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Abstract: Escherichia coli are gram-negative bacteria that cause urinary tract infections (UTIs). UTls have affected a
significant percentage of humans yearly due to bacterial infection. Our study aims to determine the prevalence of resistance
genes in E. coli towards sulfamethoxazole. This study included (490) patients with UTIs, and the urine samples were
cultured on media. The patients were admitted to the Medical City in Baghdad to treat UTIs. 116 E.coli isolates were isolated
from urine specimens, 35 isolates of them were resistant to trimethoprim/sulfamethoxazole, and 81 isolates were sensitive
to trimethoprim/sulfamethoxazole; the E. coli isolates were submitted to multiplex PCR to detection some resistance genes
(Sul1, sul2) after detected the isolates by PCR depending on 16S rRNA. Our study showed that identified E. coli was (91-
99%) depending on the number of the examined samples by the Vitek 2 system. The molecular study included extraction
of chromosomal DNA from (53) E. coli isolates; 35 samples were taken resistant to antibiotics, while from the total of 81
sensitive isolates, only 18 sensitive samples were taken from that are the most sensitive to Timethprime/sulfamethoxazole,
then identification by 16S rRNA gene. Detection of Sulfonamides resistance genes included sul1 and sul2. The results
showed the 16S rRNA gene identification found in all E. coli isolates and the detection of antibiotic resistance genes. The
resistant isolates with the Sul1 gene prevalence were 11(31%), while the sensitive isolates with Sul1gene were 1(6%).
Moreover, the resisted isolates with Sul2 gene prevalence was 8(23%), while the sensitive isolates with the Sul1 gene were
0(0%). The numbers of the resistant isolates were (11) and (8) that carry the Sul1 gene and Sul2 gene, respectively, while
the numbers of the sensitive isolates were (1) and (0), respectively. We can conclude that a high percentage of Sul1 gene

and Sul2 genes in E. coili isolated from UTIs were high.
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|
Introduction

Urinary Tract Infection (UTI) is a widespread disease in
males and females. The occurrence percentage of Urinary
Tract infections was 35% of healthy women with clinical sig-
ns of UTIs'. UTI was more incidence in females than males
because of easy contamination with fecal flora, the squat-
ness of female urethra dearth, and pregnancy2. Many neo-
nates, young females, infants, children and older men are
infected with UTIs®. Uncomplicated UTls include bacterial
entrance infection and bacterial proliferation in the urinary
tract system*. UTls are mostly the second most common
infections bacterial after respiratory tract infections. UTls
are inflammatory conditions in the urinary system leading to
pyuria and bacteriuria®. Antibiotic resistance has become a
significant problem that needs coordinated action to reduce
and prevent antibiotic resistance. The broad use of antibio-
tics for resistant bacteria may result in illness in humans that
is less responsive to treatment with conventional antibiotics®.
Drug efflux pumps and the genes that respond to antibiotic
resistance (by conjugation) are two mechanisms by which
bacteria develop antibiotic resistance in large numbers’.
Trimethoprim and Sulphonamides are inexpensive antibio-
tics that work together to provide a synergistic effect. Since
1968, it has been used together as (co-trimoxazole) to treat
some clinical cases, such as urinary tract infections. Trime-
thoprim sulphonamides resistance carries on the plasmids

that generate the target enzymes that have a role in the
resistance, such as dihydropteroate synthases against the
sulphonamides and dihydrofolate reductases against the tri-
methoprim. Several genes, such as (sul1 and sul2) encode
dihydropteroate synthases®®. Because of the importance
and riskiness of E.coli, the increased incidence of infection
and the possibility of the epidemic of infection as well as the
riskiness of the disease and the lack of treatment, have led
to the focus of research in the world on improving the effi-
ciency of molecular detection using advanced technologies
and reduce time and effort, the best diagnostic methods,
such as PCR technique, are characterized by the technique
of specificity and high speed in the detection of the genes
encoding for the virulence and antibiotic resistance factors
in isolates of E.coli isolated from the clinical specimens™.
This study aims to determine the prevalence and the resis-
tance profile of E. coli in UTI, which resist Timethprime and
sulfonamide such as sul1 and sul2 genes.

|
Materials and methods

Patient samples
This study included (490) patients suffering from uri-
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nary tract infections, the samples were acquired by cultu-
ring mid-stream urine.116 Escherichia coli sample isolate
resistance trimethoprim-sulfamethoxazole 35 & sensitivity
trimethoprim-sulfamethoxazole 81. 53 isolates were selec-
ted for genetic studies. The patients were admitted to the
Medical City in Baghdad to treat UTls between November
2020 and February 2021. Samples were collected in sterile
cups using the mid-stream urine technique. The urine sam-
ples are collected into the sterile tubes; then, the urine is
transported to the lab directly'.

Instruments and Equipment

Many instruments and many types of equipment have
been used to process the collected samples, such as Auto-
clave, Centrifuge, Deep-freezer, Oven, Gel electrophoresis
apparatus and power supply, Centrifuge, Eppendorf tube,
PCR tube (0.2 pl), Incubator, Magpurix, Micro Centrifuge
tubes, Micropipette, microscope, Nano-drop, Refrigerator,
RT-PCR, Vortex mixer, Water bath.

The used Media

It is used throughout the study; the name of basic like
nutrient agar & enrichment media.

The used primers

The source of all primers used in this study was Macro-
gen® (Korea). The name, sequence and product size are
shown in table (1).

Isolation and Identification of Bacteria

Bacteria were isolated as pure colonies on MacConkey
agar, Eosin methylene blue agar, blood agar, then bacterial
isolates were examined and identified by microscopic, cul-
tural, biochemical test and Vitek2 system'.

Microscopical Examination (Gram stain)

Bacterial isolates are examined for Gram stainability;
shape and arrangement were observed'?. The appearance
of colonies on the MacConkey agar and Eosin methylene
blue agar and blood agar are studied concerning the shape,
color and other characteristics'®. Some drops of 3% hydro-
gen peroxide reagent were added. The release of gas bu-
bbles within (20-30) seconds indicated a positive result'.

Confirmation of E. coli using APl 20 E System

The API, 20 E strip system is a standardized identifi-
cation technique for non-fastidious, enteric Gram-negative
rods belonging to Enterobacteriaceae. The system compri-
ses 20 microtubes that are packed along with dehydrated
substrates. These tiny tubes contained the pure microbe

that was incubated at (37) C for 24hour. The metabolism
results in color changes; the test results are read, and the
bacteria is detected. Each test's positive and negative fin-
dings are utilized to create a 7 code number to determine
the microorganism identification.

Identification and Antibiotic Susceptibility Test

Genomic DNA extraction

gDNA was extracted from the blood according to the
company's instructions.

Agarose Gel Electrophoresis

After extraction of gDNA, the electrophoresis is adop-
ted to confirm the DNA?.

The electrophoresis agarose gel

After sealing the tray's edges with adhesive tape and
positioning the comb, the agarose is put into the gel tray at
(18-22 C) for a half-hour, then removed from the comb; after
that, the gel tray is put in the gel tank, which is filled with 1x
TBE buffer until the gel tray is fully immersed'®.

DNA loading and electrophoresis

7 DNA was combined with 3l of 6X loading dye. (Save
stain) were put into the wells, then electrical power at 70V
for half an hour, resulting in DNA migration from (-) to (+)
poles. The save stain are stained bands were photogra-
phed and visualized using a UV light transilluminator device
(Cleaver Scientific, USA).

Estimation of DNA concentration and purity

Nano-drop NAS-99 spectrophotometer was used to
evaluate the concentration and purity of DNA in samples.
The Nano-drop was first blanked with 2 pl of DNA rehy-
dration solution (same elution material). The DNA samples
were measured one by one, Estimating DNA concentration:
reading A at 260nm.

Detection of 16s rRNA for E coli and sul1 gene And
sul 2 gene

The primers in this study were used to amplify specific
regions of the sul1 gene and sul2 gene. These primers were
shown in (Table 2) as a lyophilized product of different Pico
moles concentrations. According to the instructions of the
manufacturing company, the primers are added to the water
without nucleated at a concentration of 100 pmol /ul; from
this solution (10 pl) was added to (90 ul) of water without
nucleated to result in primer at (10 pmol/ul) as a table (2).

Name of Sequence Product size
Primer
SUL1 F: 5'"CCGCTTCTACAATCAAGTC 3' 144 bp
R: 5' CTGAGATTGGCATTGCTC 3'
SUL2 F: 5 CGTTCTATCCGCAATTGG ¥ 116 bp
R: 5' CGCAATGTGATCCATGATG 3
165 RNA F: 5 CAAGGTTAAAACTCAAATGAATTG ¥ 131 bp

R: 5" AAGGCACATTCTCATCTC ¥

Table 1. The sequence of the used Primer with Product size.
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Polymerase chain Reaction components and programs

Polymerase — Chain reaction was carried out after se-
veral attempts of optimization to detect the best temperatu-
re for annealing with a total volume of 20 ul using LM 2012
Thermal cycler (Wizbio, South Korea). PCR Amplification
Program is shown in table (3).

Dye detection (Filter HRM) for EVA green

HRM analysis is an effective method in molecular scien-
ce for mutation detection, epigenetic and polymorphism di-
fferences in DNA samples™®.

|
Results

Isolation of Escherichia coli

Four hundred ninety urine samples were collected from
patients with a urinary tract infection (UTI). At the same time,
116 isolates were Escherichia coli, from many hospitals in
Medical City in Baghdad (National Center for Educational
Laboratories, Baghdad Teaching Hospital and Specialized
Surgery Hospital) with different gender and ages, during the
period between November 2020 and February 2021.

Identification of Escherichia coli

Microscopic examination

Escherichia coli isolates are examined under the light
compound microscope shown as Gram-negative bacteria,
rod-shaped, arranged in single or aggregated in pairs and
non—spore-forming according to described"".

Component

Cultural Characteristics

Cultural characteristics for E. coli isolates appeared in
the selective media. Morphology of the colony on the Mac-
Conkey are included large bright pink colonies due to lac-
tose fermentation, circular, raised low convex with an entire
edge, smooth surface and E. coli forming green metallic
sheen colonies when grown on Eosin methylene blue.

Biochemical Tests

Escherichia coli isolates give results the biochemical
tests wherever, a positive result for catalase test, Indole
test, Methyl red, and Motility, but they have given negative
results to oxidase, Simmons Citrate, Voges Proskauer and
Hydrogen Sulfide (H2S) production and give for Triple sugar
agar test.

Identification using Vitek 2 system

According to Table (4), the result shows that the iden-
tification probability of E. coli was (91-93%) for 8 isolates,
while it was (93-96%) for 38 isolates and (96-99%) for 70
isolates by using the Vitek 2 system.

Distribution of E. coli isolated according to hospital

The overall number of collected specimens was 490,
whereas the number of E. coli isolates was (116). The pre-
valence of the identified E. coli from National Center for Edu-
cational Laboratories was 75) 64.7 % (Baghdad Teaching
was 29) 25 % (, and Specialized Surgery was 12)10.3% (,
as shown in Table (5).

Escherichia coli antibiotic susceptibility

The present study showed the percentage of resistance
E. coli isolates against antibiotics as a table (6).

Volume (ul)

PCR Re Mix (Ready to use) EVA Green

Forward primer
Reverse primer
DNA template
D.W.

Final volume

10
0.75
0.75

3.5
5
20

Table 2. Monoplex PCR reaction components for amplifying the targeted fragments to detect E coli ( 16 sRNA).

Steps Temperature Time Cycles
Hold 95 15 min. 1 cycle
Denaturation 95 15 sec.
Annealing 60 20sec. 40 cycle
Extension 72 20 sec.
Hold 55 50 sec. 1 cycle
Melting 65-95 Rising by 0.50 degrees, hold for 1
Temperature second for each step< Acquire to [HRM]

Table 3. Shows PCR Amplification Program.
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Fi(gl}Jre 1. Growth Culture for E. coli on (A) MacConkey agar ar(1Bd)(B) blood agar showed colony morphology.
Isolate Identification Probability Total
91-93% 93-96% 96-99%
Number of 1solates
E. coli 8 38 70 116

Table 4. Species identification Probability of isolates by the Vitek 2 system.

Genomic DNA Extraction

To genomic DNA was extracted from urine samples of
patients and healthy controls by automated genomic DNA
according to the standard protocol recommended by the
manufactured company and manual extraction. Results of
extraction showed that there are high concentrations and
purity of DNA. The DNA concentration ranged between
(110-120) ng/ pl, while the purity ranged between (1.8-2.0),
calculated by the Nanodrop NAS-99 spectrophotometer.
Genomic DNA extracted from each sample was analyzed
on 1% agarose gel. Results of electrophoresis showed clear
bands for genomic DNA extracted.

Relationship between antibiotics susceptibility and
resistance genes

Percentage of antibiotic resistant isolates and antibio-
tic sensitive isolates that carry the Sul1 gene and the Sul2
gene. Sull gene was found in 11(31%) of Trimethoprim/
sulfamethoxazole resistant isolates. Sul2 gene was found
in 8(23%) of Trimethoprim/sulfamethoxazole resistant isola-
tes. The percentage of the antibiotics resistant isolates that
have Sul1 gene was 11(31%), while the antibiotics sensitive
isolates that have Sul1gene was 1(6%). The percentage of
the antibiotics resistant isolates that have Sul2 gene was
8(23%), while the antibiotics sensitive isolates that have
Sul1 gene was 0(0%), as shown in Table (7) and figure (2).

|
Discussion

Distribution of age & sex among infected patients with
E. coli lsolates

The current study found that the highest prevalence of
E. coli isolates was at age (21-40) years in 15(51.7%) ma-
les and 40(46%) females, while the lowest prevalence was
at age >=20 years at 1(3.4%) in the males and 12(13.8%)
in the females. According to Al-Saadi (2018), distribution of
the infected patients with four E. coli, three isolates was ob-

tained from the female and one isolate from male according
to within two age groups (41-50) and (61-70) years, res-
pectively. Urinary tract infection was in age > 18 years was
(12.9%) in females, while in the male (24.6%), the same
study found that UTI was the percentage of the female
at age (19-40) years was (32.4%), while the percentage
of the male was (17. %) (16). the UTI percentage in ma-
les was (52%) while in females was (48%). Some reports
were shown that the UTI rate was (23.3%) in males and
was (76.7%) in females. While the previous stud showed
that UTI rates were (44.24%) and (55.75%) in males and fe-
males, respectively'®. the percentage of UTs by E. coli was
(35.3%) in males and (64.7%) in females?.

UTI Occurrence is associated with changes in the host's
immunity, like immune suppression, and the diseases which
cause immune inhibition such as hyperadrenocorticism, dia-
betes mellitus, tumors, uroliths, and indwelling catheters. E.
coli are normal flora in the urethra and could be transmitted
to all urinary tract parts. The virulence factors of E. coli help
invade the cells and then generate toxins to inhibit immu-
ne system activity. Causes of UTI in females are common.
Therefore it occurs in a high percentage. Short urethra and
complex physiology during pregnancy are common causes
of UTI in young females. Additionally, contraceptives could
increase the risk factors of UTIs’.

The highest percentage of isolates, 261(73.1%), were
obtained from females and 96(26.7%) from males?®'. The
patient's age (2 months-90 years). The age (21-30) years
group showed that E. coli was most common (23.53)%, fo-
llowed by the group more than ten years (12.61)%, and the
lowest rate was among the group (81-90) years (3.36)%. Ei-
ghty-one positive E. coli, the males were 17(21%) isolates,
and the females were 64(79%) isolates. The age category
(31-45) years is the most susceptible group for UTI was
(41.98) %, followed by the age category (16-30) years was
(27.16)%, the age category (46-60) years was (19.75)%,
the age category (>60) years was 7.4% and the age cate-
gory (0-15) years was (3.7)%. These results may suggest
that UTIl are common in the age category (16-60) years?.
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Hospital Name

Total number

Number and Percentage of

of 1solates E. coli 1solates
National Center for Educational 310 75 (64.7 %)
Laboratories
Baghdad education 125 29 (25 %)
Specialized Surgery 55 12( 10.3%)
Total 490 116( 100%)
Table 5. Prevalence of E. coli isolates according to hospital.
Resistant | Sensitive = Intermediate Total
N. % N. % N. % N. % <P-value
Trimethoprim/ ulfamethoxazole 35  30.2 81| 69.8 116 100 | 0.00 @ significant
Table 6. Number and percentage of resistance, sensitivity, and intermediate of E. coli isolates.
Resistant Sensitive Total <P value
Count % Count % Count %0
Sull 11 1 12 0.02 | significant
Total 35 31 18 6 53 23
Resistant Sensitive Total <P value
Count %o Count %0 Count %
Sulil 8 0 8 0.00 | significant
Total 35 23 18 0 53 15

Table 7. Shows the number and percentage of resistance, sensitivity, and total isolates with Sul1 and SuL2 gene.

Antimicrobial Susceptibility

The current study demonstrated that the percentage
of resistance, sensitivity, and intermediate isolates toward
the trimethoprim-sulfamethoxazole were 30.2%, 69.8%,
and 0%, respectively. Many studies survey the percenta-
ge of Trimethoprim-sulfamethoxazole resistance in E. coli
isolated from UTls. The percentage of Trimethoprim-sulfa-
methoxazole's resistance was (91.1%) by (23), (26.9%) by
(24), (32.25%) by (25), and (57.3%) by (26). In contrast,
the prevalence of sensitivity to trimethoprim-sulfamethoxa-
zole in E. coli isolates was (31.3%) by (27), (70.2%) by (28),
(67.74%) by (24), and (20.0%) by (29). The resistance of
bacteria to trimethoprim occurs due to higher production
of the enzyme (DHFR) targeted promoter for the antibiotic
by promoter mutation?®, and the resisted E. coli to Sulfona-
mides antibiotic by the massive production of the enzyme
(PABA), the sulfonamides mimic PABA. Therefore, the anti-
microbials have difficulty reaching the target®. At the same
time, the resistance of E. coli to Trimethoprim/sulfamethoxa-
zole is due to chromosomal mutations in the dhfr or dhps
genes that cause antibiotic resistance?'. Many studies have
dealt with the issue of the emergence of the phenomenon of
resistance to antibiotics by many bacteria. Antibiotic resis-
tance is common among bacteria, especially bacteria that
cause disease states and lead to treatment failure or unres-
ponsiveness®. Antibiotic resistance is activated by several
mechanisms, either through genetic resistance, including
the efflux mechanism or through acquired mechanisms and

mutations in the genetic material and plasmids®. There are
six causes of antibiotic resistance: the high concentration of
antibiotics, not finishing the therapeutics course, common
use of antimicrobials in veterinary products, Poor control of
the infection, and poor hygiene and sanitation. Antimicrobial
resistance increases due to overuse and misuse of antibio-
tics and poor infection control. Therefore, the prevalence of
antibiotic resistance depends on the risk factors. The ab-
sence of step factors or the presence of one or more of the
above is the leading and only reason for the phenomenon of
variation in the incidence of antibiotic resistance®.

Prevalence of Sul1 gene in Tri / sulpha resistant E. coli
isolates

Sul1igene was (31%) in (trimethoprim/ sulfamethoxa-
zole) resistant isolates. This is similar to other previous
studies that found the distribution for the sul1gene in sulfa-
methoxazole-resistant isolates was 36.58%, 22.7%, 34%,
31.4%, and 32%, respectively®-*°. However, lower results
were recorded, Sul1 was found in (10.3%) of sulfamethoxa-
zole-resistant isolates (40), while higher prevalence was
shown by previous studies, 53.0%, 45.9%, 41.4% 41-43.
Cotrimoxazole Resistance sul1 Genes in E. coli isolates
were 81.6 %*.

Prevalence of Tri-sulpha resistant E. coli isolates with
Sul2 gene

The prevalence of the Sul2 gene was (23%) in studied
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Figure 2. Showed trimethoprim resistance genes wherever the horizontal line represents the temperature while the ver-

tical line represents the df / dt.

E. coli. It is similar to what was found by (45), who repor-
ted that Su/2 genes and sulfamethoxazole resistance genes
were found in the isolates at (18.5%). While it was lower
than revealed by other studies, it reported that Sul2 genes,
the most common sulfamethoxazole resistance gene, were
(77.9%) isolates*®. On the other hand, Cotrimoxazole Resis-
tance sul 2 Genes in.

Escherichia coli

Isolates (66.4 %) has appeared in another report*. Ge-
nes of sul 2 were found in 40% of sulfamethoxazole-resis-
tant isolates*, but, it was shown (81.0%) in another article*.
The difference in the prevalence of resistance genes may
be due to the difference between countries in the type of
treatment used for urinary tract infections that might encou-
rage antibiotic resistance mechanisms development due to
high exposure for Trimethoprim/sulphamethoxazole, which
is used as the first antibiotic against UTls, the type of iso-
lates present in each country and the rates of resistance
genes in the bacterial isolates.

|
Conclusions

Escherichia coli isolates resistant to trimethoprim/sulfa-
methoxazole were high, and most of these isolates have a
high percentage of resistance genes Sul1 gene and Sul2.
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