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Abstract: Tuberculosis is considered one globally public health problem, particularly in unindustrialized countries. The
disease has an increasing threat to public health, causing high morbidity and mortality rates. So, rapid diagnosis is critical
to diminish the death and interfere with transmission. In this study, GeneXpert MTB/RIF and Loop-Mediated Isothermal
Amplification (TB-LAMP) assays were utilized for the rapid molecular diagnosis of Mycobacterium tuberculosis bacteria
and compared sensitivity and specificity of Mycobacterium tuberculosis bacteria; these tests with acid-fast bacilli staining
in pulmonary and extra-pulmonary clinical specimens from Iraqgi patients in Baghdad capital. 141 pulmonary and extra-
pulmonary samples were collected and tested for tuberculosis detection. Acid-fast bacilli, TB-LAMP and GeneXpert MTB/
RIF methods were used to diagnose tuberculosis. Of 141 tuberculosis specimens, 58 were acid-fast bacilli smear-positive,
while 90 samples were positive for Mycobacterium tuberculosis by GeneXpert MTB/RIF assay and 78 by TB-LAMP assay.
The results reported a high sensitivity rate of GeneXpert MTB/RIF assay compared to the TB-LAMP and bacilli staining
method. The sensitivity of GeneXpert was 63.83%, specificity 50%; positive and negative predictive values were 58.36%
to 68.96% and 42.73% to 57.27%, respectively. TB-LAMP sensitivity was 55.32%, specificity 50%; positive and negative
predictive values were 49.61% to 60.89% and 43.70% to 56.30%, respectively, while the sensitivity of bacilli staining
was 41.13%, specificity 50%; positive and negative predictive values were 35.26% to 47.27% and 44.88% to 55.12%,
respectively, these values are dependent on disease prevalence. We concluded that the GeneXpert MTB/RIF test is more
sensitive and specific than the TB-LAMP and both techniques are more sensitive and specific than the conventional acid-
fast staining method for both pulmonary and extra-pulmonary specimens. Despite culture remaining the gold standard
for laboratory confirmation of TB, GeneXpert MTB/RIF and TB-LAMP should become standard practice for patients with
suspected TB, and all clinicians and public health programs for TB control should have access to molecular testing for TB
to shorten diagnosis time.
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|
Introduction

Tuberculosis (TB) remains a primary infectious disea-
se, particularly in developing countries, and it is a global
public health concern'.In 2019, there were approximate-
ly 10.4 million cases of TB worldwide. 90% of them were
adults?. Tuberculosis is a significant cause of death among
infectious diseases, with about 25% of the world's popu-
lation being infected®. According to the estimations of the
Iragi ministry of planning for 2020, the population of Iraq is
approximately 40 million. In Iraq, an incidence of 42 TB per
100,000 and the case detection rate in Iraq is 54% for all
forms of TB cases?, mainly due to the poor security situation
in some governorates, which report fewer cases as many
cases are displaced or lost to follow up. TB clinics in these
governorates cannot function normally and staffs are una-
ble to report to their clinics*. It is estimated that Iraq is one of
the seven countries with the highest TB burden, accounting
for 3% of TB patients in the WHO Eastern Mediterranean
region®. In Iraq, the total TB incidence in 2019 was 41.000
(36.000 - 46.000)2.

The pathogen that causes TB disease is Mycobacte-
rium tuberculosis which continuously develops strains con-
taining resistance genes, increasing the challenge of TB
treatment and prevention®. Initially, TB targets the lungs;
however, the pathogen can invade other organs, including
the skin, lymphatic, circulatory, central nervous, and diges-
tive system’. Although speedy and inexpensive, both the
radiographic microscopy and the smear had poor sensitivity
and positive predictive values; however, they remained a
valuable prognosis in most resource-limited settings, from
smear microscopy, which has low sensitivity and specifi-
city compared to culture8. The culture method is still the
golden tool for final determination; nevertheless, it is slow
and might take up to eight weeks due to the long incubation
time of the pathogen®. Thus, rapid and accurate methods
of diagnosing Mycobacterium tuberculosis are essential for
early initiation of treatment, prevention and improvement of
patient outcomes. With the demand and urgency for rapid
and simple diagnostic tests, especially in developing coun-
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tries, polymerase chain reaction-based techniques have
been developed for tuberculosis detection and antibiotic re-
sistance testing'®.GeneXpert MTB / RIF and TB-LAMP as-
says are two modern molecular technologies that are widely
used worldwide™'.

GeneXpert MTB / RIF is a nucleic acid test established
by Xpert, Cepheid, Sunnyvale, CA, USA, developed to si-
multaneously diagnose TB and detect RIF resistance by de-
tecting mutations in the RIF resistance determining region
RRDR of the rpoB gene?'2. The Xpert MTB/RIF assay em-
ploys a molecular beacon to detect DNA sequences ampli-
fied in a hemi-nested rt-PCR assay with the ability to utilize 5
different nucleic acid hybridization probes performed in the
same multiplex reaction. Every probe matches a different
target sequence in the rpoB gene of rifampicin-susceptible
M. tuberculosis, labeled with a different colored fluorophore,
and these overlapping probes extend along the entire 81 bp
core region of the rpoB gene™.

Xpert results can be obtained in 2 hours, compared to
the 8 weeks required to complete the traditional TB diagno-
sis by culture.

Loop-mediated isothermal amplification (LAMP) is the
technique developed in Japan (Eiken Chemical Co., Ltd.)',
which amplifies DNA under isothermal conditions™®.

The LAMP technique can increase small amounts of
DNA to 10° copies in less than an hour using four to six pri-
mers that recognize six to eight regions of the target DNA.
It initiates DNA amplification using different oligonucleotides
simultaneously. As a result, the technique is particular, pre-
cise and fast. Reaction intermediates include several inver-
ted repetitive loop structures. The large amounts of DNA
produced, turbidity or fluorescence are observed, allowing
the result to be determined visually. It prevents detection by
gel electrophoresis or labeled probes. The LAMP technique
is considered superior to other nucleic acid amplification
methods because it is much faster, more efficient and eco-
nomical than other NAATs""-18,

|
Materials and methods

Study design and samples collection

This study was conducted from September 3 to Decem-
ber 23 in 2020 on patients suspected of having pulmonary
and extra-pulmonary tuberculosis at the specialized center
for chest and respiratory diseases in Baghdad's capital. A
total of 141 samples (107 pulmonary and 34 extra-pulmo-
nary) were collected from patients with symptoms sugges-
tive of tuberculosis. In this study, suspected tuberculosis
patients were assigned to sample collection based on the
presentation of symptoms and chest radiographic findings.

The pulmonary samples were taken from sputum, bron-
chial lavage, Broncho-alveolar lavage (BAL), and gastric la-
vage. Patients with clinical fitness criteria were requested to
provide three sputum specimens within two days, two spot
specimens furthermore one gotten in the morning.

Extra-pulmonary samples of pleural fluid, lymph node
biopsy, cerebrospinal fluid, skin, ascitic fluid, sinus swab,
and pus were taken.

The following steps are taken according to the type and
location of the sample taken:

1-Sputum samples: Instruct each patient to cough dee-
ply from the chest and spit sputum into the sterile container,
avoiding nasal secretions or saliva, and three samples were

collected. The first one was taken from the patient after arri-
ving at the center; the second sample was collected early in
the morning before breakfast; the third was collected at any
time of the day.

2- Body fluids and other samples: Each body fluid was
concentrated by centrifuging the samples at 3000 rpm for
15 min. The sediment has been processed. All of the abo-
ve samples were digested and purified with 4% sodium hy-
droxide (NaOH); Samples were mixed with equal volumes
of NaOH in a sterile falcon tube and mixed with a vortex
mixer for a few seconds. The tube was then left at room
temperature for 15 minutes. The mixture was then centrifu-
ged at 3000 rpm for 15 min. Samples were neutralized by
drops of HCL solution containing phenol red as an indicator
and shaken until the color changed from red to yellow. The
third sputum sample was directly tested by Ziehl-Neelsen
staining and the TB-LAMP and GeneXpert MTB/RIF as-
says. Non-respiratory specimens from closed, sterile sites
were not naturally cleared before smear preparation but
were centrifuged at 3000 g for 20 min'®.

Tuberculosis detection

Ziehl-Neelsen’s stain (ZNS)

According to the guidelines of manual laboratory work,
clinical decontaminated specimens were examined by Zie-
hl-Neelsen's stain? as follows.

Using a sterile bacteriological loop, a smear was pre-
pared on a new and clean slide and allowed to dry by air.
Heat-fixed smears were flooded with carbon fuchsin stain,
and the slides were heated slowly without boiling the stain.
The stain was left for 5min., then rinsed the slides with tap
water. Decolorization was performed by adding 25% sulfu-
ric acid solution (H2S0O4) to each slide and left for 2 min.
Then rinsed the slides with tap water. Methylene blue was
added to each slide for 1 min. As a counterstain, then rinsed
the slides with tap water. Smears were allowed to dry in
the air and then examined under a light microscope (Model
CH 30, Olympus, Tokyo, Japan); the results of direct exa-
mination appear within fewer than 1 an hour. Smear results
were reported for the presence or absence of AFB using
the World Health Organization/International Union against
Tuberculosis and Lung Disease scale, with a positive result
corresponding to = 1 AFB per 100 high-power fields.

GeneXpert MTB / RIF assay

The GeneXpert MTB/RIF (Cepheid Inc. /USA) assay
consists of a single-use multi-chamber plastic cartridge
with liquid buffers and lyophilized reagent beads required
for sample processing and DNA extraction, and real-time
polymerase chain reaction interference. Clinical samples or
disinfected sputum pellets are treated with sodium hydroxi-
de and a sample reagent containing isopropanol (SR). SR
is added in a 2:1 ratio to the sample or sputum pellets and
incubated for 15 minutes at room temperature. The trea-
ted sample is transferred to the cartridge, the cartridge is
loaded into the GeneXpert instrument, and the automatic
process completes the remaining assay steps. The assay
cartridge also contains lyophilized Bacillus globigii, internal
sample treatment and PCR control. Spores are automati-
cally resuspended and processed during the sample pro-
cessing step, and B. globigii DNA is amplified during the
polymerase chain reaction step. The standard user inter-
face indicates the presence or absence of Mycobacterium
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tuberculosis, the presence or absence of resistance to RIF,
and a semi-quantitative estimation of the concentration of
Mycobacterium tuberculosis (high, medium, low, very low).
Negative tests for Mycobacterium tuberculosis and negative
internal control with B. globigii were reported as invalid?',
GeneXpert MTB/RIF kit containing; cartridge (disposable),
reagent 1, reagent 2, sample reagent and disposable trans-
fer pipettes, the same company makes the kits.

The TB-LAMP technique

The TB-LAMP was performed on clinical decontamina-
ted specimens following the manufacturer's recommenda-
tions (Eiken Chemical Co., Ltd., Tokyo, Japan). The Loo-
pamp™ PURE DNA Extraction Kit extracted DNA from the
sputum specimens. In a heating tube, a sixty microliter ali-
quot of purulent sputum was mixed with the DNA extraction
solution and incubated at 90°C in an LF-160 incubator for
5 minutes to let bacterial cells lysis and DNA release into
the solution. The process of DNA solution purification was
conducted using porous absorbent powder in an adsorbent
tube. A thirty microliter aliquot of purified DNA was distribu-
ted in the LAMP reaction tube comprising the lyophilized
LAMP components (Bst DNA polymerase, dNTPs, calcein,
and MTBC-specific primers targeting DNA gyrase subunit B
and insertion sequence 6110). Reconstitution of the dried
LAMP reagents (stored in the cap of the reaction tube) was
performed by mixing it with the DNA solution. Then the mix-
ture tube was incubated at 67.0°C for 40 minutes to permit
DNA amplification by the LAMP reaction. The LAMP ampli-
fied products were visually detected based on their fluores-
cence under ultraviolet light.

patients in Iraq

|
Results

The study included 141 patients (102 male, 39 female)
with symptoms suggestive of TB based on clinical, patho-
logical, or radiological evidence of tuberculosis. The age
groups included in this study are between 6 and 65 years
old. Male cases were 70 (78.77%), and female cases were
20 (22.3%). Most of the patients were in the 25-35 age
group, while the lowest were under 15 years.

As the results appeared in table 1 and figure 1 the dis-
tribution of positive results for 54 lung samples tested by
microscope (sputum 47, bronchial lavage 5, alveolar Bron-
cho-alveolar lavage BAL 1, gastric lavage 1) and distribution
of 4 positive results for extra-pulmonary samples diagnosed
with Microscope (pleural fluid 3, Lymph node 1).

At the same time as the distribution of positive results
for 76 lung samples tested with GeneXpert MTB / RIF (spu-
tum 63, bronchial lavage 8, alveolar bronchial lavage BAL
2, gastric lavage 3) and distribution of 14 positive results
for extra-pulmonary specimens diagnosed with GeneXpert
MTB / RIF (pleural fluid 8, skin swab 4, lymph node swab
2). Distribution of positive results for 70 lung samples tes-
ted with TB-LAMP (sputum 57, bronchial lavage 8, alveolar
broncho-alveolar lavage BAL 2, gastric lavage 3) and dis-
tribution of 8 positive results for extra-pulmonary samples
diagnosed with TB-LAMP (pleural fluid 6, Lymph node 2).

As shown in table 1 and figure 2, the results of the Zie-
hl-Neelsen stain showed that the sum of the positive results
was 58 (54 pulmonary and 4 extra-pulmonary).

Molecular diagnosis of Mycobacterium tuberculosis
bacteria by GeneXpert MTB / RIF test revealed that 90 sam-

Loop-mediated isothermal

GeneXpert MTB/RIF amplification Z.N.S
TB-LAMP
Sample type Total No. Detect Not Total No. +Ve - Ve (&)
Detected
1 | Pulmonary TB 107 76 31 107 70 37 54
(PTB)
a | Sputum 92 63 29 92 57 35 47
b | Bronchial 10 8 2 10 8 2 5
Washing
¢ | Bronchial 2 2 0 2 2 0 1
alveolar lavage
(BAL)
d | Gastric lavage 3 3 0 3 3 0 1
2 | Extra- 34 14 20 34 8 26 4
Pulmonary TB
(EPTB)
a | Pleural fluid 16 8 8 16 6 10 3
b Ascitic fluid 4 0 4 4 0 4
¢ | Skin swab 4 4 0 4 0 4
d  Cerebrospinal 2 0 2 2 0 2
fluid (CSF)
e | Lymph node 4 2 2 4 2 2 1
swab
PUS 2 0 2 2 0 2
g Sinus swab 2 0 2 2 0 2

Table 1. Results by GeneXpert MTB / RIF, TB-LAMP and Z.N.S.




Yehia Kadhim Jabber Benellam, Ozcan Ozkan, Zahid Saadoon Aziz
Volume 7 / Issue 2 / 50 http://www.revistabionatura.com

76
80 70
70
60 5
50
40
30
14
20 3
: m :
0 , | —
Genexpert  Genexpert TB-LAMP PTB  TB-LAMP Z.N.SPTB Z.N.S EPTB
MTB/RIF PTB MTB/RIF EPTB Results EPTB Results Results Results
Results Results

Figure 1. Distribution of PTB and EPTB samples diagnosed by the three methods.
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Figure 2. Mycobacterium tuberculosis bacteria stained by Ziehl-Neelsen stain, under light microscope (magnification

power is 1000X).

ples were positive (76 pulmonary and 14 extra-pulmonary).
The results appeared on the computer screen according to
the number of TB bacilli isolated by the GeneXpert MTB /
RIF system, and they were (very low, low, medium or high,
very high)(table 1 figure 3).

Only two cases of rifampicin resistance were diagnosed
due to therapeutic relapse and referred to a respiratory con-
sultant for evaluation.

Table 1 and figure 4 showed that molecular diagnosis
of Mycobacterium tuberculosis using the TB-LAMP test
showed 78 samples were positive (70 pulmonary and 8 ex-
tra-pulmonary). The study results appeared in the fluores-
cence detection unit of the TB-LAMP device, and when the
UV light was turned on, the color of the pattern was green
in case of a positive result, while negative results remained
unchanged in color.

As shown in table 2, GeneXpert MTB / RIF sensitivity
was 63.83% while 50% was specificity; the positive and
negative predictive values were 58.36% to 68.96% and
42.73% to 57.27%, respectively whereas the sensitivity
and specificity of TB-LAMP was 55.32% for sensitivity
and 50% was the specificity ; the positive and negative pre-
dictive values were 49.61% - 60.89% and 43.70% - 56.30
respectively, while the acid-fast bacilli (AFB) sensitivity was
41.13%, and the specificity 50%; The positive and nega-

tive predictive values are 35.26% to 47.27% and 44.88%
to 55.12%, respectively. These values depend on disease
prevalence; statistical analysis data were analyzed using
SPSS version 24. Percentages were calculated when the
results of the AFB test, GeneXpert test and TB-LAMP test
of the same patients as shown in table 2.

|
Discussion

The availability of affordable, fast and reliable diagnos-
tic tests that can be used in resource-limited settings is a cri-
tical gap in the battle against TB. The production of nucleic
acid-based tests has created new avenues for producing
susceptible point-of-care tests. The GeneXpert MTB/RIF,
which has turned the TB diagnostic landscape into well-fi-
tted environments, is the latest model that has been rolled
out worldwide, but it has major resource-poor setting limita-
tions?, while the TB-LAMP test needs fewer infrastructures
as an alternative and may therefore be applicable for use in
second-tier diagnostic laboratories?.

In this study, the age groups included are between 6 and
65. Male TB positive cases were 70 (78.77%), and female
TB positive cases were 20 (22.2%) from 141 pulmonary
and extra-pulmonary samples. The higher percent of the
patients were recorded in the 25-35 age groups, whereas
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Z.NS TB-LAMP GeneXpert MTB/RIF

Statistic value 95% CI value 95% CI value 95% CI

Sensitivity 41.13% | 3292%t049.37% | 55.32% | 46.72% to 63.69% | 63.83 | 55.32%to 71.75%
%

Specificity 50.00% 42.15% to 57.85 50.00% | 40.97% to 59.03% | 50.00 | 39.93% to 60.07%
%

Positive 0.82 0.64to 1.06 1.11 0.88 to 1.39 1.28 1.01to 1.16

Likelihood Ratio

Negative 1.18 0.96to 145 0.89 0.69 to 1.15 0.72 0.54 10 0.97

Likelihood Ratio

Disease 4593 40.25%to 51.68% | 52.81% @ 46.63% to 58.92% | 58,02 | 51.55% to 64.30%

prevalence %

Positive 41.13 35.26%1t047.27% | 55.32% @ 49.61%t0 60.89% | 63.83 | 58.36% to 68.96%

predictive value %

Negative 50.00% | 44.88%to 55.12% | 50.00% @ 43.70% to 56.30% | 50.00 | 42.73% t057.27%

predictive value %

Accuracy 45.93 40.25% to 51.68% 52.81 46.63% to 64.30% | 58.02 | 51.55% to 64.30%

Table 2. Statistical analysis Z.N.S, GeneXpert MTB/RIF and TB-LAMP.

the lowest was below 15 years. A similar study described
different percentages in different places around the world.
In this respect, our data were in the same line with a study
conducted in Turkey in 2015 on pulmonary and extra-pul-
monary TB Established that positive results for 372 patients
were 227 (61%) men, 145 (39%) women, 168 (45.2%)
EPTB and 204 (54.8%) PTB?*, however, our study conflicts
with the study conducted by Al-Otaibi and Al-Hazmi (2010)
in Saudi Arabia, which reported that the rate of EPTB was
57.5% versus 42.5% according to PTB. The most dominant
age group impacted was 20-29 years (n=38; 33%) followed
by age 60 and more (n=25; 21.7%)%; these findings were
different from data obtained by (Sharma et al., 2017), who
reported that 41-60 age group was the most affected one in
their study?.

A study by Rakotosamimanana in Madagascar found
the high sensitivity and specificity was confirmed for both
GeneXpert MTB/RIF® (86.6% (95% CI 81.1-90.7%) and
97.4% (95% Cl 94.9-98.8%)) and TB-LAMP (84.6% (95%
Cl 78.9-89.0%) and 98.4% (95% CI 96.2-99.4%)). Imple-
mentation of GeneXpert MTB/RIF and TB-LAMP increased
tuberculosis diagnostic algorithms sensitivity from 73.6%
(95% CI 67.1-79.3%) up to 88.1% (95% CIl 82.8-91.9%).
This increase was highest when molecular assays were
used as add-on testing following negative smear microsco-
py, as add-on testing, GeneXpert MTB/RIF and TB-LAMP
respectively improved case detection by 23.8 and 21.2%
(p <0.05)7.

The results of a study in Gambia (2016) demonstra-
te the diagnostic utility of both GeneXpert and TB-LAMP.
While the TB-LAMP program requires fewer infrastructures,
it cannot detect drug resistance patterns and is thus more
suitable as a screening test for new TB cases in peripheral
health clinics. When using culture as the reference stan-
dard, it was found to have an overall sensitivity of 99% (95%
Cl: 94.5-99.8) and a specificity of 94% (95% Cl: 89.3-96.7)
for TB-LAMP. When performing a latent class analysis, TB-
LAMP has a sensitivity of 98.6% (95% Cl: 95.9-100) and a
sensitivity of 99% (95% Cl: 98 compared to 91.1% (95% CI:
86.1-96). 2-100) and 100% (95% CI: 98.2-100) specificity
to MGIT culture. GeneXpert had the highest sensitivity of

99.1% (95% CI: 97.1-100), but the lowest specificity of 96%
(95% CI: 92.6-98.3). TB-LAMP and GeneXpert showed
high sensitivity and specificity regardless of age or type of
infection?.

GeneXpert test with smear microscopy and the gold
standard of Mycobacterial culture and TB-LAMP were com-
pared to a diagnosis of TB. Sputum Specimens were collec-
ted from patients with pulmonary TB symptoms who atten-
ded a primary health care clinic. The results showed that the
TB-LAMP test had significantly higher sensitivity than smear
microscopy (72.6% versus 45.4%, P, 0.001) but was signi-
ficantly higher than GeneXpert (92.9%, P%0.004). There
was no significant difference in the sensitivity of smear-po-
sitive, culture-positive and smear-negative, culture-positive
sputum samples using GeneXpert versus TB-LAMP (95.9%
/ 55.9% versus 97.6% / 66.1%, respectively; P 740.65, P V4
0.27). The positive predictive value of TB LAMP was signifi-
cantly higher than that of GeneXpert (87.5% versus 77.0%;
P 0.02), but similar to that of the smear microscope (94.2%;
P 0.18). The negative predictive value was 91.9%, 92.5% (P
¥4 0.73) and 83.1% (P 4 0.0001 respectively?.

A study conducted in North India (2017) stated that 530
patients with PTB symptoms with one sputum sample was
collected from each patient. The TB-LAMP assay was per-
formed. The rest of the sample was used for microscopy
and culture. Xpert® MTB/RIF assay was also enrolled in
this study; the findings of this study show the sensitivity and
specificity of the TB-LAMP assay in culture-positive sam-
ples obtained from 453 patients presenting with PTB symp-
toms were respectively 100% (95%CI 94.7-100) and 99.2%
(95%CI 97.8-99.8). The sensitivity and specificity of Xpert in
culture-positive samples were respectively 82.6% (95%Cl
71.5-90.6) and 94.9% (95%CI 92.2-96.8). The study con-
cludes that the TB-LAMP assay showed high sensitivity and
specificity with the limited requirement of testing infrastruc-
ture and is thus a promising diagnostic tool for TB diagnosis
in resource-poor settings®.

GeneXpert MTB/RIF and TB-LAMP provide a definiti-
ve diagnostic test for identifying MTB with the advantage of
GeneXpert MTB/RIF over TB-LAMP contrasting conventio-
nal methods. The main disadvantage of AFB smear is low
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sensitivity, and essential benefits of GeneXpert MTB/RIF
and TB-LAMP are the early diagnoses of TB and early initia-
tion of treatment; Thus. They were improving patient conse-
quences. Although culture remains the necessary standard
test for laboratory confirmation of TB, GeneXpert MTB/RIF
should become the standard first and then TB-LAMP. This
study is for patients suspected of having TB, and all phy-
sicians and public health programs must obtain molecular
TB tests to shorten the diagnostic time. Through this study,
we found some advantages and disadvantages in both te-
chniques, which are as follows, advantages of GeneXpert
MTB / RIF; fast completion time (two hours), the ability to
detect very few living tubercles, detection of rifampicin-re-
sistant and full automation is possible to eliminate perso-
nal errors and cross-contamination of samples, while the
disadvantages were; Incorrect results due to the presence
of amplification inhibitors in samples, high cost and tech-
nical skill requirement, Nucleic acid contamination - false
results, amplification from dead bacillus and both Cartridges
and the machine must be stored appropriately (at optimum
temperature), connection with a computer and a continuous
optimum power supply are the absolute fundamental. On
the other hand, the advantages of TB-LAMP were; fast
technique (one hour), low cost, simple skills, and cheaper
than GeneXpert kits, while the disadvantages were; It is not
automatic; all processes (DNA extraction, amplification and
result interpretation) are manual, it is challenging to run mul-
tiplex LAMP reactions in one tube, and Unlike the GeneX-
pert device, the resistance of Mycobacterium tuberculosis
bacteria to rifampicin is not detected.

|
Conclusions

This study firmly concluded the high sensitivity and spe-
cificity of molecular tests as compared with conventional
methods, which need more time and heavy labor. Also, this
study confirmed that the GeneXpert MTB/RIF test is more
sensitive and specific than the TB-LAMP, and both are more
sensitive and specific than the conventional acid-fast stai-
ning method for both pulmonary and extra-pulmonary spe-
cimens and recommended to use of these two techniques
especially suspected cases of TB.
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