
unusual results, find the cause of false positives, and make 
amendments before reporting the results. Note that despite 
all the controls being correct at the bottom of Figure 3, one 
must still be wary of an unusual number of positive samples, 
especially if they appear grouped. In this case, we recommend 
that a subset of the samples that also includes negatives be 
subjected to another round of viral RNA extraction and PCR. 
As an internal quality control measure, a small fraction of the 
daily samples arriving at the lab can be randomly selected for 
retesting. The selection of samples should be made before 
knowing the results of the PCR test, allowing for the inclusion 
of both positive and negative samples.

Figure 3. Algorithm post-PCR 
for the evaluation of the re-
sults. NCE, negative control of 
the extraction; NTC, negative 
control of the PCR; PC, positive 
control of the PCR.
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Discussion
Having navigated through all the steps of manual sam-

ple processing in a laboratory of COVID-19 testing, one must 
not forget the importance of selecting the best personnel for 
the different tasks to be performed. Good leadership is neces-
sary to be aware of the strengths and weaknesses of every 
person working in the lab and get the best out of everyone. 
False positives are mainly produced through unintentional 
errors during viral RNA extraction, the assembly of the PCR, 
and even data management. Hence, a tremendous amount of 
focus and manual dexterity is expected in laboratory workers 
to avoid pipetting errors. Maintaining focus is essential in the 
COVID-19 testing laboratory since many everyday tasks can be 
repetitive, and the operator may easily engage in detrimental 
mind-wandering behavior for brief periods of time21. At times 
the amount of COVID-19 samples arriving at the lab is too 
tremendous, and several shifts are required to process them. 
The schedules must be made to avoid too much strain on the 
workers, thus ensuring that the workers enjoy what they do 
and maintain a positive attitude in the lab. Remembering that 
sample numbers are numbers and represent people and their 
families can be another source of motivation.

It is common practice to interpret PCR results in the con-
text of the pretest probability of the disease13. For example, a 
patient that appears positive for COVID-19 by PCR but has no 
symptoms or medical history of the disease has no antibodies 
and was not exposed to the disease could be considered a fal-
se positive. In our opinion, that is a call that doctors should 
make but not be the labs reporting their results. In case of 
doubt, it is always better to repeat the RNA extraction or PCR 
or ask for a new sample. Similarly, a positive result in someone 
already known to have contracted the disease weeks ago is 
still positive, although she may not be infectious anymore and 
is probably just shedding inviable virus particles22.

Samples with low Ct values cause more trouble in the lab 
in terms of the production of false positives than those of high 
Ct values during the manual processing of samples. Although 
sampling introduces a great deal of variability in the first place, 
low Ct values reflect high titers of the SARS-CoV-2 gene. This 
seems associated with a high viral load in the original patient 
samples, for those with low Ct values are more culture-po-
sitive than those with high Ct values23 and correlate with the 
risk of intubation and in-hospital mortality12,24. Hence, it could 
seem that reporting the Ct value would be very useful for phy-
sicians. However, the issue is up for debate nowadays, mainly 
due to the high Ct values between and within methods11 and 
during sampling.

Conclusions
From our experience, it is virtually impossible to elimi-

nate false positives in the COVID-19 diagnostics lab comple-
tely. Manual processing requires multiple manipulations of 
samples and reagents, which translates easily into events of 
contamination. Automatized systems can significantly reduce 
(but not eliminate) the appearance of false-positive results. 
Contamination from samples with very low Ct values is more 
likely to occur during the extraction process than during the 
assembly of the PCR. It is advisable to routinely repeat the ex-
traction of positive samples from a batch in which very high 
viral titer samples were included, especially when too many 
positives appear clustered together. Also, as an internal qua-
lity control measure to gain confidence in their results, labs 

can temporarily keep a small fraction of their daily samples, 
chosen randomly, for retesting. With the comments of this ar-
ticle, we hope to contribute to a reduction in the rate of false 
positives in labs dedicated to similar tests elsewhere during 
the manual processing of COVID-19 samples.
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Abstract: Lumpy Skin Disease (LSD) is a vector born disease of cattle, caused by Lumpy Skin Disease Virus (LSDV), there is 
antigenic relationship between LSDV, Sheeppox virus (SPPV) and Goat pox virus GTPV within a genus Capripoxvirus, accordingly 
it can be used homologous or heterologous Capripoxvirus strains for vaccination of cattle against LSD. This study compare 
the efficacy of live attenuated Neethling LSDV vaccine and live attenuated Romanian SSPV Vaccine against recent circulating 
LSDV field isolate. The evaluation was done in calves as the main host of LSD, through using three different batches for each 
vaccine type. Experimental calf groups were vaccinated with vaccines batches, and after 21 days serum samples were collected 
for evaluation of humoral immune response by using SNT and commercial ELISA technique, then the vaccinated calves were 
challenged by virulent LSDV field isolate. The results of SNT for vaccinated calves by LSDV vaccines indicated mean neutralizing 
antibody titer 1.2, 1.6 and1.5 log10 for the batches 1, 2 and 3 respectively, while vaccinated calves by SPPV vaccines indicated 
1.05, 1.05 and 1.5 log10 for the batches 1,2 and 3 respectively; the ELISA mean sample to positive (S/P) percentage for the 
vaccine batches 1, 2 and 3 of LSDV were 40, 45 and 42% respectively and for SPPV vaccine batches 1,2 and 3 were 35, 37 and 
40 % respectively, the challenge test indicated mean difference titer for the groups of calves vaccinated with LSDV vaccine were 
4.2, 4.5 and 3.8 log10 and for groups vaccinated with SPPV vaccine were 2.6, 2 and 2.65 log10  respectively, it was concluded 
that potential using of Neethling LSDV vaccine against LSD is superior for combating and prevention of the lumpy skin disease. 

Key words: Lumpy Skin Disease Virus, Sheep Pox Virus, Challenge test, Serological test.

RESEARCH / INVESTIGACIÓN

Introduction
The genus Capripoxvirus (CaPV) within the subfamily 

Chordopoxvirinae, family Poxiviridae contains three closely 
related viruses, namely Sheep pox (SPPV)  and  lumpy skin 
disease (LSD) which are diseases of sheep and cattle respecti-
vely in addition to Goat pox virus (GTPV) which causes goat pox 
disease. The Virus strains affecting sheep and cattle are totally 
host specific and this is reflecting in the different geographic 
distribution of lumpy skin disease1. All strains of Capripoxvirus 
are antigenically closely related and cross-react serologica-
lly2, because of the antigenic homology among all strains, the 
probability to use a single vaccine strain like sheep pox virus 
to protect cattle and sheep3. Lumpy skin disease is a vector 
born disease transmitted by biting insects such as mosquitoes 
and biting flies, its clinical signs include persistent fever, wide 
spread skin nodules (lumps) and enlarged peripheral lymph 
nodes complications include but are not limited to sever ema-
ciation and death, LSD also has pulmonary form especially in 
young calves with high mortality rate4,The disease has highly 
economic impacts as it affects the milk production and the lea-
ther industry5.

The disease's first appear ance was in Africa in 1929, re-
ported from Zambia given the name 'Ngamiland Cattle Disea-
se'. The disease continued to spread and resulted in a panzoo-
tic; the first appearance of the disease in Egypt was during two 
outbreaks in Suez and Ismalia governorates in 1989. In early 
2006, a severe LSD outbreak struck foreign (imported from 
Ethiopia) and local cattle in different Egyptian governorates, 
causing enormous economic losses; the disease also reappea-
red in 2012 and 20136.

Controlling lumpy skin disease depends mainly on vac-
cination and vector control. Capripoxviruses are cross-reac-

tive within the genus. Consequently, it is possible to protect 
cattle against LSD using strains of capripoxvirus derived from 
sheep or goats in the vaccine7. Live attenuated strains of ca-
pripoxvirus vaccines have been explicitly used for the control 
of LSD8. According to these, there are three types of vaccine 
used against lumpy skin disease, attenuated LSDV (Lumpy 
Skin Disease) vaccines which provide good protection in cattle, 
attenuated SPPV (Sheep pox virus) vaccines which have been 
used in cattle against LSDV in those regions where LSD and 
SPP are both present as it believed in providing partial protec-
tion against lumpy skin disease, and Attenuated Gorgan GTPV 
vaccine containing GTPV Gorgan strain, this vaccine has been 
used in those countries where GTP and LSD overlap9,10. Howe-
ver, it is recommended to carry out evaluation trials using the 
most susceptible breeds before introducing a vaccine strain for 
vaccination into the field.

In Egypt, the control of LSD was applied by vaccination of 
cattle with SPPV using a Romanian strain for long time which 
proved to partially tackle the LSD outbreaks with partial cross 
protection with some notices on its duration of immunity as re-
commendation for revaccination after 8 months11, and recent-
ly live attenuated LSDV vaccines containing Neethling strain 
were introduced to be use in Egypt.

The humoral immune response of vaccinated cattle 
against LSD either by SPPV and LSD vaccines can be evalua-
ted using virus neutralization test (VNT) and ELISA1,4,12, in this 
study we compare the efficacy of live attenuated lumpy skin 
disease vaccine and live attenuated sheep pox vaccine against 
lumpy skin disease virus field isolate, using serological and 
challenge tests.

1 Central Laboratory for Evaluation of Veterinary Biologics (CLEVB), Agricultural Research Center, Cairo,  Egypt. 
2 Veterinary Serum and Vaccine Research Institute, Pox department, Agricultural Research Center, Cairo,  Egypt. 
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Materials and methods

Vaccines
a- Live attenuated Lumpy skin disease virus vaccine

(Neethling strain).
Three batches (one imported and two local batches[A-

GO13] ).
b- Live attenuated Sheep pox virus vaccine (Romanian

strain).
Three local batches.
These vaccine batches were delivered to Central Labo-

ratory for Evaluation of Veterinary Biologics (CLEVB), Abbas-
sia-Cairo, and evaluated last year for sterility, safety, and po-
tency.

Virus

Lumpy skin disease virus (LSDV):
- Animal Health Research Institute supplied virulent

circulating field strain; the virus was isolated in 201813. It was 
used for the challenge test for vaccinated calves.

- Tissue culture adapted strain, the virus was pro-
pagated on Madin-Darby bovine kidney (MDBK) cells with a ti-
ter 105.5 TCID50 as shown in Figure (1 & 2), it was used for the 
serum neutralization test.

Cells
The Reference Strain Bank Department supplied Ma-

din-Darby bovine kidney (MDBK) cells in the Central Labora-
tory for Evaluation of Veterinary Biologics (CLEVB). It was used 
for the serum neutralization test.

Animals and vaccination
Twenty four susceptible mixed breed apparently clinically 

healthy calves 6-12 months old free from specific antibodies 
against LSD virus, were supplied by CLEVB, these calves were 
divided into eight groups, each group contain three calves, six 
groups of them were used for vaccination and the other two 
groups kept as positive control and negative control groups. 
The six vaccinated groups were divided as follow, three groups 
of them were vaccinated with field dose of the three batches 
of live attenuated lumpy skin disease vaccine (one group for 
each vaccine batch), and the other three groups were vacci-
nated with field dose of the three batches of live attenuated 
sheep pox virus vaccine (one group for each vaccine batch), the 
route of vaccination followed as instruction of manufacture. 
After 21 days post vaccination serum samples were collected 
from vaccinated and unvaccinated calves for serological tests 
(SNT and commercial ELISA).

Challenge of vaccinated calves
After 21 days from vaccination, the vaccinated groups and 

positive control (non vaccinated) group were challenged with 
lumpy skin disease virulent virus according to OIE1, the ani-
mals were shaved at flank region then six log10 dilutions were 
prepared for inoculation, each dilution inoculated intraderma-
lly at four sites for each shaved part (0.1 ml per each inocu-
lum). The challenged animals were kept under observation for 
seven days after challenge, after that the titer of the challenge 
virus was calculated for vaccinated and control animals throu-

gh recording number of lesions per each dilution at inoculated 
sites (the lesion developed as inflammation and necrotizing 
fibrinoid cutaneous nodules), the difference in titer between 
control and vaccinated animals was calculated for each vac-
cine batch. The negative control was kept without vaccination 
or challenge.

Serum Neutralization Test (SNT)
It measures the humoral immune response against lumpy 

skin disease Virus for sera of vaccinated calves, it was applied 
according to the method described in OIE1, the neutralizeng ti-
ter was calculated according to Reed and Muench14. The sam-
ples neutralizing antibody titer ≥ 1.10 is considered positive15.

ELISA IDVIT KIT
ID screen® Capripox Double Antigen Multi-species, REF 

CPVDA-5A, LOT E83. was used to detect specific antibodies 
against capripoxvirus. The test was carried out according to 
the manufacturer's instructions insert. The results of each 
sample were calculated as aggregate to positive control ratio 
S/P[AGO20]  percentage (S/P %) in (Formula 1). The samples 
less than 30% are considered negative, while samples higher 
than or equal to 30% are considered positive.

Results 
The mean titers of the live attenuated lumpy skin disease 

virus vaccine batches and the live attenuated sheep pox virus 
vaccine batches on tissue culture were recorded. The titer was 
expressed as log10 tissue culture infective dose50 (TCID50 )/
dose, indicated the titers for the three live attenuated lumpy 
skin disease virus vaccine batches and the three live attenua-
ted sheep pox virus vaccine batches, as shown in table No.1.

The humoral immune response against lumpy skin disea-
se virus for the sera collected from vaccinated calves after 
21 days post vaccination was determined by SNT and ELISA, 
the lumpy skin disease virus was adapted on MDBK cells for 
using in serum neutralization test, Figure 1 (A) showing normal 
MDBK cells and Figure 1 (B) showing cytopathic effect of lum-
py skin disease virus on MDBK cells which represent by clus-
tering, cell rounding and degeneration, the results of SNT for 
serum samples of calves vaccinated by live attenuated lumpy 
skin disease virus vaccines and live attenuated sheep pox virus 
vaccine indicated mean neutralizing antibody titer indicated  as 
shown in table No. (2), while the results of ELISA test were 
calculated as S/P percentage, the mean percentage for the 
sera of vaccine batches of live attenuated lumpy skin disease 
virus vaccines and for live attenuated sheep pox virus vaccine 
batches recorded in table No.(3).

Vaccine potency in cattle; the challenge of vaccinated 
groups and positive control group by virulent lumpy skin disea-
se virus was done, and after seven days, the difference in titer 
between vaccinated and positive control group was calcula-
ted for each group (reading the lesion in inoculated sites), the 
mean titer for the groups of calves vaccinated with live atte-
nuated lumpy skin disease vaccine and for groups vaccinated 
with local and imported live attenuated sheep pox vaccines as 
shown in table No. 4.
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Table 1. The titer of vi-
rus vaccine batches on 
tissue culture.

Table 2. Evaluation of humoral im-
mune response in the sera of vacci-
nated calves by using SNT.

Figure 1. (A and B):Normal MDBK cells and adapted Lumpy skin disease effect on MDBK cell line

Table 3. Evaluation of humoral im-
mune response in the sera of vacci-
nated calves using ELISA Kit against 
Capripox.

Table 4. Challenge of vaccina-
ted calves by LSDV.
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Discussion
In Egypt and Middle East live attenuated sheep pox vacci-

ne is used to protect against LSD, although some researches 
recorded the effectiveness of this vaccine against LSD16, there 
are some other recorded that it may offer incomplete protec-
tion against LSD17,18,19,20, recently live attenuated LSD vaccine 
was introduced to be applied in Egypt, but we still need many 
researches to investigate and compare the efficacy and adver-
se reactions between live attenuated LSD virus vaccine and 
other Capripox virus vaccines.

In this study we compare the efficacy of live attenuated 
LSDV vaccine and live attenuated sheep pox virus vaccine 
against LSD in calves as the main host for the disease, using 
three batches for each vaccine type, showing the vaccines bat-
ches titer, evaluate humoral immune response of vaccinated 
calves (using SNT and ELISA) and challenge vaccinated calves 
by virulent strain of LSDV.

The titers of live attenuated LSDV vaccine batches per 
dose were satisfactory where the recommended field dose for 
LSDV in the vaccine is log10 3.5 TCID50 and minimum protecti-
ve dose is log10 2.0 TCID50. The titers of live attenuated SPPV 
vaccine batches were also satisfactory where the recommen-
ded dose of sheep pox virus in the vaccine for cattle is log10 3 
TCID50

1.
The SNT was carried out to detect the neutralizing an-

tibody titer against LSDV for sera of vaccinated calves after 
21 days post vaccination, the results for live attenuated LSDV 
vaccine batches indicated that all the three batches reached 
to positive neutralizing antibody titer  ≥1.1015, and the results 
for the live attenuated SPPV vaccine batches indicated that 
only the batch (3) reached positive neutralizing antibody titer 
≥1.10 while the other two batches (1 and 2) didn’t record the 
positive titer. These results reflect that live attenuated LSDV 
vaccine achieved best results in titer and number of batches 
reaching the positive titer, but we must put in consideration 
if the antibody is low it doesn’t reveal that the animal isn’t 
definitely protected as commented by OIE1 which clarify the 
conflict in results of SNT and challenge test as this disease 
mainly depend on cellular immunity and the VNT or SNT only 
tests the positivity. Neutralization test is used for evaluation 
of humoral immune response for LSDV as recommended by 
OIE, as it was applied by other similar studies for evaluation of 
serum samples of cattle vaccinated by live attenuated SPPV 
vaccine against LSDV16, also applied by Christine21 who used 
it in evaluation calves vaccinated by Attenuated Sheep Pox 
and Inactivated Lumpy Skin Disease Vaccines against Lumpy 
Skin Disease, and used in evaluation of the cross-protection 
between Sheep pox and bovine Lumpy skin vaccines in vacci-
nated sheep22.

ELISA kit against Capripox is also used in the evaluation 
of humoral immune response for the sera of vaccinated cal-
ves ( this kit is not specific for LSDV only but it against genus 
capripox, on the other hand the SNT is specific against LSDV 
only), the results for live attenuated LSDV vaccines batches 
indicated positive results ≥30% (as mentioned in ELISA kit) for 
the three batches, also live attenuated SPPV vaccine indica-
ted  results ≥ 30%  for the three batches, but we noticed that 
the percentages for live attenuated LSDV vaccines batches 
is higher than percentages of live attenuated SPPV vaccine 
batches. Although the neutralization test is the standard test 
for evaluation of humoral immune response for LSDV as re-
commended by OIE, there are other studies recommending to 
use commercial ELISA, commercial Capripox Double Antigen 

ELISA (ID.Vet) was used in evaluation of  serological tests for 
detection of antibodies against LSDV and find strong correla-
tion between VNT/MDBK and ELISA23, also ELISA method and 
neutralization test were used for detection antibodies against 
LSDV24.

Challenge test is used for testing potency of the vaccines, 
and it was carried out in vaccinated calves (as a main host for 
LSDV) by calculating the difference in titer (between control 
positive and vaccinated challenged calves in each group)  of 
the inoculum (virulent LSDV) which developed specific lesion, 
the results for live attenuated LSDV vaccines batches indica-
ted a protective titer for the three batches where the minimum 
protective result is >log10 2.5 as recommended by OIE1, and for 
the live attenuated SPPV vaccine batches indicated only first 
and third batches are protective with border titer limit but se-
cond batch didn’t reach  protective titer, and that indicated that 
live attenuated LSDV vaccine is more protective than live atte-
nuated SPPV vaccine against LSDV. These results agreed with  
Hamdi22 who used virulent LSDV in challenge of two groups 
of calves, one group vaccinated  with Romanian SPPV vacci-
ne and the other  with Neethling LSDV vaccine and reported 
that Romanian SPPV vaccine provide partial protection against 
LSDV while Neethling LSDV vaccine provide fully protection 
against LSDV, also recombinant LSDV vaccine (LSD-Rift Valley 
Fever.mf vaccine) was used in two groups of calves, one group 
challenged by virulent LSDV and other group by virulent Rift 
Valley Fever Virus and recorded that tested vaccine is safe and 
protective for both diseases25, and Neethling vaccine is repor-
ted significantly more effective than x10 RM65 Sheep Pox vac-
cine strain in preventing LSD morbidity26.

Conclusions
It was believed that the wide cross protection within Ca-

pripoxvirus genus allows using of any Capripoxvirus isolate as 
an effective vaccine against LSDV, otherwise and avoiding this 
confirmation bias, it is clear from the relevant results that the 
potential using of Neethling LSDV vaccine against LSDV is su-
perior for combating and prevention the Lumpy skin disease. 
Also it was be recommended to evaluate both homologous or 
heterologous virus strain vaccines against LSD in cattle, as it 
the main host of the lumpy skin disease.    
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Differences between preterm infants receiving a dose for lung maturation 
and those receiving an additional rescue dose of corticosteroids

Sandra Liliana Medina Poma1, Fabricio González-Andrade1,2 DOI. 10.21931/RB/2021.06.03.13
Abstract: It is unknown if there is a difference between preterm infants with a history of receiving pulmonary corticosteroid 
maturation or using an additional rescue dose of corticosteroid. This paper aims to determine the difference between infants with 
pulmonary maturation and infants who received a rescue dose of corticosteroid. We performed an epidemiological, observational, 
and cross-sectional study. We analyzed time of stay, the requirement of mechanical ventilation, the use of surfactant, and 
neurological complications in newborns hospitalized in Neonatology of the Isidro Ayora Gyneco-Obstetric Hospital, 2019. We 
analyzed 204 preterm infants of 28-37 weeks who received a total lung maturation dose versus an added rescue dose. We 
analyzed the information with the statistical program SPSS v 22.0. With rescue dose the stay time was 28.4±21.6 days (p 
<0.05), days of invasive mechanical ventilation 3±5.7 days (p <0.05); Surfactant use 33.3% (p>0.05). We found neurological 
complications in 6.9% of patients (p> 0.05). In group 2 with not rescue dose use, the stay time was 21.5±16.6 days (p<0.05), days 
of invasive mechanical ventilation 1.8 ± 4.1 days (p <0.05). Surfactant use was 24.5% (p>0.05), and neurological complications 
2% (p> 0.05). Preterm males weighing <1000 g from 30 to 32 weeks, who used rescue doses of corticosteroids, showed an 
increase in intraventricular hemorrhage (13.7%), seizures (6.9%), and leukomalacia (13.7%), associated with the fact that in the 
group with rescue dose they are younger and had lower weight.   

Key words: Preterm birth; Respiratory Distress Syndrome, Pulmonary surfactants; Obstetric Labor, Preterm; prenatal exposure 
to corticosteroids.

RESEARCH / INVESTIGACIÓN

Introduction
A single cycle of prenatal corticosteroids administered to 

mothers with early preterm birth improves survival, reduces 
respiratory distress syndrome, necrotizing enterocolitis, and 
intraventricular hemorrhage. It was not associated with any 
significant adverse effects for the mother or the unborn child 
in the short term1.

Prenatal corticosteroid therapy recommends all pregnan-
cies with threatened preterm birth before 34 weeks of gesta-
tion, where the newborn's ongoing care is anticipated. Althou-
gh there are limited data from randomized studies in infants 
with <25 weeks gestation, observational studies suggest that 
prenatal corticosteroids and other active treatment practices 
diminish pregnancy mortality to 22 weeks2. In pregnancies be-
tween 34 and 36 weeks of gestation, prenatal corticosteroids 
also reduce the risk of short-term respiratory morbidity but 
not mortality, and there is an increased risk of neonatal hypo-
glycemia3.

Given the potential for long-term side effects, it does not 
recommend corticosteroids for women in spontaneous pre-
term labor after 34 weeks. When administered before elective 
cesarean section, up to 39 weeks, reduce the risk of admis-
sion to the Neonatal Intensive Care Unit (NICU)4, although fo-
llow-up data on term newborns exposed to prenatal corticos-
teroids lack5.

The optimal interval between treatment and delivery is 
more than 24 hours and less than seven days after the start 
of corticosteroid treatment; beyond 14 days, the optimal in-
terval between treatment and delivery is more than 24 hours 
and less than seven days after the start of corticosteroid treat-
ment; beyond 14 days, the benefits decrease. The beneficial 
effects of the first dose of prenatal corticosteroids begin in a 
few hours, advanced dilation should not be a reason to refra-
in from therapy, and the same can happen with magnesium 
sulfate (MgSO4)6. Corticosteroids should be repeated one to 

two weeks after the first course for women with the threat of 
preterm delivery. A repeated course reduces the risk of respi-
ratory assistance. However, fetal growth decreases and repea-
ted doses do not reduce mortality7.

It observed no effect on neurosensory disability at fo-
llow-up, but data on possible longer-term adverse effects are 
lacking. The WHO recommends that a single corticosteroid 
cycle be used if preterm delivery does not occur within seven 
days after the initial course, and there is a high risk of pre-
term delivery within the next seven days. Repeated courses 
administered after 32 weeks of gestation do not improve the 
results8.

Indeed corticosteroids are medications with several side 
effects, such as impaired fetal and placental growth, apop-
tosis in the brain, and increased infection, but when properly 
managed, they are safe. The use of corticosteroids should be 
reduced by an adequate assessment of the risk of preterm 
delivery and avoiding unnecessary early elective cesarean 
section, which is the obstetrician's decision to terminate the 
pregnancy in a woman with a history of previous cesarean sec-
tion. In some cases, when an early cesarean section is nee-
ded, the establishment of fetal lung maturity may be better 
than administering corticosteroids to all women. There is little 
evidence that cesarean delivery of preterm newborns instead 
of allowing vaginal delivery improves outcomes9. However, 
the recommendations of the European consensus guidelines 
for the prevention of hyaline membrane disease in preterm 
infants are summarized below10: Mothers with a high risk of 
preterm birth <28-30 weeks gestation should transfer to per-
inatal centers with experience in the treatment of respiratory 
distress syndrome. A single cycle of prenatal corticosteroids 
should offer all women at risk of preterm birth when pregnan-
cy is considered potentially viable until 34 weeks of gestation, 
ideally at least 24 hours before birth. A single cycle of corticos-

1 Universidad San Francisco de Quito USFQ, Colegio Ciencias de la Salud, Quito, Ecuador. 
2 Universidad Central del Ecuador, Facultad de Ciencias Médicas, Unidad de Medicina Traslacional, Quito, Ecuador. 
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teroids might be administered in the threat of preterm delivery 
before 32 weeks of gestation at least 1 to 2 weeks before. Mag-
nesium sulfate should be administered to women in imminent 
labor before 32 weeks of gestation11.

In women with preterm birth symptoms, cervical length 
and fibronectin measures should consider avoiding unneces-
sary tocolytic medications and prenatal corticosteroids. Short-
term use of tocolytic drugs should be considered in early preg-
nancies to complete a corticosteroid cycle and transfer the 
uterus to a specialized perinatal center12.

There are differences between European and national 
clinical practice guidelines for newborn care with respiratory 
distress. They recommend administering prenatal corticoste-
roids, in risky pregnancies, between 26 and 34 weeks, for two 
days and, it is not advisable to use repeated doses if the birth 
has not occurred after one week of the last dose since It has 
not shown additional benefits. The medications recommended 
in these guidelines are Betamethasone12,13. Despite the availa-
ble evidence on the use of pulmonary maturation with corti-
costeroids in the threat of preterm birth, there is a possibility 
of using the rescue dose if the birth has not occurred after se-
ven days of the last dose.

It observed a 17% reduction in respiratory distress and 
16% in severe complications associated with prematurity in 
infants with corticosteroid rescue doses. Besides, the use of 
rescue dose is associated with non-significant reductions in 
the newborn's weight and size, which disappear at discharge 
and have no implications in early childhood14. McKinlay et al.2 
studied the results for one or more repeated doses of corti-
costeroids in newborns and pregnant women, demonstrating 
that corticosteroids decrease the incidence of neonatal death, 
respiratory distress syndromes, intraventricular hemorrhage, 
necrotizing enterocolitis, and early sepsis. Prenatal corticos-
teroid therapy increases the effectiveness of postnatal sur-
factant therapy. Corticosteroids can induce the maturation of 
fetal organs and improve the transition to life after childbirth.

In another systematic review, Hutchinson and Hodgden15 

showed that women with preterm labor who received a cycle 
of corticosteroids and are still at risk of preterm delivery after 
seven days might benefit from a rescue dose. Studies disco-
vered neonatal outcomes immediately after childbirth and no 
long-term risks in childhood by comparing growth, cardiovas-
cular and endocrine functions. It also considered that maternal 
risks are not different between groups. Therefore, it conside-
red additional corticosteroid therapy.

Indeed, preterm birth is the leading cause of death in chil-
dren under five years of age worldwide; the rates of preterm 
infants' survival increase in high-income countries, neonates 
still die due to lack of attention or necessary supplies in middle 
and low-income countries. On the other hand, preterm birth 
remains a critical problem in infant mortality; it used antenatal 
corticosteroids to improve maternal and neonatal care quali-
ty. Despite this, inequality in survival rates is very different; in 
low-income countries, 32-week-old preterm newborns die due 
to lack of feasible and cost-effective care, while in high-income 
countries, almost all preterm neonates survive16.

It is possible to say that after the administration of prena-
tal corticosteroids between weeks 24 and 34, the structural 
and biochemical changes that the pneumocytes both I and II 
undergo; fetal lung maturity accelerate by increasing the pro-
duction of natural surfactant; These changes, in turn, improve 
lung mechanics, which results in a decrease in respiratory dis-
tress, use of exogenous corticosteroids.

Knowing that the maximum benefit is obtained after the 
first 24 hours post-administration until seven days, years ago, 

the administration of repeated treatments was used as a daily 
practice, a practice that has become deprecated due to the ad-
verse effects that the affected products presented both in its 
growth as fetal development14.

Prenatal corticosteroid administration is used to prevent 
respiratory distress syndrome in fetuses less than 34 weeks 
gestation in newborns who are still preterm newborns until 
birth and receive a rescue dose of corticosteroids. The purpose 
is to determine if there is a difference in the length of stay, the 
requirement for mechanical ventilation, the use of surfactant, 
and neurological complications17 to establish a new pharma-
cological regimen.

This new approach to prenatal therapy in patients with 
risk factors for preterm birth may increase infant survival with 
light birth weight18,19. The aim is to contribute to the neona-
tal population to improve birth conditions and avoid neonatal 
complications that affect the individual, family, and society20.

This work aims to determine the difference between in-
fants with pulmonary maturation and those who received a 
rescue dose of corticosteroid concerning their time of stay, 
the requirement of mechanical ventilation, use of surfactant, 
and neurological complications in hospitalized newborns in 
the Neonatology Service of the Isidro Ayora Gyneco-Obstetric 
Hospital in 2019.

Methods 

Study design
Epidemiological, observational, and cross-sectional study.

Context
Gyneco-Obstetric Hospital Isidro Ayora  (HGOIA), in Quito, 

Ecuador. The analyzed period was from 14 November, 2019, to 
29 January, 2020.

Sample size
204 newborns.

Participants
The population under study was from 28 to 37 weeks of 

gestational age, divided into two groups; one: received the total 
dose of corticosteroid lung maturation, and group two: com-
plete lung maturation plus rescue dose.

Inclusion criteria
Preterm newborns with gestational age at birth from 28 

to 37 of gestational age and history of prenatal corticosteroid 
use; that merited or not ventilatory support, use of surfactant, 
whether or not it presented neurological complications; of 
both sexes and any ethnic group. Group one received a total 
dose of fetal lung maturation with Betamethasone or Dexame-
thasone, while group two received a rescue dose before birth 
with Betamethasone or Dexamethasone.

Exclusion criteria
We excluded newborns referred to HGOIA with gestatio-

nal age at birth over 37 and below 27 weeks of gestational age.



1962

Elimination criteria
There were newborns with congenital malformations in-

compatible with life who died during the study.

Variables
It developed a sheet with socio-demographic characteris-

tics: sex, ethnicity, gestational age, classification of prematu-
rity, birth weight. Regarding prenatal factors: week in which 
lung maturation was administered. Postnatal factors were the 
use of mechanical ventilation, surfactant use, number of sur-
factant doses, trans fontanel ultrasound, neurological compli-
cations, seizures, days of mechanical ventilation, and days of 
hospitalization. The diagnosis at admission and discharge: the 
degree of prematurity, birth weight, size for gestational age, 
respiratory pathology, neurological, infectious, metabolic, he-
matological, cardiac, and hemodynamic pathology.

Sources, data, and measurements
From the beginning of the study, it revised the medical re-

cords of preterm patients admitted to HGOIA to identify the 
necessary data for analysis and interpretation. It is essential 
to mention that gynecologists did not influence the therapeu-
tic decision regarding preterm deliveries concerning prenatal 
corticosteroid therapy. We identified a pregnant mother who 
received pulmonary maturation and a rescue dose of corticos-
teroid before week 37 of gestation for the preterm newborn's 
follow-up during his hospital stay.

Biases avoidance
It collected information from complete medical records 

and by the same person consistently.

Statistical methods
The information obtained was stored in an Excel databa-

se and then analyzed with the SPSS® software version 22.0, 
licensed: 4-2E097 I. We used descriptive statistics: frequen-
cies, percentages, average, standard deviation, and inferential: 
Chi-square test, a p-value less than 0.05, which was accepted 
as statistical significance. We performed a multivariate analysis.

Ethical criteria
This research was approved by the Research Ethics Com-

mittee on Human Beings (CEISH) of the San Francisco Univer-
sity of Quito. It was dated 14 November of 2019, and coded 
with the number P2019-155TPG.

Results
Table 1 shows that, for both study groups, the variables 

that reached statistical significance using corticosteroid res-
cue doses were gestational age and the degree of prematurity 
(p <0.05). There was no statistical significance between sex, 
ethnicity, or birth weight using rescue doses of corticosteroids 
(p> 0.05). See table 1. It included 204 preterm patients in this 
research, is divided into two patient groups, according to the 

Table 1. Distribution of socio-demographic characteristics according to the rescue dose of pulmonary maturation. Preterm 
newborns, Isidro Ayora Gyneco-Obstetric Hospital, 2019.

Sandra Liliana Medina Poma, Fabricio González-Andrade
Volumen 6 / Número 3     •     http://www.revistabionatura.com



1963

use of a rescue dose of lung maturation, and it split each group 
of 102 patients.

Table 2 shows that there were significant differences 
between the time when lung maturation in both groups (p 
<0.001); it was administered later among patients who did 
not receive rescue dose (31.3 ± 2.1 weeks), compared to the 
group in which rescue dose was administered (30.5 ± 2.9 wee-
ks). There was also statistical significance between mechani-
cal ventilation and hospitalization days in both study groups 
(p <0.05). There was no statistical significance between me-
chanical ventilation modality, surfactant use, surfactant dose 
number, trans fontanelar ultrasound, neurological complica-

tions, seizures, or days of mechanical ventilation in both study 
groups (p> 0.05). 

Table 3 shows the time of admission; there was statistical 
significance for the association between the use of rescue do-
ses of corticosteroids with the degree of prematurity and the 
newborn's size (p <0.05). There was no statistical significan-
ce for the association between birth weights, the presence of 
respiratory, neurological, infectious, metabolic, hematological, 
or renal pathologies using rescue doses of corticosteroids (p> 
0.05). 

Table 4 shows that, at the time of discharge, there was a 

Table 2. Distribution of prenatal and postnatal history according to the rescue dose of pulmonary maturation. Preterm newbor-
ns, Isidro Ayora Gyneco-Obstetric Hospital, 2019.

Differences between preterm infants receiving a dose for lung maturation and those receiving an additional rescue dose of corticosteroids
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Table 3. According to rescue dose of pulmonary maturation in preterm infants, distribution of diagnosis at admission, Isidro 
Ayora Gyneco-Obstetric Hospital, 2019.

Sandra Liliana Medina Poma, Fabricio González-Andrade
Volumen 6 / Número 3     •     http://www.revistabionatura.com
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Table 4. According to 
the rescue dose of pul-
monary maturation in 
preterm infants, the dis-
tribution of diagnosis at 
discharge is determined 
by Isidro Ayora Gyne-
co-Obstetric Hospital, 
2019.

Differences between preterm infants receiving a dose for lung maturation and those receiving an additional rescue dose of corticosteroids
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statistically significant association between the degree of pre-
maturity, the size of newborns, and the presence of infectious 
diseases, using rescue doses of corticosteroids (p <0.05). The-
re was no statistical significance between birth weights, respi-
ratory, neurological, metabolic, hematological, cardiovascular, 
or renal pathologies, using rescue doses of corticosteroids at 
discharge (p> 0.05). See table 4. 

Table 5 shows the model summary. We used for the mul-
tivariate analysis a binomial logistic regression model. The va-
riables that obtained statistical significance were included in 
the bivariate analysis. A 50% probability of success was obtai-
ned with this model, which is very low, and a Negelkerke statis-
tic = 28.4%. The goodness of fit test of Hosmer and Lemeshow 
obtained statistical significance (p <0.05), thereby increasing 
the probability of prediction to 71.1%. The only variable asso-
ciated with corticosteroid rescue doses was the newborn size 
(p<0.05).

ticosteroids. In this group, late preterm patients (41.2%) pre-
dominated, and, at the time of admission, there was a higher 
percentage than was classified as moderate preterm, with 
statistically significant differences (p <0.05) indicating that it 
was administered early lung maturation. For this reason, the 
dose of corticosteroids was repeating, but it could also be pa-
tients with significant respiratory dysfunction or with a high 
risk of complications such as bronchopulmonary dysplasia. 
Also, it accepts that preterm infants' respiratory complica-
tions decrease as gestational age increases, and the survival 
benefits of using additional doses of corticosteroids after 33 
weeks have been discussed. However, we reported that yes, It 
is beneficial due to adaptive syndrome in late preterm infants.

Another finding was that the birth weight was lower in in-
fants who received rescue doses of corticosteroids [1571±362 
g], the minimum weight was 890 g, and the maximum weight 
was 2340 g; however, not was statistically significant. The cri-
teria for using the rescue dose of corticosteroids are based on 
their administration when labor has not occurred within seven 

Table 5. Multivariate análisis.

Discussion
We analyzed the behavior of two groups of infants with 

prematurity. In the first group, we included those who had re-
ceived rescue doses of corticosteroids. In the second group, 
newborns who had not received this rescue dose, applying a 
new dose of corticosteroids when birth did not occur after se-
ven days of completing the pulmonary maturation scheme.

In both study groups, male sex predominated, which ac-
counted for 55.9% of cases. This factor explains in male fetu-
ses an increased risk of prematurity, low birth weight, proba-
bility of complications, and death. This variable explains fetal 
testosterone's action on the pituitary hypothalamus axis, with 
an adverse feedback action, which affects the secretion hor-
mones that prolong pregnancy. It knows that fetal sex influen-
ces the risk of adverse outcomes in response to prenatal corti-
costeroid therapy. It states that the chromosomal differences 
in both sexes' placenta are essential in determining fetal res-
ponses to prenatal noxas and prematurity. Female preterm 
infants respond more effectively to prenatal betamethasone 
exposure than their male counterparts, with lower respiratory 
distress syndrome rates, by the action of female hormones.

On the other hand, gestational age was statistically sig-
nificantly related to corticosteroid rescue doses (30.1-33.6 
weeks: 49%), so in the group of patients in the corticosteroid 
rescue dose was used, the most frequent gestational age was 
30.1 to 33.6 weeks. This variable explains that lung immaturi-
ty in these neonates is higher due to the respiratory system's 
formation not completed. The few alveoli that exist do not pro-
duce pulmonary surfactant in sufficient quantity and quality. 
Therefore, the risk increases bronchopulmonary dysplasia 
and respiratory distress. Besides, since these are newborns in 
whom the risk was identified early, they were given lung matu-
ration more than seven days before birth occurred.

On the other hand, the patients' degree of prematurity 
was also significantly associated with the rescue dose of cor-

days after the first dose of corticosteroids. There is sufficient 
evidence to conclude that, after this period, lung maturation 
benefits increase the risk of perinatal death and maternal in-
fections.

On the other hand, the size of the infants was significantly 
different in both study groups. 35.3% of those who received 
the rescue dose were classified as small for gestational age, 
significantly higher than the other group (16.7%). The impact 
of corticosteroids on fetal growth has been explained by inhibi-
ting fetal growth and DNA replication due to cortisol, accom-
panied by lower birth weight and possible intrauterine growth 
restrictions. This factor also manifests itself in smaller head 
circumference and skull volume; therefore, it suggested the 
careful use of exogenous corticosteroids in fetuses with stress 
and restricted growth.

The gestational age at which lung maturation in the group 
where rescue dose was used was significantly lower than the 
other study group [: 30.5 ± 2.9]. Besides, there is evidence 
that corticosteroids are beneficial after 26 weeks of gestation 
in reduced neonatal morbidity, including intraventricular he-
morrhage. This variable explains because, when administered 
before birth, a binding occurs to the transporter proteins, such 
as the corticoid transport globulin (CTG) of the pregnant wo-
man and the fetus, which favors the action on the respiratory 
system, which consists of increase the levels of surfactant and 
its action, lung compliance, clearance of intrapulmonary fluids, 
as well as reduce the permeability of blood vessels.

The postnatal history found that the use of mechanical 
ventilation in the invasive and non-invasive modality was supe-
rior among infants who had received the rescue dose of corti-
costeroids, although without statistical significance (p> 0.05). 
Similarly, the days of invasive mechanical ventilation were 
significantly longer in this study group [3±5.7 days] (p<0.05). 
In very preterm or moderately preterm newborns, the degree 

Sandra Liliana Medina Poma, Fabricio González-Andrade
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of the respiratory system's immaturity and the surfactant de-
ficit was higher than in other newborns. Sphingomyelin, ano-
ther component of the surfactant, has a constant production 
throughout pregnancy, but other components such as lecithin 
and phosphatidylglycerol begin to occur after 25 weeks would 
explain its deficit in the very preterm.

The use of surfactants among infants with corticosteroid 
rescue doses was higher and the other newborns. However, wi-
thout statistical significance (p>0.05), which shows that offe-
ring another dose of corticosteroids, Prenatal, did not have an 
important influence on preventing hyaline membrane disease, 
which is the consequence of lung immaturity the absence of 
pulmonary surfactant. This factor complements the lack of 
usefulness of the rescue dose of corticosteroids in preventing 
respiratory complications, which in these cases depends more 
on the degree of prematurity and lung immaturity than on the 
pulmonary maturation scheme offered. It was also more fre-
quent in patients with corticosteroid rescue than additional 
doses of surfactant (10.8%) compared to the group without 
corticosteroid rescue, indicating no improvement in respiratory 
distress in patients' first six hours surfactant administered.

On the other hand, when analyzing the trans fontanel ul-
trasound and corticosteroid rescue dose results, it was obtai-
ned that intraventricular hemorrhage (13.7%), leukomalacia, 
and choroidal cysts were more frequent in neonates with a 
rescue dose of corticosteroids, although it was not statistica-
lly significant. The effect of corticosteroids on preterm infants' 
central nervous system is substantial, with intraventricular 
hemorrhage complications. Indeed, an increase in central ve-
nous pressure, which usually occurs during labor, and when 
respiratory complications occur, which increased with the use 
of corticosteroids, which is assigned an essential role in the 
appearance of periventricular leukomalacia, which is related 
to an increase in interleukin 6, which is due to a local inflam-
matory process, which can subsequently bleed.

Intraventricular hemorrhage of the neonate is associated 
with increased cerebral blood flow and blood pressure, which 
is complicated by the vascular alterations that accompany 
hypoxemia and metabolic acidosis of neonates with respira-
tory distress. The use of additional doses of corticosteroids 
can contribute to weakening the capillary wall.

Seizures among infants who had received the rescue dose 
of corticosteroids were also more frequent than in other new-
borns. The cause of these seizures is probably due to the higher 
frequency of intraventricular hemorrhage in preterm infants 
with rescue doses of corticosteroids. Numerous mechanisms 
make immature brains hyperexcitable. First, the neonatal pe-
riod is a period of physiological synaptogenesis, and both the 
synapse and the density of the dendritic spine are at their peak. 
Secondly, glutamatergic neurons, the primary excitation me-
chanism of both the neonatal brain, are excessively abundant. 
Their receptors have subunits that allow relative hyperexcita-
bility; with the up-regulation mechanism, the number of recep-
tors increases, and with the down-regulation mechanism, the 
number of receivers decreases.

Third, gamma-amino-butyric acid (GABA), the primary 
inhibitory mechanism of the adult brain, can exert a parado-
xical exciting action on the developing brain due to the pre-
ponderance of the sodium, potassium, and chloride cotrans-
porter (NKCC1) and the Delayed expression of KCC2 chloride 
cotransporters, which leads to a high concentration of intra-
cellular chloride and depolarization in response to GABAergic 
agents.

There was a significant difference in the patients' group 
with corticosteroid rescue doses [28.4±21.6] and the others. 

It could correspond to the higher frequency of days of mecha-
nical ventilation, due to the pulmonary immaturity associated 
with the higher degree of prematurity in this group, with the 
neurological and infectious complications, which were in this 
study group, compared to infants who did not receive the res-
cue dose of corticosteroids. Other factors that could have in-
fluenced the more magnificent hospital stay of these patients 
are the lower birth weight and gestational age in this group 
than the other, which also predisposes to the appearance of 
multiple complications.

Also, within respiratory complications, upon admission: 
hyaline membrane disease was present in 22.5% of infants 
who received rescue doses of corticosteroids and in 13.7% of 
those who did not receive it without statistical significance (p> 
0.05). Similarly, at the time of discharge from the NICU, no sta-
tistically significant intergroup differences were obtained, an 
essential effect of the rescue dose of corticosteroids on the 
prognosis, and the reduction of complications of infants who 
received it. Corticosteroids accelerate the morphological diffe-
rentiation of epithelial cells in type II cells, increase the rate of 
phosphatidylcholine synthesis and cause the accumulation of 
messenger RNAs for B-surfactant proteins (Mr=7000) and C 
(Mr=5000). Induction of phospholipid surfactants and mRNA 
proteins occurs rapidly, reverses, and appears to be mediated 
by receptors.

However, no significant effect was found in reducing hyali-
ne membrane disease in this work, probably due to this group's 
infants' great prematurity. The production of surfactants me-
diates not all the effects of prenatal corticosteroids in the pre-
vention of respiratory distress. A rapid removal of fluid from 
the lung to allow efficient gas exchange at the alveolar surface 
is key to the fetus's transition to other uterus life. The signa-
ling of cellular corticosteroid receptors influences the func-
tion of several proteins involved in the mediation of alveolar 
fluid clearance; they include a subunit of the epithelial sodium 
channel (aENaC) and the a1 and b1 subunits of the adenosine 
triphosphate-based basolateral pump (ATP), both expressed in 
the respiratory epithelium.

Therefore, at the time of admission, neurological pathology 
was more frequent among infants in whom the rescue dose of 
corticosteroids, but this difference was very discrete and did not 
obtain statistical significance. At the time of discharge, neurolo-
gical complications did not have statistical significance among 
the study groups (p>0.05), indicating that the rescue dose of 
corticosteroids did not interfere; Although there is evidence that 
links the use of corticosteroids with neurological disorders such 
as intra-parenchymal hemorrhage and neonatal seizures. The-
se complications were more frequent in the group that received 
the rescue dose, but it was not statistically significant.

Besides, neonatal infections at the time of admission 
had no significant differences between the two study groups 
(p>0.05), although they were more frequent in the group that 
received the rescue dose, within these, the risk for urinary 
tract infection (21.6%). However, at the time of discharge from 
neonatal ICU, there were essential differences between the 
two groups (p<0.05), with a clear predominance in neonates 
who received the rescue dose, where early sepsis predomina-
ted (32.4 %) and septic shock (7.8%). The immunosuppressive 
effect of corticosteroids predisposes to the appearance of in-
fections at all levels.

The use of rescue doses of corticosteroids in the neona-
tal period is associated with a higher probability of developing 
prenatal infections, such as chorioamnionitis and endometri-
tis. It also increases the risk of early neonatal sepsis due to 
its suppressive effect on cellular and humoral immunity and 

Differences between preterm infants receiving a dose for lung maturation and those receiving an additional rescue dose of corticosteroids
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decreases the production of lymphocytes, interleukins, and 
tumor necrosis factors, through a decrease in the stability of 
messenger RNA.

There were no significant differences between the two 
study groups when admission or discharge concerning meta-
bolic pathologies. At admission, intrauterine growth restriction 
affected 9.8% of infants on corticosteroid rescue doses. This 
percentage was 15.7% at discharge. It associates corticoste-
roids' action on fetal growth with reduced size and weight at 
birth and intrauterine growth restriction.

Nor was an essential relationship between hematological 
pathologies and the use of rescue doses of corticosteroids at 
the time of admission or discharge. The most frequent cases 
were multifactorial jaundice in the group of those who recei-
ved rescue doses (33.3%) but without statistical significance 
(p>0.05). In this case, jaundice seems to correspond to the in-
teraction of several factors related to enzymatic immaturity, 
the use of antibiotics, or neonatal sepsis.

Similarly, cardiovascular and hemodynamic conditions did 
not have a significant difference in both study groups; at dis-
charge from the NICU, infants in whom the rescue dose was 
not used had a higher incidence of this type of complications, 
significantly the persistence of the ductus arteriosus, which is 
a malformation in which the use of rescue doses of prenatal 
corticosteroids is not involved.

In summary, the most critical findings were, in the group 
that received rescue doses, which included very preterm new-
borns, there was an increase in the number of days of mechani-
cal ventilation and infectious complications, which at the same 
time was associated with an increase in hospitalization days.

Limitations
The sample was adequate but could be extended to ano-

ther population group from other hospitals and provinces.

Generalization
It is possible to generalize this research following a multi-

center and prospective design.

Conclusions
Preterm males weighing <1000 g from 30 to 32 weeks, 

who used rescue doses of corticosteroids, showed an increa-
se in intraventricular hemorrhage (13.7%), seizures (6.9%), and 
leukomalacia (13.7%), associated with the fact that in the group 
with rescue dose they are younger and had lower weight.
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Determination of pro-oxidant-antioxidant balance (PAB) assay in mothers 
with spontaneous abortion

Faezeh Ghasemi1, Alireza Kamali2, Maryam Shokrpour3* DOI. 10.21931/RB/2021.06.03.14
Abstract: Oxidative stress has been identified to play a vital role in the pathogenesis of spontaneous abortion were characterized 
as an imbalance between the generation of pro-oxidants, free radicals, and reactive species, and enzymatic and non-enzymatic 
antioxidant defenses in favor of the former. In the present study, the pro-oxidant-antioxidant balance was assessed in women 
with spontaneous abortion and compared with healthy age-matched controls. A group of 50 females with spontaneous abortion 
were considered patients, and a group of age-matched healthy pregnant women was considered controls. The pro-oxidant-
antioxidant balance (PAB) assay was carried out on participants' serum samples. The mean age of the spontaneous abortion 
group was 30.84 ± 3.82, and controls were 26.53 ± 4.05 years. The obtained PAB values were 236.74 ± 11.37 HK and 148.69 
± 76.50 HK in patients and controls. Our results demonstrate the significant rise of PAB values in subjects with spontaneous 
abortion compared to healthy controls (p< 0.0001). Our study showed that the PAB values might be involved in the termination 
of spontaneous abortion.  

Key words: Spontaneous abortion, Oxidative stress, Antioxidants, PAB assay.
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Introduction
Spontaneous abortion is considered as the fetus's natural 

death before 20 gestations. Based on scientific declarations, 
spontaneous abortion defines by pregnancy termination be-
fore complete 20 weeks gestational period while the fetal 
weight is less than a half kilogram1,2. Massive investigation 
showed that the rate of spontaneous abortion depends on 
pregnancy age and miscarriage3,4. According to the Cardone 
et al. rate of spontaneous abortion increased in elder fema-
les compare with younger cases. In North American pregnant 
females, spontaneous abortion happened in 17%- 20% cases 
younger than 25 years old whereas increased to 30%-35% in 
those with 35-45 years old3.

Cramer and Wise published data demonstrated that mis-
carriage increase spontaneous abortion risk. The incidence 
of spontaneous abortion in females with no miscarriage is 
approximately 13 percent and increased to 25%, 30 %, and 35 
% in those who suffered from 1, 2, and 3 miscarriages, respecti-
vely3. Further investigation illustrated the various spontaneous 
abortion risk factors.  Dickey RP and colleagues represented 
the higher incidence of spontaneous abortion in one-fourth of 
females treated with human gonadotropin and clomiphene5.

Moreover, fragmentation of sperm DNA, hyperhomocys-
teinemia, immunological disorders, and insufficient antioxidant 
defenses have also been observed in females with sponta-
neous abortion4.  

Oxidative stress, a profound imbalance between pro-oxi-
dants, reactive oxygen specious, free radicals, and enzymatic 
and non-enzymatic antioxidants in favor of the former, plays 
the leading role in disorders and deficiencies6,7. Despite the 
essential role of oxygen in metabolism and life persistency, 
its toxic derivatives can be caused severe damage to cellular 
compartments7.

Reactive species damage DNA, mitochondria, and cell 
membrane, which affects the cellular compartments patho-
logically and leads to ultimate cellular demise8,9. In response 
to oxidative damage, the antioxidant system neutralizes the 

excess pro-oxidants, maintains physiological balance, and 
establishes cellular homeostasis10,11. Simsek et al. uncovered 
the essential role of oxidative damage, higher level of lipid pe-
roxidation, and reactive oxygen specious immediately before 
abortion12,13.

Although the exact causes of spontaneous abortion are 
not clearly understood, immunological alterations and pro-
found disruption of oxidative stress seem to be involved etiolo-
gically. Our study aims to characterize the prooxidant-antioxi-
dant balance (PAB) in patients with spontaneous abortion.

Materials and methods 

Subjects
The presented study was conducted on 80 pregnant fe-

males (50 with spontaneous abortion history as a patient 
group and 30 normal age-matched healthy women without 
a history of abortion as controls) hospitalized between March 
2017 and October 2018 in Taleghani Hospital Arak, Iran. The 
first day of gestation was determined based on ultrasound 
obtained data, and obstetricians evaluated the risk of sponta-
neous abortion in participants. Females who had been exposed 
to teratogenic drugs were excluded, whereas the participants 
who have had at least 1 terminated abortion before complete 
20 weeks gestation were categorized as the patients. Moreo-
ver, all participants were signed the written consent to contri-
bute to the survey that the ethics committee approved of Arak 
Medical School.

Sample collection
For all subjects, the age, history of spontaneous abortion, 

gestational time, deliveries, and abortions were recorded. To 
carrying out the PAB assay, 2 ml arterial-venous mixed cord 
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blood was collected after delivery and abortion. The collected 
blood samples were centrifuged at 3600 rpm for 10 minutes 
after clotting to separate sera. To measure the oxidative stress 
parameters in the rapid, accurate method, the obtained sera 
were kept at -80oC until analysis. The hemolytic samples were 
excluded from the PAB assay.

Chemicals
The chemicals were used in our survey include TMB pow-

der (3, 3′, 5, 5′-Tetramethylbenzidine, Fluka), chloramine T tri-
hydrate (AppliChem: A4331, Darmstadt, Germany), peroxida-
se enzyme (AppliChem: 230 U/mg, A3791, 0005, Darmstadt, 
Germany), hydrogen peroxide (Merck). Double distilled water 
was applied for dissolving molecular biology grade reagents 
that need further preparation.

The pro-oxidant antioxidant balance (PAB) assay
PAB assay was carried out based on our previous stu-

dies14,15. Standard solutions were prepared by blending the 
exact proportion of 250 M H2O2 (0-100%) and uric acid 3 mM 
and added to the NaOH (10 mM). To prepare TMB cation, 60 
mg TMB powder was dissolved in 10 ml dimethyl sulfoxide 
(DMSO) and was added to 20 ml acetate buffer (0.05 M, pH 
4.5). After that, well-mixed 70 μl freshly chloramine T solu-
tion (100 mM) was added to the previously prepared solution, 
shacked immediately, and incubated for 2 hours at room tem-
perature (23oC-27oC) in the dark places.

The horseradish peroxidase working solution was prepa-
red by blending the 25-unit peroxidase enzyme solution into 
the 20 ml TMB cation and aliquoted into 1 ml microtubes and 
stored at -20, respectively. TMB working solution was prepa-
red by gently blending 200 μl TMB/DMSO into the 10 ml ace-
tate buffer (0.05 M, pH 5.8).

To determine the PAB values in the subjects' sample, 200 
μl working solution was added to each well of 96-well ELISA. 
Then, 10 μl participants' sera, distilled H2O (blank well), and 
standard solutions were added and mixed gently as well as the 

plates were incubated in the dark place at 37oC for 15 minutes. 
The 50 μl of 2 N HCl was recruited as the stop solution, and the 
PAB was measured at 450 nm wavelength.

The PAB values were demonstrated in arbitrary HK units, 
the percentage of H2O2 in the standard solution. Meanwhile, 
unknown samples were then calculated based on the obtained 
values from the standard drowning curve.

Statistical analysis
The Statistical Package for Social Sciences (SPSS version 

20.0, IBM, USA) was used for data analysis while the P-value 
< 0.05 was considered statistically significant. The Kolmogo-
rov-Smirnov test was carried out to determine the data's nor-
mality, and unpaired sample T-tests were applied for evalua-
ting the statistical analysis.

Results
The mean age of participants with spontaneous abortion 

and controls were 30.84±3.82 and 26.53±4.05 years, respec-
tively. The higher range and lower range of participants' PAB 
value shows 214 – 253.74 HK in females with spontaneous 
abortion and 2.50 – 264.03 in the standard group. Our obtained 
data revealed a significantly raised level of PAB values in spon-
taneous abortion participants compared to the standard group 
(p-value <0.0001) (figure 1).

No abortion was seen in controls, while in the spontaneous 
abortion group, 21 cases had had one abortion, and 5 cases had 
had 3 abortions. Furthermore, 29 cases had delivered at least 
one normal childbirth (Table 1).

Discussion
Massive investigations demonstrate the role of oxida-

tive stress in the pathogenesis of spontaneous abortion, 
pre-eclamptic pregnancy, and related pregnancy hypertensive 

Figure 1. Evaluation of the PAB values between two groups. Results showed a significant increase in PAB values in the spon-
taneous abortion group 236.74±11.37 HK compared to the control group 148.69±76.50 (p<0.0001).
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disorders16-18. Higher levels of oxidants such as malondialdehy-
de, protein carbonyl, erythrocyte glutathione peroxidase, and 
erythrocyte superoxide dismutase were observed in placenta-
tion, miscarriage, and recurrent pregnancy loss19. Our results 
indicate that a significant increase in pro-oxidants in subjects 
with spontaneous abortion compared to controls.

Despite the suggestion of published reports that show 
the beneficial effects of antioxidants in vitro fertilization (IVF), 
rare of them demonstrate the role of antioxidants in misca-
rriage20,21. Recent investigations demonstrate that the proper 
fetus implantation seriously depends on low oxygen concen-
tration to complete 10 gestational weeks22. It may protect fe-
tal development and differentiation against reactive specious, 
free radicals, and immunological reactions19. Compelling evi-
dence uncovered the deficient trophoblastic invasion that oc-
curred following the spontaneous abortions23. Therefore, in 
the same direction as our obtained data, oxidative stress may 
raise the spontaneous abortions before complete 10 weeks of 
gestation, which might be the consequence of maternal blood-
flow disorders19.

Higher lipid peroxidation and oxidative stress biomarkers 
such as malondialdehyde increase in females with sponta-
neous abortion24. Sugino et al. published a report that showed 
the higher concentration of lipid peroxidation in females with 
spontaneous abortion suffered from vaginal bleeding25. These 
observations boost our hypothesis about the role of oxidative 
stress in spontaneous abortion. In other words, higher levels of 
reactive specious, free radicals and consequent oxidative da-
mages lead to placenta oxidation, spontaneous abortion, and 
fetal termination. A higher level of lipid peroxides such as ma-
londialdehyde may involve in urine evacuation.

The corpus luteum activity is fundamental for embryoge-
nesis and fetal development. The early stages of pregnancy 
and trophoblast implantation are dependent on corpus luteum 
activity which relies upon superoxide dehydrogenase-enzyme 
activity. In the ovary, superoxide dehydrogenase prevents the 
restrictive reaction of hydrogen peroxide-derived peroxide and 
superoxide ions on gonadotropin hormones and affects the 
ovary's follicular function26, demonstrating the role of supe-
roxide dehydrogenase-enzyme activity in early gestation.

Interestingly, Umaoka and colleagues demonstrate that 
in vitro fetal development was restricted during the high level 
of oxygen. Likewise, reactive oxygen specious and superoxide 
ions cause severe damage to embryogenesis and trophoblast 
expansion. Superoxide dehydrogenase can prevent the harm-
ful effects of superoxide ions27.

Conclusions
A significant increase in pro-oxidants and oxidative stress 

were reported in several investigations. Based on our data, 
profound disruption of oxidative stress may involve sponta-
neous abortion even though more surveys are needed. 
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Molecular characterization of net B and tpe L virulence factors and antimicrobial 
resistance genes of Clostridium perfringens isolated from herbs and spices
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Abstract: The present study aimed to determine some virulence-associated genes and antimicrobial multidrug resistance of 
Clostridium perfringens recovered from herbs and spices widely distributed in the Egyptian market. C. perfringens virulence 
and resistance factors were determined using PCR targeting the netB, tpeL, ermB, bla and tetK genes. Thirty three out of 392 
samples (8.42%) from herbs and spices submitted to our laboratory for bacteriological screening were positive for presence C. 
perfringens. PCR results for the tpeL gene in isolated C. perfringens revealed 9 out of 33 (27.3 %) of isolates, while netB was not 
detected. The isolates were resistant to Clindamycin, Vancomycin, tetracycline, and erythromycin with inhibition zones of 6.28 ± 
0.63, 8.78 ± 0.41, 9.63 ± 0.63, and 9.84 ± 0.66 mm, respectively. The genes mentioned above were selected to correspond to the 
ineffective antimicrobials; ermB for erythromycin, tetK for tetracycline, and bla for the remainder. PCR results for antibacterial 
resistant genes in isolated C. perfringens revealed their presence. From 33 isolates, bla gene was detected in 21 (63.4 %), tetK 
in 13 (39.4 %) and ermB in only one isolate (3.03 %). Sequencing analysis was done for the bla gene as an example for the 
detected genes as detected at the highest incidence (63.4%). No cross-relationship was detected upon comparing incidence 
data of both studied virulence genes and those of antimicrobial resistance. The present findings may explain the resistance of C. 
perfringens to the examined antibacterials and recommend avoiding the application of them to control the microbe. In addition, 
the authors recommend following strict hygienic procedures during the industry of herbs and spices to ensure their clearance 
from Clostridium perfringens before distributing the products as food additives into the markets.

Key words: Clostridium perfringens, Herbs, Spices, Antibiotic Susceptibility Test, Resistance, Genes.
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Introduction
Among food additives, herbs and spices are considered as 

severe vectors for foodborne microorganisms, including C. per-
fringens1,2. Incidence of C. perfringens in herbs and spices has 
been checked worldwide, including India3, Turkey4, the United 
Kingdom5, Italy6, Lebanon7,  Saudi Arabia8, and Egypt9.

Abundant toxin production and multidrug resistance are 
considered as the two major problems caused by Clostri-
dium perfringens. This microbe is Gram-positive eubacteria, 
a rod-shaped, spore-forming anaerobe widely distributed el-
sewhere in nature, including soil, surfaces, sewage, feces, 
foods, and food additives10.

C. perfringens is a highly toxicogenic bacterium as it can
produce various toxins (at least 17) that are considered to be 
its pathogenic virulence factors11. Four among these toxins are 
commonly categorized as significant as they may cause letha-
lity; these are α-, ß-, £-, and i-toxins. Each strain with its parti-
cular toxins is associated with a particular disease in humans 
and animals12. For this, most studies are focused on looking 
at these toxins from bacterial isolates, including one carried 
out by our team (El-Tawab et al., 2021, under publishing). On 
the other hand, some other genes were considered minor ones 
because they are thought not to be pivotal for C. perfringens 
pathogenesis. Among these genes are found netB and tpeL 
toxins. However, recently, these genes were suggested to con-
tribute to disease pathogenesis. For many years, α-toxin was 
thought to be the major virulence factor involved in necrotic 
enteritis, but a clostridial strain cloned for deactivation of 
α-toxin still able to produce lesions in broilers. This study led 
to the discovery of the pathogenicity of a new toxin, NetB13. 
In addition, it was discovered that inoculation of broilers with 
strains positive for both netB and tpeL were associated with 
greater severity of gross lesions over strains with only netB14, 

a fact that supports the idea of the pathogenicity of tpeL too.
Even though a relatively limited number of studies focu-

sed on investigating these two toxins and their driving genes, 
no study has looked at these two virulence factors in clostri-
dial isolates from herbs and spices.

The second major problem of the studied microbe is its 
resistance to drugs. In a previous study, we have conducted 
the antibiotic susceptibility test and detected the resistance of 
clostridial isolates to Clindamycin, Vancomycin, tetracycline, 
and erythromycin. However, the underlying mechanism of this 
resistance was not investigated9.

The present study aimed to investigate the netB and tpeL 
toxin/gene positivity of C. perfringens isolated from herbs and 
spices retailed all over the Egyptian markets and to determine 
the molecular mechanisms underlying the antimicrobial drug 
resistance by investigating the positivity to bla, tetK, and ermB 
genes. To fulfill this aim, PCR and sequencing, and phyloge-
netic analyses have been conducted on C. perfringens isolates 
from herbs and spices.

Methods

Samples and isolates
The study was applied to 392 samples obtained from the 

top herbs and spices suppliers in Egypt. The samples have 
been screened for the incidence of C. perfringens. Thirty-three 
C. perfringens isolates were obtained from these samples fo-
llowing ISO 6887-2, ISO 6887-3, ISO 6887-4, or ISO 82619. The
isolates were resistant to Clindamycin, Vancomycin, tetracy-
cline, and erythromycin9.
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DNA extraction
DNA was extracted from the pure isolated colonies using 

the QIAamp DNA Mini kit purchased from Qiagen® (Hilden, 
Germany) following the manufacturer's instructions with 
some modifications. The kit provides silica-membrane-based 
nucleic acid purification from different types of samples. The 
spin-column procedure does not require mechanical homoge-
nization; thus, the total hands-on preparation time is only 20 
minutes. The DNA concentration was determined using Na-
noDrop ND-1000 Spectrophotometer from Thermo-scientific 
(Waltham, MA, USA) by reading absorbances at 260 and 280 
nm. The extracted samples were stored at –20 °C until used as 
templates for PCR amplification.

PCR
The conventional PCR was applied to screen netB and tpeL 

toxin-encoding genes and those of resistance, namely, bla, tetK 
and ermB in the 33 isolates of C. perfringens, using Emerald 
Amp GT PCR Master Mix kit, Code No. RR310A was purchased 
from Takara Bio Inc.® (Shiga, Japan). The amplification process 
was performed according to the manufacturer's instructions, 
using specific primers from Midland® (TX, USA) and a thermal 
cycler from Biometra® (Jena, Germany). The thermal cycling 
conditions are briefly described in tables 1, 2, and 3.

Agarose gel electrophoresis
Thirty μl of each PCR test product, negative and positive 

controls, and 100-bp DNA ladder (purchased from Fermen-
tas®, Massachusetts, USA; cat. no. SM0243) were loaded to 
agarose gel 1.5 % and the process was conducted according 
to (20) following instructions of the manufacturer. The power 
supply was adjusted between 1~5 volts/cm of the tank leng-
th. The run was stopped after about 30 min, and then the gel 
was transferred to the UV cabinet. A gel documentation sys-
tem photographed the gel, and the data was analyzed through 
computer software.

Sequencing reaction of bla gene
Uniplex PCR products of five C. perfringens isolates po-

sitive of bla gene were taken randomly and purified using the 
QIAquik PCR product purification protocol (Qiagen®, Hilden, 
Germany) provided by the manufacturer. The purified PCR pro-
ducts were sequenced in the forward and reverse directions 
on an Applied Biosystems 3130 automated DNA Sequencer 
(ABI, 3130, USA), using a ready reaction Bigdye Terminator 
V3.1 cycle sequencing kit, Cat. No. 4336817 (Perkin-Elmer / 
Applied Biosystems, Foster City, CA). The master mix using Big 
dye Terminator V3.1 cycle sequencing kit is described below 
(Table 4).

Table 1. Oligonucleotide 
primers for the 5 targe-
ted genes.

Table 2. Preparation of 5 Clostridium 
genes uniplex PCR Master Mix.

Table 3. Cycling con-
ditions of the different 
primers for cPCR and 
RAPD.
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Phylogenetic analysis
The nucleotide sequences of bla gene were compared with 

the sequences available at public domains using BLAST (Ba-
sic Local Alignment Search Tool) server to establish sequence 
identity to GenBank accessions21. A comparative analysis of 
sequences was performed using the CLUSTAL W multiple se-
quence alignment program, version 1.83 of MegAlign module 
of Lasergene DNAStar software Pairwise, designed by (22) and 
phylogenetic analyses done using maximum likelihood, neigh-
bor-joining, and maximum parsimony in MEGA623.

GenBank submission
The sequences of the bla gene have been deposited in 

the GenBank database under the following accession num-
bers: HY1 MT891107; HY2 MT891108; HY3 MT891109; HY4 
MT891110; HY5 MT891111.

Data management
The obtained results were statistically analyzed using EX-

CEL® software version 16. The number of positive samples for 
each gene against the total number of examined samples was 
calculated as a percentage from the total.

Results and discussion
C. perfringens was first isolated by William Welch and

George Nuttall at a Hospital in Baltimore, USA, following a 
postmortem autopsy from a dead patient and was termed as 
Bacillus aerogenes capsulatus24. The microbe can secrete va-
rious toxins of pore-forming nature by causing conformational 
change and barrel formation through the lipid bilayer of the 
affected host cells25. Among those toxins, 4 types are conside-
red as significant, which are alpha, beta, epsilon, and iota; and 
according to the ability of a clostridial strain to secrete one or 
more of such significant toxins, C. perfringens was subtyped 
into five types, A, B, C, D and E26.

Identification and characterization of C. perfringens iso-
lated from various sources have been made by many resear-
chers. In the present work, 33 positive isolates for the studied 
bacteria were obtained from herbs and spices (33 isolates/392 
samples) commonly distributed in the Egyptian market9. 
Newer virulence factors, including netB and tpeL have been 
raised13,27. Relatively to the major ones (α-, ß-, £-, and i-toxins), 
these two factors have limited the number of studies on some 
source materials, especially poultry affected with necrotic en-
teritis. Moreover, no information is available about them from 
herbs and spices; therefore, we have encouraged to look at 
netB and tpeL from this source.

Irrational antimicrobial use has increased the antimicro-
bial resistance among bacterial pathogens, including C. per-
fringens. Moreover, an antimicrobial may also contribute posi-
tively or negatively to virulence factors of a bacterium28.

In the present study, electrophoresis of the obtained mul-

tiplex PCR products confirmed the amplification of the target 
primer sequences for the positive controls of netB (560 bp) 
and tpeL (466 bp) gene fragments, while no bands were detec-
ted in the lanes of the negative controls. Bands corresponding 
to the tpeL fragments were detected in 27.3 % (9 out of 33) of 
the tested isolates, and no bands were detected for the netB 
fragments (Table 5 and Figures 1 & 2). The results may indica-
te the low prevalence of tpeL positive clostridial strains isola-
ted from herbs and spices and the absence of those with netB 
genes. Although no similar studies were conducted on herbs 
and spices in Egypt, the absence of netB may be supported by 
the fact that this gene is only found in C. perfringens strains of 
poultry and exceptionally in one isolate recovered from a cow 
in the USA29. Comparatively, the presence of tpeL in about one-
third of the obtained C. perfringens colonies may be partially 
consistent with (30), where was reported a 37 % of prevalen-
ce of clostridial strains positive for tpeL genes from ostriches. 
Low prevalence of both genes, netB, and tpeL in Alabama far-
ms was also reported in (31). No studies have been conducted 
on herbs and spices regarding these genes to discuss. Genera-
lly, netB has a similar molecular size to beta-toxin, hence the 
name netB (necrotic enteritis toxin B-like), which has cytotoxic 
activity in chicken13. While tpeL is a member of the large clos-
tridial toxins that is still poorly understood and needs further 
investigations, it also has cytotoxicity27.

PCR data of the present study detected the presence 
of bla, tetK and ermB genes in C. perfringens isolates from 
herbs and spices. From 33 isolates, bla gene was detected 
in 21 (63.4 %), tetK in 13 (39.4 %) and ermB in only one iso-
late (3.03 %) (Table 5 and Figures 3, 4 & 5). This assay was 
aimed at exploring the genetic basis of our previous findings 
of antibiotic susceptibility test (AST) that found C. perfringens 
isolates resistant to Clindamycin, Vancomycin, tetracycline, 
and erythromycin with inhibition zones of 6.28 ± 0.63, 8.78 
± 0.41, 9.63 ± 0.63 and 9.84 ± 0.66 mm, respectively9. The 
finding of bla may explain the resistance of C. perfringens to 
Clindamycin and Vancomycin based on its highest presence 
(about 64%), but the susceptibility to Penicillin-G (inhibition 
zone = 16.6 ± 1.16 mm) remains to be understood. The highest 
susceptibility of the microbe to Ampicillin-Salbactam (19.4 
± 0.98 mm) could be explained post-transcriptionally, where 
sulbactam inhibits beta-lactamase after its production from 
the bacterial cell. These findings may be in partial consistency 
with (32) who reported zero % resistance of C. perfringens to 
Penicillin, Cefoxitin, Meropenem, and piperacillin with 3.8 % of 
resistance to Clindamycin. However, our finding of resistance 
to vancomycin may be inconsistent with that of (33,34) who 
reported that C. perfringens to vancomycin, is low (0–5.6 %) 
because of the limited use of this antibiotic in farms. The fin-
ding of amplified bands of tetK gene fragments in C. perfrin-
gens isolated from herbs (39.4 %) may partially explain and 
parallel with the recorded resistance of isolates to tetracycline 
(8.8 ± 0.4 mm inhibition zone). In contrast, the finding of only 
3 % of ermB-positive strains is not parallel with and cannot 

Table 4. Preparation of master mix using Bigdye Terminator V3.1 cycle sequencing kit.
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Figure 2. Uniplex PCR 
results of tpeL gene of 
C. perfringens isolated
from herbs and spices
in samples from 1~17
(A) and 18~33 (B); netB
gene band was detec-
ted at 466 bp.

Figure 1. Uniplex PCR 
results of netB gene of 
C. perfringens isolated
from herbs and spices
in samples from 1~17
(A) and 18~33 (B); netB
gene band was detec-
ted at 560 bp in control
positive lane only.
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1978 Table 5. Virulence (netB and 
tpeL) and multidrug resistan-
ce (bla, tetK and ermB) genes 
of C. perfringens isolated from 
herbs and spices.

explain the resistance of isolates to erythromycin (9.8 ± 0.7 
mm inhibition zone). This might refer to the presence of other 
mechanisms exhibited by the bacterium for resistance against 
erythromycin. The findings of resistance to Tetracycline and 
Erythromycin are consistent with (35) who reported resistance 
of C. perfringens isolates to these two antibiotics by 50.8 and 
29.2 %, respectively. However, our finding may not agree with 
36, who reported that the most probable mechanism of resis-
tance against macrolides is modifying a target site by a me-
thylase encoded by the ermB gene. The authors added that the 
ermB genotype exhibits the highest level of resistance against 
all macrolides, the statement does not match our findings as 
the ermB gene was detected in only one isolate among all the 
resistant isolates.

Taken together, it could be speculated that netB toxin 
does not correlate with the resistance of C. perfringens to the 
tested antibiotics because it was absent in all resistant isola-
tes. However, tpeL toxin might contribute to the antimicrobial 
resistance as it was detected in about 40 % of the resistant 
isolates. Although this hypothesis needs more in-depth in-
vestigations, it could be in agreement with (35) who reported 
that the tpeL gene was more common among C. perfringens 
isolates susceptible to tetracycline. From our previous studies, 
it could be stated that the antimicrobial resistance profiles of 
C. perfringens varies significantly according to sources, coun-

tries, other bacterial factors rather than the resistance-driving 
genes.

Despite its apparent minimal contribution to antimicrobial 
resistance, yet, bla- gene was detected in 21 out of 33 isolates 
(63.4 %) of C. perfringens isolated from herbs and spices; the-
refore, its sequencing analysis becomes essential to map the 
epidemiology of C. perfringens infections caused by herbs and 
spices or food containing them. In the present study, sequence 
analysis was done for bla gene to detect its genetic diversity. 
The obtained sequences were analyzed using BLAST tool of 
GenBank. The BLAST result showed maximum identity ran-
ging from 100% down to 97.3% with C. perfringens bla-gene. 
Our data (Figures 6 A & B) show the sequence alignment of 
the first 80 nucleotides from a total of 770 and the deduced 
amino acids of the first bla fragment, firstly isolated from 
herbs and spices. The overall sequence has high similarity and 
conservation with little divergences compared with those of 
bla-gene sequence of other global strains listed in GenBank.

Figure 7 depicts the phylogenetic analysis of bla-gene se-
quence, which shows a great degree of sequence conservation 
with slight divergence. The tree showed that the sequences of 
our local strain from herbs and spices have the same ances-
tors. There are no other sequencing studies conducted on iso-
lates from herbs and spices to discuss our results with them.

Ashraf A. Abd El-Tawab, Fatma I. El-Hofy, Mohamed A. Abdelmonem, Hend S. Youssef
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Figure 3. Uniplex PCR results of bla gene 
of C. perfringens isolated from herbs and 
spices in samples from 1~20 (A) and 
21~33 (B); bla gene band was detected at 
780 bp.

Figure 4. Uniplex PCR results of tetK 
gene of C. perfringens isolated from herbs 
and spices in samples from 1~20 (A) and 
21~33 (B); bla gene band was detected at 
382 bp.

Figure 5. Uniplex PCR results of ermB 
gene of C. perfringens isolated from herbs 
and spices in samples from 1~20 (A) and 
21~33 (B); bla gene band was detected at 
638 bp.

Molecular characterization of net B and tpe L virulence factors and antimicrobial resistance genes of Clostridium perfringens isolated from herbs and spices



1980

Figure 6. Nucleotides (A) and amino acid (B) graphic view of bla sequencing analysis showing similarities represented by dots 
and diversities represented by letters. Gene sequences submitted by the authors are colored red.

Conclusions
From the data presented above, it could be concluded that 

strains of C. perfringens isolated from herbs and spices retailed 
in the Egyptian market have a higher occurrence of tpeL but 
not netB toxin coding genes. Resistance of C. perfringens to te-
tracycline is partially dependent on the presence of tetK gene. 
At the same time, sensitivity to Penicillin is evident despite the 
presence of bla-gene at a high rate among isolates that has a 
high similarity to the sequences submitted to GenBank among 
global isolates of epidemiological concern. These findings ex-
pand knowledge about C. perfringens isolated from herbs and 
spices as food additives, which provide the scientific basis for 

efficient prevention and intervention of C. perfringens-caused 
problems in man and animals.
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Figure 7. Phylogenetic analysis of nucleotide/amino acid sequences of bla coding gene of C. perfringens isolated from herbs 
and spices, the sequences of the present study are marked by blue squares among the sequences of GenBank.
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Investigate workers' health in the western industrial region, Mosul, Iraq

Salim Rabeea Znad1, Mazin Nazar Fadhel1, Ayça Erdem Ünşar2 DOI. 10.21931/RB/2021.06.03.16
Abstract: The current study aims to determine the level of heavy metal contamination in the Western Industrial Region of Mosul 
City, northern Iraq. Heavy metals such as( Pb ،Co ،Hg  ) are measured In the blood serum of 40 workers in the main industrial 
areas of Mosul City. It was compared with the control group of  (40) people from Mosul university, Where is Far away from the 
industrial areas and all activities.
The results indicated a highly significant increase of P<0.001 in the serum of the workers in the industrial areas compared with 
the control group. The study investigates the impact of heavy metals on the workers' health in the industrial areas who are in 
direct contact with them.

Key words: Investigation, Heavy metals Pollution, Blood Serum, industrial Region.

RESEARCH / INVESTIGACIÓN

Introduction
Industry areas are often associated with positive econo-

mic benefits such as job creation and increased standard of 
living; however, Industrial activities may also negatively impact 
the environment and human health. Industrial activities are 
dangerous to human health, as heavy metals, mainly Hg, Pb, 
and Cobalt (Co), are often released into the environment1.

Metals such as lead (Pb), Cobalt (Co), mercury (Hg) are 
unknown Function in the environment2.

These metals are quickly released into the environment 
via anthropogenic activities, e.g., metal plating facilities, mi-
ning, and agricultural activities3.

Some of these metals are known to act as human muta-
gens and carcinogens and are associated with various human 
ailments such as cardiovascular, nervous system, blood and 
bone diseases, kidney failure, gingivitis, and tremors, among 
others4.

Mercury (Hg) is present in the Earth's crust. Although pre-
sent in the environment and atmosphere in small quantities, it 
is release through anthropogenic emissions. Mercury toxicity is 
not limited to humans; it is also toxicity to animals and plants5.

Natural sources of mercury in the environment include 
mercury vapor from volcanoes and forest fires. More recent 
anthropogenic sources include burning coal and fossil fuels, 
mining mercury, precious metal refinement, electrical and au-
tomotive part manufacture, chemical processing, and release 
through waste incineration, landfills, and industrial contamina-
tion of water systems6.

Cobalt (Co) is a typical toxic trace metal that is widely 
found in Industrial Waste. Environmental exposure to this toxic 
trace metal occurs primarily through smoking and industrial 
plant emissions, and contaminated food and water7. (Co) has 
a half-life period of 15-30 years and accumulates in the liver 
as the primary target tissue1. This toxic trace metal can cause 
liver or renal cell apoptosis in a low dose of exposure8.

Lead (Pb) is the third most abundant metal on the planet 
and is highly available in soil and water. Due to its impacts on 
the environment and human health, the scientific communi-
ty is interested in investigating both issues, especially when 
considering that humans are mainly exposed to) Pb) through 
drinking water, household goods, cosmetics, and drugs9. Then, 
the ( Pb) ability to cross the blood-brain barrier features its 

tropism for the central nervous system10. Modulating cell bio-
chemistry and tissue integrity and may drive behavioral dys-
functions11.

Researchers such as (12) indicated in their study about 
measuring the concentrations of heavy metals (Pb, Ni, Co, Fe 
Cu, Zn) in serum blood comparison of The industrial workers 
with the control group (employees of the University of Mosul), 
that there are Hight significant increase og Heavy metals in the 
serum of the workers who are in the industrial areas compared 
with the control group.

Materials and methods 

Study Area
The study area is the city of Mosul, which is located in the 

western part of Iraq, between the longitude of 41° - 44° and 
the latitude of 35°-37°. In particular, the industrial region of the 
city is the manufacture of the Wadi Okab on the right side (the 
western part) (Figure 1).

Study Design
The blood samples were taken from (40) industrial agents 

randomly and from two main areas, namely the manufactu-
re of the Wadi Okab (right side) industry. In addition to taking 
blood samples from (40) people as a control group working 
at Mosul University and without a history of industrial activi-
ty. The control group is not different from workers in terms of 
gender and age groups.

Demographic information
Participant demographic information was collected using 

a researcher-made questionnaire. Information was further 
verified by cross-checking with medical records (age, gender, 
number of years spent at work, smoking cases)13.

Ethics approval
All participants in the study approved the study gave their 

permission to access their medical records, blood sampling, 
and anonymous use of their samples.
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Blood samples
Samples were taken from (40) workers in (plastic recy-

cling plant, mechanics, car thighs). (40) samples were taken 
of those working at Mosul University as a control group. 5 mL 
of vein has been withdrawn and placed into a test tube with 
information for each person. They were transferred to the 
laboratory and separated by centrifuge at 4,000 rpm for 15 
minutes, then isolated serum samples and kept samples at -4 
until analyzed. The serum samples were then diluted by 5:1 
with ions-free water. The Atomic Absorption (flame) device 
was used to estimate the Heavy Metals in the serum. 

Statistical analysis
The data is analyzed with some statistical processes by 

SPSS in its copy 16 and expressed in the mean ± Standard De-
viation (SD). The value of 0.05 was considered to indicate the 
existence of statistically significant differences.

Results and discussion
The results show that there is a clear mental difference 

of (P<0.001) for elements (Pb, Co, Hg) element. There is an 
apparent increase in the mix of elements measured in the con-
trol group's industrial workers' serum (Table 1) and (Figure 2). 

The toxicity of heavy metals occurs when they build up in 
the body's soft tissue and are not metabolic14. The human body 
enters through food, water, air, or absorption by the skin when 
direct contact is made with it in agricultural environments and 
industrial areas that are the general path of exposure of adults 
to the risk of these elements15.

Environmental pollution poses a health threat to the enti-
re world16. The concentration of heavy metals in serum above 1 
μg/L indicates that there are potential environments to which 
the individual is exposed, and the concentration above 5 μg/L 
indicates that toxic substances already exist17.

Conclusions
The study results indicate a high increase in the concen-

tration of heavy metals in the blood of workers in the indus-
trial area (paint workers, mechanics, plastic recycling workers, 
blacksmiths) For those who do not work in this field. In the fu-
ture, this may cause severe health and general environmental 
problems. The Iraqi environment is contaminated with heavy 
metals, especially in industrial places, where its members 
are exposed to many dangers of these elements, which cause 
many health problems.

Recommendation
Current workplaces in industrial zones are unsafe for wor-

kers or their families. Professionals and workers need more 
secure support by providing and introducing other alternati-
ves in less polluted and safer industrial processes. More hea-
vy metals risk awareness workshops are also required for its 
harm to the general environment.
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Synthesis, in silico studies and antibacterial assessment of α-amino phosphonates 
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Abstract: The widespread of multi-resistant strains due to the lack of specific treatment and the propagation of infectious 
diseases requires all resources to remedy this scourge. This study is therefore aimed to assess the antibacterial activity of four 
synthetic α-Aminophosphonate 4(a-d). Methods: Firstly, α-Aminophosphonate has been synthesized and characterized, then 
molecular docking of these compounds 4(a-d) into the active binding site of Escherichia coli MurB enzyme (PDB Id: 1MBT) was 
performed to gain a comprehensive understanding of their biological activity. These compounds have been subjected to in vitro 
antibacterial screening against three multi-resistant strains E. coli, S. aureus, and L. monocytogenes. These compounds showed 
crucial antibacterial behavior against all studied strains. Thus, their docking estimation supported the in vitro results and showed 
that the 4c derivative has considerable binding energy towards the active site of Escherichia coli MurB.  These findings provide 
critical information for the exploration of α-amino phosphonates as novel antibacterial agents.

Key words: α-Aminophosphonate, Docking, Antibacterial.

RESEARCH / INVESTIGACIÓN

Introduction
The emergence and widespread bacterial resistance to 

antibiotics dramatically sapped our ability1 to remedy this in-
fection and precipitate an alarming public health dilemma2. 
Nowadays, the new obsession of researchers is to innovate 
new therapeutic approaches able to overcome these microbial 
diseases3. Several studies have been focused on the synthesis 
of eco-friendly substances4. Among these molecules, α-amino 
phosphonates take a leading position5, especially in biological 
and environmental applications6–9.

These compounds attracted the renewed interest of bio-
logists due to their wide-ranging activities; they are recognized 
as an overwhelming inhibitor of enzymes like serine10, UDP- 
galactopyranose mutase11, and the viral enzyme human immu-
nodeficiency virus protease. Likewise, they limited metastatic 
progression, activated different apoptosis pathways, and indu-
ced anti-tumoral cytotoxicity.

In this regard, the current study pertains to the synthesis 
and characterization of some α-amino phosphonates derivati-
ves 4(a-c), then we evaluated in silico their antimicrobial po-
tential12 based on a computer-aided simulation13. Then, we tes-
ted their antibacterial behavior on resistant strains and their 
synergistic effect with some standard antibiotics.

All this investigation is essential to understand better the 
mechanism of action of these molecules, which could offer an 
exceptional framework that may lead us to the discovery of 
new potent antibiotics.    

Methods

The general protocol of α-amino phosphonates synthesis
The multicomponent synthesis of the 4 derivatives of 

α-amino phosphonates was carried out through the well-esta-
blished literature protocol14,15. We grafted an aromatic aldehy-

de (1a), aniline (2), and diethyl phosphite (3) in the presence of 
Na2CaP2O7 as a catalyst16. A plausible reactional mechanism of 
the one-pot domino reaction is illustrated in Scheme S1of ESI.

Characterization of th α-aminophosphonates 4(a-d)

Characterization of the Diethyl(phenyl)-N-(phenyl) 
aminomethylphosphonate 4a

1H-NMR (CDCl3) δ: 1.2 (3H, JHH= 7.2 Hz, t, OCH2CH3); 1.4 
(3H, JHH= 7.2 Hz, t, OCH2CH3); 3.73-4.3 (4H, m, OCH2CH3); 
4.9 (1H, JHP= 24.6 Hz, d, CHP), 5 (1H, s, NH); 6.6-7.8 (10H, m, 
HAr).13C-NMR (CDCl3) δ: 16.46 (d, 3JCP= 6.03 Hz, OCH2CH3); 
16.7 (d, 3JCP= 6.03 Hz, OCH2CH3); 56.35 (d, 1JCP = 149 Hz, 
CHP); 63.5 (d, 2JCP = 6.79Hz, OCH2CH3); 63.53 (d, 2JCP = 
6.79 Hz, OCH2CH3); 114.13 (s); 118.64 (s); 128.1 (s); 128.85 (s); 
129.43 (s); 136.2 (s); 146.6 (s). IR (KBr) υ 3304(NH), 2985(CH), 
1605 (C=C), 1514 (C=C), 1240 (P=O),1020 (P-O) cm-1.

Diethyl(4-methoxyphenyl)-N-(phenyl) 
aminomethylphosphonate 4b

1H-NMR (CDCl3) δ : 1.25 (3H, JHH= 7.2 Hz, t, OCH2CH3); 1.4 
(3H, JHH= 7.2 Hz, t, OCH2CH3); 2.45 (3H, s, C6H4CH3);3.79-4.31 
(4H, m, OCH2CH3); 4.87 (1H, JHP= 24.6 Hz, d, CHP), 5 (1H, s, 
NH); 6.71-7.5 (9H, m, HAr).13C-NMR (CDCl3) δ: 16.5 (d, 3JCP= 
5.8 Hz, OCH2CH3); 16.71 (d, 3JCP= 5.8 Hz, OCH2CH3); 21.4 (s, 
C6H4CH3); 56 (d, 1JCP = 150 Hz, CHP); 63.48 (d, 2JCP = 6.94 
Hz, OCH2CH3); 114.14 (s); 118.57 (s); 128 (s); 129.4 (s); 129.55 
(s); 129.58 (s); 133 (s); 137.8 (s);146.8 (s). IR (KBr) υ 3325 (NH), 
2980 (CH), 1604 (C=C), 1498 (C=C), 1234 (P=O), 1016 (P-O) 
cm-1.

Characterization of the Diethyl(2-hydroxyphenyl)-N 
phenyl) Aminomethylphosphonate 4c

1H-NMR (CDCl3) δ : 1.25 (3H, JHH= 7.2 Hz, t, OCH2CH3); 1.39 
(3H, JHH= 7.2 Hz, t, OCH2CH3); 3.86 (3H, s, C6H4OCH3);3.8-4.26 
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(4H, m, OCH2CH3); 4.85 (1H, JHP= 23.1 Hz, d, CHP), 4,95 (1H, s, 
NH); 6.7-7.53 (9H, m, HAr).13C-NMR (CDCl3) δ: 16.53 (d, 3JCP= 
5.7 Hz, OCH2CH3); 16.72 (d, 3JCP= 5.7 Hz, OCH2CH3); 55.44 (s, 
C6H4OCH3); 55.62 (d, 1JCP = 151,2 Hz, CHP); 63.43 (d, 2JCP = 
6.9 Hz, OCH2CH3); 63.47 (d, 2JCP= 6.9 Hz, OCH2CH3);114.15 (s); 
114.32 (s); 118.57 (s); 128 (s); 129.2 (s); 129.33 (s); 146.67 (s); 
159.56 (s). IR (KBr) υ 3300 (NH), 2983 (CH), 1600 (C=C), 1510 
(C=C), 1232 (P=O), 1020 (P-O) cm-1.

Characterization of the Diethyl(4-methylphényl)-
N(phenyl)aminomethylphosphonate 4d

1H-NMR (CDCl3) δ : 1.25 (3H, JHH= 7.2 Hz, t, OCH2CH3); 1.39 
(3H, JHH= 7.2 Hz, t, OCH2CH3); 3.86 (3H, s, C6H4OCH3);3.8-4.26 
(4H, m, OCH2CH3); 4.85 (1H, JHP= 23.1 Hz, d, CHP), 4,95 (1H, s, 
NH); 6.7-7.53 (9H, m, HAr).

13C-NMR (CDCl3) δ: 16.53 (d, 3JCP= 
5.7 Hz, OCH2CH3); 16.72 (d, 3JCP= 5.7 Hz, OCH2CH3); 55.44 (s, 
C6H4OCH3); 55.62 (d, 1JCP = 151,2 Hz, CHP); 63.43 (d, 2JCP = 
6.9 Hz, OCH2CH3); 63.47 (d, 2JCP= 6.9 Hz, OCH2CH3);114.15 (s); 
114.32 (s); 118.57 (s); 128 (s); 129.2 (s); 129.33 (s); 146.67 (s); 
159.56 (s). IR (KBr) υ 3300 (NH), 2983 (CH), 1600 (C=C), 1510 
(C=C), 1232 (P=O), 1020 (P-O) cm-1.

Biological experimental data)

Computational studies

Determination ADMET parameters
The ADMET parameters (absorption, distribution, meta-

bolism, excretion, and toxicity of the synthesized compounds 
4(a-d) were calculated using the freely accessible web server 
Swiss ADME (http://swissadme.ch/index.php#undefined)17

Protein-Ligand Docking calculations
After preparing protein/ligands structures, we stimula-

ted the docking interaction using the software AutoDock 1.5.6 
(MGL tools- 1.5.6)18. Polar hydrogen atoms and Kollman united 
charges were added to all target proteins, and the resulting 
file has been saved in pdbqt extension. For the docking cal-
culation, a grid box of 60×60×60 Å in x, y, z directions were 
created to cover the active site of the target. The default grid 
points spacing was fixed to 0.375 Å and centred at x = 42.527 
y = -46.679, z = 65.559. We used in this work the Lamarckian 
Genetic Algorithm (LGA) for flexible docking calculations. The 
LGA parameters including size, energy screening, mutation 
rate, and crossover rate. After the calculation procedure, we 
selected the best conformations of the complex from the 10 
calculated based on their binding energy scores. Then the 
complex interaction map was displayed using Discovery Stu-
dio Visualizer17,19.

Microbiology

Bacterial strains
Three bacterial strains E. coli, S. aureus, and L. monocyto-

genes have been used in this study. The media used for antibac-
terial screening was the LB and the Brain Heart Infusion (BHI).

Preparation of stock solutions
To prepare a final concentration of 5 μg / ml, we solubili-

zed the selected compounds in DMSO (16.66 μg / ml). Then the 
stock solutions were stored in sterile containers in obscurity.

Antibiotics
Stocks of antibiotics: ampicillin (100 mg / ml), chloram-

phenicol (34 mg / ml) and rifampicin (50 mg / ml) were prepa-
red, filtered and stored at -20 ° C until microbiological assays. 
The chloramphenicol is prepared in ethanol and rifampicin was 
formulated in methanol.

Antibacterial sensitivity test
The compounds 4(a-d) were tested for their antibacterial 

activity against E.Coli; S.aureus, and L.monocytogene by using 
the agar well diffusion method20. To explore the antibacterial 
effect of these compounds, we subculture the different strains 
by streaking the supercooled media (LB and BHI) with bacte-
rial inoculum adjusted to 106 CFU (bacteria/ml) then poured 
into Petri dishes. After 15 minutes, wells of 6mm were made 
on each plate by using a sterile cone. Under aseptic conditions, 
we injected separately 50 μl of the tested molecule; positive 
control (antibiotic), and negative control (DMSO) in each well. 
The Petri dishes were incubated at 30 - 37 ° C for 24h. All tests 
were performed in triplicate.

Test of synergistic effect
We used the diffusion assay described previously to study 

the synergistic effect between standard antibiotics and the 
target compounds. Firstly, wells were produced in each plate 
and filled with 50 μl of the tested samples containing the mix-
ture of molecules and antibiotics. The Petri dishes are maintai-
ned at 30 ° - 37 ° C for 24 hours. The use of antibiotics singly 
serves as a positive control and DMSO is considered a negative 
control. All tests were obtained in triplicate.

Results

ADMET studies
The ADMET data provides information on the lipophilicity 

of the ligands, which is predicted by the MIlog P parameter, the 
hydrogen bonding potential of the compounds, and their mole-
cular flexibility21. The different drug-likeness proprieties for all 
selected compounds were in harmony with Lipinski's rule of 
five12 (see table 1).

Binding energy evaluation
Modeling studies are essential to understand the me-

chanism of action of these designed compounds. Our Docking 
investigation has been confirmed that the highest energies of 
binding (ΔG) observed are -6.44 and -6.45 K. cal/mol for the 4c 
and the 4a (see table 2), which can reflect the good affinity be-
tween the protein targeted and ligand in contrast to the ligand 
of reference (ciprofloxacin).

All the docked molecules were subjected to 2D protein-li-
gand interaction analysis and the obtained conformations com-
pared to the Ciprafloxin have been reported in Figures 3. The 
selected compounds complex to the target enzyme (MurB) 
represented at least two H-bonds. Accordingly, the docking 
studies of α-amino phosphonates gathered previously in table 
2 revealed their free energy of binding to E. coli UDP-N-ace-
tylenolpyruvoylglucosamine reductase (MurB) was higher for 
all compounds than the score obtained for standard antibiotic 
(Ciprofloxacin). Hence, we can conclude that E. coli MurB is the 
putative target responsible for the antibacterial activity of the-
se compounds22. Their interaction with the target was stabili-
zed by forming hydrogen bonds, hydrophobic interactions, Van 
der walls Pi-sulfur and Pi-alkyl interactions (Figure 1).

Additionally, the binding mode of the most active com-
pound 4c (binding energy: -6.45 kcal/mol) showed two hydro-

Synthesis, in silico studies and antibacterial assessment of α-amino phosphonates derivatives
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gen bonds formed between the oxygen atom and the amino 
acid Ile 59. We also detected the formation of close interac-
tion with Val 181 via a hydrogen bond. Moreover, Pi-alkyl and 
Pi-sulfur interactions are formed with the residues Leu 80Lys 
292 and Met 132. These amino acids reside at the enzyme's 
active site and are crucial in the biosynthesis of peptidoglycan; 
any modifications in these amino acids could down-regulate 
the enzyme activity, which induces bacterial cell death23.

In vitro studies
The antibacterial effect of the four synthesized com-

pounds against the three strains was investigated by using the 
diffusion method, and the results are reported in Table 3. The 
obtained data showed clearly that the 4c compound possesses 
significant activity against the whole strains compared to the 
other derivatives. We also observed that the 4a and 4b were 
more actives against E. coli and S. aureus, while the 4d com-
pound showed a substantial activity only against L. monocyto-
genes. On the other side, no inhibition zone was detected with 
vehicle control (DMSO).

Synergistic Test
The effect of the combination between the 4 synthesized pro-

ducts and antibiotics viz ampicillin, chloramphenicol, and rifampicin 
on the viability of the strain are summarized in figures 2 and 3.

By comparing the above results, it's exciting to underline 
that the synergistic effect of the synthesized products varies 
as a function of the studied strain and the antibiotic used. The 
potent inhibition was detected against S. aureus and L. mo-
nocytogenes after rifampicin to the 4 b and 4c compounds. 
Nevertheless, when we combine ampicillin/4b, chloramphe-
nicol/4b, and chloramphenicol/4c we obtain a sizable activity 
only against E. coli (G- bacteria).

Discussion
The in silico data have been supported our study in vitro 

performed previously against Multi-resistant strains. Accor-
ding to our docking finding, all the selected compounds had 
H-bond interactions with the MurB enzyme indicating that the
binding affinity increased significatively with the number of the 
H-bond, which reflects the stability of the complex ligand-pro-
tein.

We also observed that the studied compounds fulfill Li-
pinski's rule requirements and represent a high binding score 
with an RSM (root square mean) value < 2Å, which confirms 
their antibacterial inhibiting activity and the reliability of our 
virtual screening24. Based on molecular docking analysis, we 
can conclude that the putative mechanism of antibacterial 
activity observed in vitro is probably the inhibition of the E. 
coli MurB enzyme. This enzyme catalyzed the second step in 
forming muramyl sugar22, which is essential for peptidoglycan 
biosynthesis25,26.

On the other side, the sensitivity of the studied strains 
against these molecules provides their antibacterial potency 
estimated using an inhibition zone formed around the well. If 
we should classify these molecules as a function of their in-
creasing antibacterial potential order: the 4c compound takes 
the place position due to their great effect against the three 
multi-resistant strains viz S. aureus, E. coli et L. monocytoge-
nes(4c>4b> 4a >4d). At the same time, the three other com-
pounds possessed a variable antibacterial activity as a func-
tion of the strain used. For example, the 4a and 4b derivatives 
possess antibacterial activity against gram-negative strains (E. 
coli); Nevertheless, the 4d derivative is more efficient against 
gram-positive strains(L. monocytogenes and S.aureus). It's 
gratifying to elucidate that this antibacterial sensitivity presu-
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Table 2. The binding score of the tested compounds docked into the active site of 1MBT.
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mably related to the structure of the tested compounds, as 
described the substitution of bioactive motive such methyl 
previously; methoxy, or metoxybenzaldhyde in the phenyl ring 
enhance this activity27; as results when the aromatic aldehyde 
is replaced with hydroxyl scaffold, we notice a slight and in-
conspicuous antibacterial activity28,29.

Our results are in harmony with some previous studies. 
It's gratifying to cite the research work published in 201130, and 
they showed the excellent antibacterial and antifungal beha-
vior of these compounds30. Another research work achieved in 
20205 also confirmed their main antibacterial activity against 
a panel of gram-positive and harmful strains.

Despite their excellent antibacterial effects, in some ca-
ses, these pathogens strains can escape from the effect of the-
se substances31,32. This new situation compelled the resear-
chers to develop new promising strategies. Our study selected 

a simple method by combining the synthesized compounds 
and some antibiotics of references.

The approach adopted herein has given a satisfactory re-
sult. On the one hand, we noticed an increase in antibacterial 
activity. On the other hand, we obtained a powerful effect with 
a lower concentration of antibiotics.

Conclusions
In this study, four derivatives of α-amino phosphonates 

were successfully synthesized, then assessed for their anti-
bacterial activity in vitro and silico.

The obtained data revealed that all studied compounds 
are biologically active and possess potent antibacterial activi-
ties, especially the 4a derivative.

With biological evaluation and docking results in hand, we 

Figure 1. 2D docking diagrams of compounds 4a, 4b, 4c and,4d at the active site of MurB.

Figure 2. Synergistic effect between α-amino phosphonates and commercial antibiotics. A: a mixture between rifampicin and 
compound 4b, B: chloramphenicol supplemented to 4c, and C:  ampicillin added to the compound 4c. *M: molecule/antibiotic, 
List: L. monocytogenes, Staph: S. aureus.

Synthesis, in silico studies and antibacterial assessment of α-amino phosphonates derivatives
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can propose a plausible mode of action of these compounds 
before evaluating their biological activity in vitro and in vivo.

Limit of studies
Given the above facts, a single bioassay is not able to re-

flect the full picture of the derivatives' effects on multi-resis-
tant bacteria.

Recommendations for future studies
We recommend using another bacterial species (Gram- 

and Gram+) to provide broad information about the antibacte-
rial potential of these compounds.

Acknowledgments
This work was supported by the CNRST (Moroccan re-

search center of science and technology) under the Research 
Excellence Scholarship Program.

Finding statement
This research was conducted within the university re-

search plans and benefited from the general funds granted to 
the physiopathology, molecular genetics, and biotechnology 
laboratories.

Conflicts of Interest
None

Author contributions
B. Addoum, A. Soukri, B. El Khalfi, and H. Elmakssoudi

contributed to the study's design. S. Harrati wrote and re-
viewed the draft of the manuscript.

Bibliographic references
1. Vouga M, Greub G. Emerging bacterial pathogens: The past and

beyond. Clin Microbiol Infect [Internet]. 2016;22(1):12–21. http://
dx.doi.org/10.1016/j.cmi.2015.10.010

2. Bonneaud C, Weinert LA, Kuijper B. Understanding the emer-
gence of bacterial pathogens in novel hosts. Philos Trans R Soc B 
Biol Sci. 2019;374(1782).

3. Kenawy ERS, Azaam MM, Saad-Allah KM. Synthesis and anti-
microbial activity of α-aminophosphonates containing chitosan
moiety. Arab J Chem. 2015 May 1;8(3):427–32.

4. Reddy GM, Garcia JR, Reddy VH, Kumari AK, Zyryanov G V., Yu-
varaja G. An efficient and green approach: One pot, multi com-
ponent, reusable catalyzed synthesis of pyranopyrazoles and
investigation of biological assays. J Saudi Chem Soc. 2019 Mar
1;23(3):263–73.

Bouchra El Khalfi, Boutaina Addoum, Suhayla Harrati, Abdelhakim Elmakssoudi and Abdelaziz Soukri
Volumen 6 / Número 3     •     http://www.revistabionatura.com

Figure 3. The plot of a synergistic effect of α-amino phosphonates/antibiotic on the growth inhibition of studied strains.

Table 3. Antibacterial acti-
vity of the synthesized com-
pounds 4(a-d).



1991

5. Poola S, Nagaripati S, Tellamekala S, Chintha V, Kotha P, Yagani
JR, et al. Green synthesis, antibacterial, antiviral and molecular
docking studies of α-aminophosphonates. Synth Commun [Inter-
net]. 2020;0(0):1–18. Available from: https://doi.org/10.1080/003
97911.2020.1753079

6. Abdel-Megeed MF, Badr BE, Azaam MM, El-Hiti GA. Antimicrobial 
activities of a series of diphenyl (4-(aryldiazenyl)biphenyl- 4-yl-
amino)(pyridin-3-YL)methylphosphonates. Phosphorus, Sulfur
Silicon Relat Elem. 2012 Oct 1;187(10):1202–7.

7. Addoum B, El Khalfi B, Daouda Mar P, Ansari NF, Elmakssoudi
A, Soukri A, et al. Synthesis, Characterization of Some α-amino-
phosphonate Derivatives and Comparative Assessment of their
Antioxidant Potential in-vivo and in-vitro. Vol. 2, Acta Scientific
Pharmaceutical Sciences. 2018.

8. Rezaei Z, Firouzabadi H, Iranpoor N, Ghaderi A, Reza M. Design
and one-pot synthesis of a -aminophosphonates and bis ( a -ami-
nophosphonates ) by iron ( III ) chloride and cytotoxic activity. Eur 
J Med Chem. 2009;44:4266–75.

9. Subba G, Uma K, Rao M, Syama C, Suresh C. Neat synthesis and
antioxidant activity of a -aminophosphonates. Arab J Chem [Inter-
net]. 2014;7(5):833–8. Available from: http://dx.doi.org/10.1016/j.
arabjc.2013.01.004

10. Sieńczyk M, Oleksyszyn J. Irreversible Inhibition of Serine Prote-
ases - Design and In Vivo Activity of Diaryl alpha- Aminophospho-
nate ... Irreversible Inhibition of Serine Proteases – Design and In
Vivo Activity of. Curr Med Chem. 2009;16:1673–87.

11. Aissa R, Guezane-Lakoud S, Kolodziej E, Toffano M, Aribi-Zoui-
oueche L. Diastereoselective synthesis of bis(α-aminophos-
phonates) by lipase catalytic promiscuity. New J Chem.
2019;43(21):8153–9.

12. Rauhamäki S, Postila PA, Niinivehmas S, Kortet S, Schildt E, Pas-
anen M, et al. Structure-activity relationship analysis of 3-phenyl-
coumarin-based monoamine oxidase B inhibitors. Front Chem.
2018 Mar 1;6:3–18.

13. Bouchentouf S, Noureddine M. Identification of Compounds
from Nigella Sativa as New Potential Inhibitors of 2019 Novel
Coronasvirus ( Covid-19 ): Molecular Docking Study . ChemRxiv.
2020;(April).

14. Addoum B, El Khalfi B, Derdak R, Sakoui S, Elmakssoudi A, Soukri 
A. The one-pot synthesis of some bioactive pyranopyrazoles and
evaluation of their protective behavior against extracellular H2O2 
and SNP in T. Thermophila. Jordan J Biol Sci. 2021;14(1):31–9.

15. Zahouily M, Elmakssoudi A, Mezdar A, Rayadh A, Sebti S, Laz-
rek H. Three Components Coupling Catalysed by Na2CaP2O7:
Synthesis of &#945;-Amino Phosphonates Under Solvent-Free
Conditions at Room Temperature. Lett Org Chem. 2005 Jul
9;2(5):428–32.

16. Zahouily M, Elmakssoudi A, Mezdar A, Rayadh A, Sebti S, Laz-
rek H. Three Components Coupling Catalysed by Na2CaP2O7:
Synthesis of &#945;-Amino Phosphonates Under Solvent-Free
Conditions at Room Temperature. Lett Org Chem. 2005 Jul
9;2(5):428–32.

17. Jouimyi MR, Bounder G, Essaidi I, Boura H, Zerouali K, Lebrazi
H, et al. Molecular docking of a set of flavonoid compounds with
helicobacter pylori virulence factors CagA and VacA. J HerbMed
Pharmacol. 2020;9(4):412–9.

18. da Silva FMA, da Silva KPA, de Oliveira LPM, Costa E V., Koolen
HHF, Pinheiro MLB, et al. Flavonoid glycosides and their putative
human metabolites as potential inhibitors of the sars-cov-2 main 
protease (Mpro) and rna-dependent rna polymerase (rdrp). Mem
Inst Oswaldo Cruz. 2020;115(9):1–8.

19. Ramesh DMK V. Binding site analysis of potential protease inhib-
itors of COVID-19 using AutoDock. VirusDisease. 2020;2(31):1–6.

20. Filali OA, Soukri A, Khalfi B El. Evaluation of Antibacterial Ef-
fect of Some Essential Oils by Contact and Volatile Methods.
2019;9(4):81–90.

21. Kumar MH, Jones CS, Ravi A. Molecular docking studies of inter-
action between protease activated inhibitor receptor as the cru-
cial protein and hydroxyl cinnamic acid as ligands. Asian J Pharm 
Pharmacol. 2019;5(1):137–42.

22. El Zoeiby A, Sanschagrin F, Levesque RC. Structure and function
of the Mur enzymes: Development of novel inhibitors. Mol Micro-
biol. 2003;47(1):1–12.

23. Demeester KE, Liang H, Jensen MR, Jones ZS, D'Ambrosio EA,
Scinto SL, et al. Synthesis of Functionalized N-Acetyl Muramic
Acids to Probe Bacterial Cell Wall Recycling and Biosynthesis. J
Am Chem Soc. 2018;140(30):9458–65.

24. Nadiveedhi MR, Nuthalapati P, Gundluru M, Yanamula MR, Kalli-
makula SV, Pasupuleti VR, et al. Green Synthesis, Antioxidant,
and Plant Growth Regulatory Activities of Novel α-Furfuryl-2-al-
kylaminophosphonates. ACS Omega. 2021;6(4):2934–48.

25. Yang Y, Severin A, Chopra R, Krishnamurthy G, Singh G, Hu W,
et al. 3,5-Dioxopyrazolidines, novel inhibitors of UDP-N- acet-
ylenolpyruvylglucosamine reductase (MurB) with activity
against gram-positive bacteria. Antimicrob Agents Chemother.
2006;50(2):556–64.

26. Yao G, Ye M, Huang R, Li Y, Pan Y, Xu Q, et al. Bioorganic & Me-
dicinal Chemistry Letters Synthesis and antitumor activities of
novel rhein a -aminophosphonates conjugates. Bioorg Med Chem 
Lett [Internet]. 2014;24(2):501–7. Available from: http://dx.doi.
org/10.1016/j.bmcl.2013.12.030

27. Maleki B, Nasiri N, Tayebee R, Khojastehnezhad A, Akhlaghi HA.
Green synthesis of tetrahydrobenzo[b] pyrans, pyrano[2,3-c]
pyrazoles and spiro[indoline-3,4α-pyrano[2,3-c] pyrazoles
catalyzed by nano-structured diphosphate in water. RSC Adv.
2016;6(82):79128–34.

28. Kunjapur AM, Tarasova Y, Prather KLJ. Synthesis and accumula-
tion of aromatic aldehydes in an engineered strain of escherichia
coli. J Am Chem Soc. 2014;136(33):11644–54.

29. Manolov I, Danchev ND. Synthesis, toxicological, and pharma-
cological assessment of some oximes and aldehyde condensa-
tion products of 4-hydroxycoumarin. Arch Pharm (Weinheim).
1999;332(7):243–8.

30. Rezaei Z, Khabnadideh S, Zomorodian K, Pakshir K, Nadali S,
Mohtashami N, et al. Design , Synthesis , and Antifungal Activity
of New $α$ -Aminophosphonates. 2011;2011.

31. Feleke T, Eshetie S, Dagnew M, Endris M, Abebe W, Tiruneh M.
Multidrug - resistant bacterial isolates from patients suspected
of nosocomial infections at the University of Gondar Comprehen-
sive Specialized Hospital , Northwest Ethiopia. BMC Res Notes
[Internet]. 2018;1–7. Available from: https://doi.org/10.1186/
s13104-018-3709-7

32. Li B, Webster  and TJ. Bacteria antibiotic resistance: New chal-
lenges and opportunities for implant-associated orthopedic in-
fections. J orthopeadic Res. 2018;36(1):22–32.

Received: 18 May 2021
Accepted: 12 July 2021

Synthesis, in silico studies and antibacterial assessment of α-amino phosphonates derivatives



1992

Hermila Belba Díaz-Pillasca, Angel David Hernández-Amasifuen, Miguel Machahua, Alexandra Jherina Pineda-Lázaro, Alexis Argüelles-Curaca, Brayan Lugo
Volumen 6 / Número 3     •     http://www.revistabionatura.com

Código de barras de ADN de tres especies de árboles frutales con potencial 
económico del valle de Huaura, Lima, Perú
DNA barcoding of three species of fruit trees with economic potential from the Huaura Valley, 
Lima, Peru

Hermila Belba Díaz-Pillasca, Angel David Hernández-Amasifuen*, Miguel Machahua, Alexandra Jherina Pineda-Lázaro, Alexis Argüelles-Curaca, 
Brayan Lugo

DOI. 10.21931/RB/2021.06.03.18
Resumen: El Perú presenta una gran diversidad de recursos genéticos, pero a la vez se desaprovechan especies por 
desconocimiento o bajo rendimiento económico. Situación que se refleja en el valle de Huaura con los árboles frutales de 
cansaboca (Bunchosia armeniaca), palillo (Campomanesia lineatifolia) y naranja agria (Citrus aurantium), especies con gran 
importancia en la gastronomía tradicional local, pero en la actualidad catalogadas en peligro crítico. Con el fin de conservar estas 
especies se planteó como objetivo establecer código de barras de ADN de tres especies amenazadas con potencial económico 
del valle de Huaura. Se extrajo ADN de las tres especies con el método CTAB y para las amplificaciones en PCR se emplearon 
los cebadores de código de barras de ADN universales pertenecientes a cloroplastos: matK, rbcL y trnH-psbA. A partir de los 
productos purificados y cuantificados se realizó el secuenciamiento de las muestras. Las secuencias fueron analizadas, alineadas 
y agrupadas con los programas Bioedit, Codon Code Aligner y MEGA respectivamente. Las concentraciones de ADN fueron: 
palillo (457 ng/μl), cansaboca (433 ng/μl) y naranja agria (442 ng/μl). La amplificación de los cebadores produjo productos de 
PCR entre 357 y 810 pb. Las secuencias de NCBI que presentaron mayor porcentaje de identidad con cada especie en estudio 
fueron sometidas a análisis filogenético, los cuales colocaron a las especies en grupos distintos y revelando diferencia genética 
con las muestras estudiadas. Se proporcionaron las herramientas básicas para implementar códigos de barras de ADN en tres 
especies de árboles frutales en el valle de Huaura.

Palabras clave: Bunchosia armeniaca, Campomanesia lineatifolia, Citrus aurantium, palillo, naranja agria.

Abstract: Peru has a great diversity of genetic resources, but at the same time, species are wasted due to ignorance or low 
economic performance. The situation reflected in the Huaura valley with the fruit trees of cansaboca (Bunchosia armeniaca), palillo 
(Campomanesia lineatifolia) and sour orange (Citrus aurantium), species with great importance in the traditional local gastronomy, 
but currently classified as endangered critically. To conserve these species, the objective was to establish DNA barcoding of three 
threatened species with economic potential in the Huaura Valley. DNA from the three species was extracted with the CTAB method, 
and universal DNA barcode primers belonging to chloroplasts were used for the PCR amplifications: matK, rbcL, and trnH-psbA. 
Samples were sequenced from the purified and quantified products. The sequences were analyzed, aligned, and grouped with the 
Bioedit, Codon Code Aligner, and MEGA programs. The DNA concentrations were: cansaboca (457 ng / μl), palillo (433 ng / μl) and 
sour orange (442 ng / μl). Amplification of the primers produced PCR products between 357 and 810 bp. The NCBI sequences that 
presented the highest percentage of identity with each species under study were subjected to phylogenetic analysis, which placed the 
species in different groups and revealed genetic differences with the studied samples. The essential tools were provided to implement 
DNA barcoding in three species of fruit trees in the Huaura valley.

Key words: Bunchosia armeniaca, Campomanesia lineatifolia, Citrus aurantium, palillo, sour orange.

RESEARCH / INVESTIGACIÓN

Introducción
El Perú presenta gran riqueza biológica por la alta diver-

sidad genética, debido a esto es considerado como uno de los 
países más importantes en recursos genéticos1. Estos recur-
sos pueden permitir un mayor desarrollo económico y social, 
siempre que se incluya una alta responsabilidad con respecto 
a especies endémicas y rescate de especies domesticadas2. El 
desaprovechamiento de especies por desconocimiento o bajo 
rendimiento económico conlleva a la perdida de material ge-
nético valioso, situación que en la actualidad se refleja en el 
valle de Huara, provincia de Huaura, departamento de Lima; 
con árboles frutales como cansaboca o ciruela del fraile (Bun-
chosia armeniaca Cav. DC), palillo (Campomanesia lineatifolia 
Ruiz & Pav.) y naranja agria (Citrus aurantium L.), especies con 
gran demanda en décadas pasadas e importancia en la gastro-
nomía tradicional local3. Pero en la actualidad existe una baja o 

nula presencia en mercados locales, mientras que en campos 
de cultivo es difícil encontrar estas especies, presentándose 
muy pocos individuos en huertas por herencia familiar, debido 
a esto son catalogadas en peligro crítico4,5.

Estas especies vegetales, así como muchas especies de 
otras regiones del país presentan gran potencial socio-econó-
mico. Por lo que el Perú, viene desarrollando objetivos estraté-
gicos como parte del Convenio sobre la Diversidad Biológica, de 
las cuales se ha trazado el país la meta de evitar la extinción de 
especies mediante el avance de conocimientos, con una gran 
base científica y tecnológica para aumentar la valoración y fun-
cionalidad de estas especies6. Como parte del avance científi-
co se están desarrollando técnicas avanzadas relacionadas a 
biología molecular, tales como estudios de código de barras, 
genómica, proteómica, metabolómica, transcriptómica2.

1 Universidad Nacional José Faustino Sánchez Carrión, Facultad de Ciencias, Laboratorio de Biotecnología Vegetal, Huacho, Perú.
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El código de barras de ADN es un método para identificar 
las especies de todo tipo de organismo vivo empleando una 
secuencia corta de ADN (<1000 pb) que evoluciona lo suficien-
temente rápido como para diferir entre especies estrechamen-
te relacionadas7. Cuando se recupera una secuencia de código 
de barras de una muestra desconocida, se utiliza un algoritmo 
para compararla con una base de datos de referencia que con-
tiene códigos de barras de muestras de especies identificadas, 
lo que permite su comparación y posible identificación de ma-
nera rápida y clara6,8,9. En otras palabras, los códigos de ba-
rras de ADN funcionan como identificadores moleculares para 
cada especie, de la misma manera que los códigos de barras 
en blanco y negro legibles por máquina se utilizan en la indus-
tria minorista para identificar productos comerciales10,11,12.

Las secuencias para código de barras que se emplean 
en las investigaciones están relacionadas a sus alineamien-
tos múltiples y número de variaciones, las cuales permiten 
distinguir las especies emparentadas sin influir en su asigna-
ción correcta a través de la variación intraespecífica13. Estas 
secuencias de ADN son: ribulosa-bisfosfato carboxilasa (rbcL), 
maturasa K (matK) y el espaciador intergénico trnH-psbA (tr-
nH-psbA). Cada uno de las secuencias presenta diferencias 
en sus regiones codificantes, es así como rbcL presenta una 
región de codificación universal que no evoluciona rápidamen-
te, matK presenta una región de codificación que evoluciona 
bastante rápido y trnH-psbA es un espaciador intergénico que 
evoluciona rápidamente14,15.

La identificación molecular de especies mediante código 
de barras de ADN facilita la selección de material vegetal des-
de plántulas, permitiendo la conservación de especies amena-
zadas. Por lo tanto, en la investigación se planteó el objetivo 
de establecer el código de barras de ADN de tres especies con 
potencial económico del valle de Huaura, para facilitar su iden-
tificación a nivel molecular.

Métodos

Material vegetal y extracción de ADN
Se emplearon muestras de hojas de las especies Buncho-

sia armeniaca, Campomanesia lineatifolia y Citrus aurantium, 
las cuales fueron colectadas de la campiña de Huacho y trans-
portadas al Laboratorio de Biotecnología Vegetal de la Univer-
sidad Nacional José Faustino Sánchez Carrión – Huacho. La 
extracción de ADN se realizó según el protocolo de bromuro 
de cetiltrimetilamonio (CTAB)16. Se tomaron alrededor de 100 
mg de tejido de hojas frescas, se añadieron 2,85 μl de β-mer-
captoetanol y 1.000 μl de tampón de extracción CTAB 2% (100 

mM Tris, 28 mM EDTA, 2% CTAB, 1,4 M NaCl y 2,5% PVP), 
las muestras se trituraron de forma mecánica y se incubó a 
65º C durante 45 min y. Posteriormente, se añadió 900 μl de 
cloroformo-alcohol isoamílico (24:1) y se mezcló suavemente 
durante 5 min. Las muestras se centrifugaron a 14.000 rpm 
durante 5 min. Después de la centrifugación, se recogió la fase 
acuosa y se adicionaron 60 μl de CTAB al 10% y se incubó a 65° 
C por 5 min. Se añadió 900 μl de cloroformo-alcohol isoamíli-
co (24:1) y se mezcló suavemente durante 5 min y centrifugo 
a 14.000 rpm durante 5 min, se retiró el sobrenadante y se 
adiciono isopropanol frio en el mismo volumen que el sobre-
nadante obtenido. Las muestras fueron colocadas a -20° C 
durante 30 min. Posteriormente, se centrifugó a 14.000 rpm 
durante 20 min, se decantó el sobrenadante y se invirtieron 
los tubos sobre papel toalla durante 1 min. Seguidamente, se 
lavó con etanol al 70% y se centrifugo a 14.000 rpm por 5 min. 
Se añadió 300 μl de CH3CO2K 5 M frio y se incubó a -20° C 
durante 10 min. Luego se centrifugó a 14.000 rpm por 5 min, 
se eliminó el sobrenadante y se realizó un lavado con etanol al 
90%. Seguidamente se eliminó el etanol y se invirtieron los tu-
bos sobre papel toalla estéril. Una vez seco el pellet se añadió 
100 μl de agua libre de nucleasas, posterior se adicionó 3 μl de 
RNAsa al 2% y se incubó a 37° C durante 60 min. A continua-
ción, las muestras se centrifugaron a 14.000 rpm durante 5 
min y los sedimentos de ADN se lavaron dos veces con eta-
nol al 70% y se invirtieron los tubos sobre papel toalla estéril 
durante 30 min. Los sedimentos de ADN se diluyeron con 50 
μl de agua libre de DNAsa y posteriormente se cuantifico en 
Nanodrop ND-1000 (NanoDrop Technologies, USA) y estimo 
la calidad mediante electroforesis en gel de agarosa al 1%. El 
ADN extraído se almacenó a -20 ° C hasta su posterior uso.

Amplificación por PCR y secuenciamiento.
Se emplearon los siguientes cebadores de código de ba-

rras de ADN universales pertenecientes a cloroplastos: matK, 
rbcL y trnH-psbA (Tabla 1). Las reacciones de PCR se realiza-
ron en un volumen de 25 μl que contenía 12.5 μl master mix (10 
mM Tris HCl, 50 mM KCl, 2 mM de MgCl2, 0,2 mM de dNTP, 
0,02 U/μl de Taq Polimerasa), 0.5 μl de cada cebador (forward 
y reverse), 1 μl de ADN genómico y 10,5 μl de agua pura estéril.

Se utilizaron los siguientes parámetros del termociclador: 
desnaturalización inicial de 94° C durante 5 min, seguido de 
40 ciclos a 94° C durante 30 s, hibridación a 52° C para los 
cebadores rbcL y matK durante 30 s, 55° C para cebadores 
de trnH-psbA durante 30 s y extensión a 72° C durante 1 min, 
seguido de una extensión final a 72° C por 10 min. Las ampli-
ficaciones se realizaron en el termociclador PCRMax (BioSys-
tems, UK).

Los productos de amplificación por PCR se sometieron a 

Tabla 1. Secuencia de 
cebadores para código 
de barras de ADN.
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electroforesis en geles de agarosa al 1% durante 30 minutos 
a 40 V, detectados por tinción con azul de bromofenol, los re-
sultados se observaron bajo luz ultravioleta (UV) mediante un 
sistema de documentación de geles con transiluminador UV 
(Illuminyx, USA). El tamaño de los productos de PCR se de-
terminó utilizando DNA ladder de 100 pb (Promega, Madison). 
Los productos de PCR purificados se cuantificaron usando un 
espectrofotómetro Nanodrop ND-1000 (NanoDrop Technolo-
gies, USA). El secuenciamiento de los productos de PCR se 
realizó en la empresa MACROGEN (Corea del Sur).

Análisis de datos
Las secuencias obtenidas fueron analizadas con el progra-

ma Bioedit y alineadas con el programa Codon Code Aligner. 
La identificación de códigos de barras desconocidos a partir de 
hojas se realizó básicamente mediante datos de la Herramien-
ta de búsqueda de alineación local básica (BLAST) con un cor-
te mínimo de 98% de identidad para una coincidencia superior7. 
Estos resultados se verificaron mediante agrupación y análisis 
filogenéticos en los que comparamos las ramas de especíme-
nes desconocidos con secuencias de especies de referencia, 
para ello las secuencias de ADN se alinearon y curaron em-
pleando el algoritmo MUSCLE del programa MEGA 7.0. Los 
árboles filogenéticos se construyeron en MEGA 7.0 utilizando 
el método de Neighbor-Joining (NJ) con 1.000 bootstraps ba-
sado en el modelo de parámetros de Kimura 217. Se constru-
yeron árboles filogenéticos con los fragmentos combinados.

Resultados
Los resultados obtenidos permitieron establecer que, la 

técnica de CTAB fue eficiente para la extracción de ADN en las 
tres especies; lo cual se comprobó con la verificación de la in-
tegridad del ADN extraído. La relación de absorbancia 260/280 
fue cercana a 1,80, lo que significa ADN altamente puro para el 
análisis de códigos de barras. Las concentraciones de ADN en 
diferentes accesiones fueron: Bunchosia armeniaca (457 ng/
μl), Campomanesia lineatifolia (433 ng/μl) y Citrus aurantium 
(442 ng/μl). La amplificación exitosa de los tres cebadores de 
códigos de barras produjo productos de PCR entre 300 y 800 
pb (Figura 1).

Las secuencias de nucleótidos obtenidas mostraron di-

ferencias en longitud y contenido de guanina-citocina (GC) en 
las muestras analizadas con cada cebador de código de barras 
(Tabla 2). En el caso del cebador matK, la longitud de secuen-
cia más alta de Bunchosia armeniaca (810 pb). Se observó una 
variación de longitud de secuencia en Citrus aurantium (357 
pb) con el cebador matK. La longitud media de la secuencia 
de rbcL fue casi uniforme (573 pb). Citrus aurantium presento 
la menor longitud (373 pb) y contenido de GC (26,27 %) con el 
cebador trnH-psbA. 

Las secuencias obtenidas de este estudio se compararon 
con el banco de datos de ADN publicados en BLAST de NCBI 
(Tabla 3, 4 y 5), presentando en algunos casos una identidad 
superior al 98% con las secuencias NCBI de especies de plan-
tas conocidas y podrían estar emparentadas a ellas.

Las especies que han logrado presentar mayor porcentaje 
de identidad con Bunchosia armeniaca del valle de Huaura, se 
encontraron en el rango de 99,75% hasta 98,28% de identidad 
(Tabla 3), manteniendo una baja variabilidad entres especies 
del mismo género. Las comparaciones de Campomanesia li-
neatifolia muestran un descenso en el porcentaje de identidad 
con las demás especies, mientras se van alejando del género, 
pero manteniendo en común la familia (Myrtaceae) (Tabla 4). 
En el caso de Citrus aurantium se logró encontrar porcentajes 
de identidad de 99,83% hasta 99,47%, dentro del mismo géne-
ro con 99% de cubierta de consulta (Tabla 5), así mismo dentro 
de la lista se presentan tres accesiones de Citrus aurantium 
de otras partes del mundo, mostrándose que no comparten 
tantos porcentajes de identidad debido posiblemente a una 
evolución necesaria al habitad de cada región.

Las secuencias de NCBI que presentaron mayor porcen-
taje de identidad con cada especie en estudio (Campomanesia 
lineatifolia, Bunchosia armeniaca y Citrus aurantium) fueron 
sometidas a análisis filogenético.

La alineación combinada de las secuencias de las especies 
en estudio (Figura 2) con secuencias de 13 (Citrus aurantium) 
y 15 (Bunchosia armeniaca y Campomanesia lineatifolia) espe-
cies de mayor porcentaje de similitud y cubierta de consulta, 
descargadas de NCBI mostró una variabilidad las posiciones de 
nucleótidos. De manera similar, se construyó un árbol filoge-
nético combinado de máxima verosimilitud mediante la conca-
tenación de datos de secuencia de tres cebadores de códigos 
de barras (matK, rbcL y trnH-psbA) para estimar las divergen-
cias evolutivas entre cada especie en estudio con las especies 

Figura 1. Productos de PCR 
amplificados con los cebado-
res trnH-psbA en las tres es-
pecies en peligro de extinción 
del valle de Huaura. La posi-
ción de las muestras en el gel 
de agarosa (1-2) Campomane-
sia lineatifolia, (3-4) Bunchosia 
armeniaca, (5-6) Citrus auran-
tium y (-) control negativo; M: 
DNA ladder de 100 pb para la 
determinación del tamaño de 
las muestras.
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Tabla 2. Características de secuencia de nucleótidos de marcadores de código de barras de ADN.

Tabla 3. Especies de mayor homología en BLAST con muestras de Bunchosia armeniaca del valle de Huaura.

de mayor porcentaje de identidad descargadas de NCBI. 
En el árbol filogenético de Bunchosia armeniaca (Figura 

3) se reveló que la muestra en estudio es genéticamente dife-
rente a las especies de referencia determinadas por BLAST y
se colocan en grupos distintos. Se consideró secuencias de la
misma especie (Bunchosia armeniaca) localizadas en México
y se mostró una diferencia genética con la muestra estudiada
en Huaura, Perú.

En el caso de Campomanesia lineatifolia no se encontró 
alguna secuencia de ADN de la misma especie en BLAST, por 
lo que se presenta los primeros resultados de secuenciamien-
to relacionada a esta especie.  El árbol filogenético revelo que 

se encuentra muy emparentado con Campomanesia xantho-
carpa, agrupados en un solo clado con 100% de soporte de 
arranque (Figura 4). 

Mientras que el árbol filogenético de la naranja agria re-
veló una diferencia genética con las muestras de Citrus au-
rantium de referencia determinadas por BLAST situadas en 
Canadá, Estados Unidos e Italia, colocándose en grupos sepa-
rados y distintos. Con la muestra de naranja agria de referencia 
de Grecia se revelo una menor diferencia al estar en un grupo 
cercano con 87% de soporte de arranque (Figura 5).
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Tabla 4. Especies de mayor homología en BLAST con muestras de Campomanesia lineatifolia del valle de Huaura.

Tabla 5. Especies de mayor homología en BLAST con muestras de Citrus aurantium del valle de Huaura.
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Discusión
Se ha aplicado con éxito un método que utiliza secuencias 

cortas de ADN, conocidas como "códigos de barras de ADN", 
para identificar especies de plantas, especialmente loci en el 
genoma de los plástidos como matK, rbcL, y trnH-psbA8,13.

La evaluación de la aplicabilidad universal mediante la 
cuantificación por PCR y el éxito de la secuencia es el primer 
paso para determinar la idoneidad de un fragmento de ADN 
dado como código de barras. A este respecto, todas las regio-
nes analizadas (matK, rbcL y trnH-psbA) se amplificaron de 
manera efectiva, lo que permitió una secuenciación simple y de 
alta calidad. Por lo que, los cebadores empleados en las tres 
especies en estudio presentaron características ideales para 
código de barras de ADN tales como capacidad de amplifica-

ción, alta eficiencia de amplificación y secuenciación, también 
variación genética suficientemente alta para distinguir secuen-
cias a nivel de especie, pero también suficientemente conser-
vadora entre individuos de la misma especie6,18.

La amplificación de la región trnH-psbA fue exitosa, con 
amplicones más cortos (aproximadamente 570 pb) que permi-
tió una secuenciación efectiva, al ser fácilmente amplificable 
usando cebadores universales y sus niveles de discriminación 
de especies son generalmente más altos que para otras regio-
nes, considerándose un marcador valioso8,19,20,21. Los resulta-
dos obtenidos presentan similitud con otros grupos de plantas, 
donde la amplificación de la región trnH-psbA y la calidad de 
secuenciación fue lo suficientemente alta como para consi-

Figura 2. Alineamiento combinado de las secuencias con el programa MEGA.

Figura 3. Árbol filogenético de máxima probabilidad de evolución divergente en Bunchosia armeniaca del valle de Huaura.
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Figura 4. Árbol filogenético de máxima probabilidad de evolución divergente en Campomanesia lineatifolia del valle de Huaura.

Figura 5. Árbol filogenético de máxima probabilidad de evolución divergente en Citrus aurantium del valle de Huaura.

derarlo un código de barras7,21,22. Pero algunos grupos taxonó-
micos presentan limitaciones que han reducido severamente 
la utilidad de trnH-psbA como código de barras. Su alta fre-
cuencia de variación de longitud resultante de sus numerosas 
inserciones y eliminaciones dificulta la construcción de una 
alineación precisa de estas secuencias8.

En el presente estudio Bunchosia armeniaca del valle de 
Huara se separó en otro grupo con Bunchosia armeniaca de re-
ferencia de México, esto podría demostrar una combinación de 
dispersión temprana de larga distancia entre América del Sur 
y México, aunque no podemos determinar la ubicación geográ-
fica precisa donde estos clados comenzaron a diversificarse. 
Pero esto podría relacionarse al predominio de la dispersión en 
la formación de un grupo de especies regionales23. El marcador 
matK presento 810 pb de longitud y 31,73% de contenido GC, 

mostrando el marcador con mayor longitud en comparación 
con rbcL y trnH-psbA¸ pero presenta variaciones entre espe-
cies respeto a su amplificación y longitud; es por ello que el 
marcador matK presenta división entre investigadores res-
pecto a su universalidad como cebador. Presentándose estu-
dios donde se indican que este marcador es clave en el código 
de barras de ADN, al discriminar grupos específicos11,24. Pero 
también están otros autores que cuestionan la utilidad de este 
gen como código de barras debido a la pobre amplificación y 
secuenciación. eficiencia y problemas relacionados con la uni-
versalidad de los cebadores25,26.

Campomanesia lineatifolia no ha presentado anteceden-
tes en relación al secuenciamiento de su cloroplasto, como 
si encontraron de Campomanesia xanthocarpa secuencias 
parciales con el espaciador intergénico trnH-psbA, con una 
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longitud de 569 pb y con menos del 1% de gaps27. Con la se-
cuencia de matK se obtuvo una longitud de 799 pb, la misma 
longitud obtenida por (28) empleando la misma secuencia en 
Campomanesia xanthocarpa; mientras que en el mismo estu-
dio empleando rbcL obtuvieron una longitud mayor (645 pb) 
que la del presente estudio (546 pb), así mismo se presenta 
mucha similitud con las tres secuencias con 99% de identidad, 
a partir de las investigaciones realizadas en Campomanesia 
xanthocarpa de Brasil. Demostrando que la diversificación es 
claramente un contribuyente importante a la riqueza de es-
pecies existentes en esta región. La secuencia que fue más 
conservadora (entre las tres regiones analizadas) en términos 
de variabilidad molecular fue rbcL, proporcionando una am-
plia información para la selección de cebadores específicos de 
orden apropiado. Esto indica que rbcL tiene el menor número 
de sitios variables y que la secuencia de cebador seleccionada 
tiene una fuerte universalidad. Por lo tanto, es recomendable 
rbcL como un fragmento efectivo para el código de barras de 
ADN en especies arbóreas. Esto también fue confirmado por 
(6) y otros autores11,19, quienes recomiendan rbcL y matK para
el código de barras de ADN central para plantas.

El espaciador intergénico trnH-psbA en Citrus aurantium 
de la presente investigación presento una menor longitud en 
comparación a Citrus aurantium de referencias de otras par-
tes del mundo, pero con la secuencia rbcL se obtuvo la misma 
longitud, llegando a presentar una identidad de casi 100%29,30. 
Finalmente, con la secuencia de matK no se presentaron iden-
tidades dentro del género Citrus. La separación de grupos de 
esta misma especie podría estar relacionada a la diversifica-
ción general de especies introducidas de manera individual 
permitiendo explicar el patrón de dispersión frecuente y conti-
nua de nuevos linajes, esto plantea la posibilidad de que la ca-
racterización de grupos de especies esté dominada por linajes 
únicos que se trasladaron a una región, lo que parece haber 
brindado a individuos el tiempo necesario para adaptarse a 
nuevas condiciones abióticas23. Así mismo la alta frecuencia 
de las variantes de longitud de trnH-psbA en algunas especies 
impactó la identificación de especies utilizando métodos ba-
sados en la alineación, así como la comparación con las espe-
cies del presente estudio mediante el análisis de distancia, que 
tuvo un efecto mínimo en las búsquedas de BLAST8,20.

El análisis filogenético a partir del código de barras de 
ADN permite mejorar la identificación de especies, al propor-
cionar caracteres adicionales que pueden estar conducidas 
por variaciones variación intraespecífica e inversiones interes-
pecíficas que pueden confundir las relaciones entre especies 
estrechamente relacionadas31,32. Permitiendo identificar a las 
especies exactas que se encuentra en peligro de extinción en 
el valle de Huaura, y, además, mostrando un distanciamiento 
entre la misma especie ubicada en otras partes del mundo.

De esta manera se puede emplear estos métodos como 
base de cualquier estudio científico de identificación comple-
tamente perfecta de material vegetal, conjuntamente con la 
enorme biblioteca digital en línea de códigos de barras de ADN, 
que sirve como información para buscar muestras (no iden-
tificadas o identificadas) utilizando uno o unos pocos loci de 
códigos de barras de ADN20.

Conclusiones
El presente estudio es el primero en analizar especies fru-

tales con potencial económico en peligro de extinción del va-
lle de Huaura para facilitar la identificación a nivel molecular. 
Nuestros resultados proporcionan las herramientas básicas 

para implementar códigos de barras de ADN en especies nati-
vas en el valle de Huaura, y pueden ayudar a elegir un código 
de barras de ADN apropiado para aplicaciones de alta produc-
tividad. Dichas aplicaciones de alto rendimiento podrían mejo-
rar en gran medida los protocolos de monitoreo de la biodiver-
sidad que se utilizan para estudiar la ecología y conservación 
de especies en peligro de extinción.
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Role of Candida glabrata as nosocomial pathogen and its susceptibility to Fluconazole, Voriconazole, Caspofungin, Micafungin and Amphotericin B

Role of Candida glabrata as nosocomial pathogen and its susceptibility to 
Fluconazole, Voriconazole, Caspofungin, Micafungin and Amphotericin B

Teeba Hashim Mohammed1, Mohsen Hashim Risan1, Mohammed Kadhom2, Emad Yousif3* DOI. 10.21931/RB/2021.06.03.19
Abstract: Candida has different types that could cause bloodstream infections. A total number of 150 samples were collected 
from candidemia patients and examined.  The Candida spp. Species isolated from blood samples were analysed. These were 
identified by culturing the species using different media, namely the chromogenic agar test.  Then, the virulence factors of all 
samples were tested. The Candida glabrata isolates were tested with six commercial antifungal drugs. C. glabrata 67 (44.6%), 
C. albicans 34 (22.6%), C. krusei 18 (12%), C. tropicalis 17 (11.3%), and C. parasilosis 14 (9.3%). the production of phospholipase
ranged between 0.63-0.99 mm. It was found that 96% of the species showed phospholipase activity in aerobic conditions. The
protease activities of Candida spp. Isolates were experimentally tested by area of inhibition around the colonies, where 59.3% had 
the double (++) protease activity, 31.4% with (+) grade, and 9.3% had (–) grade or clear zone around the colony. The hemolytic
capacity ranged from 0.69-0.89 in the optimum aerobic environments. Finally, 38.33% of the isolated Candida spp. were positive 
and 61.67% negative for biofilm formation. Out of the total positive Candida spp. for biofilm formation, 21.73% were strong
biofilm producers, and 78.27% were weak. Minimum fungicidal concentration (MFC) of Fluconazole for C. glabrata isolates was
not appropriate (NA) due to the occurrence of low inhibition tested for species. Micafungin exhibited the lowest fungicidal activity 
against C. glabrata ranging from 0.03 - 0.125, while Fluconazole showed the highest.

Key words: Candidemia, chromogenic agar, Candida glabrata, Antifungal.

RESEARCH / INVESTIGACIÓN

Introduction
Candida is a significant genus of Ascomycete fungi, com-

monly called yeast, consisting of approximately 150 species, 
more than 20 of them of clinical importance1.  Candida spp. be-
came the fourth most public reason for bloodstream infections 
(BSI) more than two decades ago2,3. The highest occurrence 
rate was described in the USA4, where candidemia signifies an 
essential danger for hospital patients5.  Hence, C. albicans and 
C. glabrata remain the primary cause of aggressive candidia-
sis, responsible for 50% of all cases followed by other species
of Candida, such as C. tropicalis and C. parapsilosis6,7.

The effect of Candida species is presented by interrup-
ting BSI incidents; their phospholipase and protease activity 
and the sensitivity towards the main antifungal agents were 
available8. Described mortality data comprised the age, period 
of hospitalization, skin infection, severe renal failure, preser-
vation of the dominant venous line, and mechanical ventila-
tion9,10. The germs become active at 37 °C, where protease 
and phospholipase are produced and facilitated adherence to 
the surfaces of host cell membranes; these were measured to 
be significant factors in starting the infection. Proteinase and 
phospholipase release can prime the membranes dysfunction 
or uniform rupture that assists the microbe to adhere to the 
host11. The communication in the pathogenesis of aggressi-
ve candidiasis, proliferation in fungal colonization is the best 
significant factor in the invasive candidiasis for pathogenesis. 
The density and colonized apparent area are responsible for 
the strength of the infection. Precise identification of Candida 
species helps control the hazards of candidemia infections and 
transmission from exogenous sources in certain patients12. Vi-
rulence factors are also associated to a great degree with the 
antifungal resistance shown by the microorganisms.

Furthermore, the capabilities of Candida species to produ-
ce drug-resistant virulence factors are significant in their de-
velopment of human disease13. Recognition of Candida to the 

type's level is significant to improve the range of the antifungal 
agent to be prescribed. On the other hand, essential and deve-
loping resistance to azoles characterizes a significant trial for 
experimental, therapeutic, and prophylactic approaches. The 
range of candidemia has altered with the appearance of C.gla-
brata species, a strain with the hazard of increased transience 
and antifungal treatment of drug resistance, particularly in im-
munocompromised and very ill patients. The situation is very 
significant to recognize Candida to the type's level to improve 
the range of the antifungal agent14.

Materials and methods 

Collection of samples
Samples were collected from 150 patients with leukae-

mia and dialysis who were hospitalized at Madinat Al-tib hos-
pital. The collection continued over four months, from Sep-
tember 2019 to January 2020. Processes of blood culturing 
and yeast segregation were conducted in the fungus labora-
tory at the College of Biotechnology/ Al-Nahrain University. 
The blood samples were inoculated on an SDA medium with 
chloramphenicol. All plates were incubated at 37°C±1 for 24, 
48 hrs. Later, samples were examined and biochemical tests 
were performed to confirm the diagnosis of the species; the 
approval was obtained to take blood samples from the hospi-
tal administration and the discharged patients.  

Isolation of Candida spp
Samples were inoculated on the appropriate culture me-

dium containing sabouraud dextrose agar with chlorampheni-
col. All plates were incubated in aerobic conditions of 37 °C 
for 48 h15.
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Identification of Candida spp. Isolates
First, single colonies were separated from the prime posi-

tive cultures; then, they were isolated according to published 
protocols16 that involved the following examination. All isola-
tes were grown on sabouraud dextrose agar and incubated at 
37 ºC for 48 hrs. Pure isolates of Candida colonies were exami-
ned to explore their form, size, color, and surface. Chromoge-
nic agar plates were inoculated by streaking. Candida colonies 
using sterile loop then incubated at 37 Cº±1 for 48 hrs. The 
growth and color of colonies were observed.

The medium was prepared by dissolving 45.9 grams of the 
standard medium in one liter of purified water, mixed well, and 
melted by heating with repeated agitation. The mixture was 
boiled for 2 minutes until the complete dissolution and was 
not autoclaved17.

Virulence Factor Tests
The quick preliminary medical identification of Candida 

spp. usually depends on the detection of germ tubes from 
Candida cells, where their width or length is about three to 
four times the size of the cell. Candida spp. cells were added to 
1000 μl of human serum with a sterilized loop, and incubated 
aerobically for three hours at 37 ºC. Then, cells were visualized 
under a microscope18.

The egg yolk agar technique is used to test the phospho-
lipase activity19. The culture medium contained of 1 L of SDA 
comprising (1M NaCl, 0.005 M CaCl2, and 10% egg yolk). From 
prepared yeast suspension, 10 microliters were taken to one 
McFarland (3×108 CFU/ml) inoculated at 37 Cº for 48 hr. in the 
petri dish, 3 replicates per sample. After that, it was incuba-
ted at 37 °C for 3 days in aerobic conditions; the significance 
of phospholipase action was calculated with this formula: (Pz 
value= Colony diameter/ (Colony diameter + zone of precipita-
tion)20. To test the proteinase activity, bovine-serum albumin 
agar was used. The prepared agar consisted of 0.1% KH2PO4, 
0.05% MgSO4, 2% agar, and 1% bovine serum albumin at a final 
pH of 4.5. Similar inoculation aerobic conditions as above were 
applied for 48 h. The existence of the proteinase activity test 
was determined by observing a clear zone around the Candi-
da spp. colonies21. Regarding the structural haemolytic action, 
SDA consisted of 7 ml human blood, 3g glucose, and 90 ml 
of sterile media was prepared using an autoclave with a final 
pH of 5.6 ± 0.2. 10 microliters were taken to one McFarland 
(3×108 CFU/ml) inoculated onto a dish; this was replicated 3 
times per sample. Then, it was incubated at 37 °C for five days 
in aerobic conditions. After incubation, a clear/semi-clear zone 
around the yeast colony was detected as a positive haemolytic 
activity. The significance of hemolysis activity (Hz) was tested 
according to the equation:  Hz rate = Colony diameter / (Co-
lony diameter + Zone of precipitation) Agreeing to this scheme, 
activity kinds were recognized allowing to the Hz catalogue: 
Hz<0.69= very strong (++++), Hz = 0.70- 0.79= strong (+++) , 
Hz = 0.80- 0.89= slight (++), Hz = 0.90- 0.99=frail (+), and Hz 
=1 that is to say "Negative" results22.  Biofilm production was 
tested using different recognition tests for Candida spp., which 
needs the use of a specifically prepared brain heart infusion 
broth (BHI), solid medium supplemented (agar) with glucose 
and Congo red indicator. The medium contained BHI (37 gm/L), 
agar no.1 (10 gm/L), glucose (80 gm/L), and Congo red stain 
(0.8 gm/L) as an indicator23.

Determination of minimum inhibitory concentration (MIC) 
of several antifungals for Candida glabrata

The MIC of Fluconazole, Voriconazole, Caspofungin, Mi-

cafungin, Amphotericin B, and Flucytosine against Candida 
glabrata was determined broth microdilution method establi-
shed on the Clinical and Laboratory Standards Institute (CLSI) 
natural resistance + base (bioMerieux, USA). Manufacturers' 
recommendations were strictly followed to obtain adequate 
measurements, which confirmed sterility and efficacy of the 
prepared media and used mixtures. Card type AST-YS07 of a 
barcode no. 287 (bioMerieuxm, USA) was used with an analysis 
time of 24 hours24.

Determination of MFC for Candida glabrata
For MFC determination, samples with different concentra-

tions of MIC and C.  glabrata were subcultured in Petri dishes 
containing SDA and incubated at 37 °C for 48 hours. The MFC 
is the minimum product concentration that stops apparent 
growth; it is the minor concentration capable of killing the 
yeast25.  

Results

Group’s classification
In this study, 150 samples were taken from three groups.  

The first group comprised 50 infected patients (women and 
men), as illustrated in Table 1; the second group comprised 50 
patients of children with leukemia (Table 2); the third group 
comprised 50 patients with dialysis (women and men), as lis-
ted in Table 3.  The first and third groups were divided into five 
categories, while the second group contained three subcatego-
ries.  Generally, it was found that the total number of infected 
patients with Candida present in the bloodstream were isola-
ted as follows: 67(44.6%) with C. glabrata, 34 (22.6%) with C. 
albicans, 18 (12%) with C. krusei, 17 (11.3%) with C. tropicalis, 
and 14 (9.3%) with C. parapsilosis.

Determination of Candida species by Chromogenic agar 
Medium

Candida spp was cultivated in a chromogenic agar me-
dium plates and the characteristic dyed colonies were obtai-
ned after incubation; the medium supported the development 
of all isolates. C. albicans isolates produced green colonies 
when incubation for 48 h, while C. glabrata formed light pink 
smooth colonies and C. krusei colonies were pink; the distribu-
tion graduated from a light surrounding to a dark center. Also, 
C. tropicalis color was dark blue and C. parapsilosis formed
pale colored colonies26 as shown in Figure 1.

Determination of Virulence Factors for Candida Species
The development of germ tubes was achieved, as long tu-

bes, within 2 hours, and positive results of Candida albicans 
isolates were observed, while no C. tropicalis production within 
that time was detected, as shown in Figure 2. 

The germ tubes were grown in an incubator, and a par-
ticular diagnostic was used for distinguishing the C. albicans 
by separating it from other yeasts. Other species of yeasts, in 
general, did not produce germ tubes during this 2-hour incuba-
tion period. The Pz value varied between 0.63–0.99 mm when 
species were measured. It was found that 144 (96%) Candida 
spp. isolates expressed phospholipase activity in aerobic con-
ditions, whereas the rest did not. Candida spp. possibly vary 
depending on the species and basis of isolates; Figure 3 shows 
the phospholipase activity of different Candida types on egg 
yolk agar medium. 

The protease activities of Candida spp. isolates were tes-
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ted for 3 days after an inoculation loop on bovine-serum albu-
min agar by the inhibition area around the colony.  Eighty-nine 
(59.3%) isolates had the double (++) protease activity, while 
the grade (+) of protease activity was for forty-seven (30%) 
of isolates and fourteen (9.3%) had the grade (–) or clear zone 
around the colony as shown in Figure 4. 

Commonly, the hemolytic index is 0.69–0.89 in optimal ae-
robic environments. In this study, all experimental Candida spp 
isolations from blood samples had hemolysis activity when cul-
tivated on SDA involving 7% human blood and 3% glucose.

Out of all Candida spp. isolates, the biofilms were 
81(54.4%) negative, 28(18.6%) strong positive, and 41(27%) 
weak positive resulted from patients with leukemia and dialy-
sis who are lying in hospital. The number of recovered Candida 
spp. from experimental samples was C. glabrata 34(49.2%), 
followed by C albicans (15.8%), C. krusei (12.5%), C.tropicalis 
(11.6%), and C. parapsilosis (10.9%). Among all Candida isola-
tes, 46% were positive biofilm, and 54% cases were harmful 
biofilm. However, within the positive Candida biofilm, 21.73 % 
were strong biofilm producers, and 78.27% were weak; Figure 
5 shows the biofilms.

Determination of MICs for Candida glabrata
The results of the susceptibility analysis of Candida gla-

brata isolates are summarized in Table 7. In all examinations, 

the minimum inhibitory concentrations (MICs) of the control C.
glabrata isolated yeast were within the recognized limits (data 
are not shown). However, the CLSI's wild-brand MIC distribu-
tions were tested against six commercial antifungal drugs, 
namely: Fluconazole, Voriconazole, Caspofungin, Micafungin, 
Amphotericin B, and Flucytosine. The results showed that Flu-
conazole was the most active antifungal against Candida gla-
brata with different concentrations, whereas micafungin was 
the lowest antifungal resistance against Candida glabrata.

The MFC ranges for the six drugs though significant chan-
ge for the different organisms. Fluconazole, Voriconazole, and 
Flucytosine showed fungicidal activity against C. glabrata 
(MFC50s where appropriate ≥1 g/mL). MFCs of Fluconazole 
for this yeast was not appropriate (NA) due to the occurrence 
of small inhibitions tested number for species; table 8 illustra-
tes this.

DISCUSSION
Hospitalization (especially in cancer cases), location of 

central venous dialysis, and who preceding antimicrobial the-
rapies control the number of candidemia infections. Candide-
mia in this concept was related to the prolonged stay (more 
than 15 days) of patients27. It is essential to mention that el-

Table 1. Age group relationship with 
the number (and percentage) of in-
fected patients with Candida spp from 
blood samples for adults (women and 
men).

Table 2. Age group relationship with 
the number (and percentage) of in-
fected patients with Candida spp from 
blood samples for children.

Table 3. Age group relationship with 
the number (and percentage) of in-
fected patients with Candida spp from 
blood samples of patients with dialysis 
for women and men.

Role of Candida glabrata as nosocomial pathogen and its susceptibility to Fluconazole, Voriconazole, Caspofungin, Micafungin and Amphotericin B
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Figure 1. Observation of Candida spp. in Chromogenic agar media, (a) C. krusei, (b) C. albicans, (c) C. tropicalis, (d) C. glabrata, 
and (e) C. parapsilosis.

Figure 2. Germ tube of C. albicans growth 
on human serum at 37°C for 2hrs (40 X)..

Figure 3. Phospholipase activity of (a) C. krusei, (b) C. albicans, (c) C. tropicalis, (d) C. glabrata, and (e) C. parapsilosis on egg yolk 
agar medium at 37 °C for (24-48) hrs.
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Table 4. Phospholipase activity of 
Candida spp on egg yolk agar medium 
at 37 °C for (24-48) hrs.

Figure 4. Protease activity from (a) C. krusei, (b) C. albicans, (c) C. tropicalis, (d) C. glabrata, and (e) C.parapsilosis on bovi-
ne-serum albumin agar at 37°C for (24-48) hrs.

Table 5. Protease activity from Candida spp on bovine-serum albumin agar at 37°C for (24-48) hrs.

Role of Candida glabrata as nosocomial pathogen and its susceptibility to Fluconazole, Voriconazole, Caspofungin, Micafungin and Amphotericin B
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Table 6. Biofilm formation results of 150 Candida isolated by Congo red agar.

Figure 5.  Biofilm formation resulted by (a) C. krusei, (b) C. albicans, (c) C. tropicalis, (d) C. glabrata and (e) C. parapsilosis on 
Congo red agar

Table 7. Minimum Inhibitory Concentration (MIC) for C. glabrata isolates.

Teeba Hashim Mohammed, Mohsen Hashim Risan, Mohammed Kadhom, Emad Yousif
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2007der patients were more likely to receive insufficient antifungal 
therapy. Candidemia is connected with high mortality rates, 
increasing the hospitalization staying period, and raising thera-
peutic care28. The production test of the germ-tube has the be-
nefit of being simple, effective, inexpensive, and fast to identify 
the Candida spp29. The chromogenic agar media are different; 
a selective medium was used to identify Candida spp fast. As 
a result, the capability to distinguish these species macrosco-
pically was achieved30.

The impact of the phospholipase enzyme was presented 
by digesting the cells' membrane of the host, producing cell ly-
sis, and altering the external structures that increase adheren-
ce and result in infection. Therefore, phospholipase is possibly 
used as one of the limits to distinguish virulent hostile strains 
from non-hostile colonizers20. Mohandas and Ballal, (2008)31 

was referred that Candida spp. isolated from blood has more 
phospholipase activity. In two different studies from Turkey 
Candida isolates from blood culture, phospholipase activity 
resulted was (60.3% - 100%). The differences in results were 
retained because of distinctions in the sources of yeast isola-
tes and the percentage of occurrence of isolates32.

The essential protease enzyme of Candida spp. evades the 
attack of host tissues. The majority of tested Candida spp. had 
a positive protease activity. These conclusions propose that 
generating the protease may play a significant role in the pa-
thogenesis of candidemia produced by Candida spp. It has been 
testified that more than 90% of Candida spp isolates proteina-
se products33. Proteinase production was identified in 74.56% 
of Candida spp. It was also testified that 88% of Candida spp. 
isolated from blood-linked intense proteinase action.

Moreover, Candida spp. atmospheric environments did not 
damage isolates testifying strong proteinase action. The alte-
rations between studies may include product from differences 
in the sources of incubation, isolates and times34.

Sachin et al. (2012)35 reported that 94.8% of C. albicans 
samples presented hemolysis activity, whereas hemolysis ac-
tivity of additional non-C.albicans extended from 7% to 60%; 
similarly, Sathiya et al. (2015)36 described 100% of Candida 
spp. isolates exhibited β-hemolytic.

Form biofilms are associated with pathogenicity and 
should be considered an important virulence determinant du-
ring candidiasis. Biofilms may help fungi maintain the role of 
commensal and pathogen by evading host immune mechanis-
ms, resisting antifungal treatment, and withstanding the com-
petitive pressure from other organisms37.

Our results are in good agreement with Khan's et al. re-
sults (2012)38, where amphotericin B and Fluconazole showed 
vigorous antifungal activity against Candida due to their MIC 
standards of under 100 μg/ml. Also, the antifungal proved to 
be an active inhibitor against C. glabrata39. According to Ha-
fidh et al. (2011)40, the MFC/MIC relation is used to identify the 
influence of the antifungal effect against a specific pathogen. 

When the percentage of MFC:MIC result is between 1:1 and 
2:1, the biochemical analysis measured fungicidal. In addition, 
Mohamadi et al. (2014)41 also testified the fungicidal action 
of strain, using the destroy time technique in C. albicans and 
expending agar disc diffusion test, for example C. albicans, C.
tropicalis, and C. glabrata. Fungicidal action is clinically more 
significant than fungistatic action. The prophylactic usage of 
fungistatic treatments has been related to an increased rate of 
innate or acquired immunity in clinical isolates24-44.

Conclusions
Candida samples vary in their ability to form virulence 

factors, such as the production of phospholipase, proteinase, 
biofilms, and hemolysis when taken from leukemia patients. 
Candida spp samples were more sensitive to Fluconazole fo-
llowed by Flucytosine, Amphotericin B, Voriconazole, Caspo-
fungin, and Micafungin.
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Abstract: Vaccination has been used effectively to protect from infectious diseases and non-infectious diseases such as cancer 
and allergies. Different forms of particulate arrangements, including nanoparticles, virus-like particles (VLPs), and virosomes, 
have been built recently depending on the type of pathogen to be targeted. The ability to conjugate the recombinant Plasmodium 
yoelii, 19-kDa C-terminal fragment of merozoite surface protein 1 (PyMSP119) on the surface of superparamagnetic magnetite 
nanoparticles (SPIONs) was explored as a new technique of enhancing vaccination against malaria. Different conjugation 
strategies were performed to correlate the effects of nanoparticle chemistry surfaces to bind later with the malaria protein. 
(SPIONs) were prepared by chemical coprecipitation method and coated with 3-aminopropyltriethoxysilane (APTS) alone (as 
a surface coater), or with both APTS and polyethylene glycol (PEG) (as a shield to protect the malaria protein from proteolytic 
enzymes) by using a modified silanisation method.
X-ray powder diffraction (XRD, Philips Model) patterns indicated that the SPIONs were of high purity with an inverse spinal
structure. Fourier Transform Infrared Spectroscopy (FTIR) was collected using PerkinElmer Spectrum 100 Series; spectra of
uncoated and coated magnetite nanoparticles confirmed that the silane layer had been coated on the surface Fe3O4. The SPIONs 
were superparamagnetic as investigated by Vibrating Sample Magnetometry (VSM, Princeton Applied Research, model ISS) and 
relatively stable in aqueous phase at room temperature and could also be quickly recovered from suspension using an external
magnet. Introduce the carboxyl groups onto the SPIONs surfaces, resulting in a relatively high protein binding capacity onto the
nanoparticle surfaces.
The bare particles had a mean size of around 20 nm with a relatively narrow size distribution. 82% of African Green Monkey
fibroblast (COS-7) were alive in nanoparticle suspension using the MTT assay method. The quantity of protein explicitly bound to 
particles was determined using Sodium Dodecyl Sulfate (SDS) - Polyacrylamide Gel Electrophoresis (PAGE). SDS–PAGE. When
the conjugation blend was prepared in EDC, there was approximately 100% binding between PyMSP119 and the Fe3O4-COOH
particles because no protein band was apparent at the expected molecular weight for PyMSP119 (45 kDa).
The current study investigates the theory that the gradual, persistent release of the malaria antigen may stimulate and maintain 
an elevated level of immune response for an extended period in vivo, which will be the scope of future work.

Key words: Malaria vaccine, Superparamagnetic nanoparticles, protein functionalization.

RESEARCH / INVESTIGACIÓN

Introduction
Iron oxide nanoparticles such as magnetite Fe3O4 or ma-

ghemite γ- Fe2O3 are promising materials for applications in 
biomedicine and bioengineering areas1-3,30 These nanoparticles 
have attracted great interest due to their unique properties4, 31 
such as narrow size distribution, biocompatibility, non-toxicity, 
and ability to be detected and manipulated with an external 
magnetic field. Both are generally appropriate and safe for in 
vivo biomedical applications4. However, the utilization of these 
nanoparticles is still subject to many limitations, including sur-
faces containing hydroxyl groups that cannot bond covalent-
ly with biomolecules. Therefore, examining the best method 
to conjugate high protein binding capacity is an urgent issue 
because the most excellent technique for increasing vaccine 
efficiency still needs investigation since many diseases are still 
without effective vaccines, such as malaria disease.

The Coprecipitation technique is the most common me-
thod to prepare iron oxide nanoparticles. Both sodium hydroxi-
de (NaOH) and ammonium hydroxide (NH4OH) have been used 
to detect whether the basicity manipulates the crystallization 
process during particle formation8,32. Various surface modifi-
cation techniques have been used to enhance nanoparticles' 
diagnosis and therapeutics potential in biomedicine applica-
tions6. Successful conjugation of biomolecules to the surface 
of magnetic particles is critical to their applicability5. Therefo-

re, a versatile method of surface functionalization of SPIONs is 
often required, which sensitively balances the intermolecular 
forces concerning biomolecules such as proteins and antibo-
dies attached to the particles' outer layer. However, conjuga-
tion of a desired functional group at the right orientation on 
the nanoparticle surface remains a significant challenge7,33,44. 
The method of surface modification of iron oxide by using or-
ganosilane reagent [amino-silane reagent (3-aminopropyltrie-
thoxysilane, APTS)] is relatively robust, with many parameters 
such as silane concentration, temperature, time, and solvent 
type that can be optimized to create diffused functionalized 
magnetic particles for consequent tagging with biomolecules6.

Some vaccines are still challenged and need effective 
strategies to obtain good control for malaria vaccines. Pro-
tein vaccine is one strategy that can generate both humoral 
and cellular immune responses, primarily when it supports by 
promoter injections12,34. Magnetofection is a suitable device for 
protein delivery, gene therapy, and gene expression14,42,43; the-
refore, magnetic nanoparticles have been chosen for this study 
to prove its achievability as a proposed protein delivery carrier 
of malaria vaccine to use it later as a vaccine carrier for other 
some parasitic diseases that their vaccines are underdevelo-
ped until now.  Substantial development in the malaria vaccine 
field has been presented in the current study; the key to this 
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success is iron oxide nanoparticles' use to deliver malaria pro-
tein (antigen) in an effectual technique to where it matters.

Materials 
Analytical grade reagents for magnetite nanoparticles 

synthesis included Fe (ΙΙΙ) chloride hexahydrate (FeCl3.6H2O 
>99%) from Ajax Finechem (NSW Australia), Fe (ΙΙ) sulfate
(FeCl2.7H2O >99%) from Ajax Chemical (Sydney, Australia), so-
dium hydroxide (NaOH), and trisodium citrate dihydrate (C6H-
5Na3O7.2H2O) from Sigma Aldrich (Sydney, Australia). All ma-
terials including 3-aminopropyltriethoxysilane (APTS, 95%),
Polyethyleneglycol (PEG), absolute ethanol (C2H5OH, 99.5%)
glutaraldehyde (10%), succinic anhydride, phosphate buffered
saline (PBS, 0.01M, pH 7.4), and the conjugating agents N-hy-
droxysulfosuccinimide (NHS), 1-ethyl-3-(3-dimethylaminopro-
pyl) carbodiimide (EDC), N, N-dimethylformamide (DMF) were
supplied by Sigma Aldrich (Sydney, Australia). African green
monkey kidney cells (COS-7 cell lines) were kindly provided
by staff at Prof. Ross Coppel's laboratory (Department of Mi-
crobiology, Monash University, Australia), Dimethylsulfoxude
(DMSO), 3-(4,5-87-90% dimethyl-2-thiazol-2-yl-2, 5-diphen-
yltetra-zolium bromide (MTT), penicillin/ streptomycin, foetal
calf serum and other related reagent grade chemicals were
acquired from Invtrogen (Carlsbad, California, USA) and used
to measure the toxicity of the as-synthesised nanoparticles.

Methods

Synthesis and coating of Magnetite nanoparticles
Magnetite nanoparticles were prepared using the proce-

dure reported in (8), in which a chemical coprecipitation me-
thod was used with some modification. Trisodium citrate was 
used as an electrostatic stabilizer to create an electrostatic 
double layer and reduced the extent of agglomeration12,13,41. In 
a typical experiment, ferric chloride (0.005 mol) and ferrous 
chloride (0.0025 mol) (molar ratio 2:1) were dissolved in deio-
nized water (50 ml). To raise the pH value, sodium hydroxide 
solution (20 ml, 1.5 M, including 0.005 mol trisodium citrate) 
was added to a 100 ml three-necked flask. The precipitation 
was done by drop-by-drop addition of iron salts solution to the 
mixture of NaOH and trisodium citrate under vigorous stirring 
(homogenization string rate was 1500 rpm) for 1h at 80 º C 
in a nitrogen (N2) atmosphere. The color of the bulk solution 
immediately turned from orange to black. The nanoparticles 
were then split from the solution by a permanent magnet and 
cleaned several times with ethanol and distilled water before 
re-suspended in water.

APTS is an amino-functional silane-coupling agent used 
to immobilize physiologically active molecules. The hydroxyl 
groups on the magnetite surface can be easily coupled with 
silanes by forming covalent bonds through condensation reac-
tion to give a siloxane linkage, as Scheme 1 shows. In this work, 
ethanol was used to change the medium from water. 0.43g of 
Fe3O4 nanoparticles were dispersed in 9.7ml ethanol by sonica-
tion for 10 min. 0.3ml of 3-aminopropyltriethoxysilane (APTS) 
was added, and the resulting solution was transferred into a 
round-bottomed flask to carry out the silanisation reaction at 
25 ºC under N2 atmosphere overnight in a Schlenk system. The 
Fe3O4 – APTS magnetic nanoparticles were recovered from the 
reaction mixture using a permanent magnet. The supernatant 
was removed, and the precipitates were washed several times 

with ethanol and then with water. The high molecular weight 
of PEG polymer was mixed with silane to possibly improve the 
biocompatibility and dispersibility of Fe3O4 nanoparticles15,16.

SPIONs Characterisations

Powder X-Ray diffraction (XRD)
X-ray powder diffraction (XRD) measurements were used

to identify the crystalline phase of the particles before and af-
ter coating. XRD was performed on a Philips PW 1140/90 di-
ffractometer using monochromatized x-ray beams from CuKα, 
λ = 1.54 Ǻ radiation at a scan rate of 1° min-1 from 5° to 60° 
with a step size of 0.02°. The scanning voltage was 50KV, and 
the scanning current was 20 mA.

Vibrating Sample Magnetometry (VSM)
The particular values for the inundation magnetization 

measurements were directly acquired on a predetermined 
weight of SPIONs before and after coating using Vibrating 
Sample Magnetometry (VSM, Princeton Applied Research, 
model ISS) working at room temperature. A recognized weight 
of the samples was placed into the VSM sample holder. A top 
magnetic field of approximately 15KOe was used. The satura-
tion magnetization values were standardized to the mass of 
samples to yield specific magnetization, Ms (emu g-1).

Fourier Transform Infrared Spectroscopy (FTIR)
FTIR spectra of the nanoparticles were collected on an 

FTIR spectrophotometer using PerkinElmer Spectrum 100 Se-
ries FT-IR spectrometer in a wave number varying from 4000 
to 400 cm-1 with a resolution accuracy of 4 cm-1 under ambient 
conditions. Before compacting, all samples were dried at 70 ºC 
for 48h. A small amount of each sample dry powder was tho-
roughly mixed and crushed with dried KBr using a mortar and 
pestle. The mixture was pressed into pellets using 8 tons/cm2 

of pressure for 2 minutes to form discs for analysis.

Transmission Electron Microscope (TEM)
TEM was used to determine the size and morphology of 

the nanoparticles. The nanoparticle suspension was diluted, 
and a few drops were put on a carbon-stabilized grid (200 
meshes). The grids were left in the oven at 50ºC overnight. 
Sample grids were attached to the sample holder on a Hitachi 
H7500 TEM instrument at an accelerating voltage of 120 kV 
microscope. The mean diameter of the size distribution was 
determined by measuring more than 150 particles from TEM 
images using Image J9.

MTT assay
To evaluate whether the particles could be used for bio-

medical applications, a non-radioactive colorimetric MTT as-
say10 was performed to measure the cell cytotoxicity. African 
Green Monkey Fibroblast (COS-7) cells were seeded on a 96-
well microtiter plate at a concentration of 2* 104 /well and 
cultured in a complete RPMI (C-RPMI) medium supplemented 
with 10% fetal calf serum (FCS). The plate was incubated at 
37ºC and 5% CO2 overnight. Three different concentrations of 
bare and coated nanoparticles (0.1 mg/ml, 1 mg/ml and 10 
mg/ml) were added for a further 24h incubation. The control 
well group was a culture medium with no particles. All sam-
ples and the control were tested in triplicate, with the results 
conveyed as mean ± standard deviation shown as error bars 
in the MTT plots. 5μl of a solution of 5mg/ml MTT (3-(4,5- di-
methylthiazol-2-yl-2, 5-diphenyltetra-zolium bromide) dissol-
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ved in PBS pH 7.4 was added to each well and incubated for 
4h at 37ºC in the 5% CO2 incubator. After incubation for 4h, 
the medium was removed from the plate and rinsed with PBS. 
MTT is a yellow-colored, water-soluble, and tetrazolium salt. 
Living cells can metabolize this salt in their mitochondria by 
active mitochondrial reductase enzyme into a water-insoluble 
and dark blue ring, Formazan derivative. Dead cells can now 
reduce tetrazolium salt; thus, the conversion can be related to 
the amount of Formazan crystals formed. Subsequently, ring 
Formazan crystals can be dispersed in an organic solvent such 
as dimethyl sulfur oxide (DMSO). Therefore, 100 μl of 5mg/ml 
of (DMSO) was added to each well in the plate to dissolve the 
crystals, and the plate was incubated for 1h. The absorban-
ce of each well was read on a microplate reader (Magellan, 
Tecan, Australia) at wavelengths of 570nm and 690nm. The 
net absorbance was calculated by (A570-A690) (A refers to the 
area means absorbance). The relative cell viability (%) was cal-
culated as ([Asample] / [Acontrol]*100%, with the resultant value 
representing the number of living cells.

Surface functionalization of Fe3O4 – APTS nanoparticles
The particles were modified to introduce aldehyde or car-

boxylic functional groups. 20 ml of 10% glutaraldehyde was 
added to the precipitate of silane-coated magnetic particles 
(Fe3O4 – APTS) prepared previously, and the reaction mixture 
was left under gentle agitation for 3hrs at room temperature 
(25ºC) to introduce aldehyde functional groups. After 3hrs, the 
Fe3O4 – CHO particles were steadied with a magnet and then 
cleaned several times with PBS via magnetic parting and then 
re-dispersed. To create the carboxyl functional groups, succi-
nic anhydride was added to the Fe3O4 – APTS nanoparticles 
(1:20 wt/ wt) suspended in DMF. The mixture was agitated for 
3hrs under an N2 atmosphere. Subsequently, the Fe3O4 – COOH 
derivatized particles were washed two times with DMF fo-
llowed by PBS. The washed particles were suspended in PBS 
and stored at 4ºC for further use.

Results

Characterization of nanoparticles
X-ray powder diffraction (XRD) was performed to cha-

racterize the crystal phase of as-synthesized nanoparticles 

Scheme 1.  Silane chemistry approa-
ches to functionalize Fe3O4 particles 
with −NH2, −CHO, and −COOH.

Conjugation strategies on functionalized iron oxide nanoparticles as a malaria vaccine delivery system
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(Fig. 1). The different peaks of Fe3O4 marked by their indices: 
(220), (311), (400), (422), (511), and (440) at 2θ can be refe-
rred to as the cubic structure of Fe3O4. Magnetic features of 
the as-synthesized nanoparticles were investigated by VSM 
measurement at room temperature (Fig. 2). The bare Fe3O4 
displayed relatively high magnetization (67 emu/g) at 15KOe. 
The magnetization of silane-coated Fe3O4 – APTS nanoparti-
cles was calculated to be 63.3 emu/g (Fig. 2b), slightly dimi-
nished in comparison to bare Fe3O4 due to the non-magnetic 
silane layer. In addition, Fe3O4 – APTS+PEG nanoparticles have 
a magnetization of 58.9 emu/g, due to the thickness of the si-
lane and PEG coating.

TEM images of bare and silane-coated nanoparticles were 
taken to investigate the particles' size, shape, and uniformity. 
The bare particles had a mean size of around 20 nm with a 
relatively good size distribution (Fig. 3a). Scanning electron 
micrograph images for magnetic nanoparticles before and af-

ter silanisation are shown in Fig. 3, confirming the size of bare 
Fe3O4 of around 20nm. FTIR spectra of uncoated and coated 
magnetite nanoparticles are shown in Fig. 4. The wide band 
of 3600 – 3300 cm-1 paralleled the O-H stretching tremor of a 
trace amount of water due to physisorbed water and surface 
hydroxyls. After silanisation, the characteristic bands of Si-O-C 
at 1086 and 1155 cm-1 appeared (Fig. 4b), confirming that sila-
ne layer had been coated on the surface of Fe3O4.

In vitro cytotoxicity evaluation
To investigate the percentage of cell viability due to the 

introduction to nanoparticles, the viabilities of African Green 
Monkey fibroblast (COS-7) cells in models with both bare and 
coated magnetite were studied by the MTT assay method to 
evaluate whether these nanoparticles are suitable for biome-
dical applications. This method measures the mitochondrial 
dehydrogenase activity of viable cells, with materials inducing 

Figure 1.  Indexed X-ray 
diffractograms of (a) 
Fe3O4, (b) Fe3O4 – APTS, 
and (c) Fe3O4 – APTS+PEG 
nanoparticles.

Figure 2.  Magnetization curves of (a) Fe3O4, (b) Fe3O4 – APTS and (c) Fe3O4 – APTS+PEG nanoparticles.  (H) Applied magnetic 
field (KOe); (M) Magnetization (emu/g).
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2013Figure 3. TEM images showing 
the morphology of (a) Fe3O4; (b) 
Fe3O4 – APTS, SEM images of (c) 
Fe3O4; (d) Fe3O4 – APTS.

Figure 4.  FTIR spectra of Fe3O4, Fe3O4 – APTS, and Fe3O4 – APTS+PEG.

cell viability of more than 80%, often recognized as biocom-
patible22. All the nanoparticles samples (three different con-
centrations for each sample) from a 24 h incubation led to a 
decrease in the viability of COS-7 cell lines compared to the 
control. As shown in Fig. 5, when the cells were incubated 
with 0.1 mg/ml bare Fe3O4 solution, more than 82% of cells re-
mained alive, whereas the cell viability decreased to 34% and 
12.5% with increasing concentrations to 1 mg/ml and 10 mg/
ml, respectively.

Surface functionalization of Fe3O4 – APTS nanoparticles
The introduction of –COOH and –CHO groups on the mag-

netite surface was confirmed with FTIR spectroscopy (Fig. 
6). The spectrum of the functionalized SPIONs with –COOH 
showed the characteristic absorption peak at 1634 cm-1 co-
rresponding to the symmetric COO- stretching. The characte-
ristic absorption peak –C-O-C– at 2993.4 cm−1 was observed in 
the spectrum of the –COOH group activated on the silane-coa-
ted Fe3O4 nanoparticles.

Conjugation strategies on functionalized iron oxide nanoparticles as a malaria vaccine delivery system



2014

DISCUSSION

Characterization of nanoparticles
The X-ray diffraction results showed in (Fig. 1) are in good 

agreement with the theoretical values (JCPDS  19-629) of the 
standard XRD reference pattern of pure magnetite. A clean 
Fe3O4 cubic spinel phase can be confirmed. Generally, the-
re was no significant shift in the highest position due to the 

presence of amino silane. The broader peak that appeared at 
about 23.4º in the coated particles Fe3O4 – APTS+PEG attri-
buted to the existence of an amorphous layer possibly due to 
the presence of polymer. The magnetic properties presented 
in (Fig. 2), in all cases, the magnetization plots exhibited zero 
remanence and coercivity with no hysteresis loop, indicating 
that these nanoparticles were superparamagnetic17,18,35, due to 
their sizes rendering single magnetic domains19. The TEM ima-
ges illustrated in (Fig 3) revealed a thin silane layer favorable 

Figure 5.  MTT assay of Fe3O4, Fe3O4 – APTS, and Fe3O4 – APTS+PEG.

Figure 6.  FTIR spectra of functionalized Fe3O4 – COOH and Fe3O4 – CHO nanoparticles.
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to keep the high magnetization and stability, while it was also 
convenient for modification on the nanoparticles surface29. In 
the three presented samples in (Fig. 4), the presence of Fe3O4 
core could be seen by the strong assimilation bond 579 cm-
1, corresponding to the Fe-O bond of Fe3O4

20,21,36. The strong 
C-O-C, CH2, and –CH peaks indicated that PEG was bonded to
the surface through a reaction of PEG-silane with –OH group
on the nanoparticle's surface11.

In vitro cytotoxicity evaluation
Fig. 5 showed the results of the MTT assay. This result 

proved the biocompatibility of the synthesized magnetite na-
noparticles at minimal concentrations (<0.1 mg/ml), compa-
rable to the standard dosage for particulate vaccine typically 
measured in micrograms23. The toxicity of SPIONs may corre-
late to the capability of these nanoparticles to damage DNA via 
magnetite oxidation. Karlsson et al.24 indicated that magnetite 
nanoparticles could cause a minimal amount of toxicity (exa-
mined with a comet assay) due to the effectiveness in causing 
oxidative DNA lesions in cultured A549 cells (the human lung 
epithelial cell line). A small adverse effect on cell viability at 
low concentrations suggested that citrate groups on the surfa-
ce of Fe3O4 play an essential role in providing some protection 
against cell toxicity and reducing the toxic effect of magnetic 
solution25,26,37. The coated SPIONs with silane alone and silane 
with PEG showed slightly reduced toxic effects at the highest 
concentrations. This may be due to the different properties 
and surface reactivity of their surfaces. The toxicity of silane 
has been well-reviewed by Iler et al.27. Addition of –NH2 groups 
(Fig. 6) denote less accessible sites for biomolecules to attach 
in comparison to the uncoated SPIONs.  The reduced toxicity 
of the Fe3O4 – APTS+PEG nanoparticles may be attributed to 
the high solubility of PEG in the cell membranes28,38. However, 
there were still toxic effects on the soluble factors present in 
these nanoparticles, including detergents and monomers from 
the preparation procedure or the breakdown of products du-
ring incubation.

Surface functionalization of Fe3O4 – APTS nanoparticles
The peaks that appeared in (Fig.6) provide evidence that 

–COOH groups were attached to the surface through a re-
action of –NH2 and succinic anhydride at a transmittance of
119%29,39,40. As the amine-terminated surface was converted to 
the aldehyde group, the characteristic band for HC=O vibration 
appeared at 1711 cm-1 and CH2-CHO at 1414 cm-1, and CHO at
1374 cm-1 indicating that the aldehyde group had been intro-
duced to the SPION surfaces. The findings illustrated in (Fig. 6) 
indicated that the size of Fe3O4 – APTS+PEG was the largest,
possibly either due to the high molecular weight of the poly-
mer or due to the agglomerate of these particles.

Conclusions
Multifunctional magnetite nanoparticles have been suc-

cessfully prepared by a co- precipitation method. By surface 
modification with APTS and subsequent functionalization with 
glutaraldehyde and succinic anhydride, these nanoparticles 
should have a high active binding to PyMSP119 malaria protein 
molecules (which is currently under study). XRD patterns indi-
cated the high purity of the synthesized SPIONs, FTIR spectra 
confirmed that silane layer had been coated on the surface of 
Fe3O4. The SPIONs were superparamagnetic and were stable in 
aqueous phase at room temperature. VSM displayed relatively 
high magnetization (67 emu/g) at 15Koe of the iron oxide na-

noparticles. TEM images of bare and silane-coated nanoparti-
cles were taken to investigate the size, shape and uniformity of 
the particles. The bare particles had a mean size of around 20 
nm with relatively slim size distribution which also confirmed 
by Scanning Electron Micrograph (SEM). The fabricated nano-
particles were non-toxic which indicated by MTT assay. The 
particles can potentially be used as a platform to conjugate 
with other proteins including those targeting specific parasi-
tes. With the advantage of narrow size properties, relatively 
low toxicity, and ease of coupling with other biomolecules, we 
envision that these nanoparticles could be used as particulate 
vaccine in biomedical application.
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Abstract: Between September to December 2020, thirteen isolates of Proteus mirabilis were recovered among one hundred 
fifty; MacConkey agar was utilized to purify Gram-negative bacteria isolated from infections of the urinary tract. The primary 
identification of Proteus mirabilis isolates was relied on “colonial morphology, microscopic examination, and biochemical “tests; 
however, the confirmation of identification of antimicrobial susceptibility of isolates was conducted utilizing an automated 
VITEK-2 compact system. The result showed that Proteus mirabilis isolates were highly resistant to most antibiotics, making 
them multi-drug resistant (MDR). Phenotype methods were used to detect AmpC beta-lactamase. Initial and confirmatory 
methods showed that eight isolates were AmpC producers. Polymerase Chain Reaction (PCR) was employed to detect the 
blaampC gene.

Key words: Proteus mirabilis, β-lactamase, blaampC, VITEK-2, PCR.
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Introduction
Urinary tract infection (UTI) is a form of infection that 

affects the urinary tract. Microorganisms infecting or colo-
nizing the urinary tract. The most common bacterial are pa-
thogens in UTIs are P. aeruginosa, S. saprophyticus, E .coli, 
and P. mirabilis1. Infections of the urinary tract can take place 
throughout the body. Urinary tract infections, such as cysti-
tis, pyelonephritis, urethritis, prostatitis, and perinephritis2-5, 
affect people of all ages and are among the most widespread 
infectious diseases. Proteus mirabilis represents a Gram-ne-
gative bacterium famous for its ability to spread rapidly within 
a pattern resembling bulls’ eyes. This organism is most com-
monly a urinary tract pathogen in clinical settings, especially 
in long-term catheterization patients. P. mirabilis uses urease 
and stone formation, fimbriae and other adhesives, iron and 
zinc conquest, proteases and toxins such as hemolysin and its 
function in pore formation, biofilm formation, and pathogene-
sis regulation to enter and colonize the host urinary tract6,7. 
The continuous usage of antibiotics produces the spread of 
antibiotic impedance and, in particular, to the progress of anti-
biotic resistance genes in gram-negative organisms, which are 
considered the most severe medical problems. For P. mirabilis 
the resistance to antimicrobials is growing8,9, including the re-
sistance to expanded spectrum cephalosporin according to the 
production of expanded-spectrum β-lactamases (ESBLs)10. Al-
though antibiotics are so valuable for treating many bacterial 
diseases, they are considered environmental contaminants in 
infected animals and humans for a long time38. This study ai-
med to detect Plasmid-mediated Ampc beta Lactamase Gene 
in Clinical Isolates of Proteus mirabilis at the molecular level.

Methods

Sample’s collection and identification
During the study period from September to December 

2020, the whole 150 midstream urine samples were obtained. 
The samples were taken from patients in Al-Najaf province 
hospitals who had urinary tract infections. Suspected P. mira-
bilis isolates were retrieved from clinical samples after purifi-

cation on MacConkey agar and incubated aerobically overnight 
at 37°C and confirmed by biochemical tests. The definite iden-
tification was carried out using Gram-Negative - Identification 
(GN-ID) cards and VITEK 2 compact devices.

Antibiotic Susceptibility Testing
Using the automated VITEK-2 compact device and 

AST-N093 cards (bioMérieux, France), the Minimum Inhibi-
tory Concentration (MIC) technique was calculated. This card 
composed the following antibiotics: Amikacin, Aztreonam, 
Cefepime, Ceftazidime, Ciprofloxacin, Colistin, Imipenem, Ise-
pamicin, Gentamicin, Meropenem, Minocycline, Pefloxacin, 
Piperacillin, Piperacillin-Tazobactam, Rifampicin, Ticarcillin, 
Ticarcillin-Clavulanic acid, Tobramycin, Trimethoprim-Sulfa-
methoxazole.

Exploring AmpC β-Lactamase

Initial Examination for AmpC β-Lactamase Production
Employing the standard disk diffusion process, all P. mi-

rabilis isolates were checked for cefoxitin susceptibility using 
cefoxitin disk 30 μg/ml (CLSI, 2019)11. Initially 14mm inhibition 
zone diameter) were thought to be AmpC lactamase produ-
cers12.

Confirmatory Test for AmpC β-Lactamase Product
To detect plasmid-mediated AmpC B-lactamase, the 

AmpC disk test was used. The test involves permeabilizing a 
bacterial cell with Tris-EDTA and releasing β-lactamases into 
the surrounding medium. AmpC disks (i.e., filter paper disks 
consisting of Tris-EDTA) were made via immerse sterile filter 
paper disks with 20 μl of a 1:1 mixture of normal saline and 
100X Tris-EDTA, allowing the disks to dry, and storing them 
at 2 to 8 ˚C. Using the typical disk diffusion process, a lawn 
of cefoxitin susceptible E. coli ATCC 25922 was spread on the 
surface of a Mueller-Hinton agar plate (CLSI, 2019). AmpC dis-
ks were rehydrated with 20 μl of normal saline immediately 
before use, and several colonies of each research organism 
were added to the disk. On the inoculated surface of the Mue-

1 Department of Medical Laboratory Techniques, Faculty of Medical and Health Techniques, University of Alkafeel, Najaf, Iraq. 
2 Department of Biology, College of Science, University of Misan, Maysan, Iraq.

Corresponding author: sddiq.g@gmail.com



2018

Israa Abdul Ameer Al-Kraety, Sddiq Ghani Al-Muhanna, Shaima R. Banoon
Volumen 6 / Número 3     •     http://www.revistabionatura.com

ller-Hinton agar, a 30 g cefoxitin disk occurred. After that, the 
inoculated AmpC disk was mounted on top of the antibiotic 
disk, with the inoculated disk face touching the agar base. Af-
ter that, the plate was switched over and left to incubate at 
37°C in ambient air overnight. After incubation, the plate was 
inspected, indicating the enzyme inactivation of cefoxitin or 
lack of distortion, indicating no apparent inactivation of cefoxi-
tin (negative result) for indentation or flattening of the inhibi-
tion zone (negative result)13.

Molecular Identification
The blaampC gene for P.mirabilis was detected using a PCR 

assay, as shown in Table (2). As shown in Table (1), this primer 
was developed by Alpha DNA Company in Canada. To estimate 
the size of the PCR products, 1% agarose gel electrophoresis 
was used to validate amplified products. The gel was stained 
with 5 μL of 10 mg/mL ethidium bromide (Promega, USA) and 
run for 1.5 hours at 85 volts. On an ultraviolet light transillumi-
nator (Cleaver, UK), one band was viewed at the required pla-
ce; bands were produced employing a gel registration method 
“Cleaver, UK.” The molecular weights of amplified items were 
calculated using a 100bp ladder “Bioneer, South Korea”14.

Results and discussion
Initial identification of bacterial isolates obtained from cli-

nical samples was based on cultural morphology, microscopic 
characteristics, and biochemical examinations. The colonial 
morphology was employed to define the cultural identity of P. 
mirabilis from those isolates. P. mirabilis colonies are grown on 
blood agar and nutrient agar swarm in waves, while colonies 
grown on MacConkey agar15 do not swarm and form smooth 
colorless colonies, suggesting that P. mirabilis cannot ferment 
lactose sugar. P. mirabilis was Gram-negative bacilli organized 
separately, in couples, or short chains under microscopic exa-
mination. Table (3) displays the results of biochemical tests 
used to perform the initial identification of P. mirabilis insula-
tes. The isolates shared oxidase-negative and catalase-positi-
ve characteristics in common. They were motile, methyl red, 
and gelatin liquefication positive for urease, catalase, citrate, 
urease, and gelatin. The isolates could sour glucose on Kli-
ger iron agar, resulting in (Alkaline) red color on the slant and 
lower (acidic) yellow color with gas and H2S production16; oxi-
dase, indole, and vogues-Proskauer were all negative17,18. 

The automated VITEK-2 compact device was utilized to 
complete the identification, including 47 biochemical tests and 

one negative control well on GN-ID cards. The findings show 
that only thirteen of 150 suspected isolates were emphasized 
as P.mirabilis, with ID message confidence levels varying from 
very good to excellent (Eventually from 93% to 99%).

Antibiogram Testing and Minimum Inhibitory Concentration
The automated VITEK-2 compact device was employed 

to test antibiograms. The analysis findings showed that all P. 
mirabilis isolates tested were resistant to at least three groups 
of antibiotics. As a result, all isolates were deemed multi-drug 
resistant (MDR). The findings showed that (100%) of isolates 
were resistant to penicillins (piperacillin and ticarcillin), while 
(64.7%) were resistant to both. Resistance to β-lactam- β-lac-
tamase inhibitor was found in 100% of piperacillin/tazobac-
tam and (47%) of ticarcillin_clavulanic acid moreover resists 
to ceftazidime, cefepime, and cefoxitin” were identified in 
(100%), (94.1%) and (64.7%), correspondingly, in the sample. 
Aztreonam resistance was 100 percent in all isolates. Low re-
sistance was observed in the carbapenem community, which 
included imipenem and meropenem (the efficient β-lactam 
antibiotics), with the resistance of (5.9%) for each. This finding 
was confirmed by (19), who found that P.mirabilis is (97.2%)
sensitive to this antimicrobial. Some Proteus mirabilis isola-
tes have reduced resistance to imipenem for various reasons, 
including the lack of outer film porins, reduced expression of 
PBP1a, and decreased imipenem combining by PBP220. Becau-
se of the lack of 24 kDa OMP, Proteus mirabilis has developed 
resistance to imipenem. Amikacin (70.5%), isepamicin (64.7%), 
tobramycin (53%), and gentamicin (23.5%) of the aminogly-
coside population all had a significant intermediate effect 
on P.mirabilis insulates. These mechanisms of transmission 
effectively accelerate the spread of MDR bacteria causing 
nosocomial outbreaks worldwide21-23. Amikacin represents an 
aminoglycoside antibiotic that can be used to combat several 
bacterial infections. It works by interacting with the 30s riboso-
mal subunit of bacteria, triggering mRNA misreading and pre-
venting the bacterium from synthesizing important proteins 
for development. This finding agrees with (24), who found that 
(88.2%) of insulates were resistant to pefloxacin and (64.7%) 
of isolates were resistant to ciprofloxacin. (76.5%) of insula-
tes were impedance to trimethoprim-sulfamethoxazole, while 
(94.1%) were impedance to minocycline, (25) observed that 
all insulates were impedance to both colistin and rifampicin. 
Susceptibility testing showed that none of the insulates were 
completely immune or susceptible to any of the antibiotics 
examined.

Table 1. Primers employed in the current investigation.

Table 2. PCR program of ampC gene that applies in the thermocycler.
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Exploring Phenotypic of Plasmid-Mediated AmpC 
β-Lactamase (PMABL)

Producing insulates phenotypic detection cefoxitin impe-
dance was an initial screening marker for AmpC β -lactamase 
producers. The basic Kirby-Bauer disk diffusion approach was 
employed to test P.mirabilis insulates for cefoxitin suscepti-
bility. Cefoxitin zone diameter less than 14 mm yielded Such 
impedance insulates were classified as AmpC β-lactamase 
producers, due to the Clinical and Laboratory Standards Ins-
titute’s (2019) recommendation. According to the phenotypic 
data collected in this study, 10 (76.9%) insulates were resistant 
to cefoxitin, while 2 (15.3%) were intermediate, and 1 (7.6%) 
was susceptible. The development of AmpC β-lactamase was 
screened in all isolates using the AmpC disk test, that AmpC 
producer was found in five (38.4%) of the thirteen isolates with 
5 (62.5%) isolates resistant to cefoxitin, 2 (25%) intermediate 
resistant isolates, and 1 (12.5%) isolate susceptible to cefoxitin 
(Figure 1). The detection of plasmid-mediated AmpC-lactama-
ses was calculated employing the AmpC disk test. The AmpC 
disk examination had 100% responsively and 98% mainly for 
detecting plasmid-mediated AmpC β-lactamases.

On the other hand, the phenotypic data revealed that the 
whole AmpC positive insulates had previously been identified 
as cefoxitin resistant26 However, this test was in cefoxitin sus-
ceptible, and intermediate resistant insulates not able to de-
monstrate the possibility of AmpC development. This may be 
because the AmpC disk test relies on the permeabilization of 
the cell membrane and the release of β-lactamases into the 
system. This examination may not identify low-level expres-
sion enzymes. According to (27) (22%) of AmpC producers, 
insulates were susceptible to cefoxitin. The development of 
amps in these insulates may be according to a mechanism 
close to that of ESBL production organisms susceptible to 
ceftazidime when tested using the disc diffusion approach. Ce-
foxitin impedance in non-producers of AmpC may be following 
several mechanisms, including a lack of porin permeation (27). 
Occasionally, rather than AmpC enzyme activity, cefoxitin im-
pedance results from producing several carbapenemases and 
a few forms of class A β-lactamases28.

Molecular Exposure of Plasmid-Mediated AmpC β-Lactamase 
(PMABL) Producing Insulates

The existence of the blaampC gene was investigated in thir-
teen isolates of P.mirabilis, with the results indicating that only 

5 (38.4%) isolates yielded blaampC gene amplification products 
using specific primers (Table1). The identification of these iso-
lates by PCR is depicted in (Figure 2). Several cellular func-
tions29-32. Some Enterobacteriaceae family members such as 
“Enterobacter, Shigella, Providencia, Citrobacterfreundii, Mor-
ganellamorganii, Serratiamarcescens, and Escherichia coli”33-35 
have AmpC β-lactamase genes on their chromosomes. As a 
consequence of this shift, plasmid-mediated ampC-lactama-
ses have arisen. Plasmid-mediated AmpC-lactamases are a 
novel task since they impart carbapenem tolerance in strains 
missing outer membrane porins, have cephamycin impedance 
and are unaffected by commercially available -lactamase inhi-
bitors. This mechanism of resistance has been discovered all 
over the world and has the potential to cause nosocomial out-
breaks. It seems to be increasing, so more research is required 
to evaluate the best detection and treatment options37.

Table 3. Conventional biochemical tests results of P.mirabilis 
suspected isolates.

Figure 1.  A positive result of a phenotypic confirmatory test 
for AmpC.

Conclusions
According to our knowledge, the present study revealed 

that chromosome ampC gene was detected on a plasmid of 
local Proteus mirabilis isolates. Show the result that Proteus 
mirabilis isolates were highly resistant to most antibiotics, ma-
king them multi-drug resistant (MDR). Meropenem and imipe-
nem were highly active against P.mirabilis isolates. The simul-
taneous presence of ESBLs and AmpC β-lactamase was seen 
in several P.mirabilis isolates. The results indicating that only 5 
(38.4%) isolates yielded blaAmpC gene amplification products.
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Risk factors in bacterial colonization of internal ureteral stent

Ekremah K. Shaker1, Fatima A. Chaloob2 DOI. 10.21931/RB/2021.06.03.22
Abstract: A ureteral stent is most broadly used to manage upper urinary tract disorders such as obstruction and prevent post-
endoscopic complications. However, the stent may become a niche for bacterial colonization. This study aimed to determine 
the rate of bacterial colonization and type of bacteria in internal ureteral stents and the risk factors associated with bacterial 
colonization. This prospective cross-sectional study included 100 consecutive adult patients who had temporary ureteral 
stenting as preparation for a secondary ureterorenoscopy at Al-Yarmook Hospital/ Baghdad. All included patients were negative 
for bacterial culture before stenting.
Stent and urine culture were performed at the time of stent removal. The colonization rate and bacteriuria in patients with 
internal ureteral stent were 19% and 9%, respectively. The most common bacteria in-stent and urine were E. coli accounting for 
31.58% and 33.33%. Pseudomonas aeruginosa was common in stent culture, representing 21.05%.  Positive bacterial culture 
was confirmed in 19 stents and 9 urine samples. All cases with positive urine samples were also positive for culture. Thus, 
the sensitivity and specificity of urine culture for detection of stent colonization were 47.37% and 100%, respectively.  Diabetes 
mellitus, chronic renal failure, and prolonged stenting were significantly associated with increased stent colonization. The 
ureteral stent could be a source of urinary tract infection. The most pathogenic bacteria associated with the ureter stent are E. 
coli and Pseudomonas aeruginosa. Risk factors associated with stent colonization are diabetes mellitus, chronic renal failure, 
and prolonged indwelling time.

Key words: Ureteral stent colonization, urine culture, bacterial profile, urinary tract infection.
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Introduction
Ureteral Double-J (DJ) stents are broadly employed to 

treat obstruction in upper urinary tract and avoid post-endos-
copic complications. Moreover, these stents are also used to 
decrease the possible risk of obstruction resulting in stone 
fragmentation after extracorporeal shock-wave lithotripsy  
(ESWL), especially in patients with relatively large stones1. On 
the other hand, a ureteral stent is generally associated with 
several complications, including dysuria, hematuria, lumbar or 
suprapubic pain2, stent migration, fragmentation, and encrus-
tation. However, the most severe complication possibly invol-
ves the biofilm formation on the stent and infection, which may 
be associated with bacteremia, renal worsening, pyelonephri-
tis, or even mortality because of the development of sepsis3.

The biofilms that form on the ureteral stent can origina-
te from urinary tract microbiota or contamination of the stent 
during insertion of the device4. Moreover, the internal ureteral 
stents offer a perfect medium for bacterial adhesion, coloni-
zation, and biofilm formation5. Regardless of its origin, biofilm 
formation on the stent indicates that even very small numbers 
of bacteria can rapidly benefit from the niche-altering non-self 
material to grow and increase their population. Previous stu-
dies in stented patients have indicated that 70% to 90% of tho-
se patients developed bacterial colonization6.

The present study aimed to determine the rate of bac-
terial colonization and type of bacteria in an internal ureteral 
stent and determine the risk factors associated with bacterial 
colonization of these stents.

Materials and methods

Patients
This is a single prospective center observational study in-

cluding all consecutive adult patients who had ureteral sten-
ting as part of management for a secondary ureterorenoscopy 
(URS) due to urolithiasis during the period from April 2020 to 
May 2021 in the department of Urology/ Al-Yarmook Teaching 
Hospital, Baghdad, Iraq. Patients positive for urine bacterial 
culture, immune suppression, pregnant women, those with 
previous surgery for lower urinary tract, and those who refu-
sed to give consent were excluded from the study. Demogra-
phic data, including age, gender, body mass index (BMI), the 
presence of comorbidities, and stent dwelling time, were ex-
tracted through direct interviews or from patient records. The 
study was approved by the Institutional Review Board (IRB) of 
Al-Dewaniyah Technical Institute, Al-Furat Al-Awsat Technical 
University. Written consent from each participant was obtai-
ned at the time of sample collection after explaining the aim of 
the study. Each patient was given the complete unconditioned 
choice to withdraw anytime. The patients were assured that 
data will be used for research purposes only. Based on inclu-
sion and exclusion criteria, the eligible patients who give the 
consent form were 100 patients.

Bacterial Isolation from Stents and Urine
At the time of stent removal, Midstream urine from all 

patients was collected. The stents were removed under anti-
septic conditions with the aid of a cystoscope and foreign body 
forceps. All stent segments (inner and outer surface and the 
stent tip) were splashed with 1 mL sterile tryptic soy broth 
solution. The resultant liquid was vortexed for 1 minute, then 
diluted (1/100) with phosphate buffer saline. Both urine sam-
ples and diluted stent preparation were immediately transfe-
rred to a Brain heart infusion (BHI) medium. The medium was 
incubated at 37°C overnight. The samples were then subcultu-
red aerobically on MacConkey agar, while chocolate agar me-
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dia was used for incubation under CO2 conditions. The growth 
of microorganisms on the agar was evaluated quantitatively 
(growth of >1000 colony-forming units/mL was considered 
positive)7. Api20E system was used to identify Enterobacteria-
ceae, while Api Staph System was used to identify staphylo-
cocci (bio-Merieux, France). These systems can detect bacteria 
to species level. For other bacteria, routine biochemical tests 
were used for identification. These included the oxidase test, 
catalase test, CAMP test, motility agar, and urease test.

Statistical Analysis
All statistical analyses were performed using SPSS Sta-

tistics Windows, Version 25.0 (Armonk, NY: IBM Corp.). Data 
were expressed as mean and standard deviation (for quanti-
tative variables) and frequency and percentage (for binomial 
variables). Student t-test or Chi-square as required was used 
to compare the association between different factors and the 
stent colonization. The level of significance was set at p < 0.05.

Demographic and Clinical Characteristics of the Patients
The mean age of the patients was 53.01±9.67 years (ran-

ge 26-82 years). About three-quarters of the patients were 

males. The mean BMI was 26.44±3.57 kg/m2. Most patients 
(60%) had no comorbidity, while 25% and 24% of them were 
suffering from DM or hypertension, respectively. The mean 
stent indwelling time was 42.32±9.9 days (range 24-66 days), 
as shown in table 1.

Microbiology
Out of 100 stents, positive culture was confirmed in 19 

stents (19%). On the other hand, only 9 urine samples had a 
positive culture. Interestingly, all positive urine samples were 
positive for stent culture. On the other hand, 10 positive stent 
cultures had negative urine cultures. Thus, urine culture's 
sensitivity and specificity for stent colonization detection are 
47.37% and 100%, respectively (Table 2).

The most common bacterium was E. coli encountered in 
31.58% and 33.33% of stent and urine cultures. P. aeruginosa 
came next accounted for 21.05% of stent colonization but was 
not detected in urine samples. Staphylococcus epidermidis and 
Klebsiella pneumoniae were detected in 10.53% and 11.11% 
of stent and urine culture, respectively (Table 3). None of the 
stent or urine cultures had mixed infection.

Table 1. Patients' characteristics and demographic data (n=100).

Table 2. Relationship of stent colonization with 
urine culture.
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Association of Demographic and Clinical Characteristics 
with Stent Colonization

Two factors were significantly associated with stent co-
lonization: comorbidities and stent indwelling. A 47.37% of 
patients in the bacterial colonization group had DM compared 
with 19.75% among patients without colonization with a sig-
nificant difference. Similarly, chronic renal failure was more 
common among patients than without colonization (15.79% 
vs. 3.7%), with a significant difference. The mean time for ind-
welling stent patients with colonization was 47.68±9.63 days 
compared with 41.06±9.59 days in patients without coloniza-
tion, with a highly significant difference (Table 4).

Discussion
According to the result of the present study, 19% and 9% 

of internal ureteral stents and urine samples were positive for 
bacterial colonization. A speedy result was obtained by Ulkar 
et al.8, in which bacterial colonies were demonstrated in 20%. 
Also, Lojanapiwat9 reported that bacterial colonization and 
growth in-stent culture was detected in 7 of 35 patients (20%). 
A much higher rate was reported in other studies. Kehinde et 
al.10 reported that about 42 % of patients with indwelled stent 
had their stent colonized, while 17% developed bacteriuria. Li-
fschitz et al.11 reported that 45 of their patients had positive 
stent culture, and 15% suffered from bacteriuria. In Bangla-
desh, Rahman et al.6 investigated 100 adult patients who had 

ureteral stent placement for different urinary tract operations. 
Bacterial colonies were found in 45% of the stent, while bacte-
riuria was found only in 21% of patients. On the other extreme, 
as high as 90% of stent colonization was reported in an earlier 
series of 30 patients12.

These discrepancies in the colonization rate may be attri-
buted to several factors, the most important of which are the 
polymer characteristic of the stent, indwelling times, different 
patient populations, and technical issues. The relatively low 
rate of colonization in the present study reflects the high stan-
dard of hygiene followed by the operative team, and maybe 
some prophylactic antibiotics were taken by the patients.

In the present study, the sensitivity and specificity of bac-
teriuria in the detection of stent colonization were 47.37% and 
100%, respectively. In a similar study, Lifshitz et al.11 demons-
trated that the sensitivity and specificity of urine culture were 
31% and 97%, respectively. Thus, in most cases, urine culture 
had low sensitivity and very high specificity because mostly 
urine gives negative results when there is no stent coloniza-
tion, but not all stent colonization results in bacteriuria.

According to the present study, E. coli and. P. aeruginosa 
was the most predominant pathogen in-stent and urine cultu-
re. In this regard, different studies disclosed different bacte-
rial profiles of stent and urine colonization.  In many previous 
studies, E. coli and Enterococci spp were found to be the most 
prevalent13-14. In a Turkish study, the most frequently isolated 
bacteria were Staphylococcus epidermidis, Escherichia coli, 

Table 3. Bacterial iso-
lates from stent and 
urine samples.

Table 4. Bacterial 
isolates from stent 
and urine samples.
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and Enterococcus faecalis8. In Rahman's et al.'s study, E. coli 
was the common organism isolated from both stent and uri-
ne6. Lojanapiwat et al.9 found that Staphylococcus epidermidis 
is the predominant bacteria responsible for stent colonization. 
Two other recent studies described gram-positive pathogens, 
particularly Staphylococcus, as predominant bacterium15-16. 
Farsi et al.13 reported that P. aeroginosa was most commonly 
isolated from both stents and urine. Paick et al.17 isolated  En-
terococcus species from 6 stents out of 25, followed by E. coli 
(5 of 25). They indicated that Gram-positive and gram-negative 
bacteria were similarly distributed in-stent cultures; neverthe-
less, only gram-negative bacteria were established in urine 
cultures. Another study demonstrated that Acinetobacter sp. 
and R. pickettii were the most common pathogens, followed 
by Staphylococci and Pseudomonas species in-stent culture7.

Therefore, it seems that each study has its peculiar con-
ditions regarding antibiotic use, isolation, stent material, and 
study population that result in specific bacterial profiles.

There was almost complete agreement between stent 
and urine in the types of bacterial isolates. These data suggest 
that colonization in the stent is a crucial step of UTI and prece-
des colonization in the urine.

In the present study, DM and chronic renal failure, as co-
morbidities, were significantly associated with an increased 
stent colonization rate. Furthermore, the meantime for indwe-
lling stent patients with colonization was significantly longer 
than in patients without colonization. Following these results 
is the outcome of many previous studies worldwide. Akay et 
al.14 investigated risk factors for UTI and stent colonization in 
190 patients with ureteral stents. The independent risk factors 
for the development of UTI were DM, chronic renal failure, and 
pregnancy. Altuna et al.18 demonstrated that UTI was more 
common in patients with ureteral stents with DM and chronic 
renal failure.

Diabetes is known to hurt the immune system. Besides, 
the presence of sugar in the urinary tract enhances bacterial 
growth. On the other hand, chronic renal failure is associated 
with urinary stagnation, alkalization of urine, and absence of 
flushing action19. All these factors increase the likelihood of 
bacterial colonization.

The association of prolonged stent dwelling with stent 
colonization is beyond dispute. Most studies in this regard 
demonstrated that stent dwelling periods were significantly 
correlated with stent colonization rates10. The longer the ind-
welling period, the higher rate of stents colonized. Rahman et 
al.6 disclosed that the colonization rate was 71.4% in stents 
that exist for 6 weeks compared to 33.3% in those that exist for 
4-6 weeks and 23.5% for stents removed before 4 weeks. In a
prospective study, Farsi et al.13 investigated stent colonization
in 266 patients for 2 weeks to 27 months. A linear correlation
was disclosed between the indwelling time and stent coloniza-
tion rate. Coskun et al.20 emphasized that prompt removal of
the stent can significantly decrease the rate of UTI. Shabenaa
et al.21 did not find bacterial colonization in the first two weeks
of stent employment.

As dwelling time increases, there will be more chance for 
different bacterial strains to adhere and colonize the stent re-
gardless of the stent material. Eventually, a biofilm is formed, 
and most bacteria find their way to the urine.

The study has some limitations. Firstly, it was a sin-
gle-center study with a limited number of patients, and the 
result cannot be generalized. Therefore, multicenter studies 
with a larger sample size are required for more solid conclu-
sions. Secondly, the study did not link stent colonization with 
clinical symptoms and patients' quality of life. That is because 

the study was intended to be a microbiological rather than a 
clinical study. However, this study provides a clear insight into 
the risk of bacterial colonization of internal ureteral stent.

Conclusions
The study findings indicate the importance of internal ure-

teral stent as a source for UTI. The most pathogenic bacteria 
associated with the ureter stent are E. coli and Pseudomonas 
aeruginosa. Risk factors associated with stent colonization are 
DM, chronic renal failure, and indwelling time. Thus, the use 
of ureter stents should be reduced to a short dwelling time. 
Otherwise, every measure should be taken to reduce the sent 
colonization, especially in diabetics and patients with chronic 
renal failure, such as regular urine analysis and prophylactic 
broad-spectrum antibiotics.
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Abstract: Results of enzyme-linked immunoassay (ELISA), which was conducted on 58 samples of dried fruits and nuts 
available in the local market in Mosul city that there were samples that are contaminated with aflatoxins with rates higher 
than the tolerated level permitted by the European Union (4 parts per billion) in the human-consumed foodstuff products as 
the percentages were 40%, 40, 70% and 10% for almond, cashew, pistachio, and walnut respectively, which are beyond the 
permitted level. At the same time, the percentages were 66% and 10% for dried apricot and figs, respectively, and more than the 
permitted level. The average quantity of aflatoxins in the nuts samples was (1.6, 3.8. 4.1 and 6.1 ppb) for walnut, cashew, almond, 
and pistachio, respectively, while in the dried fruits (3.3, 1.4, and 6.9 ppb) for raisin, figs, and apricot respectively.

Key words: Aflatoxin pollution, (ELISA), Mycotoxins.
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Introduction
Aflatoxins are secondary metabolites with relatively low 

molecular weights produced by genus Aspergillus that affect 
the human-consumed foodstuff and animal fodders1. The Uni-
ted Nations Foods and Agriculture Organization (FAO) estima-
ted that about 25% of foodstuff and fodders worldwide are 
polluted with aflatoxins2.

The foodstuff that is more subject to aflatoxins is cereals, 
spices, rice, corn, nuts, and dried fruits3. The term was used 
for the first time in 1952 when animal diseases were studied4.

In general, toxins affect the foods in various stages: trans-
port, storage, or affecting the various crops in the growth stage 
before the harvest. The effect of these poisons is associated 
with the quantities consumed, as having them for long periods 
with small quantities in foods and fodder causes chronic disea-
ses to humans and animals, while having large quantities for 
short periods leads to acute cases and might result in death in 
most of the cases5.

The most critical main aflatoxins types are (G2, G1, B2, 
and B1). Aspergillus flavus produces type B only, whereas the 
other two (Aspergillus parasiticus and Aspergillus nomius) pro-
duce G and B. The two letters "B" and "G" refer to the two 
colors, blue and green, produced when subjected to the ultra-
violet rays on the TLC plates, while the numbers 1 and 2 refer 
to the main ad the secondary compounds, respectively7.

Aflatoxin B1 is considered the most poisonous, and it was 
identified as the most carcinogenic chemical that occurs natu-
rally in the liver.

The International Agency classified AFB1 for Cancer Re-
searches as a first-class carcinogen, and several epidemics 
studied demonstrated a relationship between aflatoxins and 
stomach, intestine, and liver tumors in Africa, the Philippines, 
and China9. Therefore, regulations were adopted by many 
countries to control the concentrations of Aflatoxin in foods as 
the concentration of Aflatoxins was restricted to the highest 
concentration in nuts and dried fruits to be (4 μg/kg)10.

The primary purpose of this work is to test the level of AFs 
in samples of dried fruits and nuts which are available in the 
local markets in Mosul city, Iraq, that are consumed in huge 
quantities and on a wide range.

Materials and methods 

Sampling
Samples were collected in January 2021and they were 58 

samples (n=58). These samples included dried fruits and nuts 
Included: (6 samples of dried grapes, 6 samples of dried apri-
cot, 6 samples of dried figs, 10 samples of walnut, 10 samples 
of almonds, 10 samples of cashews, and 10 samples of Alle-
po pistachios), which were all bought from the local market in 
Mosul city. Each sample was ground to a volume of 250 grams, 
put in plastic bags, taken to the laboratory, and analyzed im-
mediately in search of AFs11.

Chemical and reagents
The number of Aflatoxins in the samples was measured 

according to Ela science American company using Enzyme 
(ELISA).

1 Department of Environmental Sciences, College of Environmental Sciences and Technology, Mosul University, Iraq.
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Figure 1.  Chemical structure of aflatoxin B (AFB1 and AFB2), 
aflatoxin G  (AFG1 and AFG2)8.

Aflatoxins stand for a set of metabolites, which are seve-
rely poisonous and produced by certain types of Aspergillus 
species, including Aspergillus flavus, Aspergillus parasitic us, 
and Aspergillus nomius during their growth on foods and fod-
ders6.
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Reagents: Methanol, N-hexane, were obtained from Merck 
(Darmstadt, Germany), Methanol (V): Deionized water (V) =7: 3

The extraction procedure
Sample uniformity using an electrical blender.  A quantity 

of  2 grams of the homogeneous sample was weighted, put 
in the 50 ml-capacity centrifuge tube. Then 8 ml of N-hexane 
and 10 ml of methanol 70% and they are shacked well for 5 
minutes and then they are put in the centrifuge at 4000 round 
per minute for 10 minutes at the room temperature. The upper 
liquid is removed, and 0.5 ml of the lower liquid is taken to 
another centrifuge tube. After that, 0.5 ml of deionized water 
is added and thoroughly mixed. A quantity of 50 μl is taken for 
analysis and detection. The test is conducted.  All the reagents 
and samples are prepared at room temperature before using 
them.

Sample's numbering: The samples are numbered in order, 
and records of standard well and wells samples are kept.  

Sample's addition: a volume of 50 microliters is added to 
each well, and then 50 μl of conjugated HRP is added to each 
well, and then 50 μl of antibody action solution is added. After 
that, the plate is sealed with a plate stopper; it is shacked for 5 
seconds to get a good mixture and put in the incubator for 30 
minutes at 25 Cº.

Wash, examine carefully, and remove the liquid. Immedia-
tely add 300 μl of wash buffer to each well, and the process is 
repeated 5 times with intervals of 30 seconds. The plate is re-
versed and fixed on a thick, clean, and absorbent paper (if there 
were bubbles in the wells, clean tips are used to pierce them).

Color development: 50 μl of substrate reagent A is added 
to each well, and then 50 μl of the substrate reagent B is ad-
ded and shake gently until a good mixture is obtained and after 
that, it is incubated for 15 minutes in the slight shade (the time 
of the reaction can be extended according to the fundamental 
change in the color). Suspension of the reaction: 50 μl of the 
suspension solution is added to each well and shaken gently 
for good mixing.

OD measurement: Determining the optical density (OD 
value) for each well at 450 nanometers (the standard wave-
length is 630 nanometers) using the microplate reader. This 
step should be completed within 10 minutes after the suspen-
sion of the reaction12.

Results
The Aflatoxins quantitative measurement of dried fruit 

and nuts samples in the local markets in Mosul city showed 
that they are highly polluted with these poisons, and several 
samples were polluted at a rate higher than the accepted limit 
stipulated by the European Union.

Dried fruits
Results of the test, as shown by table (1), that apricot con-

tains the least quantity of Aflatoxin (1.948 per billion) and the 
highest was (12.295 per billion) due to the long period of sto-
rage of the samples and this is because the low demand on it 
during January and this conforms with what was found by (13). 
in their study of 20 samples of dried apricot, as they found that 
4 sample was highly polluted. 

The Results Shown that figs dried is polluted with the 
Aflatoxin with the highest value (13.694 per billion) and the 
lowest value (0.296 per billion), and the average quantity of 
Aflatoxin (3.354 per billion) as shown in figure 2. 

As for raisin, the analysis results showed that the samples 
included concentrations of Aflatoxin at the accepted range as 
the highest pollution with Aflatoxin was (3.096 per billion), 
while the lowest was (0.000 per billion). The average quantity 
of Aflatoxin was (1.456 per billion).

Nuts
The analysis showed that several samples of nuts excee-

ded the acceptable limit, as shown in Table 2. These results 
demonstrated that the pollution was (40%) in the almonds 
samples and the pollution levels between (1.838 to 8.726 per 
billion) and the average quantities of Aflatoxin was (4.017 per 
billion), as displayed in figure 3.

Results of the walnuts test also revealed that one of the 
samples exceeded the tolerated limit of the European Union (4 
per billion) for the total AF in the foodstuff and its concentra-
tion was (11.529 per billion) due to the lousy storage, high hu-
midity, and the long period of storage and the average quantity 
in the samples was (1.687 per billion).

AFL concentrations in cashew samples ranged between 
(2.701 per billion), and this value lies within the tolerated limit. 
The average quantities in the sample were (3.857 per billion).

For the AFL concentrations in measured pistachio sam-
ples, the highest values were (9.761 per billion) and the most 
negligible value was (1.814 per billion), and the average quan-
tity of Aflatoxin was (6.195 per billion) as shown in table 2 and 
figure 3.

Discussion
Through the qualitative and quantitative detection of Afla-

toxins in the samples of the nuts and the dried fruits used in 
the study that used the ELISA technique, results showed that 
some samples were polluted with Aflatoxins11,12 found that the 
pollution of nuts with Aflatoxin with a percentage of 43% with 
concentrations that range between 0.58-15.2 μl per billion. The 
reason behind that was inadequate storage, extended storage, 
and humidity, which led to increased Aflatoxins in the samples.

Table 1. Results of the occurrence of AFs in the analyzed dried fruit samples.



2029

Table 2. Results of the occurrence of AFs in the analyzed nuts samples.

Figure 2.  Average concentrations of AFLA in dried fruit samples.

Figure 3.  Average AFLA Concentrations in Nuts Samples.

The current research recommends that several actions 
should be taken to limit the occurrence of mycotoxins in foods. 
First of all, storing the foods in good conditions and also con-
ducting coordinated studies with the Colleges of Medicine and 
other relevant specializations to diagnose the fungi and the 
diseases they cause in an attempt to limit them and also sym-
posiums should be held to raise the awareness of the society 
about the risks of these poisons and the ways to avoid them.

Conclusions
It is concluded that Aflatoxins highly pollute the samples 

of nuts and dried fruits in question, and this implies a high risk 
of cancers incidence, especially liver cancer.
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Resumen: El cáncer de mama es un problema de salud pública, que ha venido incrementándose, ubicándose como el cáncer de 
mayor incidencia en las mujeres, su repercusión en la población en general ocupaba el segundo lugar a nivel mundial, siendo la 
neoplasia maligna más frecuente en la población femenina y en relación a los decesos por cáncer y afecta con más frecuencia 
a los países del primer mundo y en vías de desarrollo. Estudio observacional, descriptivo y retrospectivo realizado a pacientes 
diagnosticados con cáncer de mama en el Hospital Oncológico de Manabí, Ecuador.  La supervivencia global y libre de enfermedad 
a seis años se estableció a partir del tiempo trascurrido desde el diagnóstico hasta la ocurrencia de un evento o fecha del último 
contacto, con límite a diciembre de 2015. De los 403 pacientes, los límites de edad fueron 15 y 90 años, con media de 56.08 años. 
Se considero el tamaño del tumor, donde (T1) representa el 26.55%, (T2) representaron 45.66%, la supervivencia global fue de 
80% a 6 años. Los pacientes en etapas avanzadas tuvieron menores probabilidades de supervivir con un porcentaje del 43%. Con 
el modelo de regresión de Cox, fue posible demostrar asociación estadísticamente significativa entre el tamaño del tumor y la 
supervivencia. El estudio demuestra que los pacientes en etapas avanzadas tienen menores probabilidades de supervivir, por lo 
que es imperativo que se continúen esfuerzos en promoción de la salud hasta conseguir que la detección sea en etapas curables.

Palabras clave: Modelo de Riesgos Proporcionales de Cox, supervivencia, cáncer de mama, Ecuador.

Abstract: Breast cancer is a public health problem, which has been increasing, ranking as cancer with the highest incidence in women, 
its impact on the general population ranked second worldwide, being the most frequent malignant neoplasm in the female population 
and concerning deaths from cancer and affects more frequently the first world and developing countries. Observational, descriptive, 
and retrospective study carried out in patients diagnosed with breast cancer at the Oncological Hospital of Manabí, Ecuador. The six-
year global and disease-free survival was established from the time elapsed from the diagnosis to the occurrence of an event or the 
date of the last contact, with a limit to December 2015. Of the 403 patients, the age limits were 15 and 90 years, with a mean of 56.08 
years. The tumor size was considered, where (T1) represents 26.55%, (T2) represented 45.66%, the overall survival was 80% at 6 
years. Patients in advanced stages were less likely to survive with a percentage of 43%. With the Cox regression model, it was possible 
to demonstrate a statistically significant association between tumor size and survival. The study shows that patients in advanced 
stages are less likely to survive, so efforts in health promotion must continue until detection is in curable stages.

Key words: Cox Proportional Hazards Model, survival, breast cancer, Ecuador.

RESEARCH / INVESTIGACIÓN

Introducción
Según cifras de Globocan, el cáncer de mama es un pro-

blema de salud pública, que desde el año 2012 ha venido incre-
mentándose, ubicándose como el cáncer de mayor incidencia 
en las mujeres1; para el año 2018 su repercusión en la pobla-
ción en general ocupaba el segundo lugar a nivel mundial, al-
canzando el 11.6%; siendo la neoplasia maligna más frecuente 
en la población femenina y en relación a los decesos por cán-
cer, ocupa el cuarto lugar con un 6.6%.  El cáncer de mama 
afecta con más frecuencia a los países del primer mundo y en 
vías de desarrollo, la edad con más recurrencia a la mortalidad 
es en mujeres de 60 a 74 años2.

Para la Organización mundial de la salud, el desafío de la 
problemática de esta enfermedad es detectarla a tiempo. En 
Ecuador, según registros del Ministerio de Salud Pública, hasta 
junio de 2018 se realizaron 1.287 nuevas atenciones con diag-
nóstico de cáncer de mama, de las cuales 1.254, corresponden 
a mujeres representando el 97,6% de los casos presentados 
por esta patología, de acuerdo a datos obtenidos del Registro 

Diario Automatizado de Consultas y Atenciones Ambulatorias 
(RDACAA 2018) Y Plataforma de Registro de Atención en Sa-
lud (PRAS 2018)3.

Seguidamente el Instituto de Estadísticas y Censos (INEC), 
en el año 2015, Manabí era la provincia que ocupaba el cuarto 
puesto a nivel nacional en decesos provocados por el cáncer 
de mama y el tercer puesto a nivel nacional en tasa de mortali-
dad por la misma enfermedad4.  En Manabí el cáncer de mama 
ocupa el primer lugar entre los diferentes tipos de cáncer que 
existen; siendo esta una de las principales provincias de nues-
tro país, donde se encuentran estadísticas que puntúan al cán-
cer de mama como la principal causa de mortalidad femenina. 
En total, 235 casos en el 2018, que representan el 14,28%, se-
gún estadística emitida por Solca (Sociedad de Lucha contra 
el Cáncer)5.

Con base en lo anterior se han desarrollado Modelos de 
Riesgos Proporcionales de Cox, para predecir la supervivencia 
de cáncer de mama, que han conllevado a estimar la super-

1 Maestría en Estadística, Instituto de Posgrado, Universidad técnica de Manabí, Portoviejo, Ecuador. 
2 Docencia e investigación, Solca Manabí, Ecuador.
3 Departamento de Matemáticas y Estadística. Instituto de Ciencias Básicas. Universidad Técnica de Manabí, Portoviejo, Ecuador y Departamento de Estadística. 
Universidad de Salamanca, Salamanca, España. 
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vivencia personalizada a largo plazo en función de las carac-
terísticas demográficas del paciente, los factores tumorales 
y tratamiento entregado6; este modelo permite identificar los 
factores clínicamente significativos asociados con el cáncer de 
mama y esto puede ayudar a predecir el riesgo de enfermedad, 
por lo tanto sirve para obtener una evaluación adecuada de los 
factores clínicos relevantes para el pronóstico del cáncer, lo 
que contribuye particularmente en la selección de eficientes 
estrategias terapéuticas7.

Es por ello que el presente estudio tiene como objetivo 
realizar un análisis de supervivencia en pacientes con cáncer 
de mama de la Provincia de Manabí, mediante el Modelo de 
Riesgos proporcionales de Cox que permita determinar la su-
pervivencia a los 6 años de los pacientes diagnosticados con 
la enfermedad y su relación con las variables como edad, gé-
nero y estadio del tumor, sobrevida y meses de tratamiento, 
que proporcionen información útil a la toma de decisiones del 
médico con el paciente.

Métodos
El presente trabajo es un estudio Transversal, Retros-

pectivo, Descriptivo, Analítico y observacional; comprendido 
durante el periodo 2010 hasta 2015 en el Hospital Oncológi-
co “Dr. Julio Villacreses Colmont”; de la Sociedad de Lucha 
contra el cáncer SOLCA Manabí, Ecuador.  Los pacientes con 
cáncer de mama en este periodo ascendieron a 403, que fue-
ron objetos del análisis de supervivencia.  El estudio se realizó 
utilizando una matriz de información sobre los pacientes con 
cáncer de mama, obtenida del departamento de estadística, 
de SOLCA, Manabí, donde se elaboró una tabla de análisis 
descriptivo para un examen lo más completo posible sobre 
el cáncer de mama, sin buscar ni causas ni consecuencias de 
éste.  Se midió las características de manera porcentual y se 
observó la configuración y los procesos que componen esta 
enfermedad, sin detenerse a valorarlos.

Se realizó un análisis de la matriz de información, sobre 
las variables o características de los pacientes con cáncer de 
mama, consiguiendo priorizarlas en los pacientes que reunie-
ron las características como: género, edad, estadio del tumor 
en relación al tamaño del mismo, la sobrevida y meses de tra-
tamiento constituyendo esta última en la variable respuesta, 
en sentido de dar una mejor utilidad para el análisis de su-
pervivencia; en ellas se analizó la relación con características 
clínicas o covariables que intervienen en el tiempo hasta la 
ocurrencia del evento o no, es decir el tiempo de censura. Este 
análisis de supervivencia general se efectuó mediante el pro-
grama RStudio versión 3.2.2.8.

Seguidamente se efectuó un análisis de supervivencia 
mediante el Modelo de Riesgos Proporcionales de Cox, donde 
se desarrolló el concepto de probabilidad marginal, una fun-
ción de probabilidad que se caracteriza por los coeficientes de 
β, que miden los efectos de las covariables en la función de 
tasa de falla9.

El modelo de Riesgos Proporcionales de Cox, constitu-
ye un modelo multivariado que puede ponderar el efecto de 
una serie de covariables, variables explicativas, predictores, 

factores de riesgo, variables de confusión10, como también de 
variables cualitativas o cuantitativas sobre un desenlace dico-
tómico en función del tiempo y que puede definir al individuo 
en estudio mediante la ecuación11: 

La finalidad del Modelo de Riesgos Proporcionales de Cox 
es facilitar un método de análisis de supervivencia sin nece-
sidad de especificar o estimar una función de riesgo basal, 
mediante el desarrollo del concepto de probabilidad marginal, 
una función de probabilidad que solo depende de los coeficien-
tes del modelo; al usar este modelo, el resultado se expresa 
por medio de una estadística llamada hazard ratio (HR), que 
es una división de riesgo (h) entre grupos y se define como la 
probabilidad de tener el desenlace en un periodo de tiempo 
determinado, donde hay la posibilidad de que uno de los gru-
pos llegue antes al evento de interés al compararlo con otro 
grupo11. 

El Modelo de Riesgos Proporcionales de Cox se basa en 
considerar la prueba de significación que será la variable de 
agrupación o de tratamiento, la misma cuyo efecto se probará 
con la prueba de Wald, que proporciona un valor de p; ade-
más se considera la obtención del estimador del efecto, que 
es el Hazard ratio, y la obtención del intervalo de confianza de 
95% para el Hazard ratio, que permite evaluar la significan-
cia estadística de la relación de las variables del estudio y sus 
efectos en el desenlace del  evento de interés; en este sentido 
el primer supuesto que debe cumplirse será sobre los datos 
censurados que no están relacionados con la probabilidad que 
ocurra el evento, es decir, que los individuos que no llegan al 
evento, no abandonaron el estudio por razones relacionadas a 
la variable de agrupación, este supuesto se corrobora investi-
gando las posibles razones por las que abandonaron el estudio, 
y el segundo supuesto seria  que las curvas de supervivencia 
para cada uno de los estratos deben tener funciones de ries-
gos que sean proporcionales en el tiempo entre las etapas del 
problema estudiado, aplicándose a las variables cuantitativas 
y ordinales, en donde se logre evidenciar los riesgos con in-
crementos constantes de un valor a otro y que siga la misma 
dirección11. Este análisis de supervivencia se efectuó mediante 
el programa SPSS versión 2512.

Esta investigación no buscó lograr un estudio profundo so-
bre el Cáncer de mama en el aspecto de la medicina científica; 
lo que se pretendió fue lograr un análisis de supervivencia a la 
enfermedad de acuerdo con las variables intervinientes en el 
estudio en función a la tasa de muerte.

Resultados
De los 403 pacientes analizados, se observó que el 

98.76%, son mujeres y el 1.24% son hombres, los límites 
de edad fueron 15 y 90 años, con media de 56.08 años.  El 
45.66%, presentan un tamaño del tumor T2 y el 16.63%, en T4.  
El 30.27%, tienen menos de un año padeciendo la enfermedad 
y el 4.96% más de cinco años.  El 87.10%, estaban vivos y el 
12.90% fallecieron (Tabla 1).
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Se procedió a realizar el análisis de supervivencia gene-
ral, considerando el tiempo de censura y el tiempo de fallas, 
ubicándose a la variable meses de tratamiento como la varia-
ble respuesta del presente estudio, la misma que se mide en 
meses considerando la fecha del primer diagnóstico hasta la 
fecha del fin del estudio o la ocurrencia del evento de interés 
que sería la muerte del paciente con cáncer de mama.  El ma-
yor tiempo de supervivencia de los 52 pacientes que llegaron 
al evento, es de 40 meses para 15 pacientes (Figura 1).

En el estudio del tiempo de supervivencia en los pacientes 
con cáncer de mama se evidenciaron observaciones incom-
pletas o parciales, es decir censuras múltiples de tipo I a la 
derecha (tiempo censurado); en donde el inicio del tiempo de 
supervivencia se realizó en diferentes fechas y a la fecha fin 
de estudio no se observó el evento de interés (muerte) en 351 
pacientes; los mismos que no abandonaron el estudio por ra-
zones relacionadas con el tratamiento o la variable de agrupa-
ción, ya que algunos pacientes fallecieron después de la fecha 
fin de estudio.  Entre 0 a 20 meses existe la mayor cantidad de 
pacientes que no llegaron al evento de interés (muerte) (Figura 
2).

La Tabla 2, indica los valores de beta (B) que se encuentran 
asociados al hazard ratio y resultan positivos para los estadios 
del tumor (T3 y T4), estos estadios según los resultados re-

presentan los principales factores de riesgo de la enfermedad, 
esto significa, que los pacientes con estadio del tumor (T3), 
con un 95% de confianza (IC95%:2.841-56.051) tienen 12.6 ve-
ces el riesgo de haber fallecido en el mes 72 de seguimiento, 
en relación con el estadio del tumor T1, y los pacientes con es-
tadio del tumor T4 (IC95%:2.902-52.900), tienen 12.4 veces el 
riesgo de haber fallecido en el mes 72 de seguimiento en rela-
ción con el estadio del tumor T1. Seguidamente el estadístico 
chi cuadrado modificado de Wald es significativo con valores 
p> 0.001, para los tamaños del tumor T3 y T4 respectivamen-
te, el resto de covariables como edad y género  resultan con
un valor  no significativo en cuanto al riesgo de la enfermedad,
por lo tanto no contribuyen con la ocurrencia del evento de
interés; lo que significa que los pacientes que llegan con un
tamaño del tumor en categoría T3 y T4 tienen menor tiempo
de supervivencia al cáncer de mama sin incidir el género y la
edad del paciente.

La curva de supervivencia global (Figura 3), en la que se 
representa gráficamente cómo van llegando al desenlace los 
403 casos analizados conforme pasa el tiempo.  La probabili-
dad de supervivencia global a 6 años fue de 80%, esto significa 
que para el mes 72 de seguimiento, el 80% de los pacientes 
continúa con vida. El tiempo medio de supervivencia está cerca 
a los 54 meses.

Las curvas de supervivencia ajustadas por edad y género 
para cada uno de los estadios de la enfermedad reflejan cómo 
va incrementando la mortalidad en los pacientes en los tama-
ños del tumor (T1, T2, T3 y T4) de la enfermedad.  Es claro 
que los pacientes en tamaño (T3 y T4) viven menos que los 
pacientes en estadios menos avanzados.  Para el mes 72 cer-
ca del 57% de los pacientes en estadio 3 y 4 habrán fallecido 
mientras que más del 90% de los pacientes con estadio I con-
tinúan con vida (Figura 4).

La figura 5, muestra la curva para los estadios del tumor 
T1, T2, T3 Y T4, donde puede verse que los estadios T3 y T4 
se incrementan con mayor proporción en los intervalos del 
tiempo de manera que a mayor tamaño del estadio del tumor, 
mayor es el riesgo de supervivencia al cáncer de mama.

Discusión
En relación a los hallazgos encontrados, el Modelo de 

Riesgos Proporcionales de Cox ha  sido de gran importancia 
para el presente estudio, ya que genera una descripción pre-
cisa y clara sobre la incidencia de las variables en el análisis 
de supervivencia del cáncer mama, considerando la variable 
respuesta al tiempo transcurrido desde la fecha del primer 
diagnóstico del paciente, hasta la fecha fin de estudio u ocu-
rrencia del evento del interés (muerte), frente a covariables 
como sobrevida, estadio del tumor, edad y género; estos resul-
tados guardan relación con lo que señala (11) que el modelo 
multivariante de Riesgos Proporcionales de Cox, es muy útil en 
el campo de la salud, cuando se trata de enfermedades graves 
como el cáncer, ya que el exponente de Beta o hazard ratio 
proporciona la significancia de la covariable más representa-
tiva en el análisis de supervivencia y así se obtiene un análisis 
que ayuda a la toma de decisiones sobre el tratamiento de la 
enfermedad entre el médico tratante con el paciente que la 
padece.

Así mismo los resultados del presente estudio guardan 
relación con lo que manifiesta (7), que el modelo de Riesgos 
Proporcionales de Cox genera una evaluación adecuada de los 
factores clínicos relevantes para el pronóstico del cáncer, lo 
que contribuye particularmente en la selección de eficientes 

Tabla 1. Descripción de las Variables.

Modelo de regresión de Cox para análisis de supervivencia en pacientes con cáncer de mama en la provincia de Manabí, Ecuador
Cox regression model for survival analysis in patients with breast cancer in the province of Manabí, Ecuador



2034

estrategias terapéuticas; pero este no concuerda con (2) ya 
que los pacientes con menor edad presentaran una mejor su-
pervivencia global al cáncer de mama.

Por lo tanto en lo que se refiere a la variable edad no se 
pudo demostrar relación con la supervivencia, lo que tampo-
co coincide con estudios realizados (13), a 1113 pacientes con 
cáncer de mama en un periodo de estudio de cinco y diez años 
donde el aumento de la edad en el momento del diagnósti-
co se asoció con un mayor riesgo de muerte en los pacientes, 
así mismo en la investigación hecha por (14), a 767 pacien-
tes con cáncer de mama, en donde se analizó la edad con la 

supervivencia, este encontró que los pacientes más jóvenes y 
mayores parecen tener una supervivencia más corta al cáncer 
de mama, sin embargo en este estudio no hay significancia en 
esta covariable edad, y por consiguiente el riesgo de que ocurra 
el evento no discrimina la edad del paciente.

La supervivencia global encontrada en el presente trabajo, 
en 6 años fue del 80%, semejante a la reportada en el estudio 
de (15),  que se efectuó a 119 pacientes con cáncer de mama 
atendidas durante el 2010 al 2015 en el Hospital Militar de 
Especialidades de la Mujer y Neonatología en la Ciudad de Mé-
xico, donde la supervivencia global se situó en 81%. En lo que 

Figura 1. Tiempo de supervivencia.

Figura 2. Tiempo censurado.
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no concuerda con la investigación citada, es que en esta no se 
pudo demostrar que la supervivencia se relaciona con otras va-
riables como estadio del tumor (tamaño), ya que precisamente 
es la variable significativa relacionada con la supervivencia en 
los pacientes con cáncer de la presente investigación, donde 
tamaño del tumor T1 y T2, demostraron que a menor tamaño 
del tumor, mayor supervivencia a la enfermedad.

Conclusiones
En Ecuador los reportes de supervivencia son pocos, por 

ello se realiza esta investigación la cual significa un gran logro 
y esfuerzo entre instituciones, teniendo en cuenta los reportes 
de supervivencia a 6 años.   Se demostró en este estudio, que 

los pacientes diagnosticados en etapas avanzadas son aque-
llos que su probabilidad de sobrevida es mucho menor, con 
base en lo anterior cabe resaltar que es de gran importancia 
seguir investigando en pro de la salud, esto con el fin de detec-
tar a tiempo y en etapas curables a los pacientes.
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Tabla 2. Factores predictores 
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Figura 4. Curva de supervivencia por estadio de la enfermedad.

Figura 5. Evaluación de la función de riesgos proporcionales.
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Infección metastásica por Staphylococcus aureus en neonatos: a propósito 
de un caso
Metastatic infection by Staphylococcus aureus in neonates: about a case

Laura Taylor1, Carlos S. Mamani-García2, Alexandra Gutiérrez-Pingo3, Jerry K. Benites-Meza4, Diego Chambergo-Michilot5, Norma del Carmen 
Gálvez-Díaz6, Joshuan J. Barboza7
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Resumen: La infección metastásica como complicación infrecuente de bacteriemia por Staphylococcus aureus en neonatos 
es de difícil manejo por la limitada bibliografía. Comunicar el caso clínico de un neonato prematuro que desarrolló infección 
metastásica como complicación de bacteriemia por S. aureus. Presentamos el caso de un neonato prematuro que ingresó a 
Unidad de cuidados intensivos neonatal, diagnosticado de sepsis bacteriana, síndrome de dificultad respiratoria neonatal y 
afectación por ruptura prematura de membrana. Le insertaron catéter epicutáneo y fue tratado para bacteriemia por E. coli 
con éxito. Reingresó por sepsis tardía debido a infección de S. aureus multisensible en catéter epicutáneo. Aparece un absceso 
en la cara anterior del tórax por S. aureus, confirmando infección metastásica. Se realizó el drenaje del absceso con resolución 
favorable del cuadro clínico. En neonatos sometidos a procedimientos invasivos es importante vigilar la evolución clínica e 
identificación temprana de infección metastásica post-bacteriemia por Staphylococcus aureus y brindar tratamiento temprano 
para evitar secuelas.

Palabras clave: Bacteriemia, infección metastásica, infección relacionada a catéter, recién nacido, Staphylococcus aureus.

Abstract: Metastatic infection as an infrequent complication of Staphylococcus aureus bacteremia in neonates is challenging due 
to the limited literature. To report the clinical case of a premature neonate who developed a metastatic infection as a complication 
of S. aureus bacteremia. We present the case of a premature neonate admitted to the Neonatal Intensive Care Unit, diagnosed with 
bacterial sepsis, neonatal respiratory distress syndrome, and involvement by premature rupture of the membrane. A patch catheter 
was inserted, and he was successfully treated for E. coli bacteremia. He was re-admitted for late sepsis due to infection with multi-
sensitive S. aureus in a patch catheter. An abscess appears on the front of the chest due to S. aureus, confirming metastatic infection. 
The abscess was drained with a favorable resolution of the clinical picture. In neonates submitted to invasive procedures, it is essential 
to monitor the clinical evolution and early identification of metastatic infection after Staphylococcus aureus bacteremia and provide 
early treatment to avoid sequelae.

Key words: Bacteremia, catheter-related infections, metastatic infection, newborn, Staphylococcus aureus.

CASE REPORTS / REPORTE DE CASO

Introducción
La bacteriemia es la presencia de bacterias en la sangre1. 

Al ser una infección grave, puede conducir a una morbilidad y 
mortalidad significativa si no se maneja adecuadamente2. La 
incidencia es variable por países y grupos de edad. En pobla-
ción pediátrica; el diagnóstico clínico puede ser un desafío de-
bido a la presentación variable dependiendo de la edad, el sitio 
de infección y el organismo causal3; e incluso la bacteriemia 
por Staphylococcus aureus tiene variedad de presentaciones4.

La bacteriemia por S. aureus provoca infecciones que in-
cluyen infecciones de piel, tejidos blandos y neumonía. Ésta 
puede dar lugar a complicaciones como endocarditis infeccio-
sa, complicaciones pulmonares e infecciones metastásicas5. 
La infección metastásica se define como la extensión de la in-
fección que no presenta relación alguna con la infección del si-
tio primario6. Puede ser del tipo endocarditis infecciosa, osteo-
mielitis vertebral, abscesos de tejidos blandos, artritis séptica, 

infección ocular, embolismo pulmonar séptico, entre otros7,8.
La prevalencia de infección metastásica por S. aureus en 

recién nacidos es incierta, sin embargo, un estudio reportó la 
diseminación metastásica en el 13,4%  de 112 episodios de 
bacteriemias por S. aureus relacionadas a catéter en pacientes 
pediátricos9.

Según las guías, la duración del tratamiento en pacientes 
pediátricos con bacteriemia puede variar de 2 a 6 semanas se-
gún diversos factores10. Por ello, es importante identificar una 
infección metastásica en neonatos debido a que el tratamiento 
es diferente al de una bacteriemia no complicada, además de 
que un tratamiento insuficiente (por ejemplo, por una identifi-
cación tardía) para estas complicaciones graves se asocia con 
mal pronóstico, discapacidad y recaída.

Nuestro objetivo es reportar el caso de un neonato que 
desarrolló infección metastásica como complicación de bac-

1 Médico Epidemiólogo, Clínica Palermo de Bogotá, Colombia. 
2 Estudiante de medicina, Facultad de Medicina, Universidad Nacional de San Agustín, Arequipa, Perú y Sociedad Científica de Estudiantes de Medicina Agustinos 
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3 Estudiante de medicina, Escuela de Medicina, Universidad Nacional del Santa, Nuevo Chimbote-Ancash, Perú y Sociedad Científica de Estudiantes de Medicina de 
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4 Estudiante de medicina, Facultad de Medicina, Universidad Nacional de Trujillo, Trujillo, Perú y Sociedad Científica de Estudiantes de Medicina de la Universidad 
Nacional de Trujillo (SOCEMUNT), Universidad Nacional de Trujillo, Trujillo, Perú. 
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teriemia por Staphylococcus aureus; abordar aspectos diag-
nósticos y terapéuticos más importantes y revisar la literatura 
disponible.

Caso clínico
Neonato masculino, nacido a las 29,4 semanas por ce-

sárea debido a ruptura prematura de membrana prolongada. 
Como antecedente se destaca: madre de 30 años, sin antece-
dentes patológicos, con 6 controles en la gestación y pruebas 
de infección congénitas negativas.

Se realizó maduración pulmonar y reanimación con pre-
sión positiva continua en vía aérea (CPAP). Presentó presión 
arterial de 56/25, Silverman 4/0, frecuencia cardiaca de 138 
latidos por minuto, frecuencia respiratoria de 60 respiraciones 
por minuto, SaO2 de 94%, FiO2 de 35% y ventilación mediante 
tubo orotraqueal. Nació con bajo peso (1 540 g), talla adecuada 
(43 cm), perímetro cefálico de 29 cm, sin contacto piel con piel 
y no se inició lactancia materna en la primera hora. Ingresó a 
Unidad de cuidados intensivos neonatales (UCIN) con diagnós-
tico de sepsis bacteriana y síndrome de dificultad respiratoria 
(SDR) neonatal.

En su 2° día de vida se inserta catéter epicutáneo, inicia 
ventilación no invasiva (VNI) y posteriormente, por cánula na-
sal. Se administró 1 dosis de surfactante exógeno y fue retira-

do el tubo orotraqueal. Se inició antibioticoterapia. Luego del 
cultivo se reporta Escherichia coli, leucopenia y PCR positiva 
(Tabla 1); asimismo, por ictericia acentuada, se inició fotote-
rapia, acompañado de nutrición parenteral y segunda dosis de 
surfactante exógeno. Al 6° día, ameritó paso de oxígeno por 
cánula nasal a VNI, pero fue retomado al día siguiente, además 
no presentó distermias y la PCR fue en descenso. Al 10° día, 
fue trasladado a cuidados intermedios, finalizó antibioticotera-
pia y los hemocultivos y PCR fueron negativos. 

El 15° día, presentó polipnea y edemas periféricos, au-
mento del requerimiento respiratorio y tendencia a la taqui-
cardia. Se retiró catéter epicutáneo y se ordenó cultivo de la 
punta y exámenes auxiliares (Tabla 1). Se inició tratamiento 
por sospecha de sepsis tardía (Tabla 2). El 16° día, los resul-
tados de hemocultivo y punta de catéter fueron positivos, la 
causa de la sepsis tardía por Staphylococcus aureus, presentó 
lesión de tipo absceso en la cara anterior del tórax. El 17° día, 
presentó hipotensión, taquicardia, llenado capilar lento, gasto 
urinario aumentado. Se pasó bolo de solución salina y reingre-
só a UCIN. Posteriormente fue trasladado a cuidados básicos, 
con absceso del tórax limitado de 1 x 2 cm con calor local, cuya 
secreción reportó S. aureus multisensible, por lo que se inicia-
ron 10 días de antibioticoterapia (Tabla 2). Egresó el día 29 de 
vida con oxígeno domiciliario, plan canguro, absceso resuelto y 
con dosis de palivizumab.

Tabla 1. Resultados de 
exámenes diagnósticos y 
auxiliares.
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Discusión
Presentamos el caso de un neonato pretérmino, recupe-

rado de una bacteriemia inicial por E. coli, con diagnóstico de 
bacteriemia por S. aureus, sospechada por signos y síntomas 
hemodinámicos inespecíficos y confirmada por hemocultivos, 
complicada por sepsis e infección metastásica (absceso) la 
cual se comprobó al identificar el origen en el catéter peri-
férico.  La bibliografía acerca de la infección metastásica en 
neonatos es escasa, por lo que reportamos este caso con el 
objetivo de ampliar los conocimientos sobre el tema.

Se realizó una búsqueda sistemática en dos bases de 
datos (Pubmed y Scopus). No se aplicaron restricciones de 
idioma o fecha de publicación. Las palabras clave usadas para 
formular las estrategias de búsqueda fueron “Staphylococcus 
aureus”, “Metastatic infection”, “Bacteremia”, “Catheter-Rela-
ted Infections” y “Newborn infant”.

En este caso, el primer microorganismo aislado fue E. coli, 
el cual probablemente provino del tracto genitourinario de la 
madre considerando los 5 días de evolución de la ruptura pre-
matura de membrana; pues la bacteria Escherichia coli, luego 
de S. aureus, es uno de los microorganismos más frecuente-
mente transferidos madre-hijo en pacientes con ruptura pre-
matura de membrana y suele ocurrir antes de las 37 semanas 
de gestación11.

La ruptura prematura de membrana es factor de riesgo 
materno para infección de aparición temprana por Escherichia 
coli. Así mismo la prematuridad y bajo peso predisponen a una 
infección que puede resultar en sepsis12. Una vez superada esa 
infección, hubo un episodio de inestabilidad hemodinámica con 
hemocultivos positivos para S. aureus, confirmándose la infec-
ción tardía. Esto dado que el acceso venoso central por caté-
ter epicutáneo es factor de riesgo para infección de aparición 
tardía (después de los 3 a 7 días de vida) por Staphylococcus 
aureus12.

Considerando que el paciente había sido sometido a pro-
cedimiento invasivo (colocación de un catéter epicutáneo) y 
haber descartado otro proceso infeccioso simultáneo, se con-
sidera como diagnóstico una infección del torrente sanguíneo 
asociada a catéter (ITS-AC). Con la ITS-AC de mínimo 6 días de 
evolución (periodo de suspensión de antibioticoterapia para la 
infección anterior) se procedió a retirar el catéter (lo recomen-
dado en las guías de manejo)13 e insertar uno nuevo. Los estu-
dios recomiendan que se retire de manera inmediata, evitando 
una infección en sangre14 dentro de las dos primeras semanas. 
Estas recomendaciones se basan en estudios observacionales, 
por los escasos o nulos ECA respecto a este tema15. Por ejem-
plo, un estudio realizado en la clínica privada de Sao Paulo16, 
entre el 2010 y 2011 demostró que la ITS-AC es una compli-

cación en neonatos que requiere la extracción no selectiva del 
catéter. Otro estudio, realizado por Beard, Lauren MD et al.17, 
en el año 2019, demostró un valor significativo entre el tiempo 
de permanencia del catéter y el retiro no selectivo del mismo 
(p< 0.0001), siendo observado en menor frecuencia entre los 
8 y 59 días de permanencia del catéter. Así se concluyó en el 
estudio que durante la primera semana y pasado los 59 días 
el retiro no selectivo del catéter conlleva mayores riesgos de 
complicaciones como la ITS-AC, acompañados de un periodo 
de estabilidad. Una particularidad en nuestro caso, es que se 
hace visible un absceso en la cara anterior del tórax, sin lesio-
nes previas, en donde se aísla el mismo microorganismo. Esto 
confirma una infección metastásica a tejidos blandos por S. 
aureus, lo cual constituye una de las pocas metástasis repor-
tadas18. En neonatos, la infección metastásica de origen en el 
catéter periférico ha sido poco estudiada9,19. De acuerdo a Mur-
doch F, et al.20, en el 2017, en una población pediátrica menores 
de 15 años (mediana = 1 año) se reportaron un 4,8% (N=126) 
de casos que desarrollaron un absceso profundo. Asimismo, 
un reciente estudio de Falup-Pecurariu O, et al.21, reportó un 
caso de un recién nacido de 3 semanas presentó un absceso 
profundo, pero fue en la región izquierda del cuello.

Ante la sospecha de sepsis tardía por bacteriemia, se 
administró tratamiento empírico (abarcando a S. aureus me-
ticilino-resistente[SAMR]). Este consistió en vancomicina y 
piperacilina - tazobactam. Diferentes estudios muestran la 
eficacia mayor de administrar vancomicina junto a un beta-
lactámico, comparado con tan sólo vancomicina. El betalac-
támico más usado para estas combinaciones fue piperacilina 
- tazobactam, similar a nuestro caso22. El desescalamiento
de piperacilina - tazobactam es a menudo a ceftriaxona pero
también es aceptable otro betalactámico22. En este caso, el
desescalamiento fue a cefepime, una cefalosporina de cuarta
generación. Algunos otros estudios han demostrado la efecti-
vidad de regímenes basados en daptomicina u otros basados
en vancomicina; y en caso de que los regímenes basados en
vancomicina y daptomicina no reviertan la bacteriemia, otros
fármacos como ceftarolina sola, ceftarolina con trimetoprim
- sulfametoxazol (TMP-SMX), linezolid, telavancina, fosfomici-
na con imipenem y quinupristina-dalfopristina, han mostrado
eficacia22. Sin embargo, la IDSA recomienda usar vancomicina
IV como tratamiento primario para las infecciones graves por
SAMR en el período neonatal, a su vez; la decisión de combinar 
fármacos debe ser individualizada y que TMP-SMX no se use
durante el período neonatal inmediato debido al mayor riesgo
de kernícterus10.

La duración del tratamiento desde la confirmación de S. 

Tabla 2. Cambios en el tratamiento.
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aureus como causa de la sepsis tardía (un día después del 
inicio del tratamiento empírico con vancomicina y piperacili-
na - tazobactam) hasta la resolución del absceso fue de 12 
días. La Sociedad Americana de Enfermedades Infecciosas (en 
inglés, IDSA) recomienda que el tratamiento en bacteriemias 
complicadas dure entre 2-6 semanas dependiendo del caso10. 
Existen estudios que indican cuánto debe durar el tratamiento 
en caso de infección metastásica tipo endocarditis infecciosa, 
osteomielitis vertebral, artritis séptica, entre otros7; pero no 
existen en el caso de infección de tejidos blandos, probable-
mente debido a que este debe ser tratado de manera similar a 
una infección de tejidos blandos primaria (es decir, no infección 
metastásica). La IDSA recomienda vancomicina IV si se sospe-
cha de SAMR10. En este caso, el absceso en los dos primeros 
días fue tratado con la misma combinación para la bacteriemia 
(vancomicina y cefepime) y una vez identificado que el S. au-
reus era multisensible, se suspendió la vancomicina y se inició 
oxacilina, por diez días, hasta resolución del absceso.

Conclusiones
Es importante la vigilancia de la evolución clínica, la sos-

pecha e identificación temprana de una infección metastásica 
como complicación de una bacteriemia por Staphylococcus 
aureus en neonatos sometidos a procedimientos invasivos con 
el fin de iniciar un tratamiento adecuado y temprano para evi-
tar las posibles secuelas.
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Common Peroneal Nerve Injury in a Patient with COVID-19 Infection
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Abstract: This report described a 46-year man with the characteristic Computerized Tomography (CT) scan findings of Corona 
Virus Disease Infection 19 (COVID-19) who presented to the hospital with right ankle weakness three weeks after the pneumonitis. 
He had been initially hospitalized, complaining of fever, myalgia, cough, and dyspnea. Electromyogram (EMG) revealed obvious 
evidence of increased insertional activity (IA) and significant denervation potentials, including positive sharp waves (PSW) and 
fibrillation potentials, particularly in ankle dorsiflexor muscles. Moreover, no voluntary motor unit action potential (MUAP) was 
observed. Eventually, the patient was diagnosed with severe axonal mononeuropathy of the right CPN, which could be considered 
a rare complication of COVID-19.

Key words: Nerve injury, Electromyography, Coronavirus, COVID-19.

CASE REPORTS / REPORTE DE CASO

Introduction
A new beta coronavirus named COVID-19 was detected 

in December 2019 in Wuhan City, China, and shortly became a 
pandemic1. COVID-19 is fused with the angiotensin-converting 
enzyme II (ACE-II) receptor and enters the cells2. This new co-
ronavirus can cause several systemic infections, among which 
respiratory complications are the most prevalent, quite similar 
to what earlier happened in severe acute respiratory syndrome 
coronavirus called SARS-CoV3.

It has been previously proved that around one-third of pa-
tients with COVID-19 had neurological symptoms. Although 
several specific neurological presentations such as anosmia, 
other non-specific ones, including reduced consciousness le-
vel, dizziness, and headache, have also been detected4. In one 
study, 214 patients with COVID-19 were evaluated in terms of 
neurological symptoms5. According to their findings, 36.4% of 
the hospitalized patients showed nervous system manifesta-
tions such as hyposmia, hypogeusia, headache, muscle injury, 
dizziness, ischemic, and hemorrhage stroke. However, it is still 
unknown whether the neurological symptoms are associated 
with the virus's direct damage, an abnormal immune response, 
or secondary mechanisms, including systemic inflammation or 
multi-organ dysfunction.

It has been hypothesized that SARS-CoV-2 can be consi-
dered as a new neuropathogen. However, it has not yet been 
proven by solid evidence6. Before COVID-19, it had been we-
ll-defined that infectious peripheral neuropathy could happen 
secondary to other viruses, including varicella-zoster, hepatitis 
C and human immunodeficiency virus (HIV)7. Similarly, during 
a viral infection, immune-mediated neuropathies such as chro-
nic inflammatory demyelinating polyneuropathy (CIDP), as 
well as Guillain-Barre syndrome (GBS), might occur8. Also, an 
extended stay in the hospital can cause peripheral nerves.

Damage resulting from prolonged pressure effect or even 
critical illness polyneuropathy9. Recently, in some case re-
ports, a potential relationship between peripheral nerve injury 
and the SARS-CoV-2 infection preceding the onset of dama-
ge by up to 4 weeks. Thus, the most probable reason would 
be a SARS-CoV2-triggered dysregulation of the immune sys-

tem10-12. This case report described a male patient infected 
with COVID-19 who showed a common peroneal nerve (CPN) 
injury as a rare complication.

Case presentation
On 2 December, 2020, a 46-year-old man complained of 

inability to dorsiflex the right ankle from 3 weeks ago. The pa-
tient has referred to the emergency ward about 6 weeks ago 
under the probable diagnosis of COVID-19 and symptoms in-
cluding fever, body aches, cough, and shortness of breath. Du-
ring hospitalization, the polymerase chain reaction (PCR) and 
computerized chest tomography (CT) scan were performed 
and confirmed the diagnosis (Figure 1). 

The patient had been admitted for 2 weeks resulting in 
20 kg weight loss during this period. One week after the pa-
tient came back home, he noticed paresthesia on the right 
foot's dorsum and the sudden weakness of the right ankle dor-
siflexion while walking and during the affected limb's swing 
phase.

He was referred to the clinic of physical medicine and re-
habilitation (PM&R) to perform electromyography (EMG) and 
nerve conduction studies (NCS). As a result, sensory nerve 
action potential (SNAP) of the right superficial peroneal ner-
ve (SPN) was not present, and the compound muscle action 
potential (CMAP) of the deep peroneal nerve (DPN) nerve was 
absent at the right side. In the EMG analysis, some evidence of 
increased insertional activity (IA) and denervation potentials, 
including PSW and fibrillation potentials, were detected in Ti-
bialis Anterior (TA), Peroneus Longus (PL), Extensor Hallucis 
Longus (EHL), and Extensor Digitorum Brevis (EDB) muscles. 
Moreover, no voluntary motor unit action potential (MUAP) 
was observed in these muscles. Therefore, he was diagnosed 
with severe acute mono-neuropathy of the right CPN. Lum-
bosacral spine magnetic resonance imaging (MRI) was perfor-
med to assess discopathy, which was reported to be expected.

Common Peroneal Nerve Injury in a Patient with COVID-19 Infection
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Discussion
As we mentioned, as a post-infectious inflammatory res-

ponse after SARS-CoV-2 infection, peripheral nerve injury can 
occur during the acute phase of resolution. This might be either 
the result of an abnormal hyper-immune response or treat-
ment complications for COVID-19, such as nerve entrapment 
secondary to hematoma in the anticoagulation consumption 
setting or prolonged hospitalization that could be positional or 
critical illness-related polyneuropathy.

In the presented case, the patient was diagnosed with 
severe mononeuropathy of the right CPN after 3 weeks of 
developing symptoms such as fever, body aches, cough, and 
shortness of breath; compatible with COVID-19 pneumonia. 
The possibility of a direct neuropathic effect or an abnormal 
hyper-immune response in COVID-19 patients requires further 
research. There have been existed several case reports about 
GBS incidence among COVID-19 sufferers10,13,16.

This case has been reported even though all neurological 
manifestations in severe COVID-19 are not fully understood 
yet; then, the peripheral neuropathic damage cannot be posi-
tively attributed to COVID-19 due to the lack of nerve biopsy. 
However, the EMG findings, along with the clinical neural 
image, indicated peripheral neuropathy. There are two main 
probabilities in this regard: 1) direct involvement of nerve by 
the virus and the following inflammatory response; 2) nerve 
compression after severe weight loss has also been reported 
in bariatric surgery and so on17,18.

On the other hand, it has not clearly been understood how 
weight loss contributes to peroneal neuropathy. It is assumed 
that changes in metabolism followed by weight loss and me-
chanical compression of the peroneal nerve can play a signifi-
cant role in this regard17,21. The adipose tissue depletion (inside 
and surrounding the nerve) results from weight loss; thus, the 
peroneal nerve's sensitivity to compression caused by the PL 
tendon on the lateral side and the adjacent fibular head medial 
side increases22.

The ACE-II receptor is where COVID-19 and SARS have 

in common19. The receptor is found in the cell membrane of 
various organs in humans, such as the liver, kidney, lung, skele-
tal muscle, and nervous system5. However, the mechanisms 
involved in peripheral nerve injury incidence after COVID-19 in-
fection have not yet been precisely studied. COVID-19 stimula-
tes inflammatory cells, and different cytokines are generated, 
resulting in immune-mediated processes19. Therefore, peri-
pheral nerve injury after SARS-CoV-2 infection is a theoretical 
consideration, and some COVID-19 patients have been repor-
ted to present with peripheral neuropathy and GBS13,20. Then, 
the cases of immune-mediated nerve injuries should be con-
sidered during this pandemic. According to the global pande-
mic of the SARS-COVID-1923-26, additional surveys should be 
conducted to find all epidemiological properties of disease27.

Conclusions
To summarize, peripheral nerve injury should always be 

considered as a neurological complication that might occur 
in COVID-19. Probable post-infection peripheral nerve injury 
mechanisms include autoimmune response, direct neuro-in-
vasion by the virus, and systemic disease complications. Fur-
ther investigations are necessary to shed light on the exact 
pathophysiology of peripheral nerve involvement and high-risk 
patient determination. Given that, clinicians must be aware of 
these relationships to prevent delayed diagnosis from promo-
ting treatment initiation at early stages and supportive care. 
This fact will be elucidated by further identified cases as well 
as longer time results.
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Strongyloides stercoralis infestation in a pediatric patient

Ricardo Rubio-Sánchez1, Esperanza Lepe-Balsalobre2 DOI. 10.21931/RB/2021.06.03.27
Abstract: Strongyloidiasis is a parasitic disease, very rare in countries like Spain, caused by the Strongyloides stercoralis 
nematode. We present a case of a 5-year-old patient from Ecuador who came to the Emergency Department due to fever, 
colicky abdominal pain, watery diarrhea, and occasional vomiting of several days of evolution. In laboratory studies, a marked 
leukocytosis with eosinophilia stands out, for which reason a microscopic study of the stool was carried out where larval forms 
compatible with Strongyloides stercoralis were observed. The diagnostic strategy of parasitic infection in developed countries 
is highly influenced by the low prevalence and diversity of the parasitic species, causing the diagnosis, on many occasions, to 
be a challenge. In the presence of eosinophilia and abdominal symptoms, it is recommended to orient the diagnosis towards a 
possible infection of parasitic origin to make an early diagnosis of the infection and avoid possible serious complications.

Key words: Diarrhea, eosinophilia, larva, microscopy, parasite, Strongyloides stercoralis.

CASE REPORTS / REPORTE DE CASO

Background
Strongyloidiasis is a parasitic disease caused by the Stron-

gyloides stercoralis nematode that usually occurs asympto-
matically but can manifest as a severe disseminated infection1. 
The necessary forms for the diagnosis of this parasitosis are 
the rhabditiform larvae present in the intestinal mucosa, cha-
racterized by a prominent esophageal bulb, and the filariform 
larvae present in the feces, which are the infecting forms, me-
asuring about 600 μm in length and having elongated fusiform 
esophagus1,2.

The biological cycle of Strongyloides stercoralis is unique 
and unusual since the females are parthenogenetic; that is, 
they can give rise to a progeny without being fertilized. Due 
to this, there can be two types of cycles, the free life cycle 
that occurs in the external environment without the need for a 
mammalian host and the parasitic cycle inside a mammalian 
host. The invasion of this parasite occurs by penetration throu-
gh the skin of filariform larvae present in the soil or the water3.

Clinical case
A 5-year-old male patient from Ecuador with no relevant 

medical history came to the Emergency Department due to 
fever, colicky abdominal pain, watery diarrhea, and occasional 
vomiting of several days of evolution that intensified in the last 
two days. On physical examination, the abdomen was tender 
and painful on palpation, without masses or megaly, and in-
creased peristalsis. The following complimentary tests were 
urgently requested: complete blood count, basic biochemis-
try with inflammatory markers (C-reactive protein), and uri-
nary study. Laboratory results showed marked leukocytosis 
(24,000 leukocytes/μL) at the expense of 27% eosinophilia. 
The biochemistry and the study of the urinary sediment did 
not show alterations. Given the patient´s symptoms and origin, 
a microscopic study of parasites in feces was indicated, where 
larval forms compatible with Strongyloides stercoralis were 
observed (Figure 1). 

Given this finding, treatment with oral ivermectin (200 
mg/kg of body weight) was prescribed for two days, progressi-
vely decreasing diarrheal episodes and abdominal pain.

Discussion
The diagnosis of this disease is epidemiological, clinical, 

and laboratory, and it is based on the microscopic visualization 
of the larvae of Strongyloides stercoralis in feces but, except in 
cases of hyperinfestation, the elimination is usually scarce and 
sporadic; therefore, the sensitivity of standard concentration 
procedures is very low4. This, together with the fact that the 
diagnostic strategy of parasitic infection in countries such as 
Spain is highly influenced by the low prevalence and diversity 
of parasitic species, makes the diagnosis, on many occasions, 
a challenge5,6.

Based on the above, many laboratories are replacing diag-
nostic methods based on conventional microscopy with enzy-
me immunoassay or molecular methods, which are techni-
ques with higher sensitivity and specificity and less dependent 
on the observer. Thus, with more sensitive methods, work time 
is significantly reduced, and it is unnecessary to obtain the 
three classic fecal samples for parasitological examination. 
This approach would be similar to that already established for 
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Figure 1. Strongyloides stercoralis larva in the stool.
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detecting microorganisms that cause bacterial and viral diarr-
hea (molecular stool culture), giving an entirely new dimension 
to the differential laboratory diagnosis of diarrheal diseases6,7.

Conclusions
Currently, there are initiatives to organize quality as-

sessment schemes for the molecular diagnosis of intestinal 
parasites. However, these systems have not yet been widely 
adopted due to the high cost of traditional microscopy and the 
uncertainty regarding the clinical importance of the molecular 
detection of each of the parasites included in the panels. The-
refore, its impact on clinical practice has yet to be assessed.

In short, in the presence of eosinophilia and abdominal 
symptoms, it is recommended to orient the diagnosis towards 
a possible infection of parasitic origin to make an early diagno-
sis of the infection and avoid possible serious complications.
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Reporte de caso de postcirugía de ligamento cruzado anterior
Case report of post-surgery anterior cruciate ligament surgery

Clara Gualotuña1 y Thelvia I. Ramos2 DOI. 10.21931/RB/2021.06.03.28
Resumen: El ligamento cruzado anterior (LCA) es la lesión de la rodilla con mayor prevalencia en los atletas. Los avances en la 
técnica quirúrgica y la fijación de injertos han permitido a los pacientes participar en una rehabilitación funcional postoperatoria 
temprana. Este tratamiento está dirigido a lograr un mayor rango de movimiento, progresando hacia la movilización, fortalecimiento 
y control neuromuscular propioceptivo de la articulación. Existen varios protocolos de rehabilitación con variaciones en ejercicios 
específicos, progresión a través de fases y componentes claves que permiten la recuperación funcional. El objetivo final de la 
fisioterapia es devolver al paciente al nivel de rendimiento anterior a la lesión, incluidos el movimiento y la fuerza, sin dañar 
ni alargar el injerto. Presentamos el reporte de un caso con una lesión de LCA compleja, que recupero la funcionalidad de la 
articulación por aplicación de plan de tratamiento fisioterapéutico de forma inmediata a su intervención quirúrgica.

Palabras clave: Ligamento cruzado anterior, rehabilitación funcional, propiocepción, injerto, fuerza muscular y movimiento.

Abstract: An anterior cruciate ligament (ACL) is the most prevalent knee injury in athletes. Advances in surgical technique and graft 
fixation have allowed patients to participate in early postoperative functional rehabilitation. This treatment focuses on achieving a 
more excellent range of motion, progressing toward mobilization, strengthening, and proprioceptive neuromuscular control of the 
joint. Several rehabilitation protocols have variations in specific exercises, progression through phases, and critical components that 
allow functional recovery. The ultimate goal of physical therapy is to return the patient to the pre-injury level of performance, including 
motion and strength, without damaging or lengthening the graft. We present a case report of a patient with a complex ACL injury who 
recovered joint function by applying a physiotherapy treatment plan immediately after surgery.

Key words: Anterior cruciate ligament, functional rehabilitation, proprioception, grafting, muscle strength, and movement.

CASE REPORTS / REPORTE DE CASO

Introducción
La articulación de la rodilla es propensa a lesionarse 

debido a su complejidad y función de soporte de peso1. Está 
formado por la tibia, el fémur y la rótula, que están estabili-
zados por el ligamento colateral medial (LCM), el ligamento 
colateral lateral (LCL), el ligamento cruzado posterior (LCP) 
y el LCA1. Los meniscos medial y lateral actúan como amorti-
guadores, distribuyendo el peso uniformemente con cada paso 
o giro1. El LCA tiene una función importante en la estabilidad
de la rodilla2. Esta estructura articular presenta dos porciones
una antero medial y otra postero lateral, además sostiene el
90% del peso corporal3. Las fibras tendinosas del LCA tienen
forma helicoidal dirigiéndose desde el área pre-espinal de la
tibia hasta la superficie interna del cóndilo externo fémur2.
Esté ligamento se considera la principal restricción pasiva de
la traslación anterior de la tibia en el fémur4,5 proporcionan-
do estabilidad rotacional a la rodilla tanto en el plano frontal
como en el transversal1.

Las lesiones ligamentosas de la rodilla son frecuentes en 
las poblaciones jóvenes físicamente activas3,5,6. Se reporta una 
incidencia de estas lesiones de 1 por cada 3.000 personas en 
los Estados Unidos7. Solo en Norteamérica 250.000 personas 
sufren una ruptura de LCA cada año6,8. En un estudio de Li y 
colaboradores demostraron que la incidencia de lesiones por 
LCA ocurría de cuatro a cinco veces más entre los militares 
en referencia a la población general9. En un meta-análisis que 
reunió 25 estudios epidemiológicos encontraron una tasa de 
desgarro del LCA del 5% en mujeres que jugaban fútbol y ba-
loncesto durante todo el año10. En esta investigación las muje-
res tenían un riesgo tres veces mayor de desgarro del LCA que 
los hombres que practicaban el mismo deporte, reportándose 

un 42,3% cifra más alta reportada en la literatura para cual-
quier tipo de deporte5,11.

Algunas actividades deportivas se han asociado a la rup-
tura de LCA ocasionados  por la práctica de deportes profe-
sionales como: baloncesto12, fútbol13 alpinismo10, balonmano14, 
fútbol americano15, voleibol y lucha16. Estas lesiones tienen una 
mayor predisposición en los deportistas de fin semana, en el 
adulto mayor y en mujeres que presenta un valgo fisiológico17.

Existen tres mecanismos principales de lesión del LCA: 
contacto directo, contacto indirecto y sin contacto18. Por con-
tacto directo la lesión se ocasiona cuando una persona u ob-
jeto golpea directamente la rodilla; en el contacto indirecto la 
lesión aparece en las regiones no propias de la rodilla transfi-
riéndose una fuerza excesivas hacia la articulación y las lesio-
nes sin contacto se producen cuando se aplica una fuerza de 
desaceleración o de cambio de dirección (pivote) sobre la ro-
dilla19. Otros mecanismos asociados a LCA menos frecuentes  
son: los movimientos combinados de  flexión de la articulación 
de la rodilla con valgo forzado, rotación medial excesiva de la 
espina tibial20 y varo con rotación lateral16.

En la evaluación clínica de una lesión por LCA los sínto-
mas iniciales son: dolor intenso, crepitación, inflamación, tu-
mefacción y pérdida de la movilidad21. La lesión en si suele pro-
vocar derrames articulares, alteraciones en la cinemática de la 
rodilla, afectaciones de la marcha, debilidad muscular y reduc-
ción del rendimiento funcional6.También las personas afecta-
das manifiestan sensación de inestabilidad de las rodillas22,6. 
Otros autores fundamentan que existe ruptura de ligamento 
cruzado anterior en actividades de torsión-recorte-desacele-
ración aceleración en combinación con una carga en el valgo 

1 Sistema Integrado de Salud, Área de Fisioterapia Universidad de las Fuerzas Armadas ESPE, Sangolquí, Ecuador. 
2 Departamento Ciencias de la Vida y de la Agricultura, Universidad de las Fuerzas Armadas ESPE, Sangolquí, Ecuador.
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de rodilla6,8. Algunos pacientes manifiestan que escuchan  o 
sienten un "estallido" en el momento de la lesión, acompañado 
en ocasiones de hemartrosis durante  las dos primeras horas 
posteriores al daño6.

En la exploración física se detecta la laxitud articular 
anteroposterior y antero externa, siendo las maniobras más 
importantes  el   test de subluxación excéntrica con un 98% 
de especificidad, considerada como la única prueba clínica y 
dinámica más específica para determinar la lesión  de LCA4,8,22. 
Existen otras pruebas como  el test de Lachman y la prueba 
de cajón anterior para determinar  la ruptura del LCA6, y para 
el diagnóstico definitivo se realiza exámenes de imagenología 
como la Resonancia Magnética Nuclear (RMN)22,23.

El principal tratamiento para esta lesión es el quirúrgico 
dirigido a la reconstruir el LCA y considerando aspectos como: 
la edad, tipo de deporte que la ocasionó y el injerto, con el fin 
de evitar lesiones secundarias a la articulación24. Actualmen-
te hay dos opciones para injertos del LCA: los autoinjertos y 
los aloinjertos22. El primero requiere la sustitución del LCA 
con tejido obtenido de otra parte del cuerpo25, como cuando 
se utiliza un autoinjerto de tendones semitendinosos, cuádri-
ceps y el gracilis25. El aloinjerto se obtiene a partir de donantes 
cadavéricos y tiene la ventaja de que no presenta morbilidad 
en el sitio donante, no es necesario tomar precauciones en el 
proceso de rehabilitación  y presenta la misma fuerza que los 
autoinjertos26. Pero la curación del aloinjerto se retrasa con 
respecto a la incorporación y remodelación y puede transmi-
tir enfermedades que no tienen la resistencia biomecánica de 
la intervención27. La literatura reciente sugiere el uso de au-
toinjertos biológicos, sobre todo en pacientes jóvenes, debido 
a su potencial para la remodelación, la curación del tendón al 
hueso4.

Después de la cirugía de una lesión por LCA se requie-
re tratamiento fisioterapéutico que permita recuperar la fun-
cionalidad de la articulación. En estas lesiones por lo general 
también se presentan secuelas clínicas a largo plazo asocia-
dos con desgarro del menisco medial, lesiones condrales y 
desarrollo de osteoartritis postraumática6. Otros factores a 
considerar es fallo articular, con subluxación femorotibial28. 
Aumento del grado de laxitud articular condicionando a un 
deterioro articular progresivo  objetivable en los estudios ra-
diográficos (aplanamiento del cóndilo, esclerosis subcondral, 
pinzamiento articular y formación de osteofitos)29.

Es relevante presentar un programa de rehabilitación que 
se debe desarrollar en forma inmediata después de la cirugía 
del LCA, respetando todos los procesos fisiológicos de repara-
ción de los tejidos afectados30. Los procedimientos fisiotera-
péuticos deben ir encaminados a restaurar la condición loco-
motora e identificar  factores prexistente para prevenir futuras 
lesiones del LCA31. La locomoción normal depende, entre otros 
factores, de la estabilidad de la estructura ligamento capsular, 
el rango de movimiento de la articulación de la rodilla y un 
nivel de fuerza apropiado de los músculos así como de la pro-
piocepción de esta articulación tan compleja32. El propósito en 
el programa de rehabilitación es restaurar la función completa 
sin restricciones y ayudar al paciente a regresar al 100% del 
nivel anterior a la lesión mientras logra excelentes resultados 
a largo plazo33.

Presentamos un reporte de un paciente con una compleja 
ruptura del LCA, el cual tuvo una rehabilitación en el servi-
cio de fisioterapia de la Universidad de las Fuerzas Armadas 
ESPE. Los resultados alcanzados son debidos a la combina-
ción de técnicas de rehabilitación orientadas a una acelerada 
recuperación funcional, reflejada en el aumento de la movili-
dad articular y fuerza de los músculos extensores y flexores, 

así como de la restitución de la propiocepción de la rodilla y de 
todo el miembro inferior, permitiendo que pudiera incorporase 
a todas sus actividades de la vida diaria con normalidad.

Reporte de caso
Paciente de 33 años de edad, obrero, que tuvo un acciden-

te en el año 2017 al levantar una puerta metálica, que trau-
matizó la cara anterior de la rodilla izquierda, presentando un 
dolor grado 4 en escala de EVA (Escala Visual Analógica) (Gon-
zales, Ana ;Ramos, Adriana; Rojas, 2018). El dolor persistió por 
8 semanas y acudió a consulta médica de la empresa donde 
labora. El examen físico reveló un diagnóstico de sinovitis y ho-
ffitis (inflamación de la grasa de la Hoffa)35 y el tratamiento fue 
medicación con antiinflamatorios y 10 sesiones de fisioterapia, 
mejorando su sintomatología.

Dos años después, practicando fútbol (septiembre 2019) 
el paciente presenta nuevamente dolor en la cara anterior de 
la rodilla izquierda grado 5 en escala de EVA manifestando 
fatiga muscular durante el trote, limitando de manera parcial 
la funcionalidad biomecánica de la marcha. Al finalizar ese 
mismo año tiene un segundo accidente de trabajo armando 
una columna de 11 cajas plásticas con un peso de 1,5 kg, por 
cada caja. Un compañero provoca una colisión de una columna 
conformadas por 11 cajas que se impactaron sobre el cuerpo 
del paciente. Realiza una flexión de hombros con extensión de 
codos y muñeca quedando la cara palmar apoyada en las ca-
jas y al mismo tiempo efectuó una flexión de cadera y rodilla 
derecha simultáneamente sobre la estructura para soportar el 
peso de 126 kg, el miembro inferior izquierdo se mantuvo apo-
yado en el piso provocando un movimiento de desplazamiento 
medial.

Inmediatamente inicio un dolor agudo intenso en la rodilla 
con un grado 8 en la escala de EVA, con limitación funcional al 
caminar e inestabilidad de la rodilla. Es valorado por el médico 
de la empresa quien diagnóstica una lesión de LCA e indica un 
tratamiento con antinflamatorios y reposo. El dolor persiste 
sin alivio durante un mes y es evaluado por fisioterapia, apli-
cándose la prueba de cajón anterior y la prueba de Lachman, 
siendo ambas positivas, remitiéndose a evaluación por trau-
matología3,4.

El diagnóstico por el especialista se apoyó en la valoración 
clínica y una RMN de rodilla que reveló cambios en la intensi-
dad del ligamento cruzado anterior, signos de ruptura intrasus-
tancial 50%, desgarro a nivel de la base del menisco lateral y 
cambios de la intensidad de señal a nivel de cartílago articular 
y el tejido óseo subcondral hacia el borde lateral de la meseta 
tibial, edema óseo a este nivel e incremento de líquido articular 
(ver figura1. 2, 3 y 4). 

Se practica la cirugía reparadora con la técnica de inter-
vención hueso tendón hueso (HTH) cirugías más autoinjerto 
por representar un menor riesgo por la edad del paciente y la 
actividad laboral4,25. El autoinjerto fue extraído del tendón del 
músculo semitendinoso de la rodilla teniendo éxito la cirugía36. 
Este tipo de cirugía realizada permitió comenzar la fisioterapia 
de forma precoz, evitando la debilidad de la musculatura de 
los isquiotibiales, perdida de arcos de movimiento y perdida de 
la propiocepción, como describe la literatura5.

Tratamiento fisioterapéutico
La rehabilitación estuvo dirigida a recuperar el rango de 

movimiento articular, la fuerza de los músculos flexores y ex-
tensores de la articulación de la rodilla (sartorio, gráciles, se-
mitendinoso, semimembranoso, bíceps femoral, gastrocnemio 
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Figura 1. Corte sa-
gital de resonancia 
magnética (RM), en 
T2 se puede visua-
lizar que existe un 
proceso inflama-
torio a la altura del 
ligamento cruzado 
anterior.

Figura 3. Corte sagital de resonancia magnética (RM) poten-
ciado de T1 se puede visualizar que existe un proceso inflama-
torio a la altura del ligamento cruzado anterior.

Figura 2. Corte coronal de RM potenciado de T1 se observa 
proceso inflamatorio.
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Figura 4. Corte sagital de RM potenciado en T1 se observa un leve incremento líquido articular, y proceso inicial de esclerosis.
A nivel de la meseta tibial lesiones osteocondrales borde lateral y a nivel del cóndilo femoral lateral.
y el cuádriceps) tanto en condiciones estáticas como la diná-
mica articular, recuperar la amplitud y la propiocepción para 
lograr una adecuada funcionabilidad de la rodilla23.   

Se consideró además la selección de los ejercicios, la 
magnitud y el tiempo de aplicación de la carga, el proceso gra-
dual de angiogénesis del autoinjerto en el nuevo ligamento5. 
Los procedimientos fisioterapéuticos se establecieron en dife-
rentes etapas apoyados en los datos clínicos.

Diagnóstico fisioterapéutico
Postcirugía de ligamento cruzado anterior, con dolor en la 

cara posterior de los isquiotibiales, y cara anterior. Puntos de 
gatillo en el músculo tensor de la fascia lata y semitendinoso.

Sintomatología Clínica
El paciente acude con los puntos de sutura y presenta una 

marcha claudicante, apoyado con muletas. Presenta inflama-
ción en todo el contorno de la rodilla, derrame en absorción en 
la parte anterior, equimosis en la parte posterior, piel brillante 
tersa, temperatura normal, atrofia de la masa muscular. Mani-
fiesta dolor al flexionar la rodilla a partir de los 60 grados y al 
caminar en terreno irregular, en la cara anterolateral interna 
de la rodilla grado 5 de EVA y en la cara postero externa del 
muslo grado 7 de EVA, lugar de donde se extrajo el tendón para 
el autoinjerto.

Examen físico
Dolor a la palpación en la cara posterior un grado 8 en 

escala de EVA. Sensibilidad superficial alterada en la parte an-
terior de la rodilla (en la intervención quirúrgica). Sensibilidad 
profunda normal. Puntos de gatillo en el musculo semitendi-
noso y tensor de la fascia lata.

Valoración funcional

Goniometría

Plan de tratamiento de rehabilitación consta de cuatro 
fases

Primera fase inflamatoria de 1 a 2 semanas
En esta fase se realizará el control del dolor e inflamación. 

Se aplicaron compresas frías a nivel local en la parte anterior 
de la rodilla durante la primera semana. Se emplearon bolsas 
de hielo, reemplazadas con crioterapia local. Se indican movi-
mientos pasivos continuos20. Estimulación con electroestimu-
lación percutánea (o transcutánea) de los nervios en la cara 
anterior de la rodilla, cuádriceps y en los músculos isquioti-
biales del muslo. Utilizamos ultrasonido en la cara anterior de 
la rodilla con 1 w/cm2, al 20 % y 1 hz para obtener un efecto 
mecánico y alineamiento de las fibras de colágeno, evitando la 
formación de adherencias en el sitio de intervención quirúrgi-
ca. Ejercicios de activación muscular mediante movilidad acti-
va asistida de la rodilla y ejercicios de fortalecimiento del otro 
miembro inferior. Se recurrió a la técnica Kinesio Tape (KT) o 
vendaje neuromuscular sobre los músculos isquiotibiales para 
mejorar la oxigenación y aporte de nutrientes disminuyendo de 
esta forma el dolor y acelerando el proceso de cicatrización, el 
uso del vendaje también se puede utilizar como estabilizador 
de la rodilla después de la poscirugía de LCA.

Segunda fase proliferativa de 3 a 6 semanas
En esta fase es importante realizar la movilidad y carga 

progresiva, por tal motivo se realizara movilización de la rótula 
en sentido céfalo caudal, transversal y oblicuo, electroestimu-
lación para fortalecimiento del vasto medial37. Ejercicios de 
fortalecimiento progresivo de flexión y extensión de la rodilla 
con aumento gradual del rango de movimiento, en posición 
supina y con deslizamiento del talón sobre la camilla38. Se 
practicó al paciente técnicas de inducción miofascial, como: la 
técnica longitudinal y transversal para los isquiotibiales y para 
los cuádriceps.

Tercera fase de remodelación de 7 a 12 semanas
En esta fase se inicia el programa de entrenamiento de 

fuerza, coordinación y propiocepción en combinación con ejer-
cicios en cadena cinemática cerrada en terreno plano, con ojos 
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Figura 5. Corte coronal potenciado a T2, se visualiza ruptura intrasustancial de ligamento cruzado anterior aproximadamente 
un 50%, presencia de líquido inflamatorio.

abiertos y posteriormente con inhibición de ojos, pero en terre-
no plano. Es necesario trabajar ejercicios excéntricos, aeróbi-
cos, equilibrio y control postural39.

Se realizaron ejercicios del puente (paciente en posición 
supina con rodillas flexionadas y las plantas de los pies apo-
yadas en balancín.

Se efectuaron ejercicios de subir y bajar un solo escalón y 
sentadillas logrando aumentar gradualmente la fuerza de los 
músculos isquiotibiales  y cuádriceps de la pierna operada en 
el plano sagital20.

Fase final de 13 a 15 semanas
Dirigida a la recuperación total de la coordinación, fuerza 

y gestos deportivos, para lo cual se trabaja a nivel muscular 
mediante la técnica de facilitación neuromuscular para los 
miembros inferiores partiendo de extensión, abducción y ro-
tación interna de cadera  retornando con flexión, aducción y 
rotación externa  de cadera con flexión de rodilla, también se 
ejecutó ejercicios de propiocepción con inhibición de ojos y en 
área inestable utilizando elementos externos de perturbación 
como ligas y balón medicinal.. Para finalizar está fase se aplicó 
ejercicios polimétricos, trote con desplazamientos en diferen-
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tes direcciones y por último se practicó diferentes gestos de-
portivos (fútbol).

Discusión
El objetivo de la reconstrucción del LCA es restaurar las 

propiedades anatómicas y biomecánicas de este ligamento40. 

Algunos autores mencionan que para este tipo de lesión es ne-
cesario mantener la estabilidad de la articulación de la rodilla 
anteroposterior, anteromedial y recuperar la cinemática de la 
articulación41.

La rehabilitación rigurosa después de la reconstrucción 
del ligamento cruzado anterior (LCA) es necesaria para un re-
sultado quirúrgico exitoso33, el fortalecimiento muscular ace-
lerado42, la rehabilitación en el hogar43, la propiocepción con 
entrenamiento neuromuscular37, pero sin excluir el rango de 
movimiento y los ejercicios funcionales44. Otro autor mencio-
na que es importante recuperar la locomoción normal, entre 
otros factores, la estabilidad de la estructura ligamento cap-
sular, el rango de movimiento y un nivel de fuerza apropiado 
de los músculos de la articulación de la rodilla y la propiocep-
ción45. En nuestro trabajo consideramos la importancia de re-
cuperar la estabilidad de la rodilla en conjunto con la fuerza, el 
arco de movimiento, la propiocepción y con el fin de integrarlo 
a la actividad laboral o deportiva.

La terapia de crio compresión se ha propuesto como un 
método para reducir el dolor y la respuesta inflamatoria en el 
período postoperatorio temprano después de la cirugía de re-
construcción de la articulación46. Otro estudio menciona que 
la aplicación de compresas frías sobre la lesión disminuye el 
dolor32. De acuerdo con la práctica cuando se aplicó las com-
presas químicas frías en la etapa inicial de la poscirugía de 
LCA, se determinó la disminución considerable del dolor y la 
inflamación permitiendo mejores rangos de movimientos con 
lo cual se confirma lo mencionado por Nabiyev V. N. y colabo-
radores (2018)47.

La incorporación de estrategias efectivas para aliviar el 
dolor durante la rehabilitación de la cirugía de RLCA conduce 
a una mejor condición en la recuperación del rango de movi-
miento y la función de la rodilla. Al aplicar electroestimulación 
transcutánea se ocasiona una inhibición pre-sináptica con dis-
minución del dolor, en combinación con ejercicios controlados 
en las cuatro primeras semanas que permitieron resultados 
positivos en la recuperación. Esto se corrobora también con el 
estudio de Forogh y colaboradores que aplica electroestimu-
lación transcutánea sobre 70 deportistas en combinación con 
ejercicios controlados reportando disminución de los niveles 
de dolor en todos los individuos del estudio48. En otro estudio 
la utilización de electroestimulación transcutáneo manifiesta 
que sus efectos son relativos, obteniendo mejores resultados 
a nivel de cuádriceps con la aplicación de electroestimulación 
eléctrica  funcional a partir de la cuarta semana49.

El uso de KT tiene un efecto positivo sobre la propiocep-
ción en pacientes con rotura del LCA. Por lo tanto, la aplicación 
puede mejorar el patrón de la marcha, así como la función sub-
jetiva de la articulación de la rodilla afectada50. Liu menciona 
que el KT puede tener efectos beneficiosos sobre la propiocep-
ción, el equilibrio y el rendimiento funcional en personas con 
ruptura LCA, pero no puede compensar por completo la pér-
dida de propiocepción51. En la práctica actual se aplicó el KT 
para disminuir la contractura que presentaban los músculos 
isquiotibiales y también se utilizó en la fase final del programa 
de fisioterapia como técnica para estabilizar la rodilla, solo du-
rante la primera semana cuando retorno a la actividad laboral 

y deportiva, es decir, que el KT se puede utilizar como medio de 
apoyo temporal para estimular la propiocepción pero no como 
tratamiento permanente.

Se debe lograr la extensión completa de rodilla sobre las 
dos primeras semanas de rehabilitación y para esto se requie-
ren técnicas de estiramiento de larga duración con poca car-
ga52. La literatura científica indica la importancia de la marcha 
con extensión completa de la rodilla, para obtener una buena 
funcionabilidad de la articulación44. En la experiencia profe-
sional es importante alcanzar durante las primeras semanas 
la extensión completa de la rodilla con el fin de recuperar la 
biomecánica funcional en forma correcta después de la postci-
rugía de LCA. Aplicando al paciente la rehabilitación con ejer-
cicios selectivos, se obtiene la extensión completa de rodilla en 
el periodo inicial del tratamiento acompañado con movilización 
de la articulación patelofemoral el cual permite ganar rangos 
de movimiento durante el programa de fisioterapia estableci-
da. La aplicación de masaje en la banda iliotibial y de la parte 
lateral del cuádriceps ayuda a mejorar la movilidad articular, 
con lo cual aumentan los arcos de movilidad y disminuyen las 
contracturas  mejorando el proceso de oxigenación y aportes 
de nutrientes para obtener el proceso de cicatrización de ma-
nera óptima32. También contribuye la movilización de rotula 
con movimientos fisiológicos durante la primera semana y el 
masaje profundo en el muslo, para mejorar los rangos de mo-
vimientos y la irrigación sanguínea a nivel de la rodilla.

La rehabilitación acelerada y bien programada no ha 
mostrado efectos perjudiciales, iniciando con  activación de 
cuádriceps mediante ejercicios isométricos, posteriormente 
ejercicios con carga progresiva, luego utilizando el propio peso, 
ejercicios de cadena cinética abierta y cerrada53. En la fase 
inicial de rehabilitación es seguro para los pacientes empezar 
inmediatamente después del postoperatorio con ejercicios 
isométricos, conforme va mejorando se incrementa en forma 
progresiva el peso para el fortalecimiento de los músculos que 
intervienen en la función de la rodilla, es necesario  trabajar  
ejercicios de cadena cinética cerrada y abierta para ganar fuer-
za tanto en los músculos proximales y distales de miembros 
inferiores los mismos que se requieren para una buena reedu-
cación de la marcha.

Cimino y colaboradores (2010) explican que al realizar el 
entrenamiento neuromuscular propioceptivo mejora la res-
puesta refleja de la articulación y la reacción voluntaria de los 
músculos que tiende a ser rápida para contrarrestar las fuer-
zas que actúan sobre la rodilla1. En otro estudio de  Basar y 
colaboradores determina que el mecanismo propioceptivo de 
la rodilla da información sobre la posición y el movimiento de 
las articulaciones evitando de esa manera una segunda lesión 
de LCA54. Es necesario trabajar en la fase final de la  fisiote-
rapia el programa de entrenamiento neuromuscular propio-
ceptivo para un aprendizaje motor mediante la utilización de 
movimientos de perturbación en combinación con acciones 
visomotoras en lesión de LCA55. Al aplicar el programa de pro-
piocepción en el paciente con lesión de LCA se pudo observar 
un cambio importante en la funcionalidad estabilidad con me-
jor coordinación en las reacciones motoras y articulares de la 
rodilla, permitiendo integrar al paciente de forma óptima en 
la actividad deportiva y laboral. El trabajo de entrenamiento 
muscular propioceptivo permite constituir los factores senso-
riales, visuales y motores con el fin de minimizar los riesgos 
acelerados de secuelas y reduciendo el riesgo de una segunda 
lesión de LCA.

En la fase final de la rehabilitación se deben realizar prue-
bas de salto después de completar los seis meses de  trata-
miento para el retorno a la actividad deportiva52. Otro estudio 

Reporte de caso de postcirugía de ligamento cruzado anterior
Case report of post-surgery anterior cruciate ligament surgery



2054

menciona que todos los atletas a menudo son autorizados 
para regresar a las actividades cuando pueden realizar saltos 
en un solo pie sin dolor (periodo 6 meses) después de la re-
construcción del LCA56. Actualmente para autorizar el retorno 
a la actividad deportiva se ejecutó los ejercicios de saltos con 
los dos pies y con un pie es decir ejercicios polimétricos de 
baja y alta intensidad, también es importante que pueda correr 
y subir escaleras sin molestias para el retorno de la actividad 
laboral y deportiva.

Conclusiones
Los estudios presentados en este documento se centra-

ron en mejorar la rehabilitación después de la reconstrucción 
del LCA, con el objetivo de retornar en forma segura con una 
fuerza muscular óptima para darle mayor estabilidad a la rodi-
lla y evitar la aparición acelerada de la osteotritis con el fin de 
evitar limitaciones en la vida diaria.

Un programa de rehabilitación tradicional después de la 
cirugía es eficaz para mejorar la fuerza muscular de los mús-
culos flexores de la rodilla. Esta intervención temprana puede 
incorporarse a la rehabilitación actual para facilitar la recupe-
ración rápida de la fuerza en los pacientes con ruptura de LCA.
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Resumen: La tendencia a nivel mundial es utilizar energía renovable para depender menos de los combustibles fósiles y a su vez 
minimizar la contaminación ambiental, el Ecuador y sus gobiernos han realizado esfuerzos para generar este tipo de energía para 
contribuir a la matriz productiva del mismo.  El objetivo de este estudio es determinar los proyectos y cambios que ha tenido la 
producción tanto de energía primaria como de energía renovable durante los años 2008 y 2018.  El estudio se lo realizó a nivel 
mundial y de país; en lo que respecta al país se identificó experiencias del uso de energías renovables, se recopilaron datos para 
su respectivo análisis a nivel internacional y nacional, nos centramos en las principales obras de energía renovable funcionando 
y en proyectos dentro del proceso transformador de la matriz productiva energética del Ecuador. Para la elaboración de esta 
revisión bibliográfica se recopilaron artículos, folletos, libros pertinentes y relevantes publicados en los últimos 10 años. Se 
eligieron fuentes con datos originales y se descartó las que dependían de éstas. En el ámbito ecuatoriano, se determinó el 
valor del kilovatio instalado según la fuente de energía, su capacidad instalada y la energía producida.  No hemos avanzado en 
proyectos de energía maremotriz y geotérmica.

Palabras clave: Centrales, energía, eólica, fotovoltaica, geotérmica, renovable.

Abstract: The global trend is to use renewable energy to rely less on fossil fuels and minimize environmental pollution; Ecuador 
and its governments have made efforts to generate this energy to contribute to its productive matrix. This study aims to determine 
the projects and changes that production of both primary energy and renewable energy has had during 2008 and 2018. The study 
was conducted globally and as a country; regarding the country, experiences of the use of renewable energies were identified, data 
were collected for their respective analysis at the international and national levels, we focused on the leading renewable energy 
works in operation and on projects within the transformative process of Ecuador's energy production matrix. Articles, brochures, 
relevant and relevant books published over the past 10 years.  Sources with unique information were picked, and those that relied 
upon them were wrecked. In the Ecuadorian ambit, the estimation of the kilowatt introduced by the source and fuel, its introduced 
limit, and the energy created is resolved. We have not progressed on geothermal flowing energy projects.

Key words: Power plants, energy, wind, photovoltaic, geothermal, renewable.

REVIEW / ARTÍCULO DE REVISIÓN

Introducción
A nivel mundial, el consumo de energía provenientes de 

combustibles fósiles en el 2005 era del 80,7%, en el 2015 hubo 
un ligero descenso llegando a 79,6%. El uso de combustibles 
renovables y residuos combustibles en el 2005 estaba en el 
8,1% de la demanda total de energía y ha experimentado un 
descenso, llegando al 3,9% en el 20151. En el Ecuador, la ex-
plotación petrolera empezó en el año 1970 lo que provocó la 
modernización de su economía y un mayor crecimiento eco-
nómico, por lo tanto, una creciente demanda de energía.  En 
el año 2008, se produjeron 185000 kBEP mientras que en el 
2018 fue de 189000 kBEP2.  Según un informe del 2015 de 
la Fundación Empresa & Clima ubicada en España, se indica 
que las emisiones totales en el mundo en el año 2014 fueron 
de 32.000 millones de toneladas de CO2, con un aumento del 
0.8% respecto al año anterior.  La principal actividad emisora 
es la generación de electricidad y calor, con el 42%, seguida de 
industrias manufactureras y de construcción con el 19% y del 
transporte por carretera con el 17%3. El objetivo de esta inves-
tigación es dar a conocer la producción de energía renovable 
a nivel mundial y a nivel local en los últimos años, así como 
los principales proyectos, su capacidad instalada. A nivel país, 
los principales proyectos ejecutados, sus costos de ejecución y 
una comparación del valor de la inversión por kW instalado to-
mando como ejemplos cuatro proyectos de diferente energía.  
Adicionalmente determinar proyectos de energía hidráulica 
que están en fase de estudio o construcción.

Panorama Mundial
La producción de energía primaria entre el 2008 y 2018 

ha aumentado, salvo el caso de la energía nuclear.  Ver tabla 1, 
cuyas unidades están en mega toneladas de petróleo (Mtoe)4.  
Siendo la energía eléctrica un elemento de suma importancia 
en la sociedad actual, puesto que es una de las variables nece-
sarias para el desarrollo industrial de los países, así como para 
el bienestar de los pueblos, por lo que se hace conveniente 
mantener la continuidad en la prestación del servicio eléctrico. 
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Tabla 1. Producción de energía primaria mundial de los años 
2008 y 2018. Fuente: tomado de la página web de Internatio-
nal Energy Agency, Datos y Estadísticas (4)

La producción de energía eléctrica a partir de las dife-
rentes fuentes de energía ha aumentado del 2008 al 2018, a 
excepción de la producida por energía nuclear y petróleo.  Ver 
tabla 24.

La energía renovable se ha establecido como la fuente 
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principal de generación de electricidad y entre ellas, la que 
predomina es la hidroeléctrica, se ha mantenido estable su 
participación, siendo del 16% en el 2008 como en el 2018, del 
total de producción de electricidad4. Sí de esta información, 
sólo analizamos la producción de energía eléctrica, sin incluir 
a las centrales hidroeléctricas, entre esos mismos años, ob-
tenemos un incremento del 433%1 en unidades de TWh, sien-
do las de mayor crecimiento las energía eólica y fotovoltaica.  
Esta producción de energía va de la mano con la capacidad 
instalada que en el 2008 fue de 280 GW y en el 2018 de 1246 
GW, lo que representa un aumento del 345%5,6. Del total de la 
capacidad de la energía renovable, la hidráulica representó en 
el 2018 el 47,6%.

Los países con mayor potencia instalada son China, Brasil 
y Canadá7.  China cuenta con una capacidad de 322 GW y po-
see tres centrales hidroeléctricas entre las diez más grandes 
del mundo por potencia instalada, en primer lugar, está la de 
Tres Gargantas que posee 22,5 GW8.  Le sigue Brasil.  

La energía eólica terrestre (proyectos ubicados en el 
continente) ha crecido a pasos agigantados en los últimos 20 
años, convirtiéndose en una fuente principal de energía limpia 
y competitiva en todo el mundo, la capacidad total de energía 
eólica a nivel mundial ahora supera los 651 GW en el 2019.  En 
términos de capacidad instalada, los tres principales merca-
dos a finales de 2019 son: China, Estados Unidos y Alemania9.  
El parque eólico de Gansu, es el más grande del mundo, ubica-
do en China con una capacidad de 8 GW9.  

La eólica marina (proyectos ubicados en la superficie del 
mar), está desempeñando un papel cada vez más importante 
en la conducción de instalaciones eólicas mundiales9, al mo-
mento cuenta con una capacidad instalada de 29,1 GW10.  El 
parque Walney Extension tiene una capacidad de 659 MW, está 
situado en el mar de Irlanda, a unos 19 kilómetros de la costa 
de la isla de Walney (Reino Unido), posee 189 turbinas11.

En el 2017, la electricidad generada a partir de la bioma-
sa, es la tercera después de la hidráulica y eólica12. Los ma-
yores productores a partir de los biocombustibles y residuos 
en el 2017 fueron: China con 92923 GWh, Estados Unidos con 
70656 GWh y Brasil con 52255 GWh sin embargo; por capaci-
dad instalada, en primer lugar, está Brasil con 14,5 GW, Esta-
dos Unidos con 12,86 GW y tercero está China con 11,2 GW13.  

La tecnología solar fotovoltaica es una de las principales 

alternativas para afrontar decididamente la problemática ener-
gética global14.  En el 2018, la capacidad instalada en el mun-
do fue de 485 GW y los países que tienen la mayor capacidad 
instalada son: China con 175 GW, le sigue Japón con 55 GW y 
en tercer lugar aparece Estados Unidos con 51 GW.  En la India 
se ubica el más grande parque solar llamado Bhadla con 2,2 
GW, le sigue el proyecto Pavagada Solar Park de 2 GW, también 
ubicado en la India y en tercer lugar está el parque solar en el 
desierto de Tengger en China, con una capacidad de 1,5 GW15.

Por último, nombraremos a la electricidad cuyo origen sea 
del tipo geotérmica, la capacidad instalada en el mundo, en el 
2019 fue de 13,9 GW, donde los principales países con capaci-
dad instalada son: Estados Unidos con 2,5 GW, Indonesia con 
2,1 GW y Filipinas con 1,9 GW.   Llama la atención que estén 
estos dos países,  Indonesia año a año, ha venido incrementan-
do su capacidad, considerando que poseen el 40% del poten-
cial geotérmico del mundo, pero no se ha desarrollado del todo 
bien, alcanzando sólo el 6%16.

Energía en Ecuador
En el 2010, las centrales termoeléctricas representaban 

(generan energía a base de combustibles fósiles) el 54% de la 
potencia efectiva en MW, mientras que las centrales hidráuli-
cas/renovables era del 46%17, ver figura 1.

Este panorama cambia y en el 2019, las termoeléctricas 
caen al 35.01% y las hidráulicas/renovables suben al 64.99%.

Ecuador tiene como recurso energético primario principal 
los combustibles fósiles, el petróleo con sus derivados y gas 
natural llegando al 83,8% y sólo el 16,2% proviene de energías 
renovables.  A continuación, se indica el de participación de 
centrales eléctricas de acuerdo a su tipo en el 201018.

Proyectos de energía eólica
En el año 2007, se inauguró el primer parque eólico en la 

isla San Cristóbal del Archipiélago de Galápagos, con una po-
tencia instalada de 2.4 MW19. En el 2019, la producción total de 
energía fue de 86 GWh.  En la provincia de Loja se encuentra el 
parque eólico más alto del mundo, Villonaco, que abastece el 
25% de la energía que demanda la provincia20.  En la tabla 3, se 
puede apreciar los principales parques eólicos que se encuen-
tran operando y en construcción, dando como resultado una 
capacidad instalada de 21.15 MW. Dos parques están ubicados 
en las Islas Galápagos y uno en la provincia de Loja.

Tabla 2. Generación mundial de electricidad por fuente. Fuen-
te: tomado de la página web de International Energy Agency, 
Datos y Estadísticas (4)

Tabla 3. Principales parques Eólicos del Ecuador.

Proyectos de energía solar
Ecuador debido a su ubicación geográfica puede utilizar 

la energía solar durante todo el año.   La energía solar se utili-
za principalmente para usos térmicos como calentamiento de 
agua y climatización de edificios y para la generación de elec-
tricidad a base de paneles fotovoltaicos.

La radiación solar global promedio en su territorio fluc-
túa entre 4.1 y 4.9 kWh/m2/día21.  La energía fotovoltaica dio 
sus primeros aportes en el año 2005 fluctuando entre 10 y 30 
MWh hasta el año 2006, luego hubo un aumento a 60 MWh en 
el año 2011, llegando a 38 GWh en el 2019.  En el año 2011, 
el Conelec por medio de la regulación 004/11, determinó el 
tratamiento para la energía producida con recursos energéti-
cos renovables no convencionales para centrales menores a 
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50 MW.  Bajo esta regulación, a las generadoras fotovoltaicas 
se les cancelará 40.03 c USD/KWh en el territorio nacional y 
44.03 c USD/KWh en la región insular22.  Actualmente, este 
tipo de energía tiene una potencia efectiva de 26.74 MW.  Los 
principales proyectos de energía solar a base de paneles foto-
voltaicos se indican en la tabla 4.

Proyectos de energía hidráulica
Ecuador es el país con la más alta concentración de ríos 

por kilómetro cuadrado en el hidroeléctrica, que es la base del 
cambio de matriz energética iniciado en el gobierno anterior. La 
cordillera andina es la línea divisoria de aguas entre la cuenca 
hidrográfica del río Amazonas, que discurre hacia el este, y del 
océano Pacífico, que incluye los ríos Mataje, Santiago, Coca, 
Esmeraldas, Chone, Guayas y Jubones, entre otros20. Este tipo 
de energía primaria incrementó su participación, pasando del 
1% en 1970 a casi el 4% en la actualidad. En el 2006, la capa-
cidad instalada era de 3300 MW, alcanzando los 5073 MW en 
el 2018.  La producción de este tipo de energía es 24.665 GWh. 
En la tabla 6 se observa la potencia nominal de cada fuente 
renovable. 

Las principales centrales hidroeléctricas que están fun-
cionando se muestran en la siguiente tabla (Tabla 7) con su 
respectiva potencia en MW. 

Entre los principales proyectos que se encuentran en 
construcción están el Zamora-Santiago que aprovechará las 
aguas del río Zamora, se estima una potencia superior a los 
3000 MW; el Paute-Cardenillo que constituye el peldaño final 
del desarrollo integral de la cuenca del río Paute, tendrá una 
capacidad instalada de 595 MW; el Mazar-Dudas que captará 
las aguas del río Mazar, se espera obtener una potencia ins-
talada del 20,82 MW, se encuentra en la provincia de Cañar 
y Quijos que tendrá una potencia instalada de 50 MW, apro-
vechará las agua del mismo nombre en la provincia de Napo, 

Figura 1. Consumo de energía por sector en el 2010 en Ecuador. Figura 2. Porcentaje de participación de centrales eléctricas 
de acuerdo a su tipo en el 2010.

Tabla 4. Principales proyectos fotovoltaicos en el Ecuador.

Figura 3. Parque eólico de Villonaco 
ubicado en la provincia de Loja, foto to-
mada de la página web de Celec Gensur, 
galería.

Proyectos de energía de la biomasa-biogás
El proyecto San Carlos de cogeneración entró en funcio-

namiento en el 2005, se convirtió en el primer proyecto de este 
tipo del país, en lograr un registro internacional, en la Organi-
zación de las Naciones Unidad, como proyecto de mecanismo 
de desarrollo limpio23.  En el año 2019, la potencia efectiva de 
este tipo de energía fue de 142.90 MW y la producción de ener-
gía llega a 455 GWh.  Los principales proyectos de este tipo de 
energía se muestran en la tabla 5.

Julio Gómez-Assan, Rosa Ajila-Freire
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geotérmico se limita a balnearios y piscinas termales. Se han 
realizado estudios de prefactibilidad en cinco proyectos.   Los 
análisis definieron un potencial en cuatro zonas específicas: 
Tufiño-Chiles (frontera Ecuador-Colombia), Chalupas (Coto-
paxi), Cachimbiro (Imbabura) y Chacana (Pichincha).   En la si-
guiente tabla se indica la potencia estimada de cada proyecto. 

El valor promedio de los estudios, perforación y entrada 
de operaciones oscila entre 15 millones y 25 millones USD.  
También se necesitan tres años para que la perforación de 
prueba proporcione los suficientes datos que permitan prose-
guir con el desarrollo del proyecto26.

Proyectos de energía del mar
En el Ecuador aún no se ha aplicado a gran escala la ge-

neración de electricidad a través de este tipo de energía debido 
a la falta de interés de las entidades públicas27.  El perfil costa-
nero de Ecuador por su extensión de 640 km motiva la búsque-
da de un recurso energético en el Océano Pacífico.   Según una 
investigación realizada por Juan S. Guamán, donde se indica 
que por la existencia de la corriente Sub-Superficial Ecuato-
rial del Pacífico se puede aprovechar la energía existente en 
esta corriente marina debido a su velocidad de 1.5 m/s, que es 
mayor al requerimiento mínimo de 1.0 m/s.  Luego indica que, 
para reemplazar a una central termoeléctrica, se necesita una 
inversión de 85 millones USD28.

Se ha realizado un sencillo cálculo, considerando valores 
de la inversión por proyecto terminado y la potencia instalada, 
se obtuvo la siguiente tabla, en donde se indica el costo de la 
inversión para obtener un kilovatio (kW) de potencia.  Se toma-
ron como ejemplo cuatro proyectos.

Conclusiones
Para la producción de energía dependemos indiscutible-

mente del petróleo y ese panorama no ha cambiado desde el 
auge petrolero del año 2000.  El objetivo del gobierno anterior 
de cambiar la matriz energética del Ecuador, dio paso a la inau-
guración de más centrales hidroeléctricas, como la Coca Codo 
Sinclair de 1500 MW.  Debido al subsidio al gas y a la gasolina 
no se avizora cambio para utilizar fuentes de energía renova-

Tabla 5. Principales plan-
tas de energía de bioma-
sa-biogás en Ecuador

Tabla 6. Potencia nominal ins-
talada según tipo de energía en 
Ecuador.

Tabla 7. Centrales hidroeléctricas en funcionamiento en 
Ecuador.

Tabla 8. Proyectos hidroeléctricos (no terminados) del Ecuador.

la obra tiene un 46% de avance24. En la tabla 8 se muestran 
algunos de los proyectos que todavía no entran en operación, 
con la potencia y energía estimada.

Proyectos de energía geotérmica
La exploración geotérmica se inició en el Ecuador hace 

más de 30 años con el Instituto Ecuatoriano de Electrificación 
(INECEL), sin embargo, fue cerrada en 1993, debido principal-
mente a los bajos precios del petróleo, a la falta de un marco 
regulatorio y a la no disponibilidad de un capital inicial de ries-
go25.  El Ecuador al estar ubicado en el cinturón de fuego del 
Pacífico posee un potencial térmico estimado de 1700 MW, es 
decir, un poco más que la potencia de la central hidroeléctrica 
Coca Codo Sinclair.  En la práctica, la utilización del recurso 

Tabla 9. Principales proyectos geotérmicos del Ecuador.
Tabla 10. Inversión en dólares por kW instalado según el tipo 
de energía.

Experiencias en el uso de energía renovable en la República del Ecuador
Experiencies in the use of renewable energies in the Republic of Ecuador
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bles, especialmente en el sector del transporte y residencial.  
El aumento de la potencia nominal de la energía renovable se 
debe al financiamiento del Estado.

Estamos viviendo una época en que las empresas eléc-
tricas garantizan la entrega de la energía debido a que no te-
nemos problemas de estiaje o sequía en las zonas donde se 
ubican las centrales, por lo tanto, la población urbana no sien-
te la necesidad de adquirir otras fuentes de energía eléctrica. 
Finalmente, los esfuerzos estatales deben apuntar a aprove-
char la energía geotérmica debido a su gran potencial térmi-
co, así tendríamos otra fuente de energía sin depender de las 
hidroeléctricas.

Después de la energía hidráulica, sigue la producida por 
biomasa, luego la eólica.  La primera y la tercera son inversio-
nes y proyectos estatales, mientras que la segunda proviene 
de inversiones privadas.  Parecería que la inversión estatal no 
apunta a los proyectos de celdas fotovoltaicas.

En la comparación de la inversión necesaria para instalar 
un kilovatio de potencia, no se obtuvo el valor del proyecto del 
Ingenio San Carlos, después de realizar las respectivas consul-
tas en su página web.
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Tecnología IgY: Estrategia en el tratamiento de enfermedades infecciosas 
humanas
IgY Technology: Strategy in the treatment of human infectious diseases

Nathaly Cruz Tipantiza1 and Marbel Torres Arias2 DOI. 10.21931/RB/2021.06.03.30
Resumen: La aparición de microorganismos resistentes a antibióticos, el descubrimiento de nuevos agentes patógenos con 
potencial pandémico y el aumento de una población inmunocomprometida han dejado casi obsoleta la terapia antimicrobiana, 
terapia comúnmente usada para tratar enfermedades infecciosas. Por otro lado, las investigaciones acerca del uso del anticuerpo 
IgY para desarrollar inmunidad pasiva han demostrado el potencial que tiene la tecnología IgY para tratar enfermedades 
infecciosas víricas y bacterianas. Donde los anticuerpos IgY de aves se destacan por su alta especificidad, rendimiento y 
escalabilidad de producción a menor costo, con relación a los anticuerpos IgG de mamíferos. El objetivo de esta revisión es 
determinar la importancia del uso de los anticuerpos IgY como tratamiento terapéutico y profiláctico frente a los patógenos 
causantes de infecciones virales y bacterianas en humanos, mediante la recopilación de ensayos clínicos, productos comerciales 
y patentes registradas en el período de 2010-2021. Finalmente, con este estudio se estableció que la tecnología IgY es una 
herramienta biotecnológica versátil y eficaz para tratar y prevenir enfermedades infecciosas, al reducir los síntomas y la carga 
del patógeno.

Palabras clave: Anticuerpo IgY, bacteria, terapia pasiva, virus.

Abstract: The emergence of antibiotic-resistant microorganisms, the discovery of new pathogens with pandemic potential, and 
the rise of an immunocompromised population have rendered antimicrobial therapy, a commonly used therapy to treat infectious 
diseases, almost obsolete. On the other hand, research into the use of IgY antibodies to develop passive immunity has demonstrated 
the potential of IgY technology to treat viral and bacterial infectious diseases. Avian IgY antibodies stand out for their high specificity, 
performance, and scalability at a lower cost relative to mammalian IgG antibodies. This review aims to compile information on the 
use of IgY antibodies as therapeutic and prophylactic treatment against pathogens causing viral and bacterial infections in humans 
by collecting clinical trials, commercial products, and patents registered in 2010-2021. Finally, this study established that IgY 
technology is a versatile and effective biotechnological tool to treat and prevent infectious diseases by reducing symptoms and 
pathogen burden.

Key words: IgY antibody, bacteria, passive therapy, virus.

REVIEW / ARTÍCULO DE REVISIÓN

Introducción
Cuando un hospedero se encuentra en desequilibrio dis-

minuye la capacidad de protección del sistema inmunológico 
permitiendo la entrada de microorganismos. Estos patógenos 
desencadenan  una infección, que se define como “la presencia 
y multiplicación de un microorganismo en los tejidos, fluidos o 
cavidades de un huésped”1. La colonización de los patógenos 
en conjunto con otros factores ambientales permiten la inva-
sión del huésped generando daños a nivel local o sistémico, 
causando un infeccion2.

Durante el siglo XIX era común el uso de sueros de origen 
animal (sueros heterólogos) para tratar enfermedades infec-
ciosas, sin embargo la idea fue abandonada por la toxicidad 
asociada a su administración y la introducción de la quimiote-
rapia antimicrobiana en 19093. A pesar de todo, las infeccio-
nes virales y bacterianas siguen siendo las principales causas 
de mortalidad y morbilidad en el mundo, representando aún 
un desafío en la salud humana4. La pérdida de eficacia de la 
quimioterapia antimicrobiana se atribuye al aumento de indi-
viduos inmunodeprimidos, la reaparición de enfermedades que 
se consideraban ya erradicadas (sarampión, viruela), nuevos 
agentes infecciosos (SARS COV-2) y el desarrollo de resisten-
cia a los antimicrobianos (RAM)5,6. Por esta razón, se busca 

un tratamiento capaz de reconocer epítopos específicos, y así 
evitar la entrada, propagación, y neutralización de factores de 
virulencia sin dañar las células huésped. Permitiendo que el 
sistema inmunológico elimine los patógenos y evite desarro-
llar una infección crónica.

Por otro lado surge el interés por el uso de sueros de ori-
gen animal, generado por el sistema inmune de aves, dada su 
capacidad para generar anticuerpos que brindan inmunidad 
pasiva a su descendencia7,8. Existen tres isotipos de inmuno-
globulinas aviares: IgA e IgM presentes en la clara, e IgY pre-
sente en la yema; siendo este, el de principal interés terapeúti-
co por su alta especificidad contra antígenos de mamíferos 
altamente conservados9. Fue así que desde 1995 se asigna el 
término “tecnología IgY” al proceso de producción y aplicación 
de anticuerpos IgY aviares10, reportandose aplicaciones  en el 
área veterinaria, inmuno-diagnóstica y de investigación11.

En el año 2010 empieza el apogeo de esta tecnología en la 
medicina humana como alternativa al uso de antibióticos y por 
su bajo costo de producción12. Se ha documentado la eficacia 
del uso de IgY para tratar y prevenir infecciones bacterianas y 
víricas causantes de patologías como caries dental, periodonti-
tis, gastritis, diarrea, entre otras13. De forma general se ha visto 
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que IgY facilita la eliminación del patógeno a través del intes-
tino, evitando la replicación y propagación del mismo9. Se ha 
evaluado la administración sistémica del anticuerpo IgY aviar 
en comparación con IgG de mamiferos, evidenciándose una ac-
ción más rápida y local14. Asimismo, la inmunoterapia oral con 
IgY demostró su versatilidad y seguridad de uso al poder ser 
aplicada como fármaco y nutracéutico en un rango amplio de 
pacientes, desde recién nacidos, adultos, embarazadas hasta 
pacientes con inmunodeficientes e infecciones activas15.

Tras una breve descripción de la tecnología IgY, sus ven-
tajas y aplicaciones, esta revisión resume el uso potencial de 
IgY aviar como inmunoterapia contra infecciones bacterianas 
y virales en humanos. Para ello se recopiló mediante páginas 
web oficiales y  bases de datos científicas los principales ensa-
yos clínicos, patentes y productos comerciales disponibles en 
el período de 2010-2021.

Tecnología IgY
En 1893 el científico Felix Klemperer reporta el primer uso 

de IgY aviar (IgY antitoxina tetánica) para generar inmunidad 
pasiva en ratones, permitiendo que estos sobrevivan a dosis 
consideradas letales de esta toxina16. Sin embargo, fue has-
ta el año 1959 donde el bienestar animal se convierte en una 
preocupación ética para la comunidad científica, lo que atrae 
nuevamente el interés por el experimento de Klemperer17. Fue 
entonces, que desde la década de 1980 se empieza a desarro-
llar una amplia gama de aplicaciones para IgY,  principalmente 
en investigación, diagnóstico e inmunoterapia en medicina ve-
terinaria12,18.

En 1995, el Doctor Claus Staak, asigna el término “tec-
nología IgY” al proceso de producción y aplicación de anti-
cuerpos IgY aviares10. De forma paralela en 1996, el Centro 
Europeo para la Validación de Métodos Alternativos (CEVMA) 
recomienda el uso de IgY como alternativa al uso de IgG de 
mamífero, convirtiendo la tecnología IgY en una práctica inter-
nacionalmente aceptada19. Por último, a partir del año 2010 y 
hasta la actualidad se ha evidenciado un incremento del uso de 
IgY en la medicina humana como herramienta de diagnóstico 
e inmunoterapia11,15.

Inmunoglobulina IgY vs Inmunoglobulina IgG
IgY es un isotipo de inmunoglobulina secretada por aves, 

anfibios, reptiles y peces pulmonados20, es considerado el pre-
cursor evolutivo de IgG e IgE de mamíferos por su similitud 
funcional con ambos anticuerpos y a nivel estructural con 
IgE21. A nivel inmunológico IgY es el equivalente de IgG de ma-
míferos, sin embargo, difieren en aspectos funcionales y es-
tructurales. Por ejemplo, IgY posee una masa molecular (~180 
kDa) en comparación a IgG (~160 kDa)22 ya que posee cuatro 
dominios constantes en la cadena pesada (CH1-CH4) mientras 
que IgG solo posee tres (CH1-CH3). Asimismo, IgY carece de 
la región bisagra entre el dominio CH1 y CH2 al igual que IgE 
de mamífero10. Esta ausencia otorga a IgY una flexibilidad res-
tringida en comparación a IgG afectando su capacidad de pre-
cipitar antígenos multivalentes23,24. No obstante, su limitada 
flexibilidad le ha permitido reconocer mejor los antígenos, es 
decir tener una alta especificidad, y además le ha otorgado una 
mayor resistencia a la degradación y fragmentación proteolíti-
ca, manteniéndose estable a temperaturas de entre 30-70°C y 
un pH de 3,5-1125.

Estas diferencias estructurales y funcionales entre los an-
ticuerpos IgY aviar y su homólogo IgG de mamífero le han con-
cedido ciertas ventajas, como (1) generar una mayor respuesta 
inmune contra epítopos de proteínas conservadas y proteínas 

que evaden el sistema inmune de mamíferos26, (2) disminuir la 
reactividad cruzada27, (3) no activa el sistema complemento 
humano, y por último, (4) IgY reduce los falsos positivos en 
pruebas clínicas al carecer de los sitios de unión en la región 
Fc, por ejemplo, no reacciona con el factor reumatoide (RF)28, 
tampoco con los receptores Fc bacterianos (proteína A y G)29 ni 
con los aglutinógenos eritrocitarios A y B30.

Modo de acción de IgY
En la actualidad, aún se desconocen los mecanismos es-

pecíficos que emplea la inmunoglobulina IgY para proteger al 
huésped contra los patógenos31, pero se sabe de forma general 
que combina las funciones de IgG: opsonizar y fijar antígenos 
e IgE: mediar reacciones anafilácticas, específicamente las 
de hipersensibilidad de tipo I o inmediato32; por lo que se han 
propuesto mecanismos de acción generales para explicar las 
funciones efectoras que permiten la protección al huésped (Fi-
gura 1), como:

Aglutinación
IgY actúa como un “pegamento biológico”, al aglutinar e 

inmovilizar los patógenos y facilitar su eliminación por el in-
testino11. Esto se afirma con el estudio de Tsubokura et al.33 al 
desarrollar IgY-anti Campylobacter jejuni y registrar una dis-
minución del 99% de bacterias en el intestino, y un aumento 
del  80-95% de bacterias en los recuentos bacterianos fecales.

Bloqueo de adherencia
Mecanismo principal de IgY, aprovecha su alta especifici-

dad y permite unirse a epítopos particulares del patógeno, inhi-
biendo la adherencia de este a la superficie celular y previnien-
do la propagación intercelular (mecanismo común en virus)34. 
Por ejemplo, Xu et al.9 propone que si IgY se une a un antígeno 
de superficie (proteínas de la membrana, fimbrias o flagelos) 
que sea crucial para la colonización bacteriana, se lograría 
afectar las funciones normales de crecimiento, producción y 
liberación de toxinas.

Neutralización de toxinas
IgY puede evitar el desarrollo de una infección sin inhibir 

directamente al patógeno, al neutralizar las toxinas secretadas 
por los mismos y evitar el desarrollo de efectos fisiopatológi-
cos que estos podrían desencadenar35. Por ejemplo, la patente 
WO2013009843 describe las composiciones de IgY anti-LPS 
contra bacterias gastrointestinales en animales, demostrando 
ser eficaces en la disminución de toxinas y patógenos del trac-
to digestivo, además de registrar actividad antiinflamatoria36.

Opsonización
La unión IgY-patógeno, genera alteraciones estructura-

les en el patógeno tornándolo más suceptible a fagocitarse. 
Por ejemplo, en el estudio in vitro de Lee et al.37 se encontró 
que IgY- anti Salmonella typhimurium se unía a un antígeno 
de superficie de la membrana celular, generando alteraciones 
estructurales en la superficie bacteriana. Por otro lado se pro-
pone que IgY puede mejorar la capacidad fagócitica de las cé-
lulas inmunes del hospedero, pese a carecer del sitio de unión 
de la región Fc. Esto se evidencio en el estudio de  Zhen et al.38  

donde la IgY- anti Escherichia coli mejoró la actividad fagocitica 
de macrófagos y neutrófilos.

Productividad de IgY de la yema del huevo
IgY es el único anticuerpo aviar capaz de transferirse de 

la sangre de su progenitora a los oocitos maduros, otorgando 
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protección al embrión de posibles infecciones patogénicas39. 
En base a este principio inmunológico y considerando que la 
yema de huevo es una fuente económica y accesible para obte-
ner anticuerpos, la tecnología IgY desarrolla una metodología 
práctica, repetible, segura y de bajo costo para la producción de 
IgY30. Se comienza por inmunizar a las gallinas (por vía subcu-
tánea, intramuscular o intradérmica), con el fin de desarrollar 
una respuesta inmunológica adaptativa humoral40. Para ello se 
pueden utilizar diferentes tipos de antígenos como patógenos 
inactivados, proteínas recombinantes o proteínas obtenidas de 
ADN plasmídico41. Una vez inmunizada el ave, el antígeno se 
procesa y genera los anticuerpos IgY que por inmunidad pasiva 
se transfieren del plasma sanguíneo a la yema del huevo, este 
traspaso se da a partir del quinto o sexto día post inoculación42. 
Tras obtener el huevo, se separa la yema de la clara y se proce-
de a remover la fracción lipídica por delipidación43. Se recupera 
la fracción acuosa y se precipita con polietilenglicol o sales de 
amonio o sodio, obteniendo un pellet de proteínas totales en 
donde se encuentran las IgY44. Por último se realiza una puri-
ficación por técnicas cromatográficas o de ultrafiltración, y se 
cuantifica la concentración de anticuerpo IgY obtenido45.

La eficiencia de producción de la tecnología IgY para 
obtener un anticuerpo con alto rendimiento, pureza y activi-

dad depende de varios aspectos como (1) la raza y dieta de 
las aves, siendo las mejores razas de gallinas ponedoras ISA 
Brown y Lohmann Selected Leghorn. Por otro lado Villaguala 
et al.46 propone evaluar la relación yema:albúmina, indepen-
dientemente de la raza al considerar una relación directa para 
obtener una concentración mayor de IgY. (2)La modulación de 
la respuesta humoral donde se vio que la vía intramuscular 
produce niveles más altos que la subcutánea47. (3) El uso o no 
de inmunoestimulantes o adyuvantes, donde los adyuvantes a 
base de aceite, como el adyuvante completo de Freund (FCA) 
y el incompleto (FIA) siguen siendo los adyuvantes de elección 
en producción48, sin embargo, se sabe que estos desencadenan 
efectos secundarios en el ave. Lévesque et al.49 ha propuesto 
la adición de inmunoestimulantes CpG ODN en conjunto con 
el adyuvante FIA, al conseguir aumentar la producción de IgY 
específica hasta en un 480%. (4) El tiempo y refuerzo del antí-
geno, considerando que la concentración en la yema es direc-
tamente proporcional al tiempo de exposición del antígeno en 
el ave50. Y por último, (5) el método de purificación aplicado, 
las técnicas de cromatografía y UF son útiles a nivel de labo-
ratorio, sin embargo, la aplicación de estos métodos para la 
producción de IgY a gran escala se limita por problemas rela-
cionados con la seguridad alimentaria y los altos costos51. A ni-

Figura 1. Mecanismos de acción de anticuerpos IgY.
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vel industrial se emplean coagulantes polisacáridos naturales 
como pectina, alginato de sodio, goma xantana, carboximetil-
celulosa y carragenina, obteniéndose una precipitación de más 
del 90% de las lipoproteínas de la yema48. De esta forma, la 
Tecnología IgY ha reportado altos rendimientos de producción, 
obteniendo 300-325 huevos al año por gallina inmunizada de 
los que se extraen de 100-150 mg de IgY por yema con una 
especificidad del 5 al 10% contra el antígeno inoculado31,52.

Por otro lado, IgY se puede conservar por hasta 6 meses a 
temperatura ambiente, por hasta 3 meses a temperaturas de 
hasta 50°C, y de 5-10 años a 4°C11. A largo plazo se recomien-
da conservarlas a un máximo de -20°C53 o liofilizadas44. En la 
industria farmacéutica y alimenticia es común almacenar las 
IgY en forma pulverizada, tras aplicar un secado por atomiza-
ción54; además, se suelen adicionar estabilizadores como car-
bohidratos, azúcares, polioles y otros complejos, para aumen-
tar la estabilidad térmica y de pH de IgY55.

Aplicaciones de IgY
La tecnología IgY ha evolucionado drásticamente en los 

últimos años, y es gracias a su estructura, propiedades y ca-
racterísticas lo que la han convertido en uno de los principales 
anticuerpos terapéuticos y profilácticos contra enfermedades 
en animales y humanos24. Ha logrado abarcar una gran varie-
dad de campos, desde el área de diagnóstico e investigación, 
hasta la de producción alimenticia y farmacológica13. A conti-
nuación, se abordará de forma rápida algunas aplicaciones po-
tenciales del anticuerpo IgY (Figura 2), para una revisión más 
detallada, véanse las ref. 10, 13 y 48. 

IgY para inmunoensayos
La alta sensibilidad, especificidad y avidez de IgY la han 

convertido en un componente esencial para inmunoensayos 
cuantitativos y cualitativos18. Se ha utilizado IgY como biomar-
cador de calidad ambiental y seguridad alimentaria56, permi-
tiendo detectar sustancias como: fármacos residuales, alérge-
nos, hormonas, toxinas, antígenos (de origen viral, bacteriano, 
parasitario, vegetal o animal)57–59, entre otros. También se ha 
utilizado como reactivo inmunodiagnóstico, donde la avidez de 
IgY con proteínas conservadas de mamíferos la han conver-
tido en el sustituto de IgG en pruebas clínicas al eliminar fal-
sos positivos y disminuir interferencias10, incluso se ha usado 
en la detección y cuantificación de biomarcadores de cáncer 
gástrico60, cáncer de mama y ovario61. Además, Zhang et al.62 

demostró que IgY se puede utilizar como un anticuerpo secun-
dario, al ser capaz de conjugarse con las enzimas (peroxidasa 
e isotiocianato), reaccionar con el anticuerpo primario (IgG de 
ratón) y amplificar las señales antígeno-anticuerpo.

En consecuencia, IgY ya se aplica a varios formatos de 
inmunoensayos, tales como: ELISA63, Western blot45, croma-
tografía64, ensayos inmunoenzimáticos65, ensayos de fluores-
cencia66, entre otros.

IgY como suplemento
El interés del consumidor por llevar un estilo de vida más 

sano, ha permitido que durante los últimos 20 años se produzca y 
utilice de forma masiva anticuerpos IgY en forma de suplemento 
funcional13. Se han desarrollado suplementos nutricionales, cos-
méticos y farmacéuticos que se pueden ingerir de forma segura, 
mejoran la calidad de vida de humanos y animales domésticos67.

IgY como agente antitoxinas
La administración sistemática de IgY ha reportado una 

nula inflamación inespecífica y un bajo índice de efectos se-

cundarios68, que en combinación con su función efectora de 
neutralización de toxinas la han convertido en una estrategia 
perfecta para el desarrollo de antídotos69. Por ejemplo, en 
países tropicales y subtropicales la mordedura de serpientes 
venenosas, escorpiones y arañas representan aún un peligro 
para la salud pública70, comúnmente se utilizan inyecciones 
con sueros producidos en caballos, cabras y ovejas, pero estos 
inducen efectos secundarios como la enfermedad del suero o 
shock anafiláctico71. Thalley et al.72 demostró a nivel in vivo el 
uso de IgY como antitoxina contra serpientes cascabel y escor-
piones, siendo esta capaz de neutralizar los efectos letales y 
actuar como antídoto de amplio espectro. De igual forma, LeC-
laire et al.73 reportó el desarrollo y uso de IgY anti-enterotoxina 
B estafilocócica (SEB), un agente microbiano letal utilizado en 
guerras biológicas, donde IgY actuó como agente anti bioterro-
rista al reducir la cantidad de citotoxinas inflamatorias y pro-
teger a ratones y simios de dosis letales de SEB administradas 
en forma de aerosol.

IgY como agente antitumoral
La supresión de la respuesta del sistema apoptótico en con-

junto con la auto-renovación y supervivencia de las células tumo-
rales, generan resistencia a la quimioterapia, tratamiento común 
para tumores74. Es aquí donde IgY se muestra como un potencial 
agente antitumoral al inducir la apoptosis en células cancerosas. 
Por ejemplo, Xiao et al.75 demostró que IgY anti- HER2 conjugadas 
con nanotubos de carbono permiten la destrucción selectiva de 
células de cáncer de mama. Por otro lado, Chávez et al.76 eviden-
ció que IgY-anti-abrina ejercia actividad citotóxica contra el bio-
marcador de células (CD133) en glioblastoma.

IgY como agente antiobesidad
La obesidad es una enfermedad grave de la sociedad ac-

tual, considerada como un trastorno metabólico de lípidos y 
enzimas; por ello se han propuesto desarrollar fármacos con 
inhibidores de lipasa pancreática, tanto naturales como sinté-
ticos77. Hace poco Hirose et al.78 desarrolló una IgY anti-lipasa, 
que tras probarse a nivel in vivo e in vitro, redujó el tejido adi-
poso y el nivel de grasa hepática en sangre. IgY actuó como 
agente antiobesidad, al inhibir y reducir la absorción intestinal 
de lipasa, y aumentar la excreción fecal de triglicéridos.

IgY como agente antiinfeccioso
La prevención y tratamiento temprano de enfermedades 

infecciosas es indispensable para combatir la morbilidad y la 
mortalidad asociada a patógenos como: virus, bacterias, pará-
sitos y hongos3. La capacidad de IgY para neutralizar y elimi-
nar patógenos a través del intestino lo han convertido en un 
potencial agente antiinfeccioso. Por ejemplo, la inmunoterapia 
antimicótica con IgY se ha vuelto atractiva como complemen-
to a los fármacos antimicóticos existentes, asociada a micosis 
invasiva79. Se han desarrollado preparaciones a base de IgY 
que inhiben la adhesión y disminuyen la colonización del hongo 
Candida albicans80, un gel de uso oral desarrollado por Takeu-
chi et al.81. Asimismo se ha reportado el uso de IgY en parasi-
tología, como método de diagnóstico temprano82,83. Thirumalai 
et al.31 demostró que las preparaciones de IgY policlonal son 
la forma más experimentada y adecuada de inmunoterapia, 
puesto que se pueden aislar grandes cantidades con una alta 
especificidad. Por ejemplo, Sampaio et al.82 y Grando et al.84 
evaluaron el potencial terapéutico de IgY- anti Trypanosoma, 
a nivel in vitro e in vivo, reportando un aumento en la viabilidad 
de las células y la supervivencia de los animales infectados. 
Asimismo  Espín et al.85 desarrolló una IgY anti- Leishmania 
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mexicana, que permite detectar concentraciones mínimas (5-
50 μg/mL) del parásito.

IgY para contrarrestar respuestas autoinmunes
IgY ha demostrado un potencial para disminuir las respues-

tas autoinmunes asociadas a enfermedades y alérgenos. Husby 
et al.86 desarrolló una IgY anti-gliadina (glicoproteína presente 
en cereales) para tratar la enfermedad celíaca, enfermedad 
generada por la intolerancia al glúten, consiguiendo inhibir la 
absorción de gliadina y evitar la respuesta inflamatoria. Worle-
dge et al.87 reportó el uso de IgY anti- TNFα (factor de necrosis 
tumoral) para tratar la enfermedad de Crohn y la colitis ulce-
rosa, consiguiendo un efecto preventivo y más eficaz que los 
fármacos antiinflamatorios. Incluso se ha desarrollado una IgY 
(IgY- anti αGal) que evita el rechazo de xenotrasplantes en pri-
mates, al impedir que los anticuerpos naturales xenoreactivos 
interactúan con el tejido porcino trasplantado88. Por último, se 
ha empleado IgY como agente anti-alergénico (Figura 2), Wei-
xu et al.89 evaluó el efecto de IgY- anti IL-β1/TNF-α en cobayas 
con rinitis alérgica, donde observó una reducción del número de 
eosinófilos, neutrófilos y linfocitos en los pulmones.

IgY como terapia de infecciones humanas
En la actualidad se exige una constante demanda de tera-

pias que desarrollen inmunidad inmediata y a largo plazo, con 
una producción continua y escalable, que garantice pureza y 
suministro constante90. Los anticuerpos IgY se muestran como 
una inmunoterapia pasiva prometedora y eficaz en el trata-
miento de muchas infecciones91, principalmente del sistema 

respiratorio, digestivo y oral92. A continuación, se abordará el 
uso de IgY para la prevención y terapia de infecciones bacteria-
nas y virales, mediante la recopilación de ensayos clínicos re-
gistrados (Tabla 1), patentes (Tabla 2) y productos comerciales 
(Tabla 3) desarrolladas en el periodo de 2010-2021.

Infecciones bacterianas
Los patógenos bacterianos se caracterizan por su capaci-

dad de replicarse de forma autónoma y por secretar factores 
de virulencia fácilmente propagables como: toxinas, pigmentos, 
proteínas y moléculas de señalización93. Que en conjunto con la 
aparición de bacterias multirresistentes, por el uso indiscrimina-
do de antibióticos, ha convertido las infecciones bacterianas en 
una amenaza para la salud pública en todo el mundo94. Como 
alternativa al uso de antibióticos se propone utilizar anticuerpos 
IgY, puesto que su capacidad de adhesión disminuye y previene 
la colonización bacteriana, sobre todo en la etapa inicial, impi-
diendo que se transformen en infecciones crónicas10.

Se ha evaluado el uso de IgY contra patógenos de la ca-
vidad oral, tales como Prevotella intermedia95, Fusobacterium 
nucleatum42, Streptococcus mutans96, Porphyromonas gingi-
valis97, entre otras. Tras la administración oral de IgY en pasti-
llas, sprays y enjuagues bucales (Tabla 1) se evitó desarrollar 
caries, acumular placa dental y posibles reinfecciones, incluso 
trataron la periodontitis y gingivitis98. Tambíén, se ha admi-
nistrado IgY de forma intranasal contra patógenos del tracto 
respiratorio, tales como Mycobacterium tuberculosis99, Sta-
phylococcus aureus100 y Pseudomona aeruginosa101. Donde IgY 
neutralizó los patógenos en el tracto respiratorio y pulmones, 

Figura 2. Aplicaciones del anticuerpo IgY.
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además se vio que al utilizar IgY como adyuvante de antibió-
ticos este permite reducir la colonización en los pulmones102.

Por otro lado, los principales patógenos asociados a in-
toxicaciones alimentarias y gastritis son las bacterias gas-
trointestinales Escherichia coli, Salmonella spp.103, Clostridium 
difficile104, Helicobacter pylori105,106, Vibrio cholerae107, entre 
otras. Es necesario eliminar patógenos del estómago para evi-
tar que se desarrollen afecciones más severas como úlceras y 
cáncer de estómago108. Se han realizado ensayos clínicos para 
investigar el efecto de IgY por administración oral, en fármacos 
(GastimunHP y GastimunHp Plus) y suplementos dietéticos 
(IM-01) (Tabla1), donde se evidencia de forma general que es-
tos brindan protección contra enterobacterias y mejoran los 
síntomas clínicos como la diarrea109. Asimismo, se ha evaluado 
el uso de IgY contra bacterias asociadas al desarrollo de acné 
(Propionibacterium acnes) y dermatitis atópica (Staphylococ-
cus aureus)110, donde IgY ha permitido controlar la secreción 
de enterotoxinas y mejorar la barrera cutánea100.

Finalmente, se ha evaluado el uso de IgY contra bacterias 
resistentes a antibióticos betalactámicos como Acinetobacter 
baumannii111, Klebsiella pneumoniae y Escherichia coli (Tabla 
1), logrando erradicar el transporte intestinal de las enzimas 
BLEE (betalactamasas de expectro extendido) responsables 
de generar resistencia a este tipo de antibióticos12.

Infecciones Virales
Los virus son organismos contagiosos con una alta capa-

cidad de adaptabilidad y potencial pandémico, que se caracte-
rizan por utilizar las vías del propio huésped para replicarse y 
propagarse112. Pese a que ya se disponen de vacunas para algu-
nas enfermedades virales, estas generan incertidumbre acerca 
de su eficacia, capacidad de producción y entrega  masiva113. Es 
así, que en 1990 el desarrollo de IgY anti-rotavirus114 válida el 
uso de la tecnología IgY como tratamiento de infecciones vira-
les, puesto que, responde a la necesidad urgente de producir 
anticuerpos contra componentes virales específicos en un cor-
to tiempo, un bajo costo y sin dañar las células huésped92.

Se ha propuesto el uso de IgY para tratar infecciones cau-
sadas por virus altamente contagiosos y mortales como el ébo-
la115, hepatitis116, dengue117,118, zika119, entre otros; donde la IgY ha 
permitido neutralizar la replicación viral, atenuar la infección y 
disminuir la letalidad en infecciones leves y asintomáticas.

Ademas la administración oral de IgY para tratar infeccio-
nes gastrointestinales asociadas a rotavirus y norovirus. En el 
ensayo clínico del producto PTM202 con IgY- anti rotavirus que 
se probó en niños con diarrea, tras su aplicación se mejoraron 
los síntomas asociados como la diarrea y fiebre (Tabla 1)120. 
Por otro lado, Dai et al.114 evalúo la producción a gran escala de 
IgY anti-norovirus, obteniéndose en tan solo 3 meses concen-
traciones de 4,7-9,2 mg/mL de yema de huevo, demostrando 
el potencial antiviral y diagnóstico de IgY.

En infecciones respiratorias virales los primeros informes 
de utilización de la tecnología IgY fue hace 20 años, al aplicar 
IgY por administración intranasal en modelos animales y tener 
éxito en virus como: virus sincitial respiratorio, virus de la gripe, 
virus de Sendai, entre otros9. Posteriormente se logró llegar 
a ensayos clínicos en humanos para los virus de la influenza 
A (H1N1121 y H5N1122), influenza B123, Hantavirus124,125, SARS54, 
entre otros. Donde IgY consiguió neutralizar la infectividad y 
reducir la replicación de estos virus en los pulmones, previ-
niendo síndromes respiratorios agudos y graves.

IgY como potencial inmunoterapia para el COVID-19
En diciembre de 2019 en Wuhan-China se reportó un gru-

po de pacientes con neumonía asociada al coronavirus del sín-
drome respiratorio agudo severo 2 (SARS-CoV-2)126, virus que 
ha mostrado una alta letalidad infecciosa y significativa mor-
talidad. Esta infección respiratoria se caracteriza por su alto 
grado de propagación y adaptabilidad, que en conjunto con las 
malas prácticas de bioseguridad ejecutadas por la población 
han permitido que se desarrolle la actual pandemia del CO-
VID-1992. En consecuencia ha sido de suma urgencia el desa-
rrollo de terapias y profilácticos efectivos127. En base a la ex-
periencia con el tratamiento del SARS, Fu et al.54 propone una 
combinación de vacuna, inmunización pasiva y fármacos, para 
controlar de forma eficaz este tipo de infecciones.

La proteína pico (S) del SARS está compuesta por dos su-
bunidades, la subunidad S1 que contiene el dominio de unión al 
receptor (RBD) y la subunidad S2 que media la fusión entre el 
virus y la célula huésped128. Por esta razón la proteína S se ha 
convertido en el principal epítopo para desarrollar medicamen-
tos antivirales, vacunas y anticuerpos129. Tomando en cuenta 
esta noción, la tecnología IgY se muestra como un potencial 
material clínico antiinfeccioso. Lu et al.130 desarrolló IgY-S es-
pecífica para el epítopo SIIAYTMSL de la proteína S, epítopo 
que se superpone a la región de escisión de las subunidades 
S1 y S2. IgY-S exhibió una alta inmunorreactividad en ensayos 
ELISA y su uso permitiría prevenir la infección de las células 
mediante un bloqueo físico. Es decir, IgY- S evita el acceso de 
las enzimas proteolíticas al sitio de escisión S1/S2 y se  evade 
la fusión de la membrana de las células y el virus. Somasunda-
ram et al.131 propone desarrollar un anticuerpo recombinante 
de fragmento variable de cadena única (scFv) contra la  subu-
nidad S1, puesto que, IgY monoclonal ha demostrado ser más 
específica en comparación con IgY policlonal al reconocer un 
único epítopo. Se propone obtener esta IgY monoclonal anti S1 
mediante tecnología de presentación de fagos ya que esta tec-
nología es más estandarizada, reproducible y adecuada para 
la producción a gran escala. Asimismo, a nivel preclínico se ha 
desarrollado el aerosol nasal IGY-110 que busca neutralizar el 
SARS-CoV-2 en la cavidad nasal, área primaria de infección132. 
Por otro lado, se ha empezado a reclutar pacientes para probar 
la seguridad y tolerabilidad de IgY anti-SARS-CoV-2 (Tabla 1) 
administrada por vía intranasal en participantes sanos, con el 
fin de prevenir la infección.

Patentes de IgY
IgY ha demostrado a lo largo de la historia tener un amplio 

potencial para desarrollar aplicaciones a base de inmunización 
pasiva, a partir del año 2000 el aumento de investigaciones y 
publicaciones12. Leiva et al.143 menciona que a partir del 2010 
se empiezan a generar patentes de IgY asociadas al diagnós-
tico, terapia y profilaxis en medicina humana, principalmente 
en patologías como periodontitis, gingivitis, úlceras gástricas, 
infecciones asociadas al virus del papiloma humano, disbiosis, 
problemas nutricionales y metabólicos.

Hay que considerar que la estructura de la inmunoglobuli-
na IgY no es patentable, no obstante, es posible patentar el mé-
todo de preparación de IgY (obtención, purificación y conserva-
ción), su forma de producción  y el producto a base de IgY18. Por 
ejemplo, la solicitud de patente WO2016191389 establece un 
nuevo método para preparar IgY contra las bacterias causan-
tes de periodontitis (Porphyromonas gingivalis / Streptococcus 
mutans/ Aggregatibacter actinomycetemcomitans) median-
te la inmunización de gallinas con polipéptidos sintéticos144. 
Asimismo, la solicitud de patente WO2014011853 describe 
el método para la producción a gran escala de IgY-anti-NoV 
P (proteína de la cápside de norovirus) mediante la inmuniza-
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ción de las gallinas con partículas recombinantes de norovirus, 
además estandariza las condiciones en las que IgY se logra 
mantener estable (70 °C durante 30 minutos o a un pH de 4-9 
por 3 h145). En el caso de productos patentados a base de IgY 
tenemos la solicitud de patente CN104739719,  una fórmula 
de una pasta de dientes a base de IgY anti-S. mutans con com-
puestos como lisozima y extractos de plantas.

En la tabla 2 se presentan más patentes de IgY como in-
munoterapia de  infecciones virales y bacterianas en humanos, 
para ello, se revisaron las patentes registradas entre 2010-
2021 en la base de datos Patentscope. 

Productos comerciales de IgY
Desde hace más de 20 años se ha registrado un incremen-

to en la comercialización de IgY a nivel mundial buscando pro-
mover la salud de los seres humanos y animales155, donde se 

ha visto que los fundadores, líderes y expertos en tecnología 
IgY son los países asiáticos tales como Corea del Sur, Japón, 
China y Vietnam. Este incremento en la comercialización de 
IgY se refleja con la variedad de ensayos clínicos con resulta-
dos alentadores que se han logrado patentar y llevar al merca-
do como fármacos y suplementos nutracéuticos, basados   en 
formulaciones monoespecíficas o mixtas de IgY (Tabla 3)67,68. 
La administración parenteral de IgY mediante formulaciones 
orales e intranasales son las más comunes, ya que permiten 
mantener estable IgY a temperatura ambiente por más tiem-
po. Además, cuentan con un registro de perfil de seguridad al 
usar IgY en forma de huevo entero en polvo, la yema entera en 
polvo o únicamente la IgY purificada13.

En el ámbito veterinario se ha utilizado IgY en animales do-
mésticos para mejorar la eficiencia de su alimentación, la tasa 
de crecimiento y de forma general la salud del animal156. Aquí 

Tabla 1. Principales 
ensayos clínicos de 
anticuerpos IgY como  
tratamiento terapéu-
tico y profiláctico de  
infecciosas víricas y 
bacterianas en huma-
nos. Se incluyó única-
mente ensayos clíni-
cos registrados en las 
bases de datos guber-
namentales de  Clini-
cal Trials de  EEUU, 
Europa y Japón du-
rante el periódo de 
2010-2021. Esta lista 
incluye ensayos clí-
nicos registrados en 
bases de datos de or-
ganizaciones guber-
namentales de EEUU 
( https://clinicaltrials.
gov/),  Japón (https://
www.umin.ac.jp/ctr/ 
) y Europa (https:// 
www.clinicaltrialsre-
gister.eu/ ), las bases 
de datos se accedie-
ron por última vez el 
15 de enero de 2021.
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Tabla 2. Patentes de IgY como inmunoterapia de infecciones bacterianas y víricas en humanos. Abreviaturas NoV P: proteína 
de la cápside de norovirus; VPH: virus del papiloma humano ; L1: proteína de la cápside del virus del papiloma humano ; E6/E7: 
oncoproteínas del virus del papiloma humano.
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encontramos empresas como Aova Technologies que ofrece 
la línea de productos BIG™ para ganado y peces utilizados en 
acuicultura157. PRN Pharmacal con el suplemento alimenticio 
GastroMate® que apoya la salud digestiva de perros y cacho-
rros158. BIOINNOVO con el polvo IgY DNT que se incorpora a 
la dieta láctea de terneros para controlar agentes como ro-
tavirus A, coronavirus, Escherichia coli y Salmonella159. Trouw 
Nutrition con la línea Protimax® para ganado con productos 
como: Protimax®-T Forte para aumentar el peso y prevenir 
infecciones por patógenos entéricos como Escherichia coli, 
Salmonella, Clostridium perfringens, rotavirus, coronavirus y 
Cryptosporidium; y EggMotion como suplemento alimenticio 
para la salud intestinal de mascotas160.

Igualmente, en el ámbito de la salud humana se han desa-
rrollado una variedad de productos de consumo diario que van 
desde lácteos y pastillas hasta cremas, jabones y mascarillas 
(Tabla 3). Básicamente estos productos fortalecen el sistema 
inmune y previenen la adhesión de patógenos en la boca, tracto 
gastrointestinal y rostro67,161. Existen empresas que han desa-
rrollado productos para uso humano y animal. Pharma Foods 
International Co. Ltd con el ingrediente funcional Ovopron IgY 
para el tratamiento y prevención de infecciones asociadas a 
Helicobacter pylori en humanos (Tabla 3). Arkion Life Sciences 
con su la línea i26® Companion para mascotas que ayuda en 
la salud bucal y sensibilidad digestiva, mejorando la salud de 
articulaciones, piel y pelaje. Suplementos para humanos como 
i26® un suplemento probiótico y Muno-IgY ™ como suplemento 
dietético162 (Tabla 3). También tenemos a EW Nutrition con la 
línea Globigen® para mejorar la nutrición y el estado de salud 
intestinal de rumiantes y porcinos jóvenes durante el período 
de destete. Dentro de esta línea encontramos productos como: 
Globigen Jump Start , Globigen Sow y Globigen Life Start. Por 
otro lado, desarrolló el suplemento alimenticio y cosmético 
Ovalgen® para el cuidado de la salud humana. Se ha utilizado 
Ovalgen® como ingrediente funcional de la serie de productos 
IgYGate®:  GastimunHP y GastimunHP Plus para el tratamien-
to de gastritis y úlceras gástricas, IgYGate®-F contra gripes 
estacionales ,y como herramienta de apoyo al tratamiento de 
caries y gingivitis IgYGate® DC-PG163 (Tabla 3). Por último, Dan 
Biotech Inc. con su línea Ig-Lock® permite prevenir y controlar 
infecciones intestinales asociadas a Escherichia coli, parvovi-
rus, coronavirus y adenovirus en animales domésticos como 
perros, aves de corral, ganado vacuno y porcino. Por otro lado, 
para humanos desarrollo la línea Cleanato® para el cuidado 
de la piel y Ulcer lock® / Gasto lock® para el fortalecimiento 
gastrointestinal164 (Tabla 3).

Ventajas de la Tecnología IgY
Como se ha visto el uso de tecnología IgY en relación a 

anticuerpos convencionales traen un serie de ventajas como: 
(1) reemplaza el sangrado de los animales por la recolección
de huevos, promoviendo el bienestar animal y disminuyendo
el sufrimiento asociado a manipulaciones dolorosas155, (2) se
necesita una baja  carga de antígeno para inducir una res-
puesta inmune específica156, (3) tiene una alta escalabilidad
de producción a un menor costo y tiempo, aproximadamente
cinco semanas desde el período de inmunización44, (4) gracias
a su especificidad y acción in situ, no inducen resistencia bac-
teriana o alteraciones en la flora microbiana normal67, (5) no
genera efectos secundarios tóxicos ya que al estar purificada
no contiene albúmina, por lo que, puede incluso utilizarse en
pacientes con alergia al huevo34, (6) al ser una tecnología de
inmunización pasiva es aplicable en un rango de edad amplio
de pacientes, desde recién nacidos hasta adultos incluidos pa-

cientes inmunodeficientes y embarazadas92, (7) posee una ma-
yor estabilidad en comparación a anticuerpos mamíferos, esto 
gracias a su composición genética más sencilla171, (8) tiene una 
amplia versatilidad permitiendo utilizarse como anticuerpo po-
liclonal, monoclonal, fragmentado o quimérico172, y por último 
(9) ejerce un efecto antimicrobiano e inmunoestimulante adi-
cional gracias a la presencia de proteínas bioactivas encontra-
das en las preparaciones de IgY en forma de huevo entero en
polvo o  yema entera en polvo, tales como fosfoproteína fosvi-
tina173 y derivados del ácido siálico (propiedades antivirales)174.

Conclusiones
Como se ha visto desde los años 80 hasta la actualidad la 

tecnología IgY se ha empleado como una herramienta diagnós-
tica, terapéutica y profiláctica, logrando posicionarse a nivel in-
dustrial y comercial en todo el mundo. El uso de huevos como 
fuente de anticuerpos IgY ha permitido desarrollar una meto-
dología de producción práctica, escalable y de bajo costo. Es-
tos anticuerpos IgY aviar han atraído cada vez más la atención 
de la comunidad científica para reemplazar a los anticuerpos 
IgG de mamíferos, puesto que, sus particularidades estructu-
rales y funcionales le han otorgado una mayor especificidad, 
baja reactividad cruzada y alta vida media circulante. En cuan-
to a su modo de acción se han descubierto los mecanismos de 
acción general, donde si bien IgY no ejerce una erradicación 
microbiana total permite reducir significativamente la carga 
de patógenos hasta el punto en el que la propia inmunidad del 
paciente puede erradicarlos. Se han propuesto que las funcio-
nes efectoras de IgY son: el bloqueo de adherencia del pató-
geno, neutralización de epítopos específicos incluidos toxinas, 
opsonización del patógeno y formación de aglutinados de antí-
genos-anticuerpos para eliminarlos a través del intestino.

Desde  2010 se registra una mayor acogida de la tecno-
logía IgY en la medicina humana gracias a sus propiedades 
antiinfecciosas, antitumorales, antitoxinas, antiinflamatorias y 
antiobesidad. Afirmando que el uso de anticuerpos IgY permite 
tratar y prevenir infecciones víricas y bacterianas. Este hecho 
se evidencia con el incremento de ensayos clínicos, patentes 
y productos a base de IgY, por ejemplo, ya se comercializan 
una gran variedad de productos de consumo diario, tales como: 
fármacos, cosméticos, filtros de mascarilla, suplementos y 
nutracéuticos. Además el uso de IgY en lugar de antibióticos 
para tratar este tipo de infecciones responde a la grave pro-
blemática de salud que representa el desarrollo de patógenos 
resistentes a antimicrobianos.

Por último, como hemos visto el mundo se enfrenta a uno 
de los mayores desafíos sanitarios con la actual pandemia del 
COVID-19, evidenciando la necesidad urgente de nuevas o me-
joradas terapias. Y como alternativa del uso de la tecnología 
IgY como herramienta biotecnológica segura, eficaz, económi-
ca y versátil para disminuir la incidencia, prevalencia y severi-
dad de varias enfermedades infecciosas.
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Abstract: Lab on a Chip (LoC) as part of Microbioreactors (MBRs) constitute an emergent technology to carry out micro-
bioprocesses based on microfluidics research. In this review, the usefulness of LoCs is exposed since its inception, demonstrating 
that it is a multidisciplinary research field, gathering different science branches to develop this technology. As a result, a beneficial 
point of advancement is reached, producing useful consumables for humanity. Some of the described LoCs throughout this work 
are also used to detect infectious diseases caused by bacteria or viruses, allowing accelerated studies on emerging or high-
impact diseases, such as COVID-19. Here are also displayed with an updated panorama, different strategies to improve the use, 
applications in the biomedical field, and spread of these devices aimed at their availability to solve social problems.  

Key words: Bioprocesses, COVID-19, micro bioreactors, Organ on a Chip, plasmonic, Point of Care.

Introduction
The emergence of micro-bioreactors (MBRs) comes from 

two main fields: microfluidic technology and molecular bio-
logy. In the early 1950s, photolithography development gave 
rise to microfabrication, which allowed scientists to develop 
the first microdevices, known as micro-size transistors. Over 
the years, microtechnology began to gain new approaches and 
applications, so chemical tests start to miniaturize. The appea-
rance of these techniques allowed to get high precision data 
with a high-resolution level using small sample amounts1.

A growing interest in MBRs development, which typically 
works at the milliliter (mL) and microliter (μl) scale, is thought 
to be more convenient to collect chemical and biological infor-
mation related to bioprocesses or diagnosis tests2,3. Apart from 
working on a micrometric scale4, the MBRs operation mode 
includes conventional bioreactors, discontinuous (batch), fed-
batch, or continuous systems2. However, differently from con-
ventional reactors, MRBs mainly use two modalities: those 
that consist of microwells and those based on microfluids1.

MBRs development was carried out to parallelize an inte-
grative high-performance and quickly experimental design in 
several studies. The acceleration of quantitative microbial phe-
notyping stands out over conventional cultivation techniques 
and turns out to be economical, competitive, and effective for 
bioprocesses in the pharmaceutical and industrial sectors5. It 
seeks to miniaturize conventional cultivation to achieve MBRs 
that provide rapid data output, as they can be adapted by fa-
bricating different types, sizes, and shapes. They also allow a 
reduction in experimentation expenses, require fewer installa-
tions and less time, and give the possibility of automation6.

Bioreactors miniaturization leads to obtaining bioproces-
ses or diagnosis tests just reduced to chips so-called Lab on 
a chip (LoC), which integrate and miniaturize some laboratory 
functions in a single device7. Its development is interdiscipli-
nary since it involves biology, chemistry, physics, software 
sciences, and material engineering. LoCs main characteristics 
consist in the arrangement of multiple components integrated 
into a single artifact. Additionally, they can be automated; each 
bioprocess can be independently treated as an individual expe-
riment in multiple microsystems8, thus increasing sensitivity, 

decreasing reagent consumption, and having efficient sterili-
zation, sample detection, and product separation9.

Portable LoC platforms are used in Severe Acute Respi-
ratory Syndrome coronavirus studies detected in 2019 (SARS-
CoV-2), constituting an emerging research area with signi-
ficant potential for diagnosis. SARS-CoV-2 is responsible for 
the COVID-19 disease, which was classified as a pandemic on 
March 11 2020. The countries with the highest number of in-
fections are United States, India, Brazil, Russia, and the United 
Kingdom, but worldwide gathered data reveals that there are 
a total of ninety-three million infections and more than two 
million confirmed deaths until January 17, 202110.

This work aims to provide an updated panorama to natio-
nal researchers on the use and powerful potential applications 
of miniaturized systems based on Lab on a Chip, its applica-
tions in the biomedical field, and the advances that this tech-
nology offers in the study of SARS-CoV-2.

MICRO BIOREACTORS
Table 1 summarizes some of the most used MBRs models 

to date. The diversity of MBR designs gives the possibility to 
adapt the purposes of the equipment according to the user's 
needs and requirements. Currently, MBRs have been used in 
high-throughput screening techniques to evaluate the biologi-
cal activity of different molecules of interest11. 

Additionally, in industry, MBRs are widely used to manu-
facture pharmaceuticals, chemicals, enzymes, and food from 
cell factories6,12.

An indispensable requirement in developing a bioprocess is 
selecting ideal conditions, such as optimal growth of microor-
ganisms and adequate growth medium, and a strategy that 
guarantees the final product with the required quality. However, 
the productive parameters and the operational characteristics 
of a bioprocess can change and affect the environment's phy-
siological and molecular cell response. Therefore, it is essential 
to know and study the main biochemical, microbiological, and 
physical factors that influence obtaining high concentrations of 
biotechnological products and guarantee the control of the cul-
ture and its conditions throughout the bioprocess13,14.
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An appropriate MBR will retain the functionality of con-
ventional bioreactors in a miniaturized form and allow the 
integration of additional sensors. Therefore, the following cri-
teria should be met in an MBR: i) biocompatibility of the cho-
sen material, ii) adequate aeration, iii) temperature control, iv) 
biomass measurement, v) dissolved oxygen detection, and vi) 
pH measurement15. These characteristics allow bioprocess 
experiments to be carried out under dynamic and flexible con-
ditions1.

LAB ON A CHIP (LoCs)
As an exciting branch of MBRs, LoCs can integrate optic 

(for luminescence or absorbance measurements), magnetic, 
electrical, and micro-resonator sensors. They allow the appli-
cation of fast and effective biomarker detection protocols wi-
thout being physically linked to a specialized laboratory or hos-
pital. Thus, micro bioreactors are compacted-size devices that 
confer versatility to control and monitor chronic or epidemic 
outbreak-related diseases since they facilitate the collection, 
transport, extraction, and sample analysis, thus increasing the 
population coverage16.

The production and manufacture of LoCs follow a logical 
and orderly process that improves their development, which is 
detailed in Figure 1. The primary materials for their manufac-
ture are silica and polymers like poly dimethyl siloxane (PDMS) 
and polytetrafluoroethylene (PTFE)7. Its main manufacturing 
methods are engraving and lithography17,18.

The transition from large laboratories to simple chips has 
been due to microfabrication techniques, facilitating the use of 

LoCs such as Point of Care (POC) tests, which are laboratory 
tests that are applied near the patient's location and can be 
applied even by the same patient because no prior training is 
needed with these tests19.

LoCs has predominantly become a valuable tool for the 
future of medicine. For example, LoCs such as Point of Care 
(POC) tests constitute laboratory tests applied near the pa-
tient's location and can be applied even by the same patient 
since prior training is needed19. However, due to several limita-
tions, a transition from LoCs was made to a device with a few 
square centimeters capable of emulating conditions of expe-
rimentation, screening, and in vitro personalized medicine of 
biopsies or derived cells for a multiplatform system of a tissue, 
which was called Organ-on-a-Chip (OoC)20.

OoC systems are instruments whose main objective is to 
imitate the tissue-tissue interface of living organisms of the 
animal kingdom, focusing mainly on the most relevant proces-
ses of the organism, which include: adsorption, distribution, 
metabolism, and elimination21.

OoCs are microfluidic-based devices designed for the cul-
tivation of live cells in continuously perfused micrometer-sized 
chambers. Generally, these micrometric chambers are compo-
sed of 3D polymeric microchannels, which are transparent and 
lined by living cells, which are responsible for replicating three 
critical aspects of intact organs: the 3D microarchitecture de-
fined by the spatial distribution of multiple types of tissues; 
tissue-tissue functional interfaces; and complex organ-specific 
biochemical and mechanical microenvironments22.

OoC systems can be used as specialized in vitro models 

Table 1. Microbioreactor 
models and examples of 
their uses.
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that allow the simulation of microenvironments, investigation 
of physical stimuli, and pharmacological modulation of com-
plex biological processes22. Several systems can be designed, 
such as i) Simple systems, which have a single perfused mi-
crofluidic chamber containing a type of cultured cells that 
exhibit tissue functions, for example, hepatocyte systems or 
kidney epithelial cells. ii) Complex systems, which have two or 
more microchannels connected by porous membranes, lined 
on opposite sides by different types of cells, recreate interfa-
ces between tissues, such as a pulmonary alveolar-capillary 
interface or even a blood-brain barrier23.

LOCS APPLICATIONS IN BIOMEDICAL RESEARCH
MBRs development in the health sector focuses on stud-

ying the new drugs' effects24, the development of culture 
systems25, production, and manufacturing of diagnostic equi-
pment26. The main advantages in the medical sector are the 
cultivation of cells in three dimensions, the use of OoC, high 
yield, and the production of biomass and personalized medici-
ne applications27.

Cytotoxicity studies
OoCs are instruments that provide a variety of appli-

cations in the field of pharmacology, they stand out for their 
ability to imitate different environments of the animal orga-
nism to evaluate toxicity. In the study by Coppeta et al.(2017), 
a cross-platform design based on reconfigurable human cells 
that supports the function of individual organs is presented18.

Heart on a Chip (HoC) has shown the potential to facilita-
te and shorten drug development. In the study by Mandenius 
(2018), a prototype of HoC is designed based on cardiomyo-
cytes obtained from the development of induced pluripotent 
stem cells (iPSC)11,28. This and other OoC studies can be seen 
in Figure 2.

Disease’s study and diagnosis
OoCs can simulate intracellular environments and broad 

screening for drugs and cell responses, whereas LoCs allow 
rapid diagnosis of diseases that can be detected using human 
fluid samples7,29. This section will provide examples of the ad-
vancement of this technology and the integration of miniaturi-

zed conventional tests.
LoC-based platforms have been increasingly developed 

for the analysis and detection of biomarkers. They allow better 
sample preparation, handling, high throughput, and portability. 
Also, provide attractive features such as marker-free detec-
tion, higher sensitivity, and the integration of novel detection 
techniques that reduce testing time and simplify processes30. 
The comparison between LoC-based platforms and conventio-
nal tests is shown in Figure 3. 

Malaria is a disease that requires quick and easy ways of 
diagnosis, so LoCs have been beneficial for developing rapid 
tests31. The main LoC diagnostic techniques to detect mala-
ria are based on real-time capillary PCR (q-PCR), which has 
a sensitivity of 97.4% and a specificity of 93.8% compared to 
conventional q-PCR32. Other LoC-based diagnostic techni-
ques for malaria include microfluidic chips that perform En-
zyme-Linked ImmunoSorbent Assay (ELISA) to detect histidi-
ne-rich protein 2 (HRP-2). Besides, chips were developed for 
studies of individual cells, in which cells infected with malaria 
are identified for their properties in microfluidics31.

The study has extensively developed in LoC for its diag-
nosis and OoC for its culture in viruses. In a dual microchannel 
design with human liver cells separated by a porous membra-
ne (liver-sinusoid-on-a-chip), an optimal replication rate of the 
Hepatitis B Virus (HBV) was achieved, measured by the pre-
sence of viral DNA secreted by the cells and the expression 
of the central antigen of hepatitis B (HBcAg) was determined. 
Differentiation and functions of the hepatocytes were maintai-
ned during the trial; approximately 73.3% of the hepatocytes 
expressed HBcAg33.

Research on SARS-COV-2
The Severe Acute Respiratory Syndrome (SARS-CoV) 

caused an epidemic between 2002-2004; this misfortune 
allowed the development of a microfluidic system manufac-
tured using the photolithography technique. The chip had been 
tested to detect the coronavirus SARS-CoV; this system had 
a laser fluorescence detection, capable of giving a positive 
rate of SARS clinical samples up to 94.44%. The research had 
shown a higher positive rate than a conventional PCR, with 
shorter test times and lower costs34.

Figure 1. The process to develop a Lab on a Chip (LoC). In the case of inconveniences at any stage, the process must be repea-
ted. Adapted from: Shanti, Teo, and Stefanini (2018)41. Created with Canva.com.
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In the COVID-19 pandemic, LoCs were developed as 
diagnostic tools based on qRT-PCR; these provide significant 
advantages such as using a small sample volume, rapid de-
tection, and the incorporation of the Gold Standard test to 
diagnose SARS-CoV-2 in a miniature portable form35,36.

Another application of LoC is to detect the RNA transduc-
tion of SARS-CoV-2 without the need for qRT-PCR. Instead, 
the genetic material is detected by hybridization with probes; 
a diode laser allows quantifying the viral RNA by excitation of 
the probe hybrid with the RdRp-COVID, ORF1ab-COVID SARS-
CoV-2 and E protein genes. This technique significantly impro-
ved the stability, sensitivity, and reliability of the chip37.

A novel method for detecting SARS-CoV-2 is plasmonic, 
which is the excitation of a metal-dielectric target molecule 
that generates a signal when catching an RNA target. It has 
shown high sensitivity and detects samples with low concen-
trations of nucleic acids. These advantages allow the use of 
LoCs in versatile ways to detect viruses38.

SARS-CoV-2 diagnosis by qRT-PCR test didn't cover the 
presented demands, so some LoCs had an emergency use 
authorization to solve this trouble. These authorizations were 
given by the Food and Drug Administration (FDA) in the United 
States39. The SARS-CoV-2 detection LoCs on the market can 
be seen in Table 2. 

Complementing the use of LoCs for diagnosis, the Appli-
kon® company has researched the use of MBR Micro-matrix 
for possible vaccines against COVID-19 by the Virology Labora-
tory and the Bioprocess Engineering group of Wageningen Uni-
versity. The MBR is being applied to optimize cell growth pa-
rameters for the production of the Spike protein in Sf9 cells40.

FUTURE PERSPECTIVES
There are many possibilities for future exploration and te-

chnical issues that need to be addressed to turn MBRs emer-
ging technologies into valuable tools. The innovation of detec-
tion methods and the miniaturization of instruments need to 
be improved, which requires collaboration between scientists 

with experience in different fields. Among the improvements 
that must be made, the material used to manufacture the 
microfluidic device must not influence the cellular response 
behavior. Currently, PDMS is the standard material used for 
manufacturing; however, it is highly lipophilic to bind to mole-
cules in the perfusion medium or bind to introduced drugs41.

An essential requirement for commercialization and a 
challenge for complex microfluidic structures is scalability. As 
a result, scalability considerations must drive the materials, 
the design, and the fabrication methods used for such devices. 
Advances in 3D printing technology will likely start to bridge 
that gap shortly to build plastic-based MBRs42.

Based on the variety of diagnostic chips capable of detec-
ting COVID-19, portability, sensitivity, and performance are the 
ruling guideline to implement a virus-specific diagnostic stra-
tegy. The SARS-CoV-2 biomarkers enable plasmonic and colo-
rimetry for developing chip tests that ensure correct diagnosis, 
opening the possibility of an integrated POC system38,43. Given 
this potential for rapid results, plasmonic-based sensors can 
reduce the total analytical time from hours or days to minutes, 
which would allow patients to receive their diagnosis in less 
time, reducing nosocomial transmission and minimizing the 
burden on clinical laboratories38.

Although rapid diagnostic LoCs can bring benefits for 
those affected, in the future, these devices should have an in-
tegrated internet communication system with real-time data 
transmission capacity and updated monitoring (integrated 
transmitting antenna), which allows data acquisition to enter 
into a health network, this would have a significant impact on 
the management of current or future pandemics44.

A new method of detection and analysis of samples is 
through the use of smartphones (SP), thanks to their sophis-
ticated technological characteristics, such as high-quality 
cameras, great computational power, and easy connectivity; 
these have facilitated its integration as an analytical detection 
tool. SP-based tests measure optical variables such as bright 
field, colorimetry, luminescence, and fluorescence42.

Figure 2. Main Organ on a Chip (OoC) devices, 
based on impermeable and microfluidic mem-
branes to mimic the tissue-tissue interface of 
living organisms, Heart on a chip: a three-di-
mensional cell microstructure is generally 
used for toxicology tests in cardiomyocytes. 
Lymph node on a chip: used in research si-
mulating microstructures of the paracortical 
region of the lymph node to examine the dyna-
mics of interaction between dendritic cells and 
T cells. Skin on a chip: they are preferentially 
based on mimicking the active immune cells 
of the skin and physiological research adding 
vascularization in skin models with endothe-
lial cells. Spleen on a chip: system consisting 
of two channels, the first one with a fast liquid 
flow and the other with a slow liquid flow to 
balance hydrodynamic forces and imitate the 
filter function in the spleen. Liver on a Chip: for 
its therapeutic research on functions, metabo-
lism, detoxification, and response to drugs, an 
OoC of interest developed from hepatocytes 
and endothelial cells. Gut on a chip: usually 
used for phase I drug development and is hel-
pful to examine the small intestine functions. 
Based on Shanti et al.(2018).
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The identification of viruses using SP has been proved on 
different systems such as detection of Ebola virus-specific 
antibodies, RT-LAMP tests for detecting the human immuno-
deficiency virus (HIV) and Zika virus, and diagnosing influen-
za with gold nanoparticles test39. Sun et al.(2020) study the 
detection from LAMP of 5 bacterial and viral pathogens that 
cause respiratory infections in equines, using the SP Motoro-
la Nexus 6 to measure fluorescence. The system managed to 
differentiate positive and negative controls and detect one or 
more pathogens simultaneously in an hour (ideal for co-infec-
tion diagnosis). Furthermore, the large capacity of SPs to be 
used as analytical equipment makes them an excellent option 
for designing rapid tests for SARS-CoV-2 without the need to 
invest in expensive equipment45.

Microfluidic chips provide favorable support for OoC deve-
lopment that capture the attention of global research due to 
the breakthroughs that have been made in this field. The ulti-
mate goal of OoC is to integrate numerous organs on a single 
chip and build a more complex multi-organ chip model, ultima-
tely achieving a "Human on a chip"46.

Conclusions
This work gave an overview of the applications of LoCs de-

vices, highlighting their value in cytotoxicity studies and their 
importance as diagnostic tools, their advances in disease stu-
dies make great successes in biomedicine concerning health 
care.  Besides, LoCs and OoCs have demonstrated the fantas-

tic performance of this technology, with the most avant-garde 
research on LoCs focused on SARS-CoV-2, plasmonic-based 
chips, integration of communication systems between the 
tests with medical data-network and the use of SmartPhones 
as analytical devices. The LoCs were positioned as POC tests, 
which would open the door to a faster diagnosis without the 
need for biomedical or hospital equipment and better manage 
different diseases thanks to Lab on a Chips.
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Metachromatic Leukodystrophy: Diagnosis and Treatment Challenges

Abstract: Metachromatic leukodystrophy is a neurological disease of the lysosomal deposit that has a significant impact given 
the implications for the neurodegenerative deterioration of the patient. Currently, there is no treatment available that reverses 
the development of characteristic neurological and systemic symptoms. Objective. Carry out an updated bibliographic search on 
the most critical advances in the treatment and diagnosis for LDM. A retrospective topic review published in English and Spanish 
in the Orphanet and Pubmed databases. Current treatment options, such as enzyme replacement therapy and hematopoietic 
stem cell transplantation aimed at decreasing the rapid progression of the disease, improving patient survival; however, these 
are costly. The pathophysiological events of intracellular signaling related to the deficiency of the enzyme Arylsulfatase A and 
subsequent accumulation of sulphatides and glycosylated ceramides have not yet been established. Recently, the accumulation 
of C16 sulphatides has been shown to inhibit glycolysis and insulin secretion in pancreatic cells. The significant advance in 
technology has allowed timely diagnosis in patients suffering from LDM; however, they still do not have an effective treatment.

Key words: Metachromatic leukodystrophy, treatment, diagnosis, prevalence.

Introduction
Metachromatic leukodystrophy (LDM) is a neurodegene-

rative lysosomal deposition disease caused by a deficiency in 
the enzyme Arylsulfatase A (ARSA), which leads to an accu-
mulation of sulfates in lysosomes, lipids of great importance in 
the structure of myelin. The lysosomal deposition of sulphati-
des in neurons and myelinating cells produces severe demyeli-
nation and neurodegeneration of central (CNS) and peripheral 
nervous systems (PNS)1,2.

According to the progress of the disease and the onset of 
symptoms, it is classified into three stages: late infantile, juve-
nile, and adult3. Although there is still no effective treatment 
to reverse the symptoms, different therapeutic strategies are 
in the research and deepening phase3.

There are no pathological mechanisms by which the ac-
cumulation of sulfates leads to lamyelination in CNS and PNS 
cells. However, in in vitro and in vivo models of pancreatic B 
cells, the accumulation of sulphatides can inhibit insulin secre-
tion and therefore disable the glycolytic function of the cells4–6. 
The main objective of this review is to carry out an updated 
bibliographic search on the most critical advances in the treat-
ment and diagnosis of LDM.

Methods
Retrospective review article consisted of searching for 

articles published in English and Spanish in the Orphanet 
and Pubmed databases with the keywords, Medical Subject 
Headings (MeSH): Metachromatic leukodystrophy, treatment, 
diagnosis, prevalence.

Review articles, meta-analyses, systematic reviews, and 
studies that preferably had descriptions of cellular mechanis-
ms in LDM were included; 80 relevant references are inclu-
ded due to their historical antecedents considered valuable 
to complement the information and have LDM criteria. Other 
references support the descriptions of essential mechanisms 
in this pathology.

Results
3086 articles containing MeSH were found: When spe-

cifying "Metachromatic leukodystrophy", 1,650 articles were 
found, 410 with the words "Metachromatic leukodystrophy, 
treatment," 932 with "Metachromatic leukodystrophy, diag-
nosis" and 94 "Metachromatic leukodystrophy, prevalence". 
Of all the articles, 80 references were located considering 
that metachromatic leukodystrophy is the infantile stage and 
studies in which new diagnostic technologies and treatments 
were mentioned, Figure 1.

LEUKODYSTROPHIES
According to the National Institute of Health of the United 

States (NIH) and the Neurological Disorders Unit, leukodystro-
phies or leukoencephalopathies7 are a group of rare diseases 
caused by genetic defects, leading to the presence of chemical 
deposits within cells of both the CNS and the PNS, resulting in 
the deterioration of the myelin sheath8,9.

This pathology is characterized by demyelinating proces-
ses that primarily affect the CNS and later the PNS10,11. Leu-
kodystrophies have an incidence of 1 in 7,500 live births; howe-
ver, only half of the patients receive a specific diagnosis7,12.

The European Association of Leukodystrophies (ELA) 
classification includes those caused by peroxisomal content, 
lysosome, vacuolation, undetermined atypical hypomyelina-
tion. All of these leukodystrophies target myelin; in some ca-
ses, its degradation occurs, and in others, there is no formation 
of it13,14.

Specific leukodystrophies include metachromatic leu-
kodystrophy, Krabbé disease, adrenoleukodystrophy, Peli-
zaeus-Merzbacher disease, Canavan disease, and childhood 
ataxia hypomyelination of the central nervous system (also 
known as substance disappearance disease or white matter), 
Alexander's disease, Refsum's disease, and cerebrotendinous 
xanthomatosis15.

The progress of the disease is rapid and devastating. It can 
occur at any age, both in childhood and in adults12. Currently, 
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few reports are generated on diagnostic tests, treatment, and 
the course of this disease.  The current diagnosis is based on 
clinical history, examinations, radiological and laboratory fin-
dings, including genetic tests12,15. This review summarizes the 
knowledge about the epidemiology, pathophysiology, diagno-
sis, and treatment of Metachromatic Leukodystrophy.

Metachromatic Leukodystrophy (MLD)
MLD was first described in 1910 by Perisini and Alzhei-

mer's in adult patients3,16. In 1925, Scholz published a pa-
thological clinical study of juvenile MLD, and 34 years later, 
Peiffer showed that the neural tissues in Scholz's study had 
metachromatically stained sections. In 1958, independently, 
Jatzkewitz discovered that the metachromatic sections resul-
ted from the accumulation of sulphatides. On the other hand, 
Austin and his colleagues were the ones who discovered the 
defect in the activity of the enzyme arylsulfatase A. Greenfield 
made the first report of infantile MLD in 1933, and the term 
"metachromatic leukodystrophy" (metachromatischen Leu-
kodystrophien) was first used by Peiffer in 1959 to describe 
what was previously known as "diffuse cerebral sclerosis"16,17.

MLD (OMIM # 250100) is a lysosomal storage disorder 
with an autosomal recessive pattern of inheritance, so carriers 
of one copy of the abnormal gene are not affected by the disea-
se18,19. MLD is caused by mutations in the ARSA gene, located 
on chromosome 22q13.3320, that encodes the lysosomal en-
zyme Arylsulfatase A (ARSA) (ARSA; OMIM 607574, GenBank 
accession number, NG_009260)21,22.

Among the types of mutations that have been reported in 
ARSA are amino acid substitutions, nonsense mutations, dele-
tions, and sense-change mutation. ARSA is a crucial enzyme 
in the catabolism of sphingolipids, an abundant component of 
myelin, Figure 2. The progressive accumulation of sulphatides 
in the lysosomes of neurons and myelinating cells (Schwann 
cells in the PNS, oligodendrocytes in the CNS) causes severe 
demyelination and neurodegeneration progressive neurologi-
cal deficits, and premature death in childhood form23.

MLD has three clinical subtypes: late-infantile, juveni-
le, and adult17. Each of the subtypes has characteristics that 
make them different from each other.

Late childhood MLD
The start occurs before 30 months. Typical findings are 

weakness, hypotonia, clumsiness, frequent falls, difficulty 
walking, and dysarthria. As the disease progresses, motor, 
cognitive, and language skills deteriorate. Later signs include 
spasticity, pain, seizures, impaired vision, and hearing. Of the 
cases of MLD, 50 to 60% are of late childhood presentation24. 
In the final stages, children have tonic spasms, mindless pos-
ture, and general ignorance of their environment17.

Juvenile MLD
The clinical signs of this pathology appear between 30 

months and 16 years of age. This clinical form of the disease 
represents 20 to 30% of MLD cases25. Initial manifestations in-
clude decreased school performance and the appearance of 
behavioral problems, followed by gait disturbances. Progres-
sion is similar but slower than in the late-infant form17.

Adult MLD
Symptom presentation occurs after 16, sometimes up 

to the fourth or fifth decade, and represents 10 - 20% of the 
MLD cases25. Initial signs include problems with school or work 
performance, personality changes, emotional lability, or psy-
chosis; in other patients, neurological symptoms (weakness 
and loss of coordination that progresses to spasticity and in-
continence) or seizures predominate. Peripheral neuropathy is 
common. The course of the disease is variable, with periods of 
stability interspersed with periods of decline. The final stage is 
similar to the juvenile and infantile forms17.

Epidemiology - Prevalence
Currently, there are no relevant reports of prevalence 

worldwide, since there is talk of a set of orphan llama diseases, 
considered in the countries of the European Union as one that 
affects one in 2,000 people; less than 200,000 people affect 
the United States, less than 50,000 people in Japan, less than 
one in 10,000 in Taiwan and one in 5,000 in Colombia26.

However, in the Orphanet database that describes the 
MLD, an estimated prevalence of 1 case in 625,000, with an 
incidence of 0.5 and 1 in 50,00025,27–30.

Figure 1. List of findings and selection of references for this review article.
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In Latin America, the reports generated so far are focused 
on describing cases and mutations in the ARSA gene31–37.

PATHOPHYSIOLOGICAL MECHANISMS OF THE DISEASE
MLD is a neurodegenerative disease characterized by the 

accumulation of sulfates (sulfated glycosphingolipids, espe-
cially sulfogalactocerebrosides or sulfogalactosylceramides) 
in the central nervous system, kidneys, and in other organs 
such as the retina, liver, testes, pancreas, sweat glands, adre-
nal cortex, and tissue. rectal38. The PNS is systematically 
affected, causing a decrease in nerve conduction velocities. 
This disorder progresses to a state of decerebration after a 
few years, resulting in death within 5 years after the onset of 
symptoms39.

Galactosylceramide (GalC) and its sulfated form, the sul-
phatides, are two glycosphingolipids found in high concentra-
tions in the CNS and PNS cell membranes. GalC and sulpha-

tides comprise 23% and 4% of the total mass of myelin lipids, 
respectively, and together account for about a third of the 
content of the myelin sheath40,41. Among the primary myeli-
nating cells, oligodendrocytes and sulfate-producing Schwann 
cells42. In the nervous system, sulphatides are related to inter-
cellular recognition, cell differentiation, the interaction of the 
myelinating cell with the axon, the maintenance of the axonal 
structure, and nerve conduction39-42.

The myelin sheath is an extended membrane, which spi-
rally wraps around a portion of the axon. Each myelin sheath is 
extended by modifying the cell membrane of oligodendrocytes 
and Schwann cells, forming a structure with several myelin 
segments surrounding the axon (Figure 3)40.

Each oligodendrocyte can contribute to the protection of 
around 50 different axons. In addition to its importance in driving 
the nerve impulse, myelin may have a symbiotic relationship 
with the axon45. Other publications suggest that the develop-

Figure 2. Synthetic sulfatide route.

Figure 3. Structure of the myelin sheath. Source: Figure adapted from Poitelon Y. et al., 202026. Diagram of the structure of the 
myelin sheath, (I) myelinated axon, (II) myelin sheath, (III) Bilayer membrane, and (IV) Lipid classes. Myelin is formed by the opposition 
of the external surfaces and the internal surfaces of the myelin bilayer that constitute the intraperiodic line and the dense main line, 
respectively (II, III). The myelin bilayer has an asymmetric lipid composition (III, IV). The myelin protein is also distributed asymmetrica-
lly, such as PLP (Proteolipid Protein) and P0 in the intraperiodic line and the dense mainline, the PMP2 protein in the dense main line 
(III), as well as the composition of cholesterol, phospholipids (e.g., Plasmogen, lecithin, sphingomyelin), glycolipids (eg, Galactosylce-
ramide) and other phospholipids. Proteins P0, PMP2, and enrichment of sphingomyelin in myelin are specific for myelin PNS.

Metachromatic Leukodystrophy: Diagnosis and Treatment Challenges
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ment of myelin occurs synergistically with the axon and that 
the axonal cytoskeleton does not form correctly in the absence 
of myelin46. Myelin is usually synthesized in MLD. However, the 
progressive accumulation of sulfatides induces instability of the 
myelin membrane, leading to final demyelination.

Myelin formation occurs in two ways. In the CNS, widely 
branched oligodendrocytes form myelin around multiple axons 
at the same time, allowing for higher neuronal density in the 
brain. On the other hand, in the PNS, Schwann cells circulari-
ze an axon with several layers of myelin, forming a multilayer 
structure. Although the primary function of myelin is the same 
in the CNS and PNS, the molecular requirements for myelin 
formation differ. In general terms, myelination is a complex 
process during which a set of proteins and lipids are synthe-
sized in a coordinated way by glial cells (Schwann cells and 
Oligodendrocytes). i) the pluripotent precursors of Schwann 
and Oligodendrocyte cells must differentiate; for this, a set 
of transcription factors is involved in the cell's potential de-
velopment and its myelinating function. ii) the precursor cells 
must migrate to the myelination site; this step is believed to 
require communication between the migrant cells and the 
axons. iii) when the cell contacts the axon, transcriptional and 
post-transcriptional changes force the exit of the cell cycle 
and the differentiation of the cell into a mature Oligodendro-
cyte or Schwann cell. iv) Myelin synthesis is carried out around 
the axon to form a compact and functional structure to finally 
v) ensure that the structure and function of myelin are preser-
ved through the continuous expression and synthesis of each
of the components of myelin46.

Although many of the myelin components have been rela-
ted to the assembly and maintenance of the structure of this47, 
Galactolipids and sulfatides, the main components of myelin, 
have received significant attention. The synthesis and matura-
tion of most of these compounds begin in the endoplasmic re-
ticulum and rapidly spreads to the extracellular space through 
the early secretion system48,49.

As already mentioned, this myelination process is continuous, 
establishing a balance in the amount of each of its compounds.

Diverse studies50–52 have shown that mitochondria and 
lysosomes are critical organelles for the maintenance of ho-
meostasis in myelinating cells; likewise, there is a close rela-
tionship between these two and the interaction directly with 
cellular stress50, In this way, communication between mito-
chondria and lysosomes can lead to mitophagy, processes 
in which damaged mitochondria target autophagosomes for 
lysis. Autophagosomes subsequently fuse with lysosomes / 
late endosomes to generate autolysosomes that mediate the 
degradation of mitochondria, or in contrast, mitochondria and 
lysosomes can also interact directly through nondegradable 
processes through the dynamic formation of sites of Membra-
ne contact between organelles in healthy mammalian cells, 
leading to transfer of lipid, calcium, and iron metabolites, re-
gulation of organelle dynamics, such as mitochondrial division 
and endosomal division50.

However, the misregulation of mitochondria or contacts 
with lysosomes can simultaneously lead to the dysfunction of 
both organelles in various lysosomal storage disorders (LSD) 
such as MLD, which has been genetically and functionally re-
lated to mitochondrial and lysosomal defects53.

DIAGNOSIS
Diagnosis of MLD requires a high level of complexity; 

however, Technological development is allowing the evolu-
tion of new diagnostic strategies aimed not only at identifying 

ARSA enzyme deficiency but also at the presence of findings 
such as progressive neurological dysfunction or evidence of 
typical lesions on magnetic resonance imaging, characteristic 
of the disease.

For the diagnosis of MLD, one of the following events must 
be present: 

• Identification of biallelic ARSA pathogenic variants in
molecular genetic tests (see Table 1).

• Identification of increased urinary excretion of sulfa-
tides.

• Identification of metachromatic lipid deposits in a
nerve or brain biopsy.

THERAPIES - TREATMENT
Due to the lack of information on this disease, few treat-

ments aimed at safeguarding the lives of patients, mainly be-
cause the barrier between the blood and the brain limits the 
access of the recombinant product to the nervous tissues54,55.

Currently, there is no treatment available to reverse the 
fatal outcome of this devastating disease; therapy is only su-
pportive, disease severity and lack of effective therapies des-
cribe the need for innovative therapeutic approaches54, howe-
ver, according to the database of clinicaltrials.gov, To date, 36 
clinical trials have been registered, of which 6 are in an active 
state, focused on determining the natural history of the di-
sease, efficacy, and safety of HGT-1110 (recombinant human 
arylsulfatase A), gene therapy based on lentiviral vectors, bio-
marker search, Human placental-derived stem cell transplan-
tation in participants with MLD.

Symptom treatment and support
At the beginning of the disease, the patient is treated with 

remedies for epilepsy, muscle relaxants for contractures, phy-
sical therapy to improve nerve and muscle function, stimula-
tion to maximize the intellect, and finally support to the fa-
milies of those affected so that the parents and/or caregivers 
can anticipate decisions about wheelchairs, feeding tubes, and 
other care9,36,56.

Enzyme replacement therapy
Enzyme replacement therapy has become the most pro-

mising therapeutic option for various lysosomal diseases due 
to its potential to compensate for the deficiency; it is current-
ly available as a treatment for some disorders such as Fabry, 
Gaucher, Pompe, mucopolysaccharidosis I, II, VI and it's under 
development for others like MLD54. However, this type of the-
rapy remains challenging because the blood-brain barrier is 
impervious to lysosomal enzymes57,58.

Currently, there are three-phase I and II studies reporting 
the safety, efficacy, and pharmacodynamics of this type of 
therapy in patients with MLD59–61. In this therapy, recombinant 
human arylsulfatase A (rhASA) has been used, which has ge-
nerated changes in the concentrations of sulfates in CSF and 
urine of the patients from the beginning to the end of the study, 
demonstrating an excellent therapeutic start61,62.

Gene therapy
Therapy based on the overexpression of wild-type ARSA 

in different cell types. This type of therapy has been success-
ful when autologous hematopoietic stem cells obtained from 
patients with MLD are used, in which the ARSA gene is ove-
rexpressed by gene transfer using retroviral or lentiviral vec-
tors63. The wild-type synthesized ARSA secreted by these ge-
netically engineered autologous hematopoietic stem cells are 
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Table 1. Diagnostic methods for the identification of MLD.

absorbed by adjacent ARSA-deficient cells through the man-
nose-6-phosphate receptor system64.

Today, there are complete and ongoing clinical trials in which 
gene therapy has been used as an adjunct in patients with MLD65.

Hematopoietic stem cell therapy
With this type of therapy, it is possible to reach the 

blood-brain barrier by using hematopoietic stem cells that di-

fferentiate into microglial cells66. In principle, once the donor's 
microglial cells cross the blood-brain barrier, they can secrete 
the wild-type ARSA enzyme, taken up by ARSA-deficient re-
ceptor neuronal cells. This uptake is performed by the man-
nose-6-phosphate receptor system, which carries the enzyme 
directly to the lysosomes, where the sulfatides accumulate in 
the ARSA receptor-deficient neural cells63,67.
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Despite being a promising therapy in clinical trials, it has 
been shown that the main complication that can occur in trea-
ted patients is the presence of graft-versus-host disease. The 
drugs used for this type of therapy have been busulfan, cyclo-
phosphamide, anti-thymocyte globulin (ATG), tested on both 
children and adults67,68.

Brain gene therapy with adeno-associated virus (AAV) 
vectors

This type of therapy is ideal for treating MLD patients 
since the genetic message for the ARSA gene could be sent 
directly to the SNC. This therapy has the use of AAV vectors 
that have low immunogenicity, low oncogenic potential throu-
gh insertion mutagenesis, and in addition to this, three main 
characteristics that make it unique:

- Because it is safe, it can be administered directly in
the CNS to Through the intraparenchymal, intracerebroven-
tricular, and intracisternal routes where the ARSA protein is 
expressed persistently and permanently in a single dose.

- Once this therapy is administered at the site of action, 
it has the ability to prevent the symptoms of the disease69–71. 

- The ARSA protein when expressed in healthy cells is
capable of cross-correcting neighboring cells, therefore cells 
that are corrected will secrete the protein that is endocitated 
through the mannose-6-phosphate receptor (M6P) pathway72.

AAVs that have been used so far for the treatment of MLD 
have been AAV5, and then with the discovery of serotypes deri-
ved from non-human primates, studies with AAVrh were conduc-
ted71,73–75.

CRISPR Cas9
This technique has become a novel and widely used research 

tool with which rapid, easy and efficient genetic modification is 
achieved76, with which alleles that cause disease are repaired by 
changing the DNA sequence at the exact location of the chromo-
some10. The acronym CRISPR Cas9 comes from Clustered Re-
gularly Interspaced Short Palindromic Repeats, in Spanish "Short 
Palindromic Repeats Grouped and Regularly interspaced".

This technology has enabled two-stage genome editing. In 
the first, guide RNA, which is specific to a DNA sequence, is asso-
ciated with the enzyme Cas9 endonuclease, which works by cut-
ting DNA. In the second stage, natural repair mechanisms of the 
cut DNA are activated. In which indel (insertion-deletion) can be 
generated or, moreover, a specific sequence is incorporated exact-
ly at the original cut site. For this, the sequence of interest is su-
pplied to the cell in such a way that it is integrated into the DNA77.

This technology brings hope of a cure not only for MLD but 
for many other genetic diseases such as Alzheimer's, Cancer, 
AIDS, Cystic Fibrosis, etc., for many genetic diseases. It should 
be noted that to date it has not been used as a treatment for 
patients with this type of disease78.

Conclusions
Despite great research efforts to find an effective treat-

ment for MLD, these approaches have not been effective not 
only because of the low efficiency of gene editing but becau-
se gene therapies must cross the blood-brain barrier. which 
becomes a challenge. Therefore, patients with MLD continue 
without any treatment and, above all, there are still gaps in 
knowledge about the management of this disease.

Given the limitations presented by existing therapies in the 
treatment of MLD, it is necessary to investigate new therapies 

to increase the effectiveness of the treatment.
Considering the panorama in MLD, it is essential to conti-

nue in the constant search that points to the understanding of 
epidemiology and diagnostic tools for the disease.
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Tecnología IgY: Estrategia en el tratamiento de enfermedades infecciosas 
humanas
Biotechnological tools in the diagnosis, prevention, and treatment of pandemics

Pamela Molina1 and Marbel Torres Arias2 DOI. 10.21931/RB/2021.06.03.33
Resumen: Las pandemias son consideradas como un problema emergente de salud pública a nivel mundial, las cuales además 
de caracterizarse por tasas altas de morbilidad y mortalidad, ocasionan conflictos en los aspectos sociales, económicos y 
políticos. Las herramientas biotecnológicas, por su parte, han ido evolucionando conforme al avance tecnológico-científico, lo 
que ha permitido optimizar métodos de diagnóstico con alta sensibilidad y especificidad, además de mejorar el desarrollo de 
productos biológicos para la prevención y terapia de enfermedades. El objetivo de esta revisión es identificar la actualización de 
las herramientas biotecnológicas en el diagnóstico, tratamiento terapéutico y profiláctico frente a los patógenos causantes de 
las enfermedades pandémicas a lo largo de la historia, mediante la recopilación de información científica. Con este estudio se 
logró establecer que las herramientas y productos de origen biotecnológico han constituido un papel fundamental en el control 
de pandemias a través de la innovación constante que ha permitido alcanzar resultados eficientes tanto en diagnóstico como en 
el tratamiento.

Palabras clave: Diagnóstico, herramientas biotecnológicas, pandemias, productos biológicos, vacunas.

Abstract: Pandemics are considered as an emerging public health problem worldwide, which in addition to being characterized 
by high rates of morbidity and mortality cause conflicts in social, economic and political aspects. Biotechnological tools, for 
their part, have evolved according to technological-scientific advance, which has allowed optimizing diagnostic methods with 
high sensitivity and specificity; in addition to improving the development of biological products for the prevention and therapy 
of diseases. The objective of this review is to identify the performance of biotechnological tools in the diagnosis, therapeutic and 
prophylactic treatment against pathogens that cause pandemic diseases throughout history, through the collection of scientific 
information. Finally, with this study it was possible to establish that tools and products of biotechnological origin have constituted 
an fundamental role in the control of pandemics through constant innovation that has allowed achieving efficient results in both 
diagnosis and treatment.

Key words: Diagnostics, biotechnological tools, pandemics, biological products, vaccines.

REVIEW / ARTÍCULO DE REVISIÓN

Introducción
La manifestación de enfermedades infecciosas a lo lar-

go de la historia de la humanidad además de ser una de las 
principales causas de mortalidad y morbilidad1,2, han dejado 
secuelas letales y duraderas en el ámbito social, económico y 
político, siendo las de mayor proporción las enfermedades que 
han sido capaces de provocar pandemias3–5. Es así que una de 
las catástrofes más devastadoras que ha golpeado al mundo 
es la peste negra, en el siglo XIV, ocasionando el fallecimiento 
del 30-50% de la población europea de la época, en un corto 
periodo de tiempo (1347-1351)6.

El desarrollo de enfermedades infecciosas emergentes 
puede ocurrir por tres eventos claves: 1) el cruce de barreras 
geográficas debido a la invasión de espacios silvestres, 2) el 
cruce de barreras por compatibilidad gracias a la evolución y 
3) el levantamiento de barreras por el cambio de condiciones
ambientales que favorecen la formación del nicho ecológico
adecuado, siendo la primera la que define la situación7. Jones
et al.8 concluyeron en su investigación que el 60,3% de enfer-
medades infecciosas son originadas por patógenos zoonóticos
y el 71.8% de estas son de origen silvestre, lo que indica que
estos microorganismos figuran una amenaza potencial para la
salud mundial, con perspectiva a la manifestación de epide-

mias y posibles pandemias, en caso de no tomar las medidas 
precautelares.

Durante el origen de una epidemia y/o pandemia, el diag-
nóstico temprano, el tratamiento, el seguimiento epidemioló-
gico y la prevención de futuras infecciones han sido procesos 
fundamentales para el manejo clínico, control y mitigación 
de la enfermedad9,10. Aquí la biotecnología juega un papel 
fundamental, por lo que en este estudio se consideran las 
herramientas biotecnológicas modernas empleadas en el de-
sarrollo de pruebas de diagnóstico, producción de moléculas 
biotecnológicas para el tratamiento y en el diseño de vacunas. 
Con el objetivo de identificar la evolución y optimización a tra-
vés del tiempo de las herramientas biotecnológicas  cuando 
nos enfrentamos a infecciones a nivel pandémico, mediante la 
comparación de sensibilidad y especificidad de los diferentes 
enfoques establecidos para el diagnóstico, y la recopilación 
de los resultados de los principales productos biotecnológicos 
llevados a ensayos clínicos en cada enfermedad.

Para la redacción del artículo se llevó a cabo una revisión 
bibliográfica exhaustiva en revistas de alto impacto, en las que 
se tomó en cuenta: artículos originales, revisiones, resúmenes 
de conferencias y demás. Obteniéndose datos actualizados de 

1 Departamento de Ciencias de la Vida y la Agricultura, Carrera de Ingeniería en Biotecnología, Universidad de las Fuerzas Armadas ESPE, Ecuador. 
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nueva tecnología desarrollada para diagnóstico,  tratamientos 
biológicos, desarrollo de vacunas  y su influencia en el manejo 
de epidemias y pandemias para apoyar al control de la Salud 
Publica.

Epidemias y pandemias importantes a partir de 1950
El término epidemia se refiere a “un brote de una enfer-

medad (especialmente una enfermedad infecciosa) que afec-
ta a un gran número de personas dentro de una población al 
mismo tiempo”11. Por otro lado, pandemia se define como “una 
epidemia que ocurre en un área muy amplia, cruzas fronteras 
internacionales y generalmente afecta a un gran número de 
personas”12.

Existen condiciones imprescindibles para la aparición de 
una epidemia, entre las características se hallan: transmisión 
eficiente entre humanos, un índice significativo de letalidad, fal-
ta de un tratamiento médico efectivo, una población inmunológi-
camente deprimida y una forma de diseminación rápida13.

Es asi que, una pandemia se entiende como una enferme-
dad que ha alcanzado los cinco continentes, mientras que una 
epidemia es una enfermedad se esparce localmente11,12.

A continuación, se abordarán el diagnóstico (Tabla 1), tra-
tamientos biológicos (Tabla 2) y vacunas (Tabla 3) de las pan-
demias y epidemias más importantes en época cronológica, a 
partir del inicio de la biotecnología moderna (Figura 1).

H1N1 (1918-1919)
La pandemia de influenza más grave de la historia fue 

la gripe española H1N1 en 191814, cubrió el mundo en cuatro 
meses cobrando aproximadamente de 50 a 100 millones de 

vidas15. La falta de recursos limitó la identificación del origen 
de la gripe con lo que se hizo imposible el hallazgo de vacunas, 
además, no se logró controlar las infecciones secundarias con 
neumonía bacteriana debido a que la penicilina no se descubrió 
hasta 1928. A pesar del esfuerzo de las compañías farmacéu-
ticas el virus desapareció antes de conseguir aislarlo14.

H2N2 (1957-1960)
Segunda gran pandemia de influenza registrada, la gripe 

asiática surgió en Singapur a finales de febrero de 1957 y duró 
hasta 1960, fue provocada por un subtipo de virus de la in-
fluenza A, denominado H2N216,17. A nivel mundial se registra-
ron 1,1 millones de fallecimientos18.

El diagnóstico de la enfermedad se ejecutó mediante prue-
bas serológicas de laboratorio. La identificación de anticuerpos 
contra el antígeno viral del subtipo H2N2 a partir de suero de 
personas afectadas se realizó con la técnica de fijación del 
complemento (FC) y la prueba de inhibición de la hemagluti-
nación (HAI) con el uso de tripsina y periodato de potasio para 
la inactivación de inhibidores específicos19,20. Los estudios y la 
experiencia de campo demostraron que la FC presentó mayor 
sensibilidad, sin embargo, existieron casos en los que se requi-
rieron de las dos técnicas para un diagnóstico confirmatorio20.

Tratamiento terapéutico y profiláctico
La mortalidad de la pandemia de  gripe asiática se redujo 

aproximadamente un 97% en comparación con la pandemia de 
gripe española15. Una de las aportaciones fundamentales en 
el control de la propagación de la influenza asiática fue el rá-
pido proceso de preparación y distribución de la vacuna frente 

Figura 1. Las principales pandemias a partir de 1950. Origen y número de muertes a nivel mundial.
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al virus H2N2, se estima que en julio de 1957 inició el primer 
estudio clínico21,22.

Existieron varias vacunas inactivadas de influenza en en-
sayos en humanos, desarrolladas a partir de líquido alantoideo 
de embriones de pollo infectados con diferentes cepas de in-
fluenza23,24. Entre las que se encontraron vacunas monovalen-
tes21–23,25 y polivalentes, en el caso de las polivalentes en algu-
nas se incluyó el virus H2N225. Para la inactivación del virus se 
manejaron técnicas como irradiación ultravioleta21 y el empleo 
de formalina22,23,25.

Las vacunas fueron probadas con diversas concentracio-
nes de unidades de aglutinación de células de pollo (CCA) por 
mililitro, oscilando entre 200 CCA a 750 CCA24, los resulta-
dos evidenciaron un porcentaje de eficacia estimado de 42% 
a 77%24. Asimismo, se observó que la protección inducida era 
directamente proporcional a la dosis administrada de vacuna 
ante la presencia de una cepa de H2N2, estos datos se evalua-
ron mediante FC e HAI, en los que se determinaron el aumento 
de los niveles de anticuerpos contra el virus de la influenza 
asiática posterior a la vacunación en pacientes participan-
tes21,23,25.  

Debido a que Centro América y Sudamérica no contaban 
con los recursos ni la tecnología para el desarrollo de una va-
cuna, y sumando los problemas serios en la salud pública, los 
sistemas de control no fueron efectivos como en Norteaméri-
ca. Por lo que, solo grupos selectos de personas en Chile, Bra-
sil y Argentina accedieron al medicamento26.

H3N2 (1968-1970)     
La siguiente pandemia provocada por un virus de la in-

fluenza A surgió en julio de 1968 al sureste de China, con el 
subtipo H3N2, extendiéndose hasta 1970. La enfermedad 
se denominó gripe de Hong Kong, la cual provocó entre 1 y 
4 millones de muertes a nivel mundial27,28. El diagnóstico se 
basó en la identificación de síntomas combinado con ensayos 
serológicos. Para la detección de anticuerpos contra el virus 
H3N2 se empleó HAI y FC, con el uso de antígenos obtenidos 
del líquido alantoideo de huevo de las variantes aisladas de las 
diferentes propagaciones. Dando mejores resultados la HAI, 
sin embargo, fue recomendable realizar los dos métodos para 
obtener una máxima eficiencia en el serodiagnóstico29.

Tratamiento terapéutico y profiláctico
Posterior al aislamiento viral y la confirmación de la apari-

ción de H3N2, una variante antigénica del virus de la influenza 
con potencial epidémico, la cepa aislada fue distribuida a los 
laboratorios para la investigación y producción de vacunas27,30. 
En EE. UU., en noviembre del mismo año estuvo disponible 
el primer lote de producción con 110 000 dosis, se trató de 
una vacuna inactivada monovalente de 400 CCA, desarrollada 
en huevos fértiles de gallina con la cepa Aichi de la influenza 
H3N2. A diferencia de la anterior pandemia, en esta ocasión 
existió un mayor número de vacunados, principalmente perso-
nas pertenecientes al grupo prioritario. Las semanas siguien-
tes al lanzamiento del primer lote se produjeron y comerciali-

Tabla 1. Especificidad y sensibilidad de las herramientas biotecnológicas frente al diagnóstico de pandemias.
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zaron alrededor de 123 millones de dosis30.
Maassab et al.31 diseñaron y probaron una vacuna de in-

fluenza viva atenuada desarrollada en huevos de gallina. La 
atenuación de una línea del virus de Hong Kong se llevó a cabo 
mediante cambios abruptos en la temperatura de incubación 
de la cepa viral, esta técnica acortó el proceso a 3 meses, en 
comparación con métodos anteriores que empleaban cambios 
decrecientes de temperatura de forma gradual, las cuales du-
raban de 6 a 8 meses. Los ensayos clínicos de esta vacuna de-
mostraron aceptabilidad e inmunogenicidad de la cepa atenua-
da, por lo que este proceso se consideró prometedor para el 
desarrollo futuro de vacunas contra la influenza. Por otro lado, 
se aprobó la aplicación de vacunas de virus fraccionados, me-
diante éter32 o desoxicolato de sodio33, que se conformaron de 
fragmentos específicos del virus capaces activar la inmunidad 
de forma más segura. Las respuestas inmunológicas inducidas 
por dichas vacunas fueron tan eficientes como las desarrolla-
das por las vacunas convencionales, constituidas por el virus 
completo, además se observó menos efectos secundarios des-
pués de la vacunación32,33.

Otra de las investigaciones que marcó el control de fu-
turas epidemias y pandemias, fue el uso de recombinación 
genética para la facricación de una vacuna34,35. Este avance 
mostró que la producción de variantes genéticas adecuadas 
para la construcción de una vacuna, fue posible desarrollarlas 
de forma deliberada34, sustituyendo a métodos de selección 
tradicionales30. La construcción del virus recombinante de alto 
rendimiento (X-31) se realizó mediante el reordenamiento ge-
nético de una cepa estándar de laboratorio de alto rendimiento 
(A0 / PR / 8), la cual proporcionó los genes de adaptación y 
crecimiento; con la cepa Aichi del virus de Hong Kong, con-
siderada como una cepa de bajo rendimiento, la cual aportó 
los genes que codificarían el nuevo antígeno de interés34. Los 
ensayos clínicos de una vacuna inactivada recombinante con el 

virus X-31 mostraron ausencia de toxicidad, alta antigenicidad 
y protección frente a la influenza35.

SARS-CoV-1 (epidemia 2002-2003)
El síndrome respiratorio agudo severo (SARS), provocado 

por el coronavirus del SARS (SARS-CoV) fue la primera gran 
epidemia del siglo XXI, apareció en Guangdong-China en no-
viembre de 2002 y finalizó en julio de 2003, hasta donde se 
registraron 8437 infectados y 813 muertes a nivel mundial36,37.

Para el diagnóstico de la infección por SARS-CoV la Or-
ganización Mundial de la Salud (OMS) estableció tres ensayos 
de laboratorio, entre los que se encontraron: pruebas mole-
culares, pruebas de anticuerpos y cultivo celular38, a partir de 
diferentes muestras clínicas como esputo, aspirado o lavado 
nasofaríngeo, hisopos nasofaríngeos y orofaríngeos, lavado 
bronquio alveolar, heces, orina y suero o plasma39–41.

Una de las técnicas modernas fue la detección de ARN 
del coronavirus mediante RT-PCR dirigida al gen de la nucleo-
cápside (N) o al marco abierto de lectura (ORF) 1b, con la que 
se consiguió alta especificidad; sin embargo, la sensibilidad fue 
inferior a la necesaria en los primeros días del desarrollo de 
la infección. Esta prueba se optimizó con el análisis de más 
de una muestra originaria del mismo paciente, o con la doble 
ejecución del ensayo, logrando el aumento de la sensibilidad 
del diagnóstico39,40. Otra forma de mejorar la sensibilidad y 
precisión del examen molecular fue el perfeccionamiento de 
los métodos de extracción de ARN previo a la qRT-PCR, faci-
litando la cuantificación de la carga viral y el reconocimiento 
precoz del SARS, por lo que se convirtió en el ensayo pilar para 
el diagnóstico prematuro de la enfermedad41.

En el aislamiento viral a partir de cultivo celular se em-
plearon muestras clínicas para infectar células cómo células 
de riñón fetal de mono rhesus (FRhK-4) o células Vero E6, en 
las que se analizó el efecto citopático y se realizó tinción por 

Tabla 2. Principales ensayos clínicos de herramientas biotecnológicas usadas como tratamiento terapéutico y profiláctico de pandemias.
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inmunofluorescencia. Los resultados indicaron un rendimiento 
menor en comparación con los ensayos moleculares, debido a 
que únicamente muestran la presencia del virus vivo39,42. Final-
mente, la detección de seroconversión fue la prueba estándar 
para la confirmación virológica retrospectiva de la infección 
por SARS-CoV, se manejó ELISA e IFI para la identificación de 
anticuerpos IgG, los cuales se reconocieron después de la pri-
mera semana de infección39,43,44.

Tratamiento terapéutico y profiláctico
Debido a que no existió un tratamiento específico para 

el SARS, se probaron varios agentes inmunomoduladores y 
compuestos con potencial antivírico45,46. La terapia con plas-
ma convaleciente fue una de las alternativas de tratamiento 
y prevención. La administración antes de los 14 días desde el 
inicio de la infección o durante la fase virémica y seronegativa, 
presentó una tasa de alta médica más temprana y una tasa 
de mortalidad menor en comparación con los pacientes que 
recibieron el plasma posterior a los 14 días. Además, no se 
evidenció efectos secundarios inmediatos después de la apli-
cación del plasma46. Por otro lado, la pentaglobulina se admi-
nistró como una solución enriquecida en IgM a 12 pacientes en 
etapa grave de SARS. Diez personas tuvieron una recuperación 
favorable sin eventos adversos, posterior al tratamiento. Como 
evidencia se estableció el progreso relevante en las puntuacio-
nes radiográficas y en el requerimiento de oxígeno47.

En el caso del tratamiento profiláctico, se produjeron 
varias vacunas candidatas contra el SARS-CoV. Zhou et al.48 

llevaron a cabo estudios preclínicos de una vacuna inactivada 
con formaldehído, en monos Rhesus. Los resultados expusie-
ron que a una dosis de 50 μg, la vacuna fue capaz de inducir 
inmunidad humoral específica 7 días después de la primera 
inmunización y el título de anticuerpos IgG se elevó posterior a 
la segunda inmunización; mientras que con la administración 
de dosis de 0.5 y 5 μg se observó inmunidad parcial. Además, 
no se presenció efectos adversos significativos en los animales 
inmunizados hasta con una dosis de 5000 μg y en el 41.7% de 
los monos que recibieron la vacuna se determinó anticuerpos 
IgA anti-SARS-V en las mucosas nasofaríngeas.

Yang et al.49 experimentaron una vacuna de ADN que 
tradujo la glicoproteína Spike (S) del SARS-CoV, en modelos 
animales, la cual estimuló respuestas de células T, produc-
ción de anticuerpos neutralizantes e inmunidad protectora. La 
replicación viral se redujo seis veces en los pulmones de los 
ratones inmunizados después de la infección por el coronavi-
rus. Las vacunas de vectores virales fueron otra opción, Gao 
et al.50, desarrollaron tres vectores basados en adenovirus, los 
que expresaron proteínas antigénicas de estructura del SARS-
CoV con codones optimizados, entre las que se encontraron el 

fragmento S1 de la proteína S, la proteína de membrana (M) y 
la proteína N. La inmunización se realizó con una combinación 
de los tres vectores en macacos Rhesus al día 0, y una vacu-
na de refuerzo con el mismo régimen a los 28 días. En todos 
los animales tratados se encontró anticuerpos neutralizantes 
específicos contra el fragmento S1 y respuesta de células T 
contra la proteína N, al mismo tiempo, todas las muestras de 
suero de los animales vacunados mostraron una gran capaci-
dad neutralizante contra el virus SARS-CoV.

A pesar de que no se logró llegar a ensayos clínicos duran-
te esta pandemia, en años posteriores dos vacunas lograron 
desarrollar estudios clínicos fase 1 (Tabla 3).

H1N1 (2009-2010)
El virus de la influenza A H1N1 de origen porcino apareció 

por primera vez en abril de 2009 en los Estados Unidos y en 
México51, la pandemia finalizó en agosto de 2010, sin embargo, 
el virus continúa circulando y provocando la gripe estacional52. 
Se estima que la pandemia dejó 151 700 - 575 500 muertes a 
nivel mundial53.

La OMS54 estableció varias pruebas de laboratorio para la 
confirmación de la infección causada por el virus de influenza 
de origen porcino (S-OIV) H1N1. Entre las que se encontraron:  
diagnóstico molecular con ensayos de RT-PCR y qRT-PCR;  
aislamiento y la tipificación viral, detección de antígenos para 
lo que se recomendaron pruebas rápidas de flujo lateral e IFD, 
y  finalmente ensayos serológicos como HAI y micro-neutra-
lización para la evaluación de títulos de anticuerpos contra 
S-OIV. Las muestras de vías respiratorias superiores fueron las 
más recomendadas, como aspirados e hisopos nasofaríngeos, 
hisopos nasales o de garganta; además se empleó muestras 
de suero en pacientes convalecientes para el reconocimiento 
de títulos de anticuerpos55.  

La qRT-PCR fue la prueba de referencia para el diagnós-
tico de la influenza A (H1N1), la identificación de diferentes 
genes diana fue apropiado para el diagnóstico preciso54,56. La 
primera prueba de este tipo aprobada por la Administración 
de Alimentos y Medicamentos (FDA) con una autorización de 
uso de emergencia (EAU), fue realizada por los Centros para el 
Control y Prevención de Enfermedades (CDC) y fue dirigida al 
gen de la proteína M, la cual mostró una sensibilidad 99.3% y 
una especificidad del 92.3%, se trató de un ensayo singleplex 
para la tipificación y subtipificación viral57–59. Para el diagnósti-
co mediante cultivo viral, la OMS recomendó aislar el virus en 
células de riñón canino Madin-Darby (MDCK) en presencia de 
tripsina o en huevos embrionados54. Entre las desventajas de 
esta técnica se establecieron el tiempo tardío para la obten-
ción de resultados (3-14 días) y la baja sensibilidad58.

Las pruebas rápidas de diagnóstico de influenza (RIDTS) 
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mostraron una sensibilidad variable y menor que las pruebas 
moleculares y el cultivo viral, por lo que un resultado nega-
tivo no descartó la infección por el virus de la influenza A 
(H1N1)57,60. Vasoo et al.61 evaluaron tres RIDTS para el virus de 
la influenza pandémica A/H1N1 en muestras positivas  confir-
madas con RT-PCR. Las sensibilidades halladas estuvieron en 
un nivel de bajo a moderado (46.7%, 38.3% y 53.3%) y presen-
taron una excelente especificidad, sin reactividad cruzada con 
otros virus estacionales. El ensayo de IFD, otra de las pruebas 
para la detección de antígenos mostró amplia disponibilidad y 
un tiempo de procesamiento promedio de 2-4 horas, sin em-
bargo, al igual que las RIDTS no fueron capaces de distinguir la 
influenza H1N1 2009 de otros virus de la influenza A62. 

Tratamiento terapéutico y profiláctico
Un porcentaje de la población mayor a los 65 años poseían 

anticuerpos contra el nuevo virus de esta influenza pandémica, 
esto pudo ser posible por la exposición anterior al virus H1N1 
en 191852. Debido a la aparición del S-OIV H1N1 en humanos 
con una composición genética previamente no conocida, dife-
rente al virus de la influenza A estacional63; además de la fácil 
transmisibilidad entre humanos64, el sistema de salud mundial 
inició rápidamente el desarrollo de antivirales y de una nueva 
vacuna para el tratamiento y prevención de la infección.  

La terapia con inmunoglobulina intravenosa hiperinmune 
(H-IVIG) obtenida a partir de plasma convaleciente de perso-
nas recuperadas fue probado como una alternativa antiviral 
en pacientes con infección por la influenza pandémica, los re-
sultados mostraron que la administración de H-IVIG dentro de 
los 5 días posteriores al inicio de los síntomas se asoció a una 
disminución de la carga viral y reducción de mortalidad65. De 
igual manera, la administración de plasma convaleciente con 
un título de  anticuerpos neutralizantes ≥ 1:160 en pacientes 
afectados, disminuyó la carga  viral, las respuestas de citoci-
nas séricas y la mortalidad66.

Para el control de esta pandemia se autorizaron dos tipos 
de vacunas monovalentes, un grupo de vacunas inactivadas di-
vididas de administración intramuscular y otro grupo de vacu-
nas atenuadas en aerosol de administración intranasal67.

En septiembre de 2009, la FDA aprobó las primeras va-
cunas para el tratamiento contra la gripe porcina con la cepa 
A / California / 7/2009 (H1N1)68,69, entre las que se encontra-
ron tres vacunas monovalentes, inactivadas y sin adyuvante, 
fabricadas por Sanofi Pasteur70, Novartis Vaccines and Diag-
nostics Limited68 y CSL Limited71, con 15 μg de hemaglutinina 
(HA), y la cuarta fue una vacuna, monovalente, viva atenuada 
y sin adyuvante elaborada por MedImmune LLC72. En Europa 
la Agencia Europea de Medicamentos (EMA) aprobó vacunas 
con adyuvantes en una emulsión aceite-agua, una de ellas con 
MF59 y 7.5 μg de HA desarrollada por Novartis Vaccines73, y 
otra con AS03 y 3.75 μg de HA fabricada por GlaxoSmithKline 
(GSK) Biologicals74. Una revisión sistemática identificó que las 
vacunas inactivadas monovalentes A (H1N1) pdm09 fueron 
efectivas para prevenir la influenza pandémica. En los niños, 
las vacunas con adyuvante fueron más efectivas en compa-
ración con las vacunas sin adyuvante 75. Por otro lado, otro 
estudio que analizó la efectividad de una vacuna inactivada 
con adyuvante y una atenuada, mostró que las vacunas fueron 
eficaces para prevenir la infección confirmada por la influenza 
pandémica A (H1N1) 2009 a a partir de una semana después 
de la vacunación74.

MERS-CoV (epidemia 2012-2021)
La epidemia Síndrome Respiratorio de Medio Oriente 

(MERS) fue causada por el coronavirus del MERS (MERS-CoV), 
descrito por primera vez en Arabia Saudita en junio de 201276, 
continúa vigente hasta la fecha. La mayoría de casos apare-
cen en el Medio Oriente debido a la exposición directa de sus 
habitantes a fuentes zoonóticas. Hasta la actualidad se han 
notificado 2566 casos confirmados y 882 muertes77.

Entre las pruebas de laboratorio empleadas para la detec-
ción de MERS se encuentran las moleculares y las serológicas. 
Los ensayos moleculares se utilizan para el diagnóstico de la 
infección viral activa en personas con síntomas clínicos o que 
han estado en contacto con casos confirmados con MERS-CoV. 
Por otra parte, los estudios serológicos llevados a cabo por la 
detección de anticuerpos, se aplican con fines de vigilancia e 
investigación, y no de diagnóstico78.

El ensayo de qRT-PCR a partir de muestras respiratorias 
inferiores, superiores, suero y heces, ha sido la técnica tradi-
cional en el diagnóstico de MERS-CoV. Para la confirmación 
de la infección se requiere un resultado positivo de qRT-PCR 
para dos regiones genómicas únicas y específicas del virus, o 
un resultado positivo para una sola diana y la secuenciación de 
otra78,79. Entre las dianas genéticas recomendadas para la de-
tección primaria del MERS se encuentran las regiones aguas 
arriba del gen de la proteína E (UpE) y el gen N79,80, mientras 
que las pruebas confirmatorias se orientaron al ORF1a, ORF1b 
o al gen N79,81.

Se han investigado otras posibles técnicas moleculares 
apropiadas para el diagnóstico. Por ejemplo, la RT-RPA mostró 
una especificidad comparable a la de la RT-PCR, con benefi-
cios adicionales como el corto tiempo de determinación (3-7 
minutos) y la facilidad de movilidad82. La RT-LAMP fue posible 
llevarla a cabo en menos de una hora, con una alta especifi-
cidad y sin reacciones cruzadas83. Huang et al.84 optimizaron 
dicha técnica, y establecieron un ensayo de visualización de 
ácidos nucleicos con la combinación del ensayo RT-LAMP y 
una tira de visualización de flujo vertical (RT-LAMP-VF), con el 
fin de detectar el gen N del MERS-CoV, con alta especificidad, 
en un tiempo estimado de 35 minutos y sin el empleo de equi-
pos de alto costo.

Tratamiento terapéutico y profiláctico
La atención de apoyo y la prevención de complicaciones, 

como el síndrome de dificultad respiratoria y las infecciones 
nosocomiales son las principales estrategias para prevenir la 
epidemia del MERS. Hasta el momento, se han registrado va-
cunas y antivirales en fase de desarrollo85–87.

Varias de las opciones de tratamiento, se han basado en 
anticuerpos neutralizantes88,89. En  el brote de Corea en el 
2015, se evaluó la infusión de plasma convaleciente en  3 de 13 
pacientes con insuficiencia respiratoria producto del MERS. El 
empleo  de plasma con un título en la prueba de neutralización 
por reducción de placa  (PRNT) de 1:80 reveló una respues-
ta serológica significativa en comparación  con el de un título 
PRNT de 1:40. Los autores recomendaron el uso de plasma  
convaleciente de donantes con una actividad neutralizante 
PRNT ≥1: 80 para  conseguir resultados eficaces90.  Por otro 
lado, de Wit et al.91 evaluaron la eficacia terapéutica y profi-
láctica de dos anticuerpos monoclonales (mAb) neutralizantes 
completamente humanos (REGN3048 y REGN3051) que se di-
rigen al dominio de unión al receptor (RBD) de la proteína S del 
MERS-CoV en primates no humano, los resultados mostraron 
niveles altos de actividad neutralizante y reducción de la carga 
viral en los pulmones de los animales, sin embargo, se observó 
una mejor respuesta como régimen profiláctico. Además, se 
llevó a cabo un ensayo de seguridad, tolerabilidad, farmaco-
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cinética e inmunogenicidad de la combinación de REGN3048 
y REGN3051, administrado por vía intravenosa en voluntarios 
sanos, este estudio ha completado su fase 1 (NCT03301090).

Los anticuerpos policlonales son otra opción terapéutica, 
Luke et al.92 produjeron inmunoglobulina G (IgG) policlonal 
completamente humana contra la proteína de pico del MERS-
CoV, a partir de la inmunización de ganado transcromosómico. 
En modelos murinos, estos anticuerpos (SAB-301) tuvieron la 
capacidad de reducir los títulos virales con la aplicación de una 
única dosis a las 24 o 48 horas, después de la exposición del 
coronavirus. Un estudio clínico de fase 1, en el que se evaluó 
la seguridad, tolerabilidad y farmacocinética de SAB-301 en 
adultos sanos, interpretó que las infusiones únicas de SAB-
301 con una concentración de hasta 50 mg / kg parecen ser 
seguras y bien toleradas93.

La combinación de antivirales e interferones ha sido la 
base de varios tratamientos ensayados. Un estudio clínico fase 
2/3 en el que se probó la combinación de interferón β-1b re-
combinante más lopinavir-ritonavir, durante 14 días, concluyó 
que el tratamiento produjo menor mortalidad en comparación 
con el placebo en pacientes confirmados con MERS y produjo 
efectos adversos graves en el 9% de la población. Existieron 
mejores resultados cuando este se aplicó entre los 7 días pos-
teriores a la aparición de síntomas87.

Desde el inicio de la epidemia provocada por el MERS-
CoV, se planteó el objetivo de desarrollar una vacuna contra 
el virus, por lo que diferentes grupos de investigadores alre-
dedor del mundo se han unido al proceso. La vacuna GLS-
5300 basada en plásmido de ADN que expresa la proteína S 
del MERS-CoV94, en el ensayo fase 1 reveló que las respuestas 
inmunitarias fueron independientes de la concentración de la 
dosis, además se observó seroconversión en 86% de los parti-
cipantes y respuestas de células T en el 71% después de dos 
dosis, mientras que en el grupo que se administró tres dosis se 
presenció seroconversión en el 94% de los participantes y res-
puestas de células T en el 76%, asimismo se observaron anti-
cuerpos neutralizantes en el 50% de la población estudiada94. 
Además, se están llevando a cabo dos ensayos clínicos fase 
1/2 en los que se está evaluando la inmunogenicidad y la segu-
ridad de las vacunas de vectores virales BVRS-GamVac-Combi 
(NCT04128059) y BVRS-GamVac (NCT04130594).

Las otras dos vacunas que publicaron sus ensayos fase 
1 se basaron en vectores virales de replicación incompetente, 
en las que se evaluó la seguridad, tolerabilidad e inmunoge-
nicidad. La vacuna MVA-MERS-S, basada en la Vacuna Modi-
ficada de Ankara (MVA) que expresa la glicoproteína S86; y la 
vacuna ChAdOx1 MERS vectorizada de adenovirus de chim-
pancé (ChAdOx1) que de igual forma expresa la proteína S de 
longitud completa95. En los resultados, los dos ensayos mos-
traron seguridad con ausencia de efectos secundarios graves, 
además de respuestas humorales y celulares contra el MERS-
CoV86,95. En el caso de la vacuna MVA-MERS-S en el 75% de los 
participantes se observó seroconversión después de la segun-
da inmunización con dosis baja y en el 100% con la dosis alta. 
Se detectaron respuestas de células T en el 83% y en el 91% 
de la población dependiendo del tipo de dosis administrada86.

ÉBOV (epidemia 2013-2016)
La enfermedad del virus del ébola (EVE), es una infección 

grave y letal provocada por el virus del ébola de Zaire (EBOV), 
que apareció por primera vez en República Democrática del 
Congo en 197696. Sin embargo, el brote más grande reportado 
en la historia surgió en diciembre de 2013 en África Occiden-
tal y duró hasta 2016, periodo en el que se registraron 18 616 

casos y 11 310 muertes97. Los brotes de EBOV del 2013-2016 
y los últimos brotes registrados en República Democrática del 
Congo98, han permitido mejorar la comprensión de la enferme-
dad y optimizar las estrategias para la prevención, el diagnós-
tico, la atención clínica y el tratamiento de EVE, debido a la 
aplicación de técnicas moleculares modernas en la caracteri-
zación del virus99,100.

Las pruebas de diagnóstico para el EVE recomendadas 
por la OMS son las pruebas de ácido nucleico automatizadas o 
semiautomatizadas para la detección de ARN viral y las prue-
bas rápidas de detección de antígenos como test de vigilan-
cia101. En general, la sangre es la muestra de preferencia para 
el diagnóstico en pacientes y los hisopos orofaríngeos son de 
utilidad para el diagnóstico post mortem101,102.

La qRT-PCR es la prueba estándar para el diagnóstico, ca-
paz de detectar el virus de 3-6 días después del inicio de los 
síntomas102,103.  Uno de los ensayos importantes desarrollados 
y con EUA por la FDA y la OMS, en el brote del 2013-2016,  fue 
la prueba molecular automatizada Gene Xpert Ebola (Cepheid) 
basada en qRT-PCR con señal fluorescente de sondas para 
control de calidad, que amplifica dos genes del EBOV, el gen 
N y el de la glicoproteína (GP), el doble objetivo de esta prue-
ba permitió disminuir falsos negativos cuando se analizaron 
muestras con nuevas variantes de virus, los resultados mos-
traron una alta sensibilidad analítica (100%) y especificidad 
(99.5-100%), con un tiempo corto de respuestas, en compa-
ración con la RT-PCR común104; este ensayo fue empleado en 
su mayoría en el último brote de República del Congo (2018-
2020)99.

Además, se han diseñado varias pruebas portátiles de 
flujo lateral para la detección rápida de antígenos105. La pri-
mera prueba de este tipo aprobada por la FDA en el 2019 fue 
OraQuick Ebola Rapid Antigen Test de OraSure Technologies, 
un ensayo inmunocromatográfico dirigido a la proteína viral 40 
(VP40) o de la matriz proteica con una sensibilidad de 97.1-
100% y una especificidad del 98-100%106,107.

Tratamiento terapéutico y profiláctico
Durante el gran brote de EVE del 2013-2016 varios fárma-

cos biotecnológicos con actividad antiviral o como inmunotera-
pia contra EBOV fueron llevados a ensayos clínicos, entre los 
que estuvieron: administración de plasma convaleciente108; un 
cóctel de tres anticuerpos monoclonales neutralizantes (ZMa-
pp) dirigidos hacia la GP de superficie del EBOV109; interferón 
IFNβ-1a110; y un producto de nanopartículas lipídicas de ARNip 
que inhibe la producción de dos proteínas virales fundamenta-
les, la L-polimerasa, la cual interviene en la transcripción y re-
plicación del EVE, y la proteína viral 35 (VP35), comprometida 
con la destrucción de la respuesta inmune del huésped111. Sin 
embargo, estas terapias no cumplieron con los criterios esta-
blecidos para ser aprobadas para su uso masivo99,103.

Durante el brote de República del Congo de 2018 inició 
el ensayo Pamoja Tulinde Maisha (PALM) que significa “Jun-
tos salvamos vidas”, un ensayo controlado, aleatorio, abierto 
y multicéntrico, en el que se estudió las terapias experimenta-
les más prometedoras. Esta investigación comparó a Zmapp 
contra tres nuevos agentes: remdesivir, mAb114 y REGN-EB3 
(NCT03719586)112. Inmazeb (REGN-EB3 ) fue el primer fárma-
co aprobado por la FDA para tratar el EVE (14 de octubre de 
2020) con una única perfusión intravenosa de 150 mg por kg113. 
Se trata de un cóctel de tres anticuerpos IgG1 humanizados 
en una proporción 1:1:1 dirigidos a la tres epítopes no super-
puestos de la GP del EBOV, los tres anticuerpos pueden unirse 
simultáneamente bloqueando la unión y entrada del virus a 
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la célula huésped114. El segundo tratamiento aprobado por la 
FDA, en diciembre de 2020, fue Ebanga (mAb114), un único 
anticuerpo monoclonal IgG1 dirigido a un epítope altamen-
te conservado del dominio de unión al receptor de la GP del 
EBOV, este es administrado por vía intravenosa con una sola 
dosis de 50 mg/kg115. Ebanga  previene la interacción de GP del 
EBOV con el receptor NPC1, bloqueando la infección del virus 
a la célula huésped116.

Debido a que la GP del EBOV es el inmunógeno más 
importante detectado117, la mayoría de las vacunas en desa-
rrollo durante el brote de ébola 2013-2016 fueron diseñadas 
para activar la respuesta inmune del huésped frente a este 
antígeno118. Entre las vacunas candidatas llevadas a ensayos 
clínicos se encontró rVSV-ZEBOV, una vacuna de vector viral 
competente para la replicación basada en el virus de estoma-
titis vesicular recombinante que expresa la GP de superficie 
del EBOV del Zaire119. El ensayo Ebola ça Suffit (“Ébola esto 
es suficiente”) de fase 3 llevado a cabo en Guinea en el 2015, 
evaluó la eficacia y efectividad de una sola dosis intramuscu-
lar de la vacuna rVSV-ZEBOV con una estrategia de vacuna-
ción en anillo abierta y aleatorizada por grupos, mediante la 
cual se administra la vacuna a individuos con conexión social 
o geográfica a un caso confirmado119. La eficacia de la vacuna 
fue del 100%, con alta tolerancia en los seres humanos,  una 
activación rápida de la respuesta inmune después de una única 
dosis y sin casos confirmados entre las personas vacunadas 
después de los 10 días de inmunización120. En 2019 esta va-
cuna denominada Ervebo desarrollada por Merck Inc., fue la 
primera vacuna aprobada por la EMA y por la FDA para su uso 
médico121,122, con una eficacia estimada de 95.7% evaluada por 
la OMS en 90 000 personas asociadas al brote del 2018 de 
República Democrática del Congo123.

Otra de las vacunas empleadas para la prevención del 
EVE es la vacuna fabricada por Johnson & Johnson,  autoriza-
da para su comercialización en circunstancias excepcionales 
por la EMA en julio de 2020124. Esta vacuna fue desarrollada 
en el brote de 2013- 2016 y ha alcanzado ensayos clínicos de 
fase 1, los que demostraron seguridad, tolerabilidad e inmu-
nogenicidad125. El régimen de vacunación consta de dos dosis 
conformado por vacunas diferentes: Zabeno (Ad26.ZEBOV), 
una vacuna de adenovirus humano serotipo 26 no replicante 
que codifica la GP del EBOV de Zaire, y una vacuna de refuerzo 
administrada ocho semanas después, denominada Mvabea ® 
(MVA-BN-Filo), constituida por MVA de replicación incompe-
tente que expresa tres GP y una nucleoproteína de diferentes 
variantes del virus del Ébola125,126.

SARS-CoV-2 (2019-2021)
La pandemia en curso de la enfermedad por coronavirus 

2019 (COVID-19), provocada por el Coronavirus del Síndrome 
Respiratorio Agudo Severo 2 (SARS-CoV-2), inició en diciembre 
de 2019 en un mercado de animales en Wuhan, provincia de 
Hubei, China127. Hasta inicios de marzo de 2021, la OMS ha re-
portado 113.6 millones de casos confirmados, 2.5 millones de 
muertes en todo el mundo y 223 países afectados128.

En el caso de esta pandemia, la FDA recomendó tres tipos 
de pruebas: las pruebas de diagnóstico que identifican una in-
fección activa por presencia del virus, las pruebas serológicas 
o de anticuerpos y las pruebas de manejo de pacientes con 
COVID-19 para detectar biomarcadores relacionados con la 
inflamación129,130.

La prueba estándar para el diagnóstico de COVID-19 es la 
qRT-PCR131, esta técnica molecular va dirigida a regiones alta-
mente conservados o que se expresan con abundancia como el 

gen E, N, S y el gen de la ARN polimerasa dependiente de ARN 
(RdRp) del ORF1ab132,133. Sin embargo, a pesar de la alta es-
pecificidad de la prueba ha demostrado sensibilidad inestable, 
comparada con otras técnicas como la tomografía computari-
zada (TC) de tórax, esto puede depender varios factores como: 
la carga viral del paciente, la forma de muestreo, el procesa-
miento y el transporte de la muestra, la tasa de detección de 
los diferentes fabricantes, entre otras133,134.

Con los antecedentes antes mencionados el objetivo de 
varios grupos de investigación se han centrado en diseñar 
pruebas de diagnóstico alternativas, entre ellas se halla la RT-
LAMP, una tecnología de amplificación de ADN, que se emplea 
para detectar ARN del SARS-CoV-2, los resultados se logran 
obtener en aproximadamente 45 minutos en muestras con 
una baja concentración viral, sin el empleo de equipamiento 
costoso debido a que la reacción final se puede observar a 
simple vista por un cambio colorimétrico; además el diseño de 
los cebadores ha sido dirigido a regiones conservadas con baja 
frecuencia de mutación como el gen S, gen ORF1ab y el gen N, 
lo que garantiza la especificidad135,136. Huang et al.137 probaron 
el ensayo RT-LAMP en un solo paso, es decir sin la extracción 
de ARN, el resultado fue la amplificación de ARN directamente 
de una muestra; por lo que aseguraron que la meta final es de-
sarrollar un dispositivo capaz de extraer, purificar, retro trans-
cribir ARN, y llevar a cabo la amplificación isotérmica mediada 
por bucle (LAMP) para la detección de SARS-CoV-2.

La tecnología Crispr-Cas es una nueva herramienta bio-
tecnológica que ha revolucionado el diagnóstico molecular de 
rápida detección, alta precisión y sensibilidad, gran versatili-
dad y portabilidad sin la intervención de equipos sofisticados 
de laboratorio138. En mayo de 2020 la FDA otorgó una EUA a 
la primera prueba de CRISPR combinada con RT-LAMP para el 
diagnóstico de la infección activa por SARS-CoV-2 en el punto 
de atención, denominada SHERLOCK, desarrollada por Sher-
lock BioSciences139. Este protocolo se basa en la enzima Ca-
s13a guiada por el ARN Crispr (ARNcr) para reconocer un ARN 
de cadena simple o un ARN mensajero viral, cuando el comple-
jo Crispr -Cas se une a su diana, la actividad nucleasa colateral 
de la enzima conduce a la escisión inespecífica de una molécu-
la marcada con fluorescencia, tras este proceso la señal será 
detectada mediante fluorescencia o tiras de flujo lateral140. 
Según Joung et al.141 SHERLOCK proporciona una sensibilidad 
comparable con la qRT-PCR y posee un límite de detección 
de 100 copias del genoma viral; en muestras de hisopados de 
nariz, boca o garganta, además de fluido pulmonar141.

Otro de los kits de diagnóstico frente a COVID-19 dispo-
nible comercialmente y basado en los mismos principios es 
DETECTR, diseñado por Mammoth Biosciences138. Este sis-
tema por su parte usa la enzima Cas12a para dirigirse a una 
secuencia de ADN de doble cadena (dsADN) del SARS-CoV-2, 
una vez hallada la diana genética la enzima escinde indiscrimi-
nadamente moléculas indicadoras de ADN de cadena simple 
(ssADN) marcadas con el flouróforo y ocurre el mismo proce-
so antes mencionado140,142. DETECTR muestra una alternativa 
visual y más rápida que la técnica estándar para la tipificación 
de secuencias moleculares del SARS-CoV-2, con una sensibili-
dad del 95% y una especificidad del 100%142.

Las pruebas rápidas de detección de antígenos son otra 
opción para el diagnóstico de COVID-19, estos inmunoensa-
yos están esquematizados para localizar partículas virales en 
muestras nasofaríngeas o de frotis nasal. Las ventajas de las 
pruebas de antígenos es la rapidez de detección, aproximada-
mente 15 minutos, a un bajo costo y alta especificidad143,144. 
Hasta la fecha la FDA ha otorgado la EUA a quince test comer-
ciales con este principio129.
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La pandemia por COVID-19 sigue vigente y cada día que 
pasa continúa la I + D en pruebas de diagnóstico más rápidas, 
simples, baratas, escalables y precisas en comparación con 
las existentes145. Como el desarrollo de biosensores fototérmi-
cos plasmónicos de doble función con una alta precisión146, o 
un ensayo de CRISPR potencializado y ultrasensible con la po-
sibilidad de ser integrado en un chip de microfluidos que pueda 
ser leído por un teléfono celular inteligente147,148.

Tratamiento terapéutico y profiláctico
Existe una gran variedad de tratamientos en investigación 

para el COVID-19 por ejemplo antivirales, terapias celulares y 
genéticas, inmunomoduladores, anticuerpos neutralizantes y 
tratamientos combinadas; de los cuales, varios se encuentran 
en ensayos en etapa temprana donde se evalúan la seguridad 
y dosificación, mientras que otros se hallan en etapa tardía en 
los que se prueba la seguridad y la efectividad149. Por otro lado, 
se han empleado múltiples plataformas biotecnológicas tanto 
tradicionales como modernas para el desarrollo de vacunas 
contra el COVID-19150,151 (Figura 3).

Las terapias basadas en anticuerpos neutralizantes se 
han mostrado efectivas en las primeras etapas de la infección 
por SARS-CoV-2, cuando el virus empieza su proceso de repli-
cación y el huésped aún no reacciona con una respuesta inmu-
ne eficaz152. La FDA ha concedido la EUA a ciertos anticuerpos 
monoclonales neutralizantes anti-SARS-COV-2 dirigidos al 
RBD de la proteína S como tratamiento para pacientes ambu-
latorios con COVID-19 de leve a moderado, la función de estos 
anticuerpos es bloquear la unión del RBD a la célula huésped 
y neutralizar el virus153,154.

Bamlanivimab, ha alcanzado estudios clínicos fase 2, los 
resultados obtenidos en un análisis intermedio sugirieron que 
una única infusión intravenosa de este mAb con una dosis de 
2800 mg aceleró la disminución de la carga viral, además 
los pacientes no hospitalizados que recibieron el tratamiento 
mostraron síntomas más leves y una tasa de hospitalización 
menor que el grupo placebo. Sin embargo, no es posible sacar 
conclusiones finales, por lo que se necesitan datos de ensayos 
clínicos más amplios155. Al mismo tiempo se está llevando a 
cabo un ensayo fase 2/3 para determinar el efecto de la mono-
terapia de bamlanivimab y la terapia combinada de bamlanivi-
mab con etesevimab. El estudio concluyó que el tratamiento 
combinado se asoció con una reducción de la carga viral esta-
dísticamente significativa al día 11, en contraste con la mono-
terapia y el grupo placebo156.

Finalmente, el análisis intermedio del estudio clínico fase 
1/3 del cóctel de anticuerpos humanos neutralizantes REGN-
COV2 (casirivimab y imdevimab), informó que una sola dosis de 
REGN-COV2 de 2,4 g o 8,0 g fue capaz de reducir la carga viral 
al día 7 con un efecto mayor en pacientes con anticuerpos séri-
cos negativos (anticuerpos endógenos) contra el SARS-CoV-2. 
Asimismo, el porcentaje de participantes con visitas médicas 
fue menor en el grupo que recibió el cóctel de anticuerpos que 
en el grupo placebo157.

Una  tecnología tradicional, el plasma convaleciente de 
título alto, es decir con  la relación señal/corte (s/c) de ≥12.0 
a ≥9.5 en la prueba Ortho VITROS  Anti-SARS-CoV-2 IgG, es 
otro de los productos biológicos aprobados como EUA  por la 
FDA153. Los resultados de los diferentes estudios varían, en pa-
cientes con COVID-19 grave o potencialmente mortal no pre-
senta una mejora clínica estadísticamente significativa158,159, 
mientras que otros proporcionan datos sólidos de que la trans-
fusión de plasma convaleciente en pacientes hospitalizados 
es segura con una administración temprana dentro del curso 

clínico160–162.
Actualmente, existen 182 vacunas en desarrollo preclíni-

co y 74 en desarrollo clínico de las cuales 3 han obtenido la 
EUA por parte de la FDA, pertenecientes a Moderna Therapeu-
tics, Pfizer-BioNTech y Johnson & Johnson150.

Moderna Therapeutics junto con Instituto Nacional de 
Alergias y Enfermedades Infecciosas (NIAID) produjeron la 
primera vacuna en ser llevada a ensayos clínicos, se trata de 
mRNA-1273, una vacuna de ARN encapsulada en nanopartí-
culas lipídicas que contiene la información de la proteína de 
S de longitud completa estabilizada previa a la fusión, un en-
sayo fase 3 determinó una eficacia del 94.1% con dos dosis 
de 100 μg de esta vacuna163. La vacuna producida por John-
son & Johnson, Ad26.COV2.S, es una vacuna de dosis única 
(5×1010 partículas virales) basada en un adenovirus serotipo 
26 incompetente para la replicación que expresa la proteína 
S del SARS-CoV-2, los ensayos clínicos muestran diferentes 
eficacias de la vacuna frente al virus; 72% en EE.UU., 66% en 
Latino América y 57% en Sudáfrica150,164,165.

Por otro lado, la primera vacuna para la prevención de CO-
VID-19 que recibió un EUA fue BNT162b2 de Pfizer-BioNTech, 
el 2 de diciembre por la  Agencia Reguladora de Medicamentos 
y Productos Sanitarios (MHRA) del Reino Unido166 y el 11 de 
diciembre de 2020 por la FDA167.

En Ecuador esta vacuna desarrollada por Pfizer-BioN-
Tech, fue la primera en ser aprobada para uso de emergencia 
por la Agencia Nacional de Regulación, Control y Vigilancia Sa-
nitaria (ARCSA)168. BNT162b2 es una vacuna de ARNm modifi-
cado con nucleósidos y formulada con partículas lipídicas que 
codifica la proteína S transmembrana de longitud completa. 
Un ensayo global fase 2/3 manifestó que la administración de 
dos dosis (30 μg de vacuna por dosis) de BNT162b2  con 21 
días de diferencia alcanza 95% de eficacia en la prevención de 
COVID-19 y un perfil de seguridad caracterizado por dolor leve 
en el lugar de la inyección, dolor de cabeza y fatiga, con una 
baja incidencia de efectos secundarios graves169.

La segunda vacuna aprobada por el ARCSA es ChAdOx1 
nCoV-19 (AZD1222)170, una vacuna de vector no replicante 
ChAdOx1 que contiene el gen de la proteína S del virus, dise-
ñada por AstraZeneca y la Universidad de Oxford. Un análisis 
de cuatro ensayos con una administración de dos dosis (dosis 
estándar 5 × 1010 partículas virales) demostró que en aquellos 
participantes que recibieron dos dosis estándar la eficacia de 
la vacuna fue del 62%, mientras que en el grupo que adoptó 
media dosis estándar seguida de una dosis completa la efica-
cia fue de 90%, obteniendo una eficacia global de la vacuna del 
70,4% contra el COVID-19 sintomático con un perfil de seguri-
dad aceptable171.

A continuación se describirán las herramientas de la bio-
tecnología y sus múltiples aplicaciones, además se mencio-
narán sus características más importantes empleadas en el 
control, manejo y prevención de las diferentes pandemias.

Herramientas biotecnológicas
En 1919, el ministro de alimentos húngaro, Kark Ereky, 

mencionó por primera vez la palabra biotecnología refiriéndo-
se a todas las áreas de trabajo en las cuales los productos 
son obtenidos a partir de materia prima orgánica mediante la 
intervención de organismos vivos172. Sobre esta base la biotec-
nología ha ido evolucionando y ha sido dividida en tres periodos 
en función del tiempo: la biotecnología antigua, la biotecnolo-
gía clásica y la biotecnología moderna173,174. El último periodo 
inició con la revelación del modelo de doble hélice del ácido 
desoxirribonucleico (ADN) en 1953, desde este evento, la bio-
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tecnología fue considerada como una ciencia moderna capaz 
de desarrollar sus propias aplicaciones175, basadas en técnicas 
modernas como las técnicas de ADN recombinante176 o la téc-
nica de la hibridoma177.

En la actualidad se puede definir a la biotecnología como 
una ciencia multidisciplinaria e interdisciplinaria que emplea 
organismos vivos, células o sus derivados para el desarrollo 
de productos y procesos orientados al bienestar humano em-
pleando diversos tipos de herramientas y tecnologías173,178. 
Otra de las clasificaciones de esta ciencia se basa en un código 
de colores que diferencia las principales áreas179. Un área de 
la biotecnología de interés en esta revisión es la biotecnología 
roja, médica o farmacéutica, que se relaciona con la producción 
y desarrollo de métodos de diagnóstico y productos biofarma-
ceúticos como biofármacos recombinantes, productos de in-
geniería de tejidos, productos de ingeniería de proteínas, anti-
cuerpos monoclonales, vacunas, medicamentos regenerativos 
(terapia de células madre y génica), nanopartículas y biosen-
sores173,178,179. Las herramientas biotecnológicas han permitido 
la obtención de estos productos a escala industrial, incluyendo 
agentes novedosos y tradicionales los cuales eran producidos 
en minoría, para lo que se emplean bioprocesamientos conoci-
dos como biotecnología blanca o industrial178,179.

Era de las “OMICAS” para el desarrollo de herramientas 
biotecnológicas

Las tecnologías “omicas” inspiradas en el proceso natural 
de producción de biomoléculas en las células, han aportado 
significativamente en el avance del diagnóstico, manejo y pro-
nóstico de varias enfermedades, siendo elementales para el 
perfeccionamiento de la medicina personalizada de próxima 
generación180,181, debido a que permiten una mejor compren-
sión de los mecanismos moleculares y celulares que interfie-
ren en la progresión de una enfermedad en humanos180. Entre 

las “ómicas” con mayor avance están la genómica, transcrip-
tómica, proteómica y metabolómica181, siendo la genómica y 
proteómica las “omicas”, con un protagonismo superior en la 
investigación de diagnóstico y tratamiento en enfermedades 
infecciosas182. La genómica trata de la estructura, función, 
evolución y mapeo de genomas, con el objetivo de cuantificar 
y caracterizar genes180. La obtención y análisis de secuencias 
completas de los genomas de patógenos causantes de enfer-
medades emergentes ha sido valioso para el análisis filogené-
tico de estos microorganismos, conocer su origen, caracterizar 
los patrones de transmisión, el desarrollo acelerado de prue-
bas de diagnóstico eficientes, además, ha sido la base para el 
diseño de nuevas tecnologías terapéuticas, incluidos biotecno-
lógicos y ha permitido la identificación de epítopes claves para 
la construcción de vacunas. Asimismo, ha influido en el segui-
miento epidemiológico de las pandemias y en la detección de 
nuevas variantes virales76,183–186.

La proteómica, por otro lado, estudia todas las proteínas 
presentes en una célula, tejido u organismo, centrándose en 
las propiedades bioquímicas, roles funcionales y sus cambios 
frente al crecimiento o a estímulos internos y externos182,187,188. 
La proteómica a través de espectrometría de masas facilita los 
análisis de precisión, sensibles y de alto rendimiento de proteí-
nas a gran escala187. Además, es posible comprender y descu-
brir interacciones claves proteína-proteína, redes de señaliza-
ción, interacciones complejas huésped-patógeno, respuestas 
del huésped al invasor y los mecanismos de aprovechamien-
to del microorganismo, lo que ha proporcionado información 
sobre la patogénesis de una enfermedad, caracterización de 
biomarcadores para métodos de diagnóstico y fármacos anti-
virales durante una epidemia182,188. Al mismo tiempo el proto-
tipado por espectrometría de masas puede ser un método de 
diagnóstico alternativo188.

Figura 2. Herramientas biotecnológicas para el diagnóstico de enfermedades pandémicas - Ventajas y desventajas.
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Herramientas biotecnológicas en el diagnóstico
Las herramientas biotecnológicas modernas aplicadas 

para el diagnóstico se han optimizado a lo largo de la apari-
ción de las diferentes pandemias, gracias a la investigación y 
el avance tecnológico, con el fin de producir pruebas sencillas, 
de bajo costo, que requieran menor tiempo de detección, con 
sensibilidad y especificidad alta58,148,189. Los métodos para la 
identificación de patógenos se han basado principalmente en 
cultivo viral58, detección de antígenos61,105, identificación indi-
recta de anticuerpos20,29 y detección de ácidos nucleicos42,130,132 

(Figura 2). Debido a la necesidad de pruebas de diagnóstico 
en el punto de atención (POCT) se están efectuando estudios 
trascendentales para convertir las técnicas conocidas en he-
rramientas POCT rápidas, eficientes y ultrasensibles, sin la 
necesidad de mano de obra experimentada y laboratorios so-
fisticados84,130,189,190.

Técnicas de diagnóstico molecular 
Los test moleculares son las pruebas de diagnóstico 

con mayor demanda en los últimos años, debido a su elevada 
sensibilidad y precisión133,189. Estas tecnologías mecanizadas 
detectan y amplifican secuencias específicas y conservadas 
del genoma del patógeno en muestras de pacientes infecta-
dos41,133. Las cuales se describen a continuación:

Reacción en cadena de la polimerasa (PCR)
Es una técnica que se emplea para amplificar exponencial-

mente pequeños fragmentos de ADN diana. El principio de la PCR 
se fundamenta en el ciclo repetitivo de tres reacciones: desnatu-
ralización, alineación y extensión, el proceso se repite de 30 a 40 

veces, con el doble de la cantidad de material genético objetivo 
en cada ciclo. Al final se producen millones de fragmentos de la 
secuencia de ADN diana, en un período corto de tiempo191.

Existen algunas variaciones de la PCR. PCR de transcrip-
ción inversa (RT-PCR) inicia con la obtención de ADNc a partir 
de ARN mediante transcripción inversa, seguido por la amplifi-
cación del ADNc. Esta técnica se usa para la detección de virus 
de ARN80. PCR cuantitativa en tiempo real (qPCR) se basa en 
el empleo de sondas marcadas con fluorescencia que permi-
ten cuantificar los productos de PCR a medida que se generan, 
en esta técnica el ciclo de temperatura ocurre más rápido que 
en los ensayos de PCR estándar, la hibridación de sondas se 
produce continuamente durante la reacción de amplificación y 
el tinte fluorescente acoplado a la sonda emite una señal solo 
cuando tiene lugar la hibridación192. Por otro lado, PCR múlti-
ple es utilizada para la identificación simultánea de varias se-
cuencias de genes que pertenecen al mismo patógeno o a una 
mezcla de diferentes patógenos. Esta técnica permite ahorrar 
tiempo y reactivos al dirigirse a múltiples dianas a la vez193. 
Otro tipo de PCR es la PCR anidada, este ensayo implica dos 
reacciones de amplificación secuenciales con un par de ceba-
dores diferentes en cada una, el segundo conjunto de cebado-
res amplifica un objetivo secundario dentro del producto de la 
primera reacción. Esto proporciona ejecutar un mayor número 
de ciclos mientras se reducen los productos no específicos, 
aumentando la especificidad y sensibilidad de detección194,195.

Técnicas de diagnóstico molecular en desarrollo
A lo largo del tiempo se han ido desarrollando técnicas 

moleculares modernas para el diagnóstico (Figura 2).

Figura 3. Productos biológicos usados en el control de pandemias (Creado en BioRender).
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La amplificación isotérmica mediada por LOOP (LAMP) 
amplifica secuencias específicas de ADN empleando un conjun-
to de cuatro o seis cebadores únicos, la mezcla de reacción se 
incuba en una sola temperatura y el producto de amplificación 
puede detectarse por la presencia de precipitado de pirofosfato 
de magnesio como subproducto del proceso de amplificación 
o por fluorescencia bajo luz UV, además es posible monitorear 
la reacción en tiempo real midiendo la turbidez del pirofostato. 
Este ensayo se caracteriza por su simplicidad y alta sensibili-
dad83,135,196. La técnica LAMP se combina con una transcripción 
inversa para la identificación de ARN (RT-LAMP)83,137.

Por otro lado, las Repeticiones Palindrómicas Cortas 
agrupadas y Regularmente Espaciadas (CRISPR), secuencias 
asociadas con las nucleasas Cas son la base de la tecnología 
CRISPR/Cas. CRISPR son una familia de secuencias de ADN 
propias de organismos procariota y Cas son un grupo de en-
donucleasas que precisan de un ARN guía para reconocer y 
cortar una secuencia complementaria de ADN. Estas enzimas 
pueden ser programadas para ser dirigidas a ARN viral142,197. La 
amplificación mediada por transcripción (TMA) es un ensayo 
de amplificación isotérmica de un único tubo que emplea una 
transcriptasa inversa y una polimerasa de ARN para amplifi-
car segmentos específicos de ADN o ARN con mayor eficiencia 
que la RT-PCR198. Mientras que una alternativa isotérmica de la 
PCR, es la amplificación isotérmica de recombinasa y polime-
rasa (RPA), un ensayo rápido, portátil y de detección múltiple189.

Inmunoensayos en el diagnóstico
Las pruebas de anticuerpos identifican el aumento de 

estas proteínas en el suero de pacientes, los anticuerpos son 
producto de la activación de una respuesta inmune humoral 
pos infección de microorganismos patógenos44. Estos ensayos 
suelen estar diseñados para detectar anticuerpos humanos 
IgA, IgM o/y IgG, usualmente, los anticuerpos IgM son hallados 
pocos días después de la infección, y los anticuerpos IgG apa-
recen más tarde199. Los estudios de cuantificación de anticuer-
pos permiten determinar infecciones recientes o pasadas200,201, 
sin embargo, estas pruebas no se las utiliza para diagnosticar 
pacientes infectados debido a problemas de mutaciones de cé-
lulas B202 y deficiencia en la producción de anticuerpos203, por 
lo que son aprovechadas como una herramienta de estudios 
serológicos para conocer el estado de la respuesta inmune204  y 
para evaluar la dinámica de las respuestas humorales activa-
das por vacunas70,95,125 (Figura 2).

Otro tipo de inmunoensayo son las pruebas de detección 
de antígenos (Figura 2), que se encargan de identificar direc-
tamente partículas de patógenos en muestras biológicas, es 
decir son capaces de detectar la infección activa en personas 
afectadas. Las más comunes son las pruebas rápidas de de-
tección de antígenos (RAP) que se basan en inmunoensayos 
de flujo lateral (LFIA)61, estas realizan una determinación cua-
litativa del antígeno mediante un anticuerpo específico inmo-
vilizado en el dispositivo205. Las RAP son ideales en pacientes 
que se encuentran en la etapa inicial de la enfermedad, cuando 
la carga viral es comúnmente elevada; además en sujetos con 
exposición a casos confirmados. La sensibilidad de las RAP es 
menor en comparación con las pruebas moleculares y el culti-
vo viral206,207. En consecuencia, los resultados negativos de las 
pruebas basadas en este método no son capaces de descartar 
infecciones.

Productos biotecnológicos
Los productos de origen biológico son moléculas grandes 

y complejas, compuestos de azúcares, proteínas o ácidos nu-

cleicos o combinaciones de estas sustancias, también pueden 
ser entidades vivas como células y tejidos que se emplean 
para diagnosticar, prevenir, tratar o curar enfermedades. Estos 
productos se obtienen de fuentes naturales (humanos, anima-
les, microorganismos, células animales o vegetales), y se pro-
ducen mediante métodos biotecnológicos y otras tecnologías 
de vanguardia como la nanotecnología208,209.

Los productos biológicos constituyen un producto crecien-
te en el mercado farmacéutico, a nivel mundial los gastos en 
productos biológicos sumaron $277 mil millones durante el 
2017 y se predice que en el 2022 aumenten a $452 mil millo-
nes210. Estos biofármacos se encuentran protegidos por una 
mayor cantidad de patentes que los fármacos de origen quími-
co puesto que la fabricación biológica posee mayor compleji-
dad, por lo que es necesario conservar la propiedad intelectual 
no sólo sobre las composiciones de materia, sino también sobre 
los procesos de fabricación211,212. El gran número de patentes 
existentes representan un desafío al momento de identificar 
los procesos que deben ser eludidos para evitar litigios, por lo 
que el proyecto de Ley de Transparencia de Patentes Biológi-
cas propuesto en el Congreso de los EE. UU. en 2019, busca 
solucionar este conflicto estableciendo una lista de búsqueda 
imperativa de patentes que resguarda los productos biológicos, 
la cual se incorporará en el Libro Púrpura de la FDA211,213.  

Por otro lado, a diferencia de los fármacos de molécula 
pequeña la mayoría de biológicos son composiciones comple-
jas y heterogéneas que requieren principios asépticos en todo 
el proceso de fabricación208. Es así que la licencia de comercia-
lización de un producto biológico es otorgada por organismos 
reguladores como la FDA y la EMA, que cumplen con los re-
quisitos que garantizan seguridad, pureza y potencia continua 
del producto214.

Los principales productos biotecnológicos dirigidos a enfer-
medades causantes de pandemias se observan en la Figura 3. 

Los anticuerpos monoclonales (mAb) neutralizantes se 
aíslan de personas recuperadas de la infección o de modelos 
animales inmunizados y se  pueden administrar en pacientes 
antes o después de una infección viral para aplicaciones tera-
péuticas o profilácticas, los cuales van dirigidos a una diana 
específica del patógeno evitando la infección de este a la célu-
la huésped93,114,155. Por otro lado, los interferones (IFN) son pro-
teínas señalizadoras de origen natural producidas por células 
del sistema inmunológico, que poseen propiedades antivirales 
e inmunomoduladoras no específicas87,110. Son estimulados 
por infecciones virales, estos se secretan y se unen a la célula 
afectada o a sus células vecinas y activa la expresión de genes 
con función antiviral215. Existen tres clases principales de inter-
ferones empleados en farmacoterapia los alfa (IFN-α), los beta 
(IFN-β) y los gamma (INF-γ)216. Comúnmente los interferones 
son estudiados en combinación con otros agentes antivirales, 
ribavirina o lopinavir / ritonavir87,217. Otro de los tratamientos 
valorados en la aparición de pandemias es el empleo de ARN 
de interferencia, como ARN de interferencia pequeños (siRNA) 
y micro ARN (miARN), la función de estas moléculas es la su-
presión de la expresión de genes claves de los patógenos me-
diante interferencia por ARN111,218,219.

Vacunas
Las plataformas empleadas para el diseño de vacunas 

han evolucionado conforme las necesidades de la humanidad 
y la disponibilidad de tecnología (Figura 3).

Vacunas de virus (inactivadas y atenuadas)
En las vacunas inactivadas se aplican enfoques químicos 

Herramientas biotecnológicas en el diagnóstico, prevención y tratamiento frente a pandemias
Biotechnological tools in the diagnosis, prevention, and treatment of pandemics



2106

o físicos para eliminar las propiedades infecciosas del pató-
geno21,23. Las ventajas de estas vacunas son la facilidad de 
producción, además de su seguridad y eficacia en el recono-
cimiento inmunológico, sin embargo, el rendimiento podría ser 
limitado debido a la baja producción del virus y la necesidad de 
instalaciones de altos niveles de bioseguridad48,71.

Las vacunas vivas atenuadas constan de una versión de-
bilitada del patógeno que se replica limitadamente con el fin 
de no causar la enfermedad y al mismo tiempo activar las res-
puestas inmunes de manera similar a una infección natural. 
Algunas de las desventajas son los problemas de seguridad y 
el desafío en el proceso de atenuación31,72.

Vacunas basadas en proteínas (subunidad proteica y 
partículas similares a virus)

En el caso de las vacunas de subunidades se administran 
proteínas altamente antigénicas del patógeno en el individuo, 
debido a su baja complejidad antigénica su eficacia protectora 
puede ser limitada, además de provocar respuestas inmunes 
no regulares220,221. Las vacunas de partículas similares al virus 
constan de proteínas de la cápside viral, que generan una alta 
activación del sistema inmune debido a la repetición de sus 
estructuras, además confieren seguridad debido a la ausencia 
de material genético del patógeno, sin embargo, existen com-
plicaciones en el proceso diseño de la plataforma222.

Vacunas de vectores virales (replicantes y no 
replicantes)

Las vacunas de vectores virales se basan en un virus mo-
dificado con un gen que exprese una proteína de interés del 
patógeno en cuestión. Los vectores virales de replicación in-
competente son virus inhabilitados para la replicación median-
te la eliminación de partes de su genoma, entre las ventajas de 
esta plataforma es que no es necesario manipular el patógeno 
in vivo, estos vectores son capaces de activar respuestas in-
munitarias celulares y humorales, y existe gran experiencia en 
la producción de este tipo de vacunas95,125. Por otro lado, para 
el empleo de vectores de replicación competente se considera 
a virus que no se replican de manera eficiente o virus de ani-
males que no causan enfermedades en humanos, la ventaja 
de esta plataforma es que tiene la capacidad de promover una 
inmunidad robusta debido a que existe una infección real119.

Vacunas génicas (ADN o ARN)
En este tipo de vacunas la información genética del pató-

geno, ADN o ARN, es administrada para luego dirigirse a las 
células del individuo vacunado y expresar una proteína de in-
terés capaz de activar efectivamente el sistema inmunitario y 
lograr defender al huésped en caso en una futura infección. La 
tecnología de ADN se puede producir a gran escala, sin embar-
go, muestran baja inmunogenicidad y necesitan de dispositivos 
eficientes para su administración94,223,224. Mientras que, las va-
cunas de ARNm poseen capacidad de desarrollo breve, ele-
vada potencia y fabricación rentable, pero requiere almacena-
miento a bajas temperaturas para su estabilidad, sin embargo, 
con los últimos desarrollos referentes a ARNm encapsulado 
en nanopartículas se podría almacenar este tipo de vacunas a 
temperaturas de 4°C169,225.

Discusión y conclusiones 
En cuanto a las herramientas de diagnóstico, se debe te-

ner en cuenta que ninguna prueba biológica puede alcanzar 
una especificidad del 100% y una sensibilidad del 100%130. Por 

su parte, la sensibilidad se define como la capacidad de una 
prueba de arrojar un resultado positivo en una persona enfer-
ma, mientras que la especificidad es la capacidad de la prueba 
de obtener un resultado negativo en un sujeto libre de la en-
fermedad226,227. Como se muestra en la comparación de resul-
tados de la Tabla 1, la sensibilidad y especificidad de cada una 
de las técnicas no son 100%, sin embargo, las herramientas 
moleculares presentan la mejor alternativa para el diagnóstico 
de enfermedades pandémicas, reduciendo en gran medida los 
falsos positivos y falsos negativos, elevando así la eficiencia de 
las pruebas. Según Yuan et al.148 los resultados del diagnóstico 
dependen de varias condiciones como las características del 
kit de detección, sus controles, su especificidad, sensibilidad 
y calidad de la muestra, como se demuestra en la Figura 2, 
nuevamente las técnicas moleculares alcanzan un porcentaje 
superior en comparación con el cultivo celular que presenta di-
ficultades en el tiempo de ejecución, baja sensibilidad; y los in-
munoensayos para la detección de antígenos, los cuales no se 
recomiendan como un diagnóstico confirmatorio debido al alto 
índice de falsos negativos. No obstante, las pruebas de antíge-
nos debido a que permiten la obtención resultados acelerados 
a un menor costo, se pueden aplicar masivamente teniendo un 
mayor impacto en la salud pública.

La qRT-PCR ha sido la técnica más empleada como es-
tándar de oro para el diagnóstico de pandemias, sin embargo, 
a pesar de los altos índices de especificidad y sensibilidad, han 
surgido algunos problemas como costos elevados, tiempo de 
procesamiento, requerimiento de personal capacitado y altos 
estándares de bioseguridad, por lo que se están desarrollando 
varias alternativas con resultados prometedores como LAMP, 
CRISPR-Cas y biosensores con el fin de minimizar las desven-
tajas y optimizar el diagnóstico de enfermedades pandémi-
cas148,189.

Por otro lado, el gran avance en el desarrollo de los pro-
ductos biotecnológicos se debe a varias ventajas como su alta 
eficiencia, efectos secundarios más seguros y reducidos en 
contraste con los fármacos de moléculas pequeñas, además 
de los costos relativamente bajos que presentan en compa-
ración con sus beneficios y terapias completamente inno-
vadoras. En el caso de la fabricación de vacunas fue posible 
observar una diferencia significativa en esta pandemia del 
SARS-CoV-2 en contraposición con brotes anteriores, gracias 
al nivel científico actual, debido que a pesar de la capacidad 
de investigación, de los avances biomédicos y biotecnológicos, 
y del desarrollo de la tecnología, las vacunas podrían tardar 
años, hasta décadas en ser llevadas al mercado para el bene-
ficio de la humanidad, como es el caso de la primera vacuna 
contra el EBOV aprobada en el 2019 por la FDA y la EMA122. En 
la actualidad, la situación ha sido diferente frente a la pande-
mia de COVID-19, a un año y tres meses del inicio del brote del 
SARS-CoV-2 existen 3 vacunas aprobadas por la FDA, 4 vacu-
nas candidatas en fase 4 y 12 vacunas en estudios clínicos fase 
3150, los expertos afirman que todo el proceso de fabricación y 
experimentación se han dado en un tiempo récord gracias a la 
gran inversión tanto pública como privada que se ha llevado a 
cabo y al sobrelapamiento de las fases preclínicas y clínicas en 
los diferentes estudios.

Las perspectivas futuras sobre las herramientas y pro-
ductos biotecnológicos son prometedoras, con técnicas de 
diagnóstico eficientes con características ultrasensibles con 
requerimientos de concentraciones a escala  nano  y tecno-
logía basadas en inteligencia artificial o biología sintética148,228, 
las cuales permitirán brindar un apoyo intensivo en el diagnos-
tico y seguimiento en la propagación de la enfermedad y trans-
misión del patógeno. Los biofármacos, por su parte, constitu-
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yen la vanguardia de la investigación biomédica, por lo que se 
aspira que en el futuro representen una opción más eficiente 
en el control de enfermedades infecciosas que en la actualidad 
carecen de tratamiento o poseen muy pocas alternativas208, 
además de terapias personalizadas optimizando drásticamen-
te la seguridad y eficacia de los medicamentos178.

Finalmente, podemos concluir que el desarrollo y uso de 
las herramientas biotecnológicas actuales han revolucionado 
el campo de la medicina en este caso el control de enferme-
dades emergentes con potencial pandémico. Con todos los 
conocimientos y lecciones adquiridas a lo largo de las diferen-
tes pandemias y epidemias ocurridas a través de la historia, en 
posteriores brotes se poseerá la capacidad de un mejor mane-
jo y contención de las enfermedades.
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Abstract: The worldwide spread of the virus has claimed multiple lives, especially in vulnerable groups. Therefore, an investigation 
was carried out to present a viable solution for health personnel using the “JES” algorithm. The present study used the research 
to determine the possible complications presented by the sick individual, providing a viable and accessible healthcare personnel 
solution through the proposed “JES” algorithm. A non-experimental, descriptive, correlational, and explanatory research is 
presented. According to pathologies of interest, the articles were taken virtually from scientific journals present in Google 
Scholar and PubMed.  The excluded publications were: articles that do not detail the established protocol for detecting SARS-
CoV-2, studies that do not present a significant number of people with Covid-19 disease, articles that the person has the covid-19 
disease but no underlying diseases of nutritional origin. It focused on the vulnerable or higher risk population group, including 
scientific information from children (over five years old), adults (over 18 years old), and older adults (over 65 years old) found in 
countries of the Asian and American continents. The R program analyzed the scientific articles using the ggplot2 package with 
a pie and bar diagram. A higher prevalence in men than women (56% vs. 44%) stood out. Likewise, arterial hypertension was 
presented in the first place with 40.82%, followed by diabetes with 30.61%, obesity with 12.24%, overweight and dyslipidemia 
with 6.12%, malnutrition with 4.08%. There was a higher prevalence of stable individuals (29%) within the health facility than 
those admitted to the ICU  (20%). Adults with 69.39%, followed by older adults with 16.33%, and mixed ages with 14.29%. 
Comorbidities stand out as risk factors in people infected with SARS-CoV-2, regardless of age. A more significant contagion was 
observed in the male versus female population; since men do not develop a rapid immune response and have a high content of 
cytokines that at the time of infection are released more quickly and can cause more significant damage

Key words: Chronic diseases, vulnerable population, SARS-CoV-2, nutrition.  

Introduction
The World Health Organization defines chronic diseases as 

long-term chronic diseases and progressively slower1. Among 
them are heart diseases, high blood pressure (40.82%), dia-
betes mellitus 2 (30.61%), severe obesity (BMI> 40) (12.24%), 
and dyslipidaemias(6.12%)2.

The virus is known as SARS-CoV-23, whose disease is 
caused by COVID-194. It is considered a new type of infectious 
and highly contagious coronavirus in a latency state5. Its me-
chanism of action consists of the host organism’s infection 
through the ACE2 receptor6, distributed to various organs and 
tissues such as lungs, heart, kidneys, intestine, and endothe-
lial cells7. Clinical practice has determined that a population is 
considered vulnerable or at higher risk of contagion8, such as 
the elderly and people at any stage of life with chronic disea-
ses9,10. Those people who have at least one of these chronic 
conditions mentioned above and are not under medical su-
pervision should pay more attention and health care against 
SARS-CoV-28. The Pan American Health Organization empha-
sizes more outstanding care in vulnerable groups since 1 in 4 
people show a greater risk of obtaining unfavorable results due 
to underlying diseases11. Therefore, a search for information 
was carried out to relate the diseases of nutritional origin men-
tioned above with those who present the SARS-CoV-2 condi-
tion allowing us to know the relationship between them and 
the severity of complications12.

Methods
Exhaustive bibliographic research was carried out, com-

piling 40 articles at the international level, adding nine more 
publications found within the previously selected articles, ex-
cluding those not indexed, for subsequent analysis focused on 
health professionals. These articles, “original articles,” were 
carried out in China, the United States, Italy, Mexico, France, 
and at a multicenter level from January 2020 to July 2020. It 
is considered non-experimental, descriptive, and explanatory 
research by searching bibliographic materials published from 
2018 to 2020, taken virtually through search engines such as 
PubMed[A9] [A10]  and Google Scholar. Pathologies of nutri-
tional origin of interest categorized these scientific articles, 
as shown in figures 1 and 2. The excluded publications were 
selected as follows: articles that do not detail an established 
protocol for detecting SARS-CoV-2. These studies do not pre-
sent a significant number of people with Covid-19 disease (less 
than 50 people), articles that the person has the covid-19 di-
sease but not underlying diseases of nutritional origin. The in-
formation found with limited access, prepaid, and documents 
in development stands out regarding the restrictions. The 
keywords used for this search are SARS-CoV-2, Coronavirus, 
arterial hypertension, type 2 diabetes, dyslipidemia, and mal-
nutrition, the latter being divided into malnutrition, overweight, 
and obesity. It was compiled through scientific studies carried 
out in China (26), United States (10), Italy (8), France (3), and 
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Figure 1. Productos biológicos usados en el control de pande-
mias (Creado en BioRender).

Figure 2. General steps for obtaining information from this document.

Mexico (1). The choice of these countries was made according 
to the number of relevant articles found up to the moment 
of the analysis, which provided outstanding information on 
the relationship between SARS-CoV-2 and the pathologies of 
interest, a protocol established for obtaining results, as well 
as variables of interest, highlighting the different age groups, 
sex, country of study, detection method of the SARS-CoV-2, 
sample size, nutritional parameters, and the results obtained 
in said scientific studies. 

The algorithm was carried out using the web-based dia-
gramming tool called Lucidchart in its entirety due to the 
ease of implementation it presents and the different options it 
offers the user. It was based on the ten practical recommenda-
tions published by the European Society for Clinical Nutrition 
and Metabolism (ESPEN) in 2020, which presents an indicated 
guide for the nutritional management of patients with CO-

VID-19. It contains relevant information about adequate nutri-
tional management to treat patients with chronic diseases and 
SARS-CoV-2 simultaneously, highlighting the use of screening. 
Likewise, it indicates essential nutritional parameters to consi-
der in the sick patient, such as BMI, ascites, folds, and brachial 
circumference.

For those patients with unfavorable results and a higher 
probability of mortality after contracting the SARS-COV-2 in-
fection (older adults and people with multiple comorbidities), it 
is recommended to control the presence of malnutrition throu-
gh screening tests for later timely evaluation using the NRS 
criteria. 2002 was established for hospitalized patients.

Likewise, it is recommended to maintain a good nutritional 
status for the prevention or treatment of malnutrition since 
it reduces complications and subsequent negative results in 
patients with nutritional risk due to the presence of nausea, 
vomiting, and diarrhea (typical of SARS-CoV-2 ), affecting the 
average intake and absorption of food in the body.

Optimal maintenance of nutritional status is prioritized 
through dietary advice from experienced professionals (Regis-
tered Dietitians, Experienced Nutrition Scientists, Clinical Nu-
tritionists, and Specialty Physicians).

A daily intake of 27 kcal per kg of body weight is suggested 
in patients with multiple comorbidities over 65 years and 30 
kcal per kg of body weight/day in patients with a much lower 
average weight and multiple comorbidities. However, these va-
lues   are indicative and must be adjusted according to the ener-
gy intake in older people, nutritional status, physical activity, 
disease status, and food tolerance.

In patients with severe underweight, the goal of 30 kcal/
kg of body weight should be gradually due to the refeeding sy-
ndrome.

It is estimated using already established formulas (1 g of 
protein per kg of body weight in older people) regarding protein 
needs. However, it must be adjusted according to nutritional 
status, physical activity, disease status, and food tolerance. 
The fat and carbohydrate needs are adapted according to the 
patient’s energy needs in a ratio of 30:70 (people without res-
piratory deficiency) and 50:50 (ventilated patients).

The use of oral nutritional supplements is recommended 
to achieve optimal nutritional goals through individualized die-
tary advice with at least 400 kcal/day, including 30 g or more 
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protein per day and its continuation for at least one month.
Patients with type II diabetes mellitus, arterial hyperten-

sion, and malnutrition should be treated according to nutritio-
nal guidelines already established for each pathology, taking 
into account glucose levels, blood pressure, and caloric intake, 
respectively.

Results
Chronic diseases of nutritional origin such as diabetes 

mellitus, hypertension, dyslipidemia, undernourishment, and 
obesity were observed in patients with SARS-CoV-2. These 
comorbidities help a better accommodation and progression 
of this virus in organs such as lungs, intestine, heart, and even 
brain conditions. Therefore, a general distribution was made 
with all previously selected articles, obtaining the following 
percentages (Figure 3): arterial hypertension (40.82%), diabe-
tes mellitus (30.61%), obesity (12.24%), overweight (6.12%), 
dyslipidemia (6.12%) and undernourishment (4.08%), conside-
ring the risk factors in this vulnerable population, as we can 
see in table 1. 

Additionally, information was obtained according to the 
country of origin (Figure 4), obtaining the following results or-
dered from highest to lowest respectively: China 26 articles 
(53.06%), followed by the United States with 10 (20.41%), Italy 
with 8 (16.33%), France with 3 (6.12%) and articles on par be-
tween Mexico and multicenter level with 1 (2.04%) respecti-
vely. Likewise, the presence of a higher prevalence in men with 
SARS-CoV-2 compared to the women analyzed (56% vs. 44%) 
stands out. The presence of deceased people was not given in 
all the scientific articles reviewed. However, it can range from 
two to more than five thousand people (up to 23%). It should 
be noted that the variable number of deceased persons was 
later discarded from this analysis due to the little information 
presented following all the documents chosen.

According to Table II, presented in the supplementary ma-
terial section, a higher prevalence of individuals who remained 
stable within the health facility was observed than those ad-
mitted to the ICU (29 vs. 20). In the age ranges, the presence 
of adults stood out, obtaining a total of 34 articles (69.39%), 
followed by older adults with 8 (16.33%) and finally mixed ages 
with 7 (14.29%). For its part, the average age was a minimum 
of 21 years and a maximum of 79 years. 

The algorithm presented in Figure 5 is composed of nutri-
tional parameters and nutritional monitoring for the pathology 
of interest according to the presence of SARS-CoV-2 in the in-
dividual. Likewise, it presents a general approach by the nutri-
tionist through the Score according to NRS2002, dividing it into 
a score less than three and a score greater than 3, highlighting 
the intake of proteins and carbohydrates in the first case and a 
rapid nutritional intervention through supplementation for the 
second. In general, specific monitoring is suggested every 48 
to 72 hours maximum, adjusting your energy requirements if 
necessary.

Discussion
This article was developed with Open Access research 

that had no economic cost at the time of its preparation sin-
ce all the information was obtained free of charge through hi-
gh-impact scientific journals.

However, in public health, the generation of additional 
costs due to the stay in the ICU of public hospitals is estima-
ted, with values ranging between $ 1,000 to $ 3,000 per day, 
depending on the complications that the patient’s health sta-
tus presents13. While in hospitals and private clinics, the prices 
vary between $ 1,000 to $ 5,000 per day, depending on the 
establishment, health status, and the care required for their 
improvement during the first wave in Ecuador14. For this rea-
son, the consolidated information present in this document is 

Figure 3. Chronic diseases identified in patients infected by SARS-CoV-2.
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Table 1. Classification of articles according to variables of interest.
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essential, since it is expected to reduce costs in these areas, 
as well as a greater understanding about the pathologies of 
nutritional origin present in cases with the SARS-Cov-2 virus, 
preventing conditions critical health measures in the sick in-
dividual and turn, generating an economically viable solution 
for society.

Table I highlights the strengths and weaknesses found in 
the previous systematic review obtained from reliable scienti-
fic articles such as gender, current information from countries 
that reported more extensive clinical trials on confirmed coro-
navirus cases, pathology, number of infected, among others.

Among the weaknesses is the small variety of countries 
analyzed due to clinical trials not found until the end of this 
document’s research period and a null contribution by the se-
lected documents about the treatment given to each patient 
diagnosed with comorbidities SARS-CoV-2.

The indications and guidelines for future research lie in 

expanding the sample size of scientific articles analyzed, the 
addition of other comorbidities of nutritional origin as the ob-
ject of study, and a more generous selection of documents 
that present the number of people who died SARS-CoV-2 and 
comorbidities. The percentage of countries analyzed was ob-
tained using the R program version 1.3.1056 using the ggplot2 
package with a sector and bar diagram, highlighting China, fo-
llowed by the United States and Italy. Regarding the age ran-
ge, the presence of adults (69.39%) and older adults (16.33%) 
stood out, which were obtained through the previously des-
cribed program.

According to reviews and subsequent updates in the hi-
gh-impact literature, it is known that suffering from chronic 
non-communicable diseases and COVID-19 disease is still high 
risk, as the CDC mentions the number of times of risk that the 
person has when suffering one or more NCDs varying between 
3 and 5 times the risk of severity15.

Figure 4. Scientific articles by country of origin.

Table 2. Deaths according to sex and age.
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Conclusions
Comorbidities are considered risk factors in sick indi-

viduals with SARS-CoV-2, highlighting hypertension with 
40.82%, diabetes with 30.61%, and obesity with 12.24% con-
cerning the total articles analyzed. SARS-CoV-2 affects any 
age group, highlighting the presence of adults with 69.39%, 
followed by older adults with 16.33%, according to studies ca-
rried out in health centers internationally. Men’s presence was 
56% compared to women with 44%, denoting more significant 
contagion in the male population. The individuals found in the 
ICU department were 40.82% compared to 59.19% who did 
not require it due to the timely intervention. Comorbidities can 
be significantly aggravated if not controlled and under timely 
medical supervision. Among the weaknesses, incorporating 
nutritional treatments for each comorbidity and/or specific 
pathology and the majority incorporation of individuals in the 
childhood stage stands out for a more significant expansion 
of the study field. It is recommended to carry out nutritional 
treatments with other pathologies and with more significant 
expansion in age ranges, as well as the incorporation of infor-
mation that it deems appropriate for a better analysis of the 
situation.
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Abstract: The worldwide spread of the virus has claimed multiple lives, especially in vulnerable groups. Therefore, an investigation 
was carried out to present a viable solution for health personnel using the “JES” algorithm. The present study used the research 
to determine the possible complications presented by the sick individual, providing a viable and accessible healthcare personnel 
solution through the proposed “JES” algorithm. A non-experimental, descriptive, correlational, and explanatory research is 
presented. According to pathologies of interest, the articles were taken virtually from scientific journals present in Google 
Scholar and PubMed.  The excluded publications were: articles that do not detail the established protocol for detecting SARS-
CoV-2, studies that do not present a significant number of people with Covid-19 disease, articles that the person has the covid-19 
disease but no underlying diseases of nutritional origin. It focused on the vulnerable or higher risk population group, including 
scientific information from children (over five years old), adults (over 18 years old), and older adults (over 65 years old) found in 
countries of the Asian and American continents. The R program analyzed the scientific articles using the ggplot2 package with 
a pie and bar diagram. A higher prevalence in men than women (56% vs. 44%) stood out. Likewise, arterial hypertension was 
presented in the first place with 40.82%, followed by diabetes with 30.61%, obesity with 12.24%, overweight and dyslipidemia 
with 6.12%, malnutrition with 4.08%. There was a higher prevalence of stable individuals (29%) within the health facility than 
those admitted to the ICU  (20%). Adults with 69.39%, followed by older adults with 16.33%, and mixed ages with 14.29%. 
Comorbidities stand out as risk factors in people infected with SARS-CoV-2, regardless of age. A more significant contagion was 
observed in the male versus female population; since men do not develop a rapid immune response and have a high content of 
cytokines that at the time of infection are released more quickly and can cause more significant damage

Key words: Hormonal control, neuroendocrine, reproductive function, teleost fish, aquaculture.  

Introduction
Aquaculture is the fastest-growing food production sector 

globally and plays an essential role in meeting the food de-
mand of populations. In this stage, incorporating new techno-
logies that allow increasing the number of cultivable species 
is crucial1,2. For several years, the aquaculture sector has fo-
cused mainly on establishing the minimum requirements for 
the development, growth, and reproductive success of the 
different species3,4. The study of endocrinology in teleost fish 
has been fundamental for understanding the functional roles 
of hormones in biological systems. In recent years, the existen-
ce of a complex and infinite number of interactions between 
hormones and nerve structures has been demonstrated5-9. Re-
production is one of the most important biological processes 
of organisms since the survival and perpetuation of the spe-
cies depend on it1,10. The control of reproductive events allows 
the application of selection programs to improve the growth 
rate, the survival of the species, reduce the problems asso-
ciated with sexual maturation and generate monosex popula-
tions11,12. The quality of spawning depends on environmental 
factors such as photoperiod, temperature, salinity, tank volu-
me, substrate vegetation, etc1,13. The initiation of reproduction 
is affected by the number of energy reserves in the body and is 
sensitive to various metabolic factors.

The neuroendocrine mechanisms responsible for the as-
sociation between energy balance and fertility are represen-
ted by metabolic hormones and neuropeptides that affect 
the hypothalamic center. In teleosts, as in other vertebrates, 
reproduction is coordinated by the hypothalamic-pituitary-go-
nad (HPG) axis14-16. However, there is very little research on 

reproductive biology and these species' molecular and cellular 
mechanisms12,17,18. This review presents a general bibliographic 
compilation of the main hormonal and neuroendocrine aspects 
of the control of reproductive function in teleost fish. There-
fore, it will try to provide an overview of the most significant 
findings in recent years.

Hormonal control of reproduction in teleost fish
The control of reproduction in fish is a multifactorial pro-

cess involving environmental, social, neuronal, endocrine, and 
metabolic agents. a cascade of hormones regulates19,20 repro-
duction. The mechanisms involved in this process depend on 
the HPG axis (Figure 1)15,16. Hormones and neuropeptides are 
produced in specific neuronal regions of the brain, mainly in 
the hypothalamus. These can directly inhibit or stimulate go-
nadotropins (GtH) release into the bloodstream or indirectly 
through their functions on gonadotropin-releasing hormone 
(GnRH)21,19. The beginning of sexual maturation in fish pre-
sents two simultaneous events: the release of gonadotro-
pin-releasing hormone (GnRH)22-25 and the activation of GtH 
receptors in the gonads26. The activation of these receptors 
stimulates the production of germ cells, the synthesis of sex 
steroids and growth factors, and the effectors of gonadal de-
velopment12,27,19. At the level of the pituitary gland, different 
molecules are secreted, such as: luteinizing hormone (LH), 
follicle-stimulating hormone (FSH), growth hormone (GH), 
prolactin (PRL), thyroid-stimulating hormone (TSH), among 
others21. These hormones participate in osmoregulation pro-
cesses, growth, gonadal steroid production, the onset of pu-

Hormonal and neuroendocrine control of reproductive function in teleost fish
Adrian Rodríguez Gabilondo, Liz Hernández Pérez, Rebeca Martínez Rodríguez*

REVIEW / ARTÍCULO DE REVISIÓN

DOI. 10.21931/RB/2021.06.03.35 

Metabolic Modifiers for Aquaculture, Agricultural Biotechnology Department, Center for Genetic Engineering and Biotechnology, Havana, Cuba. 

Corresponding author: rebeca.martinez@cigb.edu.cu



2123

Hormonal and neuroendocrine control of reproductive function in teleost fish

berty, and reproductive behavior of fish7,12,28-30. In addition, a 
series of neuroendocrine factors and hypothalamic neuropep-
tides have been identified that regulate behavior, eating, and 
energy balance. Their physiological and metabolic functions 
guarantee survival and growth during the reproductive stage16. 
Within these neuropeptides, we can mention the GH relea-
sing hormone (GHRH), pituitary adenylate cyclase-activating 
polypeptide (PACAP), Somatostatin (SS), the thyrotropin-re-
leasing hormone (TRH), Dopamine, Neuropeptide-Y ( NPY), 
gamma-aminobutyric acid (GABA), neurokinin B (NKB) and go-
nadotropin inhibiting hormone (GnIH)18,31-36. In addition, among 
these neuropeptides is also included Kisspeptin (Kiss)37, which 
constitutes an important regulator of the synthesis and relea-
se of GnRH38,39,40,41. Another very novel neuropeptide is Phoe-
nixin (PNX), which regulates physiological processes such as 
food consumption, proliferation, and cell differentiation42,43. 
Moreover, it has been reported to be involved in reproductive 
function; due to its role in gene expression regulation in the 
hypothalamus and pituitary44,45. High concentrations of phoe-
nixin in the central and peripheral nervous systems suggest 
that the peptide may serve as a multi site-directed signaling 
molecule44,46,47. In general, these brain factors, in addition to 
being involved in the secretion of pituitary hormones, regulate 
other physiological systems, but they greatly influence repro-
duction12,30,36,48. At each level of the axis, a limited number of 
target cells are under the influence of many factors. The final 
cellular response is the overall effects of these mediators on 
the components of intracellular signal transduction49. Mature 
gonads secrete sex steroids (estrogens and androgens), which 

negatively regulate hormonal secretions in the hypothalamus 
and pituitary gland. This closed-loop system maintains the ho-
meostasis of the reproductive system12. In general, according 
to their functions on the reproductive cycle, FSH has a vitello-
genin function and LH a maturational function50-53.

Gonadotropin-releasing hormone (GnRH)
In fish, as in all vertebrates, reproduction is regulated by 

the hypothalamus through gonadotropin-releasing hormone 
(GnRH)16,54. This hormone constitutes the critical element of 
the neuroendocrine control of reproduction16,55-58. The (GnRHs) 
constitute a family of peptide molecules whose nature and di-
versity have been evidenced in teleost fish59. Three structural 
variants of GnRH have been identified in various vertebrate 
species: GnRH1, GnRH2, and GnRH356,57,58,60,61. However, the 
molecular mechanisms that link the 3 isoforms of GnRH with 
reproduction in fish are not well clarified62.Mammals only pos-
sess GnRH1 and GnRH2, while teleost fish have two or all three 
types of GnRH41. Most teleost fish, including Perciformes and 
Pleuronectiformes, present all three GnRH isoforms36,55,57,63. 
Other fish species such as salmon (Salmoninae), zebrafish 
(Danio rerio) and goldfish (Carassius auratus) possess only 
two forms of GnRH (GnRH2 and GnRH3)14,36,64,65 GnRH1 is ex-
pressed mainly in the olfactory bulb, ventral telencephalon, 
and the pre-optic zone. GnRH2, a conserved form from fish to 
mammals, is expressed mainly in the midbrain36.

GnRH3 constitutes the specific form of GnRH in fish66,67 

and has a similar distribution to GnRH1. The three structu-
ral variants of GnRH have different physiological functions. 

Figure 1. Hypothalamic-Pituitary-Gonads (HPG) axis. Gonadotropin-Releasing Hormone (GnRH); follicle-stimulating hormone 
(FSH); luteinizing hormone (LH); prolactin (PRL); growth hormone (GH); Kisspeptin (Kiss2); Gonadotropin inhibitory hormone 
(GnIH); Growth factors (IGF); Thyroid-stimulating hormone (TSH); Triiodothyronine (T3); Tetraiodothyronine (T4). GnRH secre-
tion acts on a population of gonadotropic cells of the pituitary, which release LH and FSH. In addition, the pituitary is the site 
of synthesis, storage, and release of GH, TSH, and PRL; it is considered a transducer that, through its secretions, regulates 
endocrine functions, such as reproduction, osmoregulation, growth, and metabolism.



2124

Johanna Pilay Bajaña, Evelyn Ramírez Carguacundo, María José Vizcaino Tumbaco, Daniel Silva-Ochoa, Davide Di Grumo, Luis Dorado-Sanchez, Silvia Orellana-Manzano, 
Patricia Manzano, Andrea Orellana-Manzano
Volumen 6 / Número 3     •     http://www.revistabionatura.com

GnRH1 is considered the hypothalamic variant capable of 
stimulating gonadotropin secretion and constitutes the fun-
damental regulator of the pituitary in mammals56,58. In teleost 
fish, GnRH1 has its physiological importance in the regulation 
of gonadotropin secretion and gametogenesis14. GnRH2 is in-
volved in regulating eating behavior58,68,69,70,71 and probably has 
an intermediary role between food intake and reproduction72,73. 
It is highly probable that both GnRH2 and other GnRH isoforms 
expressed in the olfactory region play a role in the perception 
of social and pheromonal signals36,74. GnRH3 participates in 
the control of reproductive behaviors in several fish species14 

.For example, this isoform stimulates the nesting behavior of 
male dwarf Gourami (Trichogaster lalius)14. In adult zebrafish 
lacking GnRH3 neurons, there was evidence of an arrest in oo-
cyte development and also a reduction in the mean diameter 
of the oocytes. These findings suggest that hypophysiotropic 
GnRH3 neurons are critical for normal oocyte development 
and reproduction75. Both this study and those carried out by 
Palevitch et al. 200776, suggest that GnRH3 is the hypophy-
siotropic GnRH capable of regulating the HPG axis in species 
lacking GnRH1, such as zebrafish. The action of GnRHs on tar-
get cells is mediated by specific binding to their membrane re-
ceptors (GnRHR)36. Corresponding to the primary role of GnRH 
in controlling reproduction, GnRHRs are mainly localized in 
the brain to mediate the neuromodulatory actions of GnRH in 
other neuronal systems and in gonadotropic cells of the pitui-
tary to regulate gonadotropin secretion. Furthermore, GnR-
HRs, like GnRHs, are found in the gonads and other peripheral 
tissues, exerting multiple physiological actions36,77. In general, 
the primary function attributed to GnRH is the stimulation of 
the synthesis and release of GtH in teleost fish36,55,77-81 Besides, 
it can regulate the gonadal maturation, the development of 
germ cells (oogenesis and spermatogenesis), gonadal steroid 
production, ovulation, spermiation, and spawning36,57 In addi-
tion, it is involved in the control of the release and expression of 
growth hormone, somatolactin, and prolactin82,83. Considering 
the published results in the literature, the effects of GnRHs 
on the control of reproductive function depend on the species, 
sex, and reproductive status, as well as the complex endocrine 
interactions along the HPG axis57,83.  

Kisspeptin
Kisspeptin regulates the HPG axis34,84,85,86, and in the ini-

tiation of sexual maturation84,87. Kisspeptin expression is more 
abundant in the brain, particularly in the hypothalamus84,88. 
It originates from neuronal populations in the hypothalamus 
and projects into the median eminence (EM) and preoptic 
area (POA) regions, where GnRH neurons are also found89,90,91. 
However, its expression has been evidenced in peripheral tis-
sues such as the intestine, kidney, liver, pancreas, adipose tis-
sue, and gonads92. In mammals, only (kiss1) coding for kisspep-
tin and (kiss1r) coding for the receptor have been identified93. 
However, in some teleost species due to a third duplication of 
the genome, two genes coding for kisspeptin (kiss1 and kiss2) 
have been identified86,93 Some of these species are medaka 
(Oryzias latipes)84, zebrafish84,94, sea bass (Lateolabrax japoni-
cus), and redfish (Sciaenops ocellatus)95. Other species, such as 
the puffer fish (Takifugu niphobles)87 and Senegalese sole (So-
lea senegalensis) contain only the kiss2 gene96. The kisspep-
tin receptor (kiss-R) in fish is expressed in tissues such as the 
brain, pituitary, gonads, heart, kidney, liver, and muscle84,87,97-99.
Different teleosts species have two or even three genes en-
coding for kisspeptin receptors (kiss1r, kiss2r, kiss3r)93,100. For 
example, kiss1r and kiss2r have been identified in medaka, ze-

brafish, goldfish, striped bass (Morone saxatilis), and European 
bass (Dicentrarchus labrax). However, kiss2r has only been 
identified in Nile tilapia (Oreochromis niloticus), cobia (Rachy-
centron canadum), gray mullet (Mullus barbatus), spotted 
grouper (Epinephelus fuscoguttatus), Senegalese sole, among 
others101. Kiss3r, the expression demonstrated in zebrafish97, 
goldfish102, medaka103, striped bass (Zmora et al., 2012), and 
European eel (Anguilla anguilla)104. There is evidence in fish of 
the participation of kisspeptins and their receptors in the feed-
back mechanisms of sex steroids40. The role of kisspeptin in re-
production is based mainly on the stimulation of GnRH release, 
indirectly modulating the release of LH and FSH93,105. In mam-
malian models, kisspeptin regulates the release of LH through 
projections on GnRH neurons. However, in the case of teleosts, 
these functions are not clear62. Zhao et al. 2014106 provided 
interesting data on the modulatory effects of kiss1 and kiss2 
on neuronal GnRH subpopulations. First, they reported that 
treatment with kiss1 or kiss2 during the first day after ferti-
lization stimulated the proliferation of GnRH3 neurons in the 
peripheral nervous system. However, only kiss1 stimulated the 
proliferation of terminal and hypothalamic nerve populations 
of GnRH3 neurons106. In zebrafish (GnRH3) and striped bass 
(GnRH1), few preoptic GnRH neurons appear to be innervated 
by kisspeptin94,107,108. However, European seabass (Dicentrar-
chus labrax) and medaka hypothalamic GnRH3 neurons are 
not associated with kisspeptin fibers88,109. Zmora et al. 2015110, 
found kiss1 immunoreactive nerve endings that reach LH cells, 
suggesting the existence of a direct pituitary site of action of 
kisspeptin These results are similar to those published by 
Shahjahan et al. in 201414 where the expression of kisspeptin 
is evidenced in the pituitary gland of goldfish and puffer fish 
(Takifugu rubripes). Studies in goldfish37,99 and sea bass111 have 
confirmed a direct stimulation in the secretion of LH and FSH 
in pituitary cells in response to kisspeptin administration. On 
the other hand, in goldfish, kiss1 significantly increased LH-β, 
GH and PRL mRNA levels through in vitro studies99. Interestin-
gly, both kiss1 and kiss2 regulate FSH-β expression levels in 
pituitary cell cultures in striped bass (Morone saxatilis). Howe-
ver, only Kiss1 can regulate LH-β mRNA levels in seabass ne-
gatively110. In sexually mature female zebrafish, administration 
of Kiss2 by intraperitoneal injection significantly increased FSH 
and LH mRNA levels. On the other hand, the administration 
of kiss1 by the same route did not have significant differen-
ces in GtH gene expression levels84,112. The stronger effect of 
kiss2 compared to kiss1 was also observed in the release of 
FSH and LH in sea bass95,112. A similar trend was observed for 
the effects of kisspeptins on the stimulating effect on gonadal 
maturation in seabass and striped bass113. In contrast, intra-
peritoneal injections of kiss2 stimulated mRNA expression of 
FSH rather than LH in female spotted grouper114. Furthermore, 
in goldfish, intraperitoneal injections of kiss1, but not kiss2, sti-
mulated the release of LH in sexually mature females102. Also, 
it has been reported that kiss2 may have effects on food intake 
and growth function88,96,115. Furthermore, it can act as a link be-
tween food intake, energy homeostasis, and reproduction116-118. 
In general, these findings indicate the role of kiss1 and kiss2 
in gonadotropin regulation is species-specific. Collectively, the 
differences between the species derive from their reproductive 
behavior and the stages of reproduction.

Gonadotropin inhibitory hormone (GnIH)
Multifactorial control of reproduction also involves other 

neurohormones such as gonadotropin inhibitory hormone 
(GnIH)20. In fish, GnIH is expressed mainly in the brain and pi-
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tuitary, although its expression has also been evidenced in the 
spleen, gonads, muscle, eyes, and kidney119-122. GnIH acts by 
binding to GnIH receptors (GnIH-R) that belong to the fami-
ly of G protein-coupled receptors. Two GnIH-Rs (GPR147 and 
GPR74) have been identified in vertebrates, but only GPR147 
appears to be present in fish122-124. GPR147 have been identified 
in fish's central and peripheral tissues, including the brain, pi-
tuitary, eyes, heart, intestine, kidney, liver, spleen, muscle, and 
gonads125-127. As its name suggests, the main function of GnIH 
is the inhibition of gonadotropin release through the inhibition 
of GnRH and kisspeptin128,129, an action that has been described 
in many vertebrates. However, the physiological functions of 
GnIH in fish are not precise yet. Contradictory effects have 
been observed in fish, both in vivo130 and in vitro131 For example, 
administration of GnIH to pituitary cell cultures of mature fe-
male Nile tilapia increased LH and FSH mRNA levels18,130. It has 
been shown that in goldfish, GnIH inhibits both the synthesis 
and the release of gonadotropins in the early stages of gona-
dal maturation but not in spawning132. Administration of GnIH 
to zebrafish by intraperitoneal injection decreases plasma LH 
levels in adult goldfish125,132. However, the inhibitory effect of 
GnIH injections was not observed in juvenile stages132. In vitro 
studies showed that the administration of GnIH from goldfish 
stimulates the expression of gonadotropins in pufferfish with 
apparent seasonal differences in reproduction132,133. These fin-
dings indicate that, in teleosts, the physiological effect of GnIH 
on the HPG axis differs between gonadotropin synthesis and 
release and depends on the reproductive stage. Even though 
researchers have shown that GnIH exerts both stimulatory 
and inhibitory actions, depending on the season and species, 
both GnRH and GnIH are considered essential components of 
the multifactorial control of reproduction20.

Gonadotropins (GtHs)
In teleosts, as in all vertebrates, the functions of the 

gonads are maintained thanks to the actions of the gona-
dotropins. They have a central role in the regulation of ga-
metogenesis134 and the steroidogenesis necessary for the 
development of sexual behavior and secondary sexual charac-
teristics1,78,80,135. Gonadotrops are cells specialized in producing 
gonadotropins such as follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH). Both are glycoproteins made up of 
two non-covalently associated subunits (α and β). The α subu-
nit has 92 amino acids (aa) and is common in both gonadotro-
pins. The β subunit has 121 aa for LH and 118 aa for FSH. This 
subunit is specific for recognition by their cellular receptor 
and also confers biological activity15,53,134,136. These hormones 
exert their effects by binding to G protein-coupled surface re-
ceptors, called the LH receptor (LH-R) and the FSH receptor 
(FSH-R)134,137,138. Both receptors are mainly expressed in the 
gonads139. In the ovary, LH-R is expressed in theca cells, lu-
teal cells, and interstitial cells, regulating actions such as the 
synthesis of steroid hormones, ovulation, and the formation 
of the corpus luteum139. In the testicle, LH-R is expressed in 
Leydig cells, where it stimulates the synthesis of testosterone 
(T), a precursor hormone of testicular maturation via sperma-
togenesis.139 LH is related to the manifestation of secondary 
sexual characteristics in males, and its highest plasma levels 
are in the spermiation stage. In addition, it intervenes in the 
capture and incorporation of blood vitellogenin to the oocyte. 
In the final phase of oocyte maturation, LH levels increase, 
leading to the production of dihydroxyprogesterone (17α-20β). 
The 17α-20β is involved in the haploid processes before ovula-
tion and in sodium and potassium transport control139. For its 

part, FSH-R is expressed in the ovary, exclusively in granulosa 
cells. Its activation by the action of FSH contributes to follicu-
lar development and stimulates the synthesis of 17β estradiol. 
The 17β estradiol acts on the liver to initiate and maintain vi-
tellogenin synthesis in oocytes and is involved in gonadal ma-
turation processes.

Furthermore, FSH induces aromatase expression and 
thus modulates ovarian estrogen synthesis. On the other hand, 
in the testis, FSH-R is expressed in Sertoli cells139. In trout, 
plasma FSH increased at the beginning of oogenesis and in the 
initial phases of spermatogenesis140. Also, in Pacific salmon 
(Oncorhynchus tshawytscha), the levels of FSH remained high 
and declined immediately before ovulation and spermiation. In 
physiological studies carried out in this same species, FSH-β 
expression levels increased during the initiation of gonadal 
growth and decreased in spawning141. These results coincide 
with Schulz et al. in 2001142, where they state that FSH is in-
volved in the initial phases of gametogenesis, and LH mainly 
regulated the last stages of gonadal maturation. Previous stu-
dies have reported that FSH mRNA levels increased while LH 
mRNA decreased during the transition from female to male 
in Epinephelus merra. This was associated with testicular de-
velopment and suggests that FSH could trigger sex change in 
this species143. In recent studies, the expression of LH-β mRNA 
in the pituitary of carp (Cyprinus carpio) increased significant-
ly during the maturation of the male; however, FSH-β mRNA 
expression did not change significantly during development136. 
As published by Yaron et al. in 200329, LH-<UNK> and FSH-
<UNK> gene expression levels of LH-β and FSH-β were very 
low in the juvenile stage of carp, while they increased during 
the ovulation period. In general terms, FSH mainly controls the 
first stages of spermatogenesis, and LH regulates testicular 
maturation, ovulation, and spermiation16,50-52.

Growth hormone (GH)
The growth hormone of teleost fish is a 21-23 kDa protein 

made up of a single polypeptide chain. Similar to what happens 
in mammals, GH in fish is produced by somatotropic cells in 
the anterior region of the pituitary gland144. Furthermore, its 
expression has been confirmed in other fish tissues, including 
the brain, liver, spleen, and gonads145,146. GH is an essential 
endocrine regulator in many physiological processes in verte-
brates. In fish, it is involved in events such as somatic growth, 
energy metabolism, reproduction, appetite, the function of the 
immune system, and the regulation of ionic and osmotic ba-
lance147,148. In addition, it influences aspects of behavior such 
as aggressiveness and the ability to avoid predators149. This 
hormone is released from the pituitary in response to hypo-
thalamic signals and exerts its effects on target tissues148,150 

binding to the GHR-I and GHRII receptors (hormone receptor 
growth I and II, respectively)148,149. Growth hormone receptors 
(GHRs) are members of the type I cytokine receptor family151. 
They have been identified in several fish species, such as turbot 
(Scopthalmus maximus)146, salmon (Oncorhynchus masou)152, 
and Mozambique tilapia (Oreochromis mossambicus)153. These 
receptors are expressed in a wide variety of tissues, including 
the brain, pituitary, skin, heart, liver, gallbladder, intestine, adi-
pose tissue, kidney, spleen, gonads, and muscle152-154. However, 
the primary expression is in the liver (or hepatopancreas), whe-
re GHRs have a significant role in regulating somatic growth148. 
GH binds to its specific receptors in the liver and promotes the 
release of insulin-like growth factor-I and II (IGF-I and IGF-II), 
whose primary function is to mediate and increase the grow-
th-promoting function of GH155. IGF-I is involved in reproduc-
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tion and particularly in mediating the effects of GH on somatic 
growth154. Furthermore, it has been associated with fish meta-
bolism, development, reproduction and osmoregulation148,150. 
In the case of IGF-II, its mRNA has been detected in the liver 
and the brain, heart, kidney, gills, gastrointestinal tract, pan-
creatic islets, skeletal muscle, and gonads of fish150. This 
transcript is expressed in juvenile and adult fish, contrary to 
what has been reported for mammals where its expression oc-
curs only during the early stages of development156. GH exerts 
a lipolytic and anabolic function. The lipolytic action is inde-
pendent of IGFs and facilitates fats as an energy source in ca-
tabolic and malnutrition states157. The anabolic action of GH is 
related to protein metabolism and is mediated by IGFs157. The 
biological functions of IGFs are mediated by binding to specific 
transmembrane receptors, present in both fish and mammals.

In sexually mature ovaries of Nile tilapia, high levels of 
mRNA of both GHRs were detected. While in testes of this 
same species, the highest levels were observed after the sta-
ge of sexual maturation148. Changes in the expression of IGFs in 
the gonads and the neuroendocrine regulation of GnRH, GnIH, 
FSH, LH, GH and the GH / IGF system have been associated 
with promoting testicular steroidogenesis. They also have a 
significant influence on the oocyte maturation processes in 
several species154,156,158,160. Taken together, these observations 
suggest that GH, IGFs, and gonads are closely related and in-
volved in controlling reproductive function.

Prolactin (PRL)
PRL is synthesized mainly by the lactotrophic or PRL-se-

creting cells found in the pituitary160,161. It has a variable length 
(between 170 and 205 amino acids (aa) depending on the spe-
cies, with signal peptides of 23-24 aa. Two isoforms have been 
found in teleosts (PRL188 and PRL177), with different biologi-
cal activities83. Prolactin is generally produced at high levels in 
pituitary tissues; however, its expression has been evidenced 
in other tissues such as the liver, intestine, gonads, gills, kid-
ney, spleen, brain, and muscle162,163. Plasma PRL levels in Nile 
tilapia are increased during maternal behavior, suggesting hor-
monal control164. Other studies indicate that PRL mRNA levels 
and mature protein have been found in the gonads of different 
fish species, including Mozambique tilapia167, Nile tilapia165, 
goldfish162,166, and rainbow trout (Oncorhynchus mykiss)166. This 
suggests that PRL may be involved in spermatogenesis, vite-
llogenesis, and ovulation. However, no significant differences 
were found in PRL mRNA levels during sexual maturation of 
Japanese eels through in vitro studies by Ozaki et al. in 2007168. 
According to Onuma et al. in 2010169, in salmon, the levels of 
PRL mRNA and gonadotropins significantly were increased in 
the stage of maturation and gonadal development, which su-
ggests that these hormones may be associated with the de-
velopment of the reproductive system. In addition, PRL levels 
seem to be involved in many more functions such as develo-
ping reproductive cycles, incubation behavior, or feeding the 
fry170,171. It has also been shown to stimulate steroidogenesis 
in the ovaries and testes and increase their mRNA and plasma 
levels during sexual maturation in salmonids and tilapia153,166. 
The regulation of PRL synthesis and release into the pituitary 
is known to be influenced by hypothalamic neurohormones, sex 
steroids, and plasma factors from other tissues171. It is propo-
sed that this hormone can act in an autocrine or paracrine man-
ner and represents an exciting area for future research171,172.

Thyroid hormones (HTs)
Thyroid hormones (HTs) are involved in various biological 

events in fish, such as regulating metabolism, growth, develo-
pment, and reproduction, among others173-177. HTs (T3 and T4) 
are found in two forms in the blood: free and bound to trans-
porter proteins. Less than 1% is in the free form and there-
fore easily accessible to target cells178. The secretion of HTs 
is under the control of the hypothalamic-pituitary-thyroid axis 
(Figure 2)175,177-179. In the hypothalamus, some neurons synthe-
size, transport, and release various factors that stimulate or 
inhibit the release of HTs to the neurohypophysis. Among the 
stimulatory factors are thyrotropin-releasing hormone (TRH) 
and the inhibitors Somatostatin and TSH inhibitory factors. 
Thyroid-stimulating hormone (TSH) is released to the bloods-
tream, where it reaches the thyroid gland and stimulates the 
synthesis and release of the two HTs (T3 and T4) into the 
blood178,179. These hormones are lipidic, so they can cross the 
plasma membrane and reach the cytoplasm. T4 is secreted 
under normal conditions, while T3, known as the active hor-
mone, is produced mainly from the conversion of T4 to T3. Two 
enzymes catalyze this process with deiodase activity (DIO1 and 
DIO2)180. T3 crosses the nuclear membrane to interact with its 
THR α and THR β receptors in the nucleus. 

Once the hormone-receptor complex is formed, there is a 
self-regulation of the expression of the genes (THRα and THR 
β) that code for the THR α and THR β receptors177,179. Some 
of the first studies in fish was carried out in Pacific salmon, 
Atlantic salmon (Salmo salar), and striped bass (Morone sa-
xalitis), where it was evidenced that the thyroid hormones T3 
and T4 are transferred from the mother to the egg and are 
used during the absorption of the yolk sac in the larval period, 
to later be synthesized by the larva in the exogenous feeding 
period181. In salmon, the increase in plasma T4 levels has been 
seen in the early stages of gonadal maturation but decreases 
as vitellogenesis and testicular maturation occur182. In stella-
te sturgeon (Acipenser stellatus), high thyroid activity occurs 
in conjunction with gonadal maturation during preponderan-
ce migration and at spawning. In salmonids, the increase in 
T3 was related to vitellogenesis or the last stages of oocyte 
development12,179. In vitro and in vivo studies have shown that 
T3 treatments caused a decrease in LH mRNA levels in gold-
fish183,184. In other trials, T3 administrations in carp increased 
vitellogenin mRNA (Vtg) levels in the liver, a critical factor in 
gonadal maturation185. However, T3 treatment decreased the 
expression of estrogen receptors in golden carp testes176. In 
zebrafish, the administration of T3 stimulated the proliferation 
of Sertoli cells and spermatogonia in the testes186. In general, 
the effects of HTs on reproductive function are species depen-
dent187,188.

Gonadal development in females and males
Reproductive processes in teleost fish include puberty, 

spermatogenesis, spawning, and cellular processes such as 
steroidogenesis16. The gonads have the enzymes necessary for 
the synthesis of steroids and their transformation into a who-
le series of intermediaries involved in the different phases of 
reproduction. They produce three types of steroids necessary 
for reproduction: estrogens or C18 steroids, androgens or C19 
steroids, and progestogens or C21 steroids189. Gonadal ste-
roids exert their actions on target tissues by binding to specific 
intracellular receptors since, thanks to their lipophilic nature, 
they easily penetrate and diffuse within the cell190,191. In teleost 
testes, the synthesis of steroid (androgenic) hormones takes 
place in Leydig cells. Testosterone (T) is mainly synthesized 
and, to a lesser extent, 17α-hydroxy-4-pregnen-3-one (DHT), 
Androstenedione, and 11-ketotestosterone (11-KT)192. T is es-
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sential in the spermatogenic process and has great importan-
ce in female reproductive processes since it acts as a precur-
sor of estrogen biosynthesis. 11-KT is a critical factor in the 
maturation of gametes, the development of secondary sexual 
characteristics, and reproductive behavior193-196. Spermatoge-
nesis depends on the action of gonadotropins, and their binding 
mediates this function to their receptors in the gonads. Once 
this union occurs, the synthesis and secretion route of different 
sex steroids is activated197.

In oogenesis, hormones of a steroid and peptide nature are 
synthesized, which are essential for regulating the reproduc-
tive axis in females53. The oocyte maturation process occurs 
within the ovarian follicles and is produced mainly 17β-estra-
diol (E2). According to Nagahama and Yamashita in 2008198, 
in teleost fish, there are three essential regulators of oocyte 
maturation: Gonadotropins, maturation inducing hormone 
(MIH), and maturation promoting factor (MPF). Before oocyte 
maturation, a change in the steroidogenic pathway from E2 to 
DHP occurs in ovarian follicles199. This change during ovarian 
development is regulated mainly by changes in the availability 
of steroidogenic enzymes198. MIH activates MPF and triggers a 
series of changes associated with oocyte maturation.

One of the most critical processes for the maturation of 
the oocyte is vitellogenesis. Its principal function is the seques-
tration and packaging of vitellogenin (Vtg) and the absorption 
of very-low-density lipoproteins200,201. Vtg is synthesized in 
the liver and is specific to maturing females (Devlin and Na-
gahama, 2002). The growing ovarian follicles selectively se-
quester this through specific receptors (VtgRs) that give rise 
to the formation of Vtg-coated vesicles202. Vesicles fuse with 
lysosomes leads to the formation of multivesicular bodies 
(MVB). During vitellogenesis, gonadotropins stimulate the pro-
duction of Testosterone (T) by theca cells, and subsequently, 
it is aromatized to 17-β estradiol (E2) in the granulosa cells of 
the ovarian follicle. In response to this stimulation, plasma E2 
levels increase, which stimulates the production of Vtg in the 

liver, which is recognized by VtgR and incorporated by the oo-
cyte through micropinocytosis (Figure 3)1,27. At the end of vite-
llogenesis, plasma LH levels increase, and in turn, E2 levels 
decrease. This results in a transient increase in plasma levels 
of T and maturation-inducing steroids (MIS), which act at the 
follicular layers' level to induce the oocyte's final maturation1. 
After the rupture of the follicle, the oocyte is released, in a pro-
cess called ovulation196. Once ovulation occurs, follicular cells 
undergo morphological changes that lead to the secretion of 
progesterone (P) and E2

190,203. In general, both vitellogenesis 
and the final maturation of the oocyte are crucial events in the 
reproductive physiology of females. 

Another group of steroid hormones such as corticoste-
roids, which are usually related to stress, play an essential 
regulatory role in other physiological processes196. In teleost 
fish, corticosteroids are mainly synthesized in the inter-renal 
tissue, specifically the head kidney.  Plasma corticosteroid 
concentrations in fish depend on species, sex, and reproducti-
ve status204. Plasma levels of corticosteroids vary significantly 
throughout the reproductive cycle. For both females and ma-
les, some species contain high cortisol levels in plasma during 
the pre-spawning period, such as the rainbow trout205, perch 
(Perca fluviatilis)206, and masu salmon207. In general, steroid 
hormones play a fundamental role in controlling the reproduc-
tive function of teleost fish. These present direct or feedback 
effects through different hormonal cascades on reproductive 
functions in fish and constitute critical factors in the regulation 
of the HPG axis196. The gonadal maturation process in fish is 
highly complex since it includes the production, maturation, re-
lease of gametes, synthesis of hormones, and sexual behavior, 
which requires a large amount of available energy208. Although 
the role of energy in sexual maturation and reproduction has 
been evidenced. There are still gaps in the knowledge about 
the influence of metabolic and nutritional status on the regu-
lation of gonadal function in fish16.

Figure 2. Hypothalamic-Pituitary-Thyroid Axis (HPT). Thyrotropin Releasing Hormone (TRH); Thyroid-stimulating hormone 
(TSH); Triiodothyronine (T3); Tetraiodothyronine (T4); Enzymes with deiodinase activity (DIO1 and DIO2).
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Conclusions
In this review, the fundamental aspects involved in contro-

lling the reproductive function of teleost fish were addressed. 
The role of hormonal and neuroendocrine regulation of these 
species is described, which guarantees the proper functioning 
of the physiological machinery in reproductive events. The 
hypothalamic and pituitary hormones involved in reproduction 
in fish point to the immense complexity of endocrine regulation 
of reproductive processes. A brief overview of the integrative 
role of some neuropeptides in the regulation of feeding, meta-
bolism, growth, and reproduction was also shown. However, 
especially in fish, knowledge about these integrative functions 
of regulatory peptides is not well studied.

Bibliographic references
1. Zohar Y and Mylonas CC. Endocrine manipulations of spawning

in cultured fish: from hormones to genes. Aquaculture 2001;
197:99-136.

2. Reid GK, Helen J, Gurney-Smith, Flaherty M, Garber AF, Forster
I, et al. Climate change and aquaculture: considering adaptation
potential. Aquaculture Environ Interact 2019; 11: 603-624.

3. NRC. Nutrient requirements of fish and shrimp. The National
Academies Press, Washington, D.C.  2011; 228.

4. Pohlenz C, Delbert M, Gatlin III. Interrelationships between fish
nutrition and health. Aquaculture 2014; 431:111-117.

5. Bruce A. Stress in Fishes: A Diversity of Responses with Particu-
lar Reference to Changes in Circulating Corticosteroids. Integra-
tive and Comparative Biology 2002; 42(3):517–525.

6. McCornick S, O'Dea M, Moeckel A, Thrandur B. Endocrine and
physiological changes in Atlantic salmon smolts following hatch-
ery release. Aquaculture 2003; 222:45-57.

7. Mancera JM and Cormick S. Role of Prolactin, Growth Hormone,
Insulin-like Growth Factor I and Cortisol in Teleost Osmoregula-
tion In: Fish Osmoregulation. Ed. B.G. Kapoor, Science Publishers
2007; p 497-515.

8. Subhash M. The role of thyroid hormones in stress response of
fish. Gen Comp Endocrinol 2011; 172:198-210.

9. Fregeneda-Grandes J, Hernandez-Navarro S, Fernandez-Coppe I, 
Correa-Guimaraes A, Ruíz-Potosme N, Navas-Gracia L, et al. Sea-
sonal and sex related variations in serum steroid hormone level
in wild and farmed Brown trout Salmo trutta L.in the north-west
of Spain. J Water and health  2013; 11:720-728

10. Manlik O. The importance of Reproduction for Conservation of
Slow-Growing animal populations. Reproductive Sciences in Ani-
mal Conservation 2019; 13-39.

11. Solar I. Biotecnología aplicada a la acuicultura. Aquanoticias In-
ternacional N° 66, 2002; Pp 6-10.

12. Mylonas C, Fostier Al, Zanuy S. Broodstock management and hor-
monal manipulations of fish reproduction. Gen Comp Endocrinol. 
2010; 165:516-534.

13. Valdebenito. Hormone therapy for the artificial control of sexual
maturity in fish culture: a review. Arch Med 2008; Vol 40:115-123.

14. Shahjahan M, Kitahashi T, Parhar IS, Davenport AP and Bonner
T. Central Pathways Integrating Metabolism and Reproduction
in Teleosts. Frontiers in Endocrinology 2014; DOI: 10.3389/fen-
do.2014.00036.

15. Levavi-Sivan B, Bogerd J, Mañanós EL, Gómez A, Lareyre JJ. Per-
spectives on fish gonadotropins and their receptors. Gen Comp
Endocrinol 2010; 165:412-437.

Figure 3. Hormonal regulation of vitellogenesis in teleost fish.

Johanna Pilay Bajaña, Evelyn Ramírez Carguacundo, María José Vizcaino Tumbaco, Daniel Silva-Ochoa, Davide Di Grumo, Luis Dorado-Sanchez, Silvia Orellana-Manzano, 
Patricia Manzano, Andrea Orellana-Manzano
Volumen 6 / Número 3     •     http://www.revistabionatura.com



2129

Hormonal and neuroendocrine control of reproductive function in teleost fish

16. Hatef A and Unniappan S. Metabolic hormones and the regulation 
of spermatogenesis in fishes. Theriogenology 2019; 134:121-128.

17. Unniappan S. Ghrelin: an emerging player in the regulation of re-
production in non-mammalian vertebrates. General and compar-
ative endocrinology 2010; 167(3):340-343.

18. London S and Volkoff H. Effects of fasting on the central expres-
sion of appetite-regulating and reproductive hormones in wild-
type and Casper zebrafish (Danio rerio). General and Comparative 
Endocrinology 2019; 282:113-207.

19. Biran J, Levavi-Sivan B. Endocrine Control of Reproduction. Fish
2018; 6:362-368.

20. Ma Y, Ladisaa C, Changa JP, Habibi HR. Multifactorial control
of reproductive and growth axis in male goldfish: Influences of
GnRH, GnIH and thyroid hormone. Molecular and Cellular Endo-
crinology 2020; 500:110-629.

21. Weltzien FA, Andersson E, Andersen Ø, Shalchian-Tabrizi K, Nor-
berg B. The brain-pituitary-gonad axis in male teleosts, with em-
phasis on the flatfish (Pleuronectiformes). Comp Biochem Physi-
ol 2004; 137:447-477.

22. Peter RE, Yu KL. Neuroendocrine regulation of ovulation in fishes: 
basic and applied aspects. Rev Fish Biol Fisher 1997; 7:173-197.

23. Okuzawa K. Puberty in teleosts. Fish Physiol Biochem 2002;
26(1):31-41.

24. Jalabert B. Particularities of reproduction and oogenesis in tele-
ost fish compared to mammals. Reprod Nutr 2005; 45:261-279.

25. Taranger GL, Carrillo M, Schulz RW, Fontaine P, Zanuy S, Felip
A, et al. control of puberty in farmed fish. Gen Comp Endocrinol.
2010; 165(3):483-515.

26. Cueto JM. Control Hormonal de la Reproducción en Peces. Uni-
versidad de Cádiz, Departamento de Biología (Facultad de Cien-
cias del Mar y Ambientales) 2016.

27. Schulz RW, De Franca, Lareyre LR, LeGac JJ, Garcia CF, Nobrega 
H, et al. Spermatogenesis in fish. Gen. Comp. Endocrinol 2010;
165:390-411.

28. Riley LG, Hirano T, Grau EG. Rat Ghrelin Stimulates Growth Hor-
mone and Prolactin Release in the Tilapia, Oreochromis mossam-
bicus. Zoological science 2002; 19:797-800.

29. Yaron Z, Gur G, Melamed P, Rosenfeld H, Elizur A, Levavi-Sivan B. 
Regulation of fish gonadotropins. International Review of Cytolo-
gy 2003; 225:131-185.

30. Aizen J, Harel J, Levavi-Sivan B. Development of specific en-
zyme-linked immunosorbent assay for determining LH and FSH
levels in tilapia, using recombinant gonadotropins. Gen Comp En-
docrinol 2007; 153:323-332.

31. Gahete MD, Durán-Prado M, Luque RM, Martínez-Fuentes AJ,
Quintero A, Gutiérrez-Pascual E, et al. Understanding the mul-
tifactorial control of growth hormone release by somatotropes:
lessons from comparative endocrinology. Ann. N. Y. Acad. Sci
2009; 1163:137-153.

32. Li W, Lin H. The endocrine regulation network of growth hormone 
synthesis and secretion in fish: Emphasis on the signal integration 
in somatotropes. Sci. China Life Sci 2010; 53:462-470.

33. Dai X, Zhang W, Zhuo Z, He J, Yin Z. Neuroendocrine regulation
of somatic growth in fishes. Sci. China Life Sci 2015; 58:137-147.

34. Parhar IS, Ogawa S, Ubuka T. Reproductive neuroendocrine path-
ways of social behavior. Front Endocrinol 2016; 7:28

35. Albaa G, Michele N, Mouradb N, Paredesa JF, Vázqueza SFJ, Ol-
medaa JFL. Daily rhythms in the reproductive axis of Nile tilapia
(Oreochromis niloticus): Plasma steroids and gene expression in
brain, pituitary, gonad and egg. Aquaculture 2019; 507:313-321.

36. Muñoz-Cueto, JA., Zmora N, Paullada-Salmerón JA, Marvel M,
Mañanos E, & Zohar Y. The gonadotropin-releasing hormones:
lessons from fish. General and comparative endocrinology 2020;
291: 113-422.

37. Chang JP, Mar A, Wlasichuk M, Wong AOL. Kisspeptin-1 directly
stimulates LH and GH secretion from goldfish pituitary cells in a
Ca (2+) dependent manner. Gen Comp Endocrinol 2012; 179:38-
46.

38. Topaloglu AK, Kotan LD. Molecular causes of hypogonadotropic
hypogonadism. Curr Opin Obstet Gynecol 2010; 22:264-70.

39. Pinilla L, Aguilar E, Dieguez C, Millar RP, Tena-Sempere M. Kis-
speptins and reproduction: physiological roles and regulatory
mechanisms. Physiol Rev 2012; 92:1235-316.

40. Parhar I, Ogawa S, Kitahashi T. RF-amide peptides as mediators
in environmental control of GnRH neurons. Prog Neurobiol 2012;
98:176-96.

41. Mizrahi N, Gilon C, Atre I, Ogawa S, Ishwar S, Parhar et al. De-
ciphering Direct and Indirect Effects of Neurokinin B and GnRH
in the Brain-Pituitary Axis of Tilapia. Frontiers in Endocrinology
2019; Vol 10 Article 469. doi: 10.3389/fendo.2019.00469.

42. Rajeswari JJ, Blanco A M, & Unniappan S. Phoenixin-20 sup-
presses food intake, modulates glucoregulatory enzymes, and
enhances glycolysis in zebrafish. American Journal of Physiol-
ogy-Regulatory, Integrative and Comparative Physiology 2020;
318(5):917-928.

43. Schalla MA, & Stengel, A. Phoenixin A pleiotropic gut-Brain pep-
tide. International journal of molecular sciences 2018; 19(6):1726.

44. Yosten GL, Lyu RM., Hsueh AJ, AvsianαKretchmer O, Chang JK,
Tullock CW& Samson, WK. A novel reproductive peptide, phoe-
nixin. Journal of neuroendocrinology 2013; 25(2):206-215.

45. Wang M, Chen HP, Zhai Y, Jiang DN, Liu JY, Tian CX,  & Li GL.
Phoenixin: Expression at different ovarian development stages
and effects on genes ralated to reproduction in spotted scat, Sca-
tophagus argus. Comparative Biochemistry and Physiology Part
B: Biochemistry and Molecular Biology 2019; 228:17-25.

46. Prinz P, Scharner S, Friedrich T, Schalla M, Goebel-Stengel M,
Rose M, et al. Central and peripheral expression sites of phoenix-
in-14 immunoreactivity in rats. Biochem Biophysical Res Comm
2017; 493: 195-201.

47. Yuan T, Sun Z, Zhao W, Wang T, Zhang J, Niu D. Phoenixin: a newly dis-
covered peptide with multi-functions. Protein Pept Lett 2017; 24: 472-5.

48. Yaron Z, Gur G, Melamed P, Rosenfeld H, Elizur A, Levavi-Sivan B.
Regulation of fish gonadotropins. Int Rev Cytol 2003; 225:131-185.

49. Kim DK, Cho EB, Luna MJ, Parque S, Hwang JI, Kah O, et al. Revis-
iting the evolution of gonadotropin-releasing hormones and their
receptors in vertebrates: Secrets hidden in genomes. Gen Comp
Endocrinol 2011; 170:68-78.

50. Zanuy S, Carrillo M. La reproducción de los peces teleósteos y su 
aplicación en acuicultura. En: Espinosa de los Monteros J, Labar-
ta U (eds). Reproducción en acuicultura. CAICYT. Madrid, España, 
1987, Pp 1-131.

51. Luckenbach JA, Iliev DB, Goetz FW, Swanson P. Identification of
differentially expressed ovarian genes during primary and early
secondary oocyte growth in coho salmon, Oncorhynchus kisutch. 
Reprod Biol Endocrinol 2008; 6-2.

52. Zanuy S, Carrillo M, Rocha A, Molés G. II Regulación y control hor-
monal del proceso reproductor de los teleósteos. En: Carrillo M,
Espinosa de los Monteros J (eds). La reproducción de los peces:
aspectos básicos y sus aplicaciones en acuicultura. OESA, CSIC,
MMAMRN, Madrid, España 2009; 97-172.

53. Falcone TH. Ovarian Hormones: Structure, Biosynthesis, Func-
tion, Mechanism of Action, and Laboratory Diagnosis in Clinical
reproductive medicine and surgery. Springer 2013; 15-44.

54. Feng K, Luo HR, Hou MG, Li YM, Chen J, Zh, ZY, et al. Alternative
splicing of GnRH2, and GnRH2-associated peptide plays roles in
gonadal differentiation of the rice field eel, Monopterus albus.
Gen. Comp. Endocrine 2018.

55. Kah O, Lethimonier C, Somoza G, Guilgur LG, Vaillant C, and Lar-
eyre JJ. GnRH and GnRH receptors in metazoa: a historical, com-
parative and evolutive perspective. Gen. Comp. Endocrinol 2007;
153:346-364.

56. Okubo K, Nagahama Y. Structural and functional evolution of go-
nadotropin releasing hormone in vertebrates. Acta Physiol 2008; 
193:3-15.

57. Zohar Y, Muñoz-Cueto JA, Elizur A, Kah O. Neuroendocrinology of re-
production in teleost fish. Gen Comp Endocrinol 2010; 165:438-455.

58. Ma Y, Ladisaa C, Changa JP, Habibia HR. Multifactorial control
of reproductive and growth axis in male goldfish: Influences of
GnRH, GnIH and thyroid hormone. Molecular and Cellular Endo-
crinology 2020; 110-629.



2130

Johanna Pilay Bajaña, Evelyn Ramírez Carguacundo, María José Vizcaino Tumbaco, Daniel Silva-Ochoa, Davide Di Grumo, Luis Dorado-Sanchez, Silvia Orellana-Manzano, 
Patricia Manzano, Andrea Orellana-Manzano
Volumen 6 / Número 3     •     http://www.revistabionatura.com

59. Burgus R, Butcher M, Amoss M, Ling N, Monahan M, Rivier J et al. 
Primary structure of the ovine hypothalamic luteinizing hormone 
releasing factor (LRF) (LH-hypothalamus-LRF-gas chromatogra-
phy-mass spectrometry decapeptide-Edman degradation). Proc
Natl Acad Sci USA 1972; 69:278-282.

60. Klausen C, Chang JP, Habibi HR. Time- and dose-related effects
of gonadotropin- releasing hormone on growth hormone and go-
nadotropin subunit gene expression in the goldfish pituitary. Can
J Physiol Pharmacol 2003; 80:915-924.

61. Chang JP, Pemberton JG. Comparative aspects of GnRH-Stimu-
lated signal transduction in the vertebrate pituitary-contributions 
from teleost model systems. Mol Cell Endocrinol 2018; 463:142-
167.

62. Somoza GM, Mechaly AS, Trudeau VL. Kisspeptin and GnRH in-
teractions in the reproductive brain of teleosts, General and Com-
parative Endocrinology 2020.

63. Choi D. Evolutionary viewpoint on GnRH (gonadotropin-releasing
hormone) in chordata amino acid and nucleic acid sequences.
Dev. Reprod 2018; 22:119-132.

64. Parhar IS, Tosaki H, Sakuma Y, Kobayashi M. Sex differences in
the brain of goldfish: gonadotropin-releasing hormone and vaso-
tocinergic neurons. Neuroscience 2001; 104(4):1099-110.

65. Whitlock KE, Postlethwait J and Ewer J. Neuroendocrinolo-
gy of reproduction: Is gonadotropin-releasing hormone (GnRH)
dispensable? Frontiers in Neuroendocrinology 2019; 53, Article
100738.

66. Sherwood N, Eiden L, Brownstein M, Spiess J, Rivier J, Vale W.
Characterization of a teleost gonadotropin-releasing hormone.
Proc Natl Acad Sci. USA. 1983; 80(9):2794-2798.

67. Hildahl J, Sandvik GK, Edvardsen RB, Fagernes C, Norberg B,
Haug TM et al. Identification and gene expression analysis of
three GnRH genes in female Atlantic cod during puberty provides 
insight into GnRH variant gene loss in fish. Gen Comp Endocrinol
2011; 172:458-467.

68. Schneider JS, Rissman EF. Gonadotropin-releasing hormone II: a
multi-purpose neuropeptide. Integr Comp Biol 2008; 48:588-595.

69. Matsuda K, Nakamura K, Shimakura S, Miura T, Kageyama H,
Uchiyama M, et al. Inhibitory effect of chicken gonadotropin-re-
leasing hormone II on food intake in the goldfish, Carassius aura-
tus. Horm. Behav 2008; 54:83-89.

70. Nishiguchi R, Azuma M, Yokobori E, Uchiyama M, Matsuda K. Go-
nadotropin-releasing hormone 2 suppresses food intake in the
zebrafish, Danio rerio. Front. Endocrinology 2012; 3-122.

71. Xia W, Smith O, Zmora N, Xu S, Zohar Y. Comprehensive analysis
of GnRH2 neuronal projections in zebrafish. Sci Rep 2014; 4:36-76.

72. Marvel MM, Spicer OS, Wong TT, Zmora N, Zohar Y. Knockout
of Gnrh2 in zebrafish (Danio rerio) reveals its roles in regulating
feeding behavior and oocyte quality. Gen. Comp Endocrinol 2019; 
280:15-23.

73. Blanco AM. Hypothalamic and pituitary-derived growth and re-
productive hormones and the control of energy balance in fish.
General and Comparative Endocrinology 2020; doi: https://doi.
org/ 10.1016/j.ygcen.2019.113322.

74. Forlano PM, Bass AH. Neural and hormonal mechanisms of repro-
ductive-related arousal in fishes. Horm. Behav 2011. 59:616-629.

75. Abraham E, Palevitch O, Gothilf Y, Zohar Y. Targeted gonadotro-
pin-releasing hormone-3 neuron ablation in zebrafish: effects on
neurogenesis, neuronal migration, and reproduction. Endocrinol-
ogy 2010; 151(1):332-340.

76. Palevitch O, Kight K, Abraham E, Wray S, Zohar Y, Gothilf Y. On-
togeny of the GnRH systems in zebrafish brain: in situ hybridiza-
tion and promoter-reporter expression analyses in intact animals. 
Cell Tissue Res 2007; 327(2):313-322.

77. Lethimonier C, Madigou T, Munoz-Cueto JA, Lareyre JJ, Kah O.
Evolutionary aspects of GnRHs, GnRH neuronal systems and
GnRH receptors in teleost fish. Gen Comp Endocrinol 2004;
135(1):1-16.

78. Clarke IJ, Cummins JT. The temporal relationship between go-
nadotropin releasing hormone (GnRH) and luteinizing hormone
(LH) secretion in ovariectomized ewes. Endocrinology 1982;
111(5):1737-1739.

79. Millar RP. GnRHs and GnRH receptors. Animal Reproduction Sci-
ence 2005; 88(1), 5-28.

80. Bedecarrats GY. Control of the reproductive axis: Balancing act
between stimulatory and inhibitory inputs. Poult Sci 2015; 94
(4):810-815.

81. Kanda S. Evolution of the regulatory mechanisms for the hypo-
thalamic-pituitary-gonadal axis in vertebrates–hypothesis from a 
comparative view. General and comparative endocrinology 2019;
194:300-310.

82. Weber GM, Powell JF, Park M, Fischer WH, Craig AG., Rivier, et
al. evidence that gonadotropin-releasing hormone (GnRH) func-
tions as a prolactin-releasing factor in a teleost fish (Oreochro-
mis mossambicus) and primary structures for three native GnRH 
molecules. J. Endocrinol 1997; 155:121-132.

83. Seale P. Endocrine regulation of prolactin cell function and mod-
ulation of osmoreception in the Mozambique tilapia. Gen. Comp.
Endocrinol 2013; 192: 191-203.

84. Kitahashi T, Ogawa S, Parhar IS. Cloning and expression of kiss2 in 
the zebrafish and medaka. Endocrinology 2009; 150(2):821-831.

85. Ogawa S, Ramadasan PN, Goschorska M, Anantharajah A, Parhar 
IS. Cloning and expression of tachykinins and their association
with kisspeptins in the brains of zebrafish. J Comp Neurol 2012;
520(13):2991–3012.

86. London S and Volkoff H. Effects of fasting on the central expres-
sion of appetite-regulating and reproductive hormones in wild-
type and Casper zebrafish (Danio rerio). General and Comparative 
Endocrinology 2019; 282:113-207.

87. Shahjahan M, Motohashi E, Doi H, Ando H. Elevation of Kiss2 and 
its receptor gene expression in the brain and pituitary of grass
puffer during the spawning season. Gen. Comp Endocrinol 2010;
169:48–57.

88. Escobar S, Felip A, Gueguen MM, Zanuy S, Carrillo M, Kah O, et
al. expression of kisspeptins in the brain and pituitary of the Eu-
ropean sea bass (Dicentrarchus labrax). J Comp Neurol 2013;
521:933-948.

89. Franceschini I, Lomet D, Cateau M, Delsol G, Tillet Y, Caraty A.
Kisspeptin immunoreactive cells of the ovine preoptic area and
arcuate nucleus co-express estrogen receptor alpha. Neurosci.
Lett 2006; 401:225-230.

90. Pompolo S, Pereira A, Estrada KM, Clarke IJ. Colocalization of kis-
speptin and gonadotropin-releasing hormone in the ovine brain.
Endocrinology 2006; 147:804-810.

91. Ohga H, Adachi H, Matsumori K, Kodama R, Nyuji M, Selvaraj S, et 
al. mRNA levels of kisspeptins, kisspeptin receptors, and GnRH1
in the brain of chub mackerel during puberty. Comparative Bio-
chemistry and Physiology 2015; Part A 179:104–112.

92. Selvaraj S, Kitano H, Fujinaga Y, Ohga H, Yoneda M, Yamaguchi, et 
al. Molecular characterization, tissue distribution, and mRNA ex-
pression profiles of two kiss genes in the adult male and female
chub mackerel (Scomber japonicus) during different gonadal
stages. Gen Comp Endocrinol 2010: 169:28 38.

93. Ohga H, Selvaraj S, Matsuyama M. The roles of kisspeptin system
in the reproductive physiology of fish with special reference to
chub mackerel studies as main axis. Front. Endocrinol 2018; 9:147.

94. Servili A, Le Page, Leprince Y, Caraty J, Escobar A, Parhar S, et al. 
Organization of two independent kisspeptin systems derived from 
evolutionary-ancient kiss genes in the brain of zebrafish. Endocri-
nology 2011; 152:1527-1540.

95. Felip A, Zanuy S, Pineda R, Pinilla L, Carrillo M, Tena-Sempere M, 
et al. evidence for two distinct Kiss genes in non-placental ver-
tebrates that encode kisspeptins with different gonadotropin-re-
leasing activities in fish and mammals. Mol Cell Endocrinol 2009; 
312:61-71.

96. Mechaly AS, Viñas J, Piferrer F. Gene structure analysis of kis-
speptin-2 (Kiss2) in the Senegalese sole (Solea senegalen-
sis): characterization of two splice variants of Kiss2, and novel
evidence for metabolic regulation of kisspeptin signaling in
non-mammalian species. Mol Cell Endocrinol 2011; 339:14-24.

97. Biran J, Ben-Dor S, Levavi-Sivan B. Molecular identification and
functional characterization of the kisspeptin/kisspeptin receptor
system in lower vertebrates. Biol Reprod 2008; 79:776-786.



2131

Hormonal and neuroendocrine control of reproductive function in teleost fish

98. Van Aerle R, Kille P, Lange A, Tyler CR. Evidence for the existence 
of a functional Kiss1/Kiss1 receptor pathway in fish. Peptides
2008; 29:57-64.

99. ang B, Jiang Q, Chan T, Ko WK, Wong AO. Goldfish kisspeptin: mo-
lecular cloning, tissue distribution of transcript expression, and
stimulatory effects on prolactin, growth hormone and luteinizing
hormone secretion and gene expression via direct actions at the
pituitary level. Gen Comp Endocrinol 2010; 165:60-71.

100. Pasquier, J., Kamech, N., Lafont, A. G., Vaudry, H., Rousseau, 
K., & Dufour, S. Kisspeptin/kisspeptin receptors. J Mol Endocrinol 
2014; 52:101-117.

101. Mechaly AS, Vinas J, Piferrer F. The kisspeptin system
genes in teleost fish, their structure and regulation, with partic-
ular attention to the situation in Pleuronectiformes. Gen Comp
Endocrinol 2013; 188:258-268.

102. Li S, Zhang Y, Liu Y, Huang X, Huang W, Lu D, Zhu P et al.
Structural and functional multiplicity of the kisspeptin/GPR54 
system in goldfish (Carassius auratus). Journal of Endocrinology 
2009; 201:407-418.

103. Lee YR, Tsunekawa K, Moon MJ, Um HN, Hwang JI, Os-
ugi T, Otaki N, et al. Molecular evolution of multiple forms of
kisspeptins and GPR54 receptors in vertebrates. Endocrinology
2009, 150:2837-2846.

104. Pasquier J, Lafont AG, Jeng SR, Morini M, Dirks R, Van den
Thillart G, Tomkiewicz et al. Multiple kisspeptin receptors in early 
osteichthyans provide new insights into the evolution of this re-
ceptor family. PLoS ONE 2012; 7 e48931.

105. Elizur A. The KiSS1/GPR54 system in fish. Peptides 2009;
30:164-170.

106. Zhao Y, Lin MC, Mock A, Yang M, Wayne NL. Kisspeptins
modulate the biology of multiple populations of gonadotropin-re-
leasing hormone neurons during embryogenesis and adulthood in 
zebrafish (Danio rerio). PLoS One 9 2014; e104330

107. Zmora N, Stubblefield J, Zulperi Z, Biran J, Levavi-Sivan B,
Muñoz-Cueto JA, et al. Differential and gonad stage-dependent
roles of kisspeptin1 and kisspeptin2 in reproduction in the modern 
teleosts, morone species. Biol. Reprod 2012; 86:1-12.

108. Ogawa S, Sivalingam M, Anthonysamy R, Parhar IS. Distri-
bution of Kiss2 receptor in the brain and its localization in neuro-
endocrine cells in the zebrafish. Cell Tiss. Res 2020; 379:349-372.

109. Kanda S, Akazome Y, Mitani Y, Okubo K, Oka Y. Neuro-
anatomical evidence that kisspeptin directly regulates isotocin
and vasotocin neurons. PLoS ONE 8 2013; e62776. https://doi.
org/10.1371/journal.pone.0062776

110. Zmora N, Stubblefield JD, Wong TT, Levavi-Sivan B, Millar
RP, Zohar Y. Kisspeptin 504 Antagonists Reveal Kisspeptin 1 and
Kisspeptin 2 Differential Regulation of Reproduction in the 505
Teleost, Morone saxatilis. Biol Reprod 2015; 93:76.

111. Espigares F, Zanuy S, Gómez A. Kiss2 as a regulator of LH
and FSH secretion via paracrine/autocrine signaling in the tele-
ost fish European Sea Bass (Dicentrarchus labrax). Biol of Reprod 
2015; 114:1-12.

112. Kitahashi, T. and Parhar, I. S. Comparative aspects of kiss-
peptin gene regulation. Gen. Comp. Endocrinol 2013; 181:197-202.

113. Beck BH, Fuller SA, Peatman E, McEntire, ME, Darwish A,
Freeman DW. Chronic exogenous kisspeptin administration ac-
celerates gonadal development in basses of the genus Morone.
Comp Biochem Physiol 2012; 162:265-273.

114. Shi Y, Zhang Y, Li S, Liu Q, Lu D, Liu M, et al. Molecular iden-
tification of the Kiss2/Kiss1ra system and its potential function
during 17 -methyltestosterone-induced sex reversal in the or-
ange-spotted grouper, Epinephelus coioides. Biol Reprod 2010;
83:63-74.

115. Mechaly AS, Tovar-Bohórquez MO, Mechaly AE, Suku E,
Pérez MR, Giorgetti A, et al. evidence of alternative splicing as a
regulatory mechanism for Kissr2 in pejerrey fish. Front. Endocri-
nol 2018; 9-604.

116. Tsatsanis C, Dermitzaki E, Avgoustinaki P, Malliaraki N,
Mytaras V,  Margioris AN. The impact of adipose tissue-derived
factors on the hypothalamic-pituitary-gonadal (HPG) axis. Hor-
mones 2015; 14(4):549-562.

117. Castellano JM, Bentsen AH, Mikkelsen JD, Tena-Sempere
M.Kisspeptins: bridging energy homeostasis and reproduction.
Brain Res 2015; 1364:129-138.

118. De Bond JA, Smith JT. Kisspeptin and energy balance in re-
production. Reproduction 2015; 147:53-63.

119. Sawada K, Ukena K, Satake H, Iwakoshi E, Minakata H,
Tsutsui K. Novel fish hypothalamic neuropeptide. Eur J Biochem
2002; 269:6000-6008.

120. Biswas S, Jadhao AG, Pinelli C, Palande NV, Tsutsui K.
GnIH and GnRH expressions in the central nervous system and
pituitary of Indian major carp, Labeo rohita during ontogeny: An
immunocytochemical study. Gen Comp Endocrinol 2015; 220:88-
92.

121. Di Yorio MP, Sirkin P, Delgadin TH, Shimizu A, Tsutsui K, So-
moza GM, et al. Gonadotrophin Inhibitory hormone in the cichlid
fish Cichlasoma dimerus: structure, brain distribution and dif-
ferential effects on the secretion of gonadotrophins and growth
hormone. J Neuroendocrinol 2016; 28. https://doi.org/10.1111/
jne.12377.

122. Paullada-Salmerón JA, Cowan M, Aliaga-Guerrero M, Gó-
mez A, Zanuy S, Mañanos, E, et al. LPXRFa peptide system in the 
European sea bass: A molecular and immunohistochemical ap-
proach. J Comp Neurol 2016; 524:176-198.

123. Ogawa S, Parhar IS. Structural and functional divergence of 
gonadotropininhibitory hormone from jawless fish to mammals.
Front Endocrinol 2014; 5:177.

124. Wang Q, Qi X, Guo Y, Li S, Zhang Y, Liu X, et al. Molecular
identification of GnIH/GnIHR signal and its reproductive function
in protogynous hermaphroditic orange-spotted grouper (Epi-
nephelus coioides). Gen Comp Endocrinol 2015; 216:9-23.

125. Zhang Y, Li S, Liu Y, Lu D, Chen H, Huang X, et al. Struc-
tural diversity of the gnih/gnih receptor system in teleost: Its in-
volvement in early development and the negative control of LH
release. Peptides 2010; 31:1034-1043.

126. Ogawa S, Sivalingam M, Biran J, Golan M, Anthonysamy RS, 
Levavi-Sivan B, et al. Distribution of LPXRFa, a gonadotropin-in-
hibitory hormone ortholog peptide, and LPXRFa receptor in the
brain and pituitary of the tilapia. J Comp Neurol 2016; 524:2753-
2775.

127. Wang B, Yang G, Liu Q, Qin J, Xu Y, Li W, et al. Characteri-
zation of LPXRFa receptor in the half-smooth tongue sole (Cyno-
glossus semilaevis): Molecular cloning, expression profiles, and
differential activation of signaling pathways by LPXRFa peptides.
Comp. Biochem. Physiol. A Mol Integr Physiol 2018; 223:23-32.

128. Kriegsfeld LJ, Feng Mei D, Bentley GE, Ubuka T, Mason AO, 
Inoue K, et al. Identification and characterization of a gonado-
tropin inhibitory system in the brains of mammals. PNAS 2006;
103(7):2410-2415.

129. Ubuka T, Son YL, Tsutsui K. Molecular, cellular, morpholog-
ical, physiological and behavioral aspects of gonadotropin-inhibi-
tory hormone. Gen Comp Endocrinol 2016; 227:27-50.

130. Biran J, Golan M, Mizrahi N, Ogawa S, Parhar IS, Levavi-Siv-
an B. LPXRFa, the piscine ortholog of GnIH, and LPXRF receptor
positively regulate gonadotropinsecretion in tilapia (Oreochromis 
niloticus). Endocrinology 2014; 155 (11):4391- 4401.

131. Amano M, Moriyama S, Iigo M, Kitamura S, Amiya, N, Yama-
mori K, et al. Novel fish hypothalamic neuropeptides stimulate
the release of gonadotrophins and growth hormone from the pi-
tuitary of sockeye salmon. J Endocrinol 2006; 188: 417-423.

132. Moussavi M, Wlasichuk M, Chang JP, Habibi HR. Seasonal
effect of GnIH on gonadotrope functions in the pituitary of gold-
fish. Mol Cell Endocrinol 2012; 350:53-60.

133. Shahjahan M, Ikegami T, Osugi T, Ukena K, Doi, H, Hattori A, 
et al. Synchronised expressions of LPXRFamide peptide and its
receptor genes: seasonal, diurnal and circadian changes during
spawning period in grass puffer. J. Neuroendocrinol 2011; 23, 39-
51.

134. Yan H, Ijiri S, Wu Q, Kobayashi T, Li ST, Adachi S, Nagahama 
Y. Expression Patterns of Gonadotropin Hormones and Their Re-
ceptors During Early Sexual Differentiation in Nile Tilapia Oreo-
chromis niloticus. Biology of Reproduction 2012; 116:1-11.



2132

Johanna Pilay Bajaña, Evelyn Ramírez Carguacundo, María José Vizcaino Tumbaco, Daniel Silva-Ochoa, Davide Di Grumo, Luis Dorado-Sanchez, Silvia Orellana-Manzano, 
Patricia Manzano, Andrea Orellana-Manzano
Volumen 6 / Número 3     •     http://www.revistabionatura.com

135. Shupnik MA. Gonadotropin gene modulation by steroids and
gonadotropin-releasing hormone. Biol. Reprod 1996; 54(2):279-286.

136. Burow S, Fontainea R, Von Krogha K, Mayerb I, Nouriza-
deh-Lillabadia R, Hollander-Cohenc L, et al. Medaka follicle-stim-
ulating hormone (Fsh) and luteinizing hormone (Lh): Develop-
mental profiles of pituitary protein and gene expression levels.
General and Comparative Endocrinology 2018; 272:93-108.

137. Simoni M, Gromoll J, Nieschlag E. The follicle-stimulating
hormone receptor: biochemistry, molecular biology, physiology,
and pathophysiology. Endocr Rev 1997; 18:739-773.

138. Kumar RS, Trant JM. Piscine glycoprotein hormone gonad-
otropin and thyrotropin receptors: a review of recent develop-
ments. Comp Biochem Physiol 2001; 129:347-355.

139. Falcone T, Hurd WW. Clinical Reproductive Medicine and
Surgery: A Practical Guide, DOI 10.1007/978-1-4614-6837-0_2,
© Springer Science Business Media New York 2013.

140. Santos M, Rand-Weaver, Tyler CR. Follicle stimulating
hormone and its alpha and beta subunits in rainbow trout (On-
corhynchus mykiss): Purification, characterization, development
of radioimmunoassays, and their seasonal plasma and pituitary
concentrations in females. Biol Reprod 2001; 65:288-294.

141. Vischer, Tevez, Ackermans, Van Dijk, Schulz y Bogerd J.
Cloning and spatiotemporal expression of follicle-stimulating
hormone α subunit complementary DNA in the African catfi sh
(Clarius gariepinus). Biol. Reprod 2003; 68:1324-1332.

142. Schulz RW, Vischer HF, Cavaco JE, Santos EM, Tyler CR,
Goos HJ, et al. Gonadotropins, their receptors, and the regulation 
of testicular functions in fish. Comp Biochem Physiol B Biochem
Mol Biol 2001; 129:407-417.

143. Kobayashi Y, Alam MA, Horiguchi R, Shimizu A, Nakamura
M. Expresión Sexualmente dimórfico de subunidades de gonado-
tropina en la pituitaria de pro-mero panal togynous (Epinephelus
merra): evidencia de que el folículo-estimulante hormone (FSH)
induce el cambio de sexo gonadal. Biol Reprod  2010; 82:1030-
1036.

144. Chang JP, Wong AOL. Growth hormone regulation in fish:
a multifactorial model with hypothalamic, peripheral and local
autocrine/paracrine signals. In: Fish Neuroendocrinology. Fish
Physiology 28. Farrell AP, Brauner CJ (Eds). Academic Press, UK. 
2009;151-195.

145. Dong H, Zeng L, Duan D, Zhang H, Wang Y, Li W, et al.
Growth hormone and two forms of insulin-like growth factors I
in the giant grouper (Epinephelus lanceolatus): molecular cloning 
and characterization of tissue distribution. Fish Physiol. Biochem
2010; 36:201-212.

146. Blanco AM. Hypothalamic and pituitary-derived growth and 
reproductive hormones and the control of energy balance in fish. 
General and Comparative Endocrinology 2020; doi: https://doi.
org/ 10.1016/j.ygcen.2019.113322.

147. Canosa LF, Chang JP, Peter RE. Neuroendocrine control of
growth hormone in fish. Gen Comp Endocrinology 2011; 151:1-26.

148. Bertucci JI, Blanco AM, Sundarrajan L, Rajeswari JJ, Velas-
co C, Unniappan S. Nutrient Regulation of Endocrine Factors In-
fluencing Feeding and Growth in Fish. Frontiers in Endocrinology
2019; 10, Article 83.

149. Pérez-Sánchez J, Calduch-Giner JA, Mingarro M, de Ce-
lis SVR, Gomez-Requeni P, Saera-Vila A, et al. Overview of fish
growth hormone family. New insights in genomic organization
and heterogeneity of growth hormone receptors. Fish Physiol
Biochem 2002; 27:243–58.

150. Reinecke M, Björnsson BT, Dickhoff WW, McCormick SD,
Navarro I, Power DM, et al. Growth hormone and insulin-like
growth factors in fish: where we are and where to go. Gen Comp
Endocrinol 2005; 142:20-4

151. Brooks AJ, Waters MJ. The growth hormone receptor:
mechanism of activation and clinical implications. Nat Rev Endo-
crinol 2010; 6:515-525.

152. Fukada H, Ozaki Y, Pierce AL, Adachi S, Yamauchi K, Hara
A, et al. Salmon growth hormone receptor: molecular cloning,
ligand specificity, and response to fasting. Gen Comp Endocrinol
2004; 139:61-71.

153. Pierce AL, Fox BK, Davis LK, Visitacion N, Kitahashi T, Hirano 
T et al. Prolactin receptor, growth hormone receptor, and puta-
tive somatolactin receptor in Mozambique tilapia: Tissue specific
expression and differential regulation by salinity and fasting. Gen 
Comp. Endocrinol 2007; 154:31-40.

154. Reinecke M. Insulin-like growth factors and fish reproduc-
tion. Biol. Reprod 2010; 82: 656-661.

155. Daughaday WH. Growth hormone axis overview-somato-
medin hypothesis. Pediatr Nephrol 2010; 14:537-540.

156. Reinecke M, Collet C. The phylogeny of the insulin-like
growth factors. Int Rev Cytol 1998; 183:1-94.

157. Norbeck LA, Kittilson JD, Sheridan MA. Resolving the
growth-promoting and metabolic effects of growth hormone: Dif-
ferential regulation of GH-IGF-I system components. Gen Comp
Endocrinol 2007; 151:332-341.

158. Zhou R, Yu SMY, Ge W. Expression and functional charac-
terization of intrafollicular GH–IGF system in the zebrafish ovary. 
Gen Comp Endocrinol 2016; 232:32-42.

159. Pérez L, Ortiz-Delgado B, Manchado JM. Molecular char-
acterization and transcriptional regulation by GH and GnRH of
insulin-like growth factors I and II in White seabream (Diplodus
sargus). Gene 2016; 578:251-262.

160. Breves JP, McCormick SD, Karlstrom RO. Prolactin and te-
leost ionocytes: New insights into cellular and molecular targets 
of prolactin in vertebrate epithelia. Gen. Comp Endocrinol 2014;
203:21-28.

161. Dobolyi A, Oláh S, Keller D, Kumari R, Fazekas E, Csikós V,
Cservenák M. Secretion and function of pituitary prolactin in evo-
lutionary perspective. Frontiers in Neuroscience 2020; 14, 621.

162. Imaoka T, Matsuda M, and Mori T. Extrapituitary expression 
of the prolactin gene in the goldfish, African clawed frog and
mouse. Zool. Sci 2000; 17:791-796.

163. Boutet I, Lorin-Nebel C, De Lorgeril J, Guinand B. Molec-
ular characterisation of prolactin and analysis of extrapituitary
expression in the European sea bass Dicentrarchus labrax under
various salinity conditions. Comp. Biochem. Physiol. D Genomics
Proteomics 2007; 2:74-83.

164. Summers K, Zhu Y. Positive selection on a prolactin paralog 
following gene duplication in cichlids: adaptive evolution in the
context of parental. Copeia 2008; 4: 872-876.

165. Sandra O, Le Rouzic P, Cauty C, Edery M, Prunet P. Expres-
sion of the prolactin receptor (tiPRL-R) gene in tilapia Oreochro-
mis niloticus: Tissue distribution and cellular localization in os-
moregulatory organs. J Mol Endocrinol 2000; 24:215-224.

166. Kawauchi H, Sower SA, Moriyama S. The Neuroendocrine
Regulation of Prolactin and Somatolactin secretion in fish. Fish
Physiology 2009; 28:197-234.

167. Edery M, Young G, Bern HA, Steiny S. Prolactin receptors
in tilapia (Sarotherodon mossambicus) tissues: binding studies
using I-125 labeled ovine prolactin. Gen Comp Endocrinol 1984;
56:19-23.

168. Ozaki Y, Ishida K, Saito K, Ura K, Adachi S, Yamauchi K. Im-
munohistochemical changes in production of pituitary hormones
during artificial maturation of female Japanese eel Anguilla ja-
ponica. Fish Sci 2007; 73:574-584.

169. Onuma TA, Ban M, Makino K, Katsumata H, Hu WW, Ando
H, et al. Changes in gene expression for GH/PRL/SL family hor-
mones in the pituitaries of homing chum salmon during ocean
migration through upstream migration. Gen Comp Endocrinol
2010; 166:537-548.

170. Power DM. Developmental ontogeny of prolactin and its re-
ceptor in fish. Gen. Comp. Endocrinol 2005; 142:25-33.

171. Whittington CM, Wilson AB. The role of prolactin in fish re-
production. Gen Comp Endocrinol 2013; 191:123-136.

172. Harvey S, Martínez-Moreno G, Luna M, Arámburo C. Auto-
crine/paracrine roles of extrapituitary growth hormone and pro-
lactin in health and disease: An overview. Gen Comp Endocrinol-
ogy 2014; 154:31-40.

173. Cyr DG, Eales JGG. Interrelation ships between thyroidal
and reproductive endocrine systems in fish. Rev Fish Biol Fish
1996; 6:165–200.



2133

Hormonal and neuroendocrine control of reproductive function in teleost fish

174. Cyr DG, Eales JGG. In vitro effects of TH on gonadotro-
pin-induced estradiol-17α secretion by ovarian follicles of rain-
bow trout, Salmo gairdneri. Gen Comp Endocrinol 1988; 69:80-87.

175. Blanton, ML, Specker JL. The Hypothalamic-Pituitary-Thy-
roid (HPT) axis in fish and its role in fish development and repro-
duction. Crit Rev Toxicol 2007; 37:97-115.

176. Nelson ER, Allan ERO, Pang FY, Habibi HR. Thyroid hor-
mone and reproduction: Regulation of estrogen receptors in gold-
fish gonads. Mol. Reprod. Dev 2010; 77:784-794.

177. Tovo-Neto A, Da Silva Rodríguez M, Habibi HR, Nóbrega RH. 
Thyroid hormone actions on male reproductive system of teleost 
fish., General and Comparative Endocrinology 2018; doi: https://
doi.org/10.1016/j.ygcen.2018.04.023

178. Yu L, Han Z, Liu C. A review on the effects of PBDEs on
thyroid and reproduction systems in fish. Gen Comp Endocrinol
2015; http://dx.doi.org/10.1016/j.ygcen.2014.12.010

179. Mylonas, Sullivan, Hinshaw. Thyroid hormones in brown
trout (Salmo trutta) reproduction and early development. Fish
Physiol. Biochem 1994; 13:485-493.

180. Basset JHD, Harvey CB, Williams GR. Mechanisms of thy-
roid hormone receptor-specific nuclear and extra nuclear actions. 
Mol Cell Endocrinol 2003; 213:1-11.

181. Brown L, Sullivan CV, Bern HA, Dickhoff WW. Occurrence of 
thyroid hormones in early developmental stages of teleost fish.
Am. Fish Soc Symp 1987; 2:144-150.

182. Parhar IS, Soga T, Sakuma Y. Thyroid hormone and estrogen 
regulate brain region-specific messenger ribonucleic acids en-
coding three gonadotropin-releasing hormone genes in sexually
immature male fish, Oreochromis niloticus. Endocrinology 2000;
141:1618-1626.

183. Allan ER, Habibi, HR. Direct effects of triiodothyronine on
production of anterior pituitary hormones and gonadal steroids in 
goldfish. Mol Reprod Dev 2012; 79:592–602.

184. Nelson ER, Habibi HR. Functional significance of nuclear es-
trogen receptor subtypes in the liver of goldfish. Endocrinology
2010; 151:1668-1676.

185. Nelson ER, Habibi HR. Thyroid hormone regulates vitello-
genin by inducing estrogen receptor alpha in the goldfish liver.
Mol Cell Endocrinol 2016; 436:259-267.

186. Morais RD, Nóbrega RH, Gómez-González NE, Schmidt R,
Bogerd, J, França, LR, et al. Thyroid hormone stimulates the pro-
liferation of sertoli cells and single type A spermatogonia in adult
zebrafish (Danio rerio) testis. Endocrinology 2013; 154:4365-4376.

187. Eales JG, Plate EM, Adams BA, Allison WT, Martens G,
Hawryshyn CW. The effects of thyroxine or a GnRH analogue on
thyroid hormone deiodination in the olfactory epithelium and ret-
ina of rainbow trout, Oncorhynchus mykiss, and sockeye salmon,
Oncorhynchus nerka. Gen Comp Endocrinol 2006; 127:59-65.

188. Habibi, HR, Nelson E.R, Allan ERO. New insights into thy-
roid hormone function and modulation of reproduction in goldfish. 
Gen Comp Endocrinol 2012; 175:19-26.

189. Tokarz J, Möller G, de Angelis MH and Adamski J. Ste-
roids in teleost fishes: a functional point of view. Steroids 2015;
103:123-144.

190. Guyton JE. Elsevier AC. Tratado de Fisiología Médica (ed.
Décimotercera edición, 2016).

191. Filby AL and Tyler CR. Molecular characterization of estro-
gen receptors 1, 2a, and 2b and their tissue and ontogenic expres-
sion profiles in fathead minnow (Pimephales promelas). Biology
of reproduction 2005; 73(4):648-662.

192. Borg B. Androgens in teleost fishes. Comp Biochem Physiol 
1994; 109C (3):219-245.

193. Matty AJ. Gonadal Hormones. Fish endocrinology 1985;
pp138-173. Croom Helm Ltd., London.

194. Lubzens E, Young G, Bobe J, Cerda, J. Oogenesis in teleosts: 
how fish eggs are formed. Gen Comp Endocrinol 2010; 165:367-
389.

195. Segner H, Van Kemenade BL, Chadzinska M. The immuno-
modulatory role of the hypothalamus-pituitary-gonad axis: Prox-
imate mechanism for reproduction-immune tradeoffs? Develop-
mental & Comparative Immunology 2017; 66:43-60.

196. Soranganba N, Singh IJ. Role of Some Steroidogenic Hor-
mones in Fish Reproduction., Chemical Science Review and Let-
ters 2019, 8(29):64-69.

197. Canazas NR. Evolución Gonadal de Las Hembras de Trucha 
Arco iris (Oncorhynchus Mykiss) de la Piscigranja Pumahuanca-
Urubamba, Tesis de Grado UNSAC, 119; 2015.

198. Nagahama Y, Yamashita M. Regulation of oocyte matura-
tion in fish. Development, growth & differentiation 2008; 50(s1).

199. Devlin R.H, Nagahama Y. Sex determination and sex dif-
ferentiation in fish: an overview of genetic, physiological, and
environmental influences. Review article. Aquaculture 2002;
208:191-364.

200. Nagahama Y, Yoshikuni M, Yamashita M, Tanaka M. Regu-
lation of oocyte maturation in fish. In: Sherwood, N.M., Hew, C.L.
(Eds.), Fish Physiology. Academic Press, San Diego, CA, pp. 393–
439. Neurol 1994; 524:176-198.

201. Babin PJ, Carnevali O, Lubzens E, Schneider WJ. Molecular
aspects of oocyte vitellogenesis in fish. Springer 2007:39–76.

202. Hiramatsu N, Matsubara T, Fujita T, Sullivan CV, Hara A.
Multiple piscine vitellogenins: biomarkers of fish exposure to es-
trogenic endocrine disruptors in aquatic environments. Mar Biol
2006; 149:35-47.

203. Stocco C, Telleria G, Gibori. The molecular control of corpus 
luteum formation, rolfunction, and regression. Endocr Rev 2007;
28:117-149.

204. Milla S, Wang N, Mandiki SN, Kestemont P. Corticosteroids:
Friends or foes of teleost fish reproduction? Comparative Bio-
chemistry and Physiology Part A: Molecular & Integrative Physi-
ology 2009; 153(3):242-251.

205. Kusakabe M, Nakamura I, Young G. 11beta-hydroxysteroid
dehydrogenase complementary deoxyribonucleic acid in rainbow 
trout: cloning, sites of expression, and seasonal changes in go-
nads. Endocrinology 2003; 144:2534-2545.

206. Noaksson E, Linderoth M, Gustavsson B, Zebühr Y, Balk L.
Reproductive status in female perch (Perca fluviatilis) outside
a sewage treatment plant processing leachate from a refuse
dump. Sci. Total Environ 2005; 340: 97-112.

207. Westring CG, Ando H, Kitahashi T, Bhandari RK, Ueda H,
Urano A, et al. Seasonal changes in CRF-I and urotensin I tran-
script levels in masu salmon: correlation with cortisol secretion
during spawning. Gen Comp Endocrinol 2008; 155:126-140.

208. Leibowitz, Wortley. Hypothalamic control of energy bal-
ance: different peptides, different functions. Peptides 2004;
25:473-504.

Received: 7 May 2021
Accepted: 4 August 2021






	portada contra no 23
	bionatura[38411]
	NVol 6 N 3
	2 Arte Para Bionatura[5250]
	Arte Para Bionatura 2[5276]



