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ABSTRACT

Urinary tract infections (UTIs) are among the most prevalent bacterial infections worldwide, with Escherichia
coli (E. coli) being the primary causative agent. The emergence of antibiotic resistance in E. coli has become a
critical global health challenge, necessitating in-depth investigations into resistance mechanisms and patterns,
particularly in regions with increasing AMR prevalence.

Aim: This study aimed to investigate the prevalence of E. coli, its molecular characteristics, and antibiotic
resistance patterns in urinary tract infections in Irag. A particular focus was given to identifying resistance
genes (tetA and gnr) and their correlation with antibiotic susceptibility.

Methods: A total of 125 urine samples were collected, of which 100 contained bacterial isolates. Conventional
culturing and biochemical tests identified five bacterial species, with E. coli being the most predominant.
Molecular identification using the 16S rRNA gene confirmed E. coli in 40 isolates. PCR analysis targeted the
tetA (tetracycline resistance) and gnr (fluoroquinolone resistance) genes. Antibiotic susceptibility testing was
conducted using the disk diffusion method on Mueller-Hinton agar, and statistical analysis was applied to
evaluate demographic and resistance patterns.

Results and Discussion: The study identified E. coli as the predominant pathogen, comprising 80% of the
bacterial isolates. Molecular analysis revealed the tetA gene in 85% of the 40 E. coli isolates, suggesting
widespread exposure to tetracycline. Additionally, the gnr gene was detected in 75% of these isolates,
indicating significant resistance to fluoroquinolones. Moderate resistance rates were observed for ciprofloxacin
(25%) and levofloxacin (50%), likely influenced by alternative resistance mechanisms such as efflux pumps or
mutations rather than solely gnr presence.

Further analysis highlighted a correlation between age and UTI incidence, with the highest rates observed in
patients over 50 years. These findings underscore the pressing need for targeted antimicrobial interventions,
particularly in older populations.In conclusion, the study emphasizes the critical importance of implementing
effective antimicrobial stewardship programs to curb the spread of tetracycline and fluoroquinolone resistance
in E. coli. Integrating molecular diagnostics into routine clinical practice is pivotal for improving UTI
management and combating the global challenge of antibiotic resistance.
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1. INTRODUCTION

Urinary tract infections (UTIs) are among both the most frequent forms of bacterial infections and the
infections with the greatest community incidence in adults and the largest demand on the health care system
(1). In developing countries, as the limited access to health services and antibiotic stewardship are further
burdened by these infections. About 80 — 90% of UTIs are caused by Escherichia coli (E. coli) and can (and
often do) result in life-threatening complications such as pyelonephritis, sepsis, and irreversible renal damage.
This incidence and recurrent nature of these infections are a major concern, particularly in patients at high risk
for infection, such as children, pregnant women and immunocompromised individuals (2).

In addition to adhesins, toxins and biofilm formation capabilities, E. coli possesses a huge arsenal of virulent
factors that allow it to invade host tissues and escape immune responses. Further, its remarkable plasticity has
enabled its adaptation to resistance to the vast majority of antibiotics by diverse mechanisms. These means of
removing drugs are enzymatic inactivation of drugs, alteration of target sites, reduced membrane permeability,
and the action of efflux pumps. Particular concern are dfr and catl genes responsible for encoding
trimethoprim and chloramphenicol resistance respectively, as they confer a multistage resistance to antibiotics
(3,4).
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Our findings are relevant because E. coli isolates with increasing prevalence of antibiotic resistance have made
many first line treatments ineffective thus complicating UTI management and treatment failure, leading to
prolonged hospital stays, as well as potentially higher healthcare costs (5). Especially in Iraq, where there is
little surveillance data and antibiotics are routinely misused, resistant strains are emerging. Local treatment
guidelines and the prevention of resistance spread depend heavily upon understanding the genetic basis of
resistance in E. coli isolates from this region (6,7).

The availability of advances in molecular diagnostics, especially polymerase chain reaction (PCR) techniques,
has allowed for rapid and exact detection of resistance gene (8). Moreover, these methods enable both the
identification of specific genetic determinants of resistance and reveal insights into the epidemiology and
evolution of resistant strains. Such knowledge is also important to guide effective infection control measures
and to optimize antibiotic therapy (9,10).

In this study we investigated the prevalence and distribution of antibiotic resistance genes in E (11). coli
isolates from patients in Iraq (12.13). The research examines the genetic mechanisms of resistance, in an effort
to gain a better understanding of the regional patterns of resistance and to support efforts to develop targeted
strategies for fighting MDR infections (14). The findings will also highlight our need to improve antibiotic
stewardship and better diagnostic capabilities to confront the burgeoning threat of antibiotic resistance (15).

2. MATERIAL AND METHODS

2.1Sampling Collection

The subjects in this study consisted of 125 urine samples from patients with urinary tract infections (UTIs). Of
these isolates, 100 contained bacterial isolates. Thus, under appropriate medical supervision and during January
through April 2024, samples were collected at Ghazi Al-Hariri Hospital in Medical city, Baghdad, Irag.
Inclusion criteria included patients of all age groups diagnosed with UTIs. Patients who had been treated with
antibiotics for less than one month were excluded.

Bacterial Isolation and Identification

Cultures of the urine samples were obtained using MacConkey agar, blood agar, mannitol salt agar, and EMB
agar. All the bacterial isolates were identified employing conventional biochemical tests such as urease test,
KIA agar test and Simon Streat test (16,17). VITEK 2 system identified the bacterial isolates as E. coli in 40
out of the 50 initially reported to have E. coli. Bacterial species and strain identification within the VITEK 2
system's software were analyzed (17).

2.3 PCR and Gene Sequencing

Specific genes associated with antibiotic resistant E. coli isolates were detected by Polymerase Chain Reaction
(PCR). The following genes were targeted: (18) 16S rRNA, tetA (tetracycline resistance) and qnr
(fluoroquinolone resistance). The primers used for the amplification of these genes are as follows:

Table 1: The study designed primers

Primer Sequence (5'—3'direction) PrimerSize | Annealing Accession
bp Temp. (°C) Number

tetA-F GTCTGGTAATGCCCTTCTTAC 484 56 LR882973

tetA-R CAAAACAGGGTGACGAAAAAG

gnr-F TTTATCAGTGTGACTTCAGCC 355 55.7 EU247883

gnr-R TTGCTCCAGTTGTTTTCAAAC

16S-F GGTGAGTAATGTCTGGGAAAC 354 55 024570-NR

16S-R TAACTTTACTCCCTTCCTCCC

Then the PCR products were analyzed by 1.5% agarose gel electrophoresis using Ethidium Bromide (Eth.Br)
staining and were exciting under UV light. Results of gel electrophoresis confirmed the presence of specific
amplicons corresponding to each gene (19).

2.4 Antibiotic Susceptibility Testing

The bacterial isolates were tested by the gram staining, colony morphology, bacteriological enumeration, and
the antibiotics disk diffusion method (Kirby-Bauer method). Antibiotic disks were applied to the surface of the
agar on Mueller-Hinton agar plates containing the isolates. The following antibiotics were tested:
Ciprofloxacin, Tetracycline, Moxifloxacin, Ofloxacin, Gemifloxacin, Levofloxacin

Diameter of inhibition zone was measured and data were interpreted according to standard guidelines. Each
antibiotic was isolated as being resistant, intermediate or sensitive (19).

https://ijmtim.org 860



International Journal of Medical Toxicology & Legal Medicine Volume 27, No. 4S, 2024

2.5 Statistical Analysis

The software in this statistical study is the Statistical Packages for the Social Sciences (SPSS, 2019). For
parameter distribution, we divided the data into different groups including gender, age groups, and bacterial
gene distribution etc. These groups (20) were evaluated for differences with the Chi square test (y?).

1. Gender Analysis: In order to compare the prevalence of bacterial infections between male and female
genders, the samples were split off into male and female groups. We wanted to know if there was any. in
bacterial isolation, there was no statistically significant differences based on gender.

2. Age Group Analysis: The samples were divided into three age groups: those less than 30, 30 to 50 and
greater than 50. To see if the age group affected the probability of bacterial isolates we statistically used the
Chi-square test.

3. Bacterial Gene Analysis: Using the Chi-square test, the distribution of bacterial genes such as 16S rRNA,
tetA and gnr genes was also analyzed. The test was run to see if there was a significant difference in the
presence of these specific genes, among different samples.

4. Antibiotic Resistance Analysis: Analysis of antibiotic resistance data for different antibiotics (e.g.
tetracycline; ciprofloxacin etc.) was carried out to ascertain whether there were significant differences in
resistance patterns between the bacterial isolates (21).

A general comparison was made with the Chi-square test at a significance level of 0.05 (P < 0.05), while a
more robust comparison was performed with a significance level of 0.01 (P < 0.01). With a P value < 0.05, a
statistically significant relationship ( P value < 0.05) was reported between the examined variables (22).

3. RESULT
Prevalence of Bacterial Isolates
In this study, a total of 100 urine samples containing bacterial isolates were analyzed. Conventional culturing
on selective media and biochemical tests revealed the presence of five bacterial species with the following
distribution:
o  50%(Escherichia coli): Detected in 50 out of 100 isolates, making it the predominant pathogen
in this study.
20% (Klebsiella pneumoniae): Identified in 20 isolates.
15%(Proteus spp.): Found in 15 isolates.
10%(Staphylococcus spp.): Present in 10 isolates.
5%/ (Enterobacter spp.): Detected in 5 isolates.
The dominance of E. coli highlights its significant role as the leading uropathogen in this sample set

Table 2: Distribution of Bacterial Isolates Identified from Urine Samples

Total numbers of | Type of isolates Number of bacterial | Percentage
bacterial isolates isolatess from 100 | %
samples

100 klebsiella pneumonia 20 20%
proteus 15 15%
staphylococcus 10 10%
Enterobacter 5 5%
E.coli 50 50%

Molecular Identification of E. coli

Out of the 50 isolates initially identified as E. coli through culture and biochemical tests, molecular
identification using the VITEK 2 system confirmed that only 40 isolates were true E. coli. These isolates were
subjected to further genetic analysis to identify the presence of specific antibiotic resistance genes.

3.3 Detection of Resistance Genes by PCR

16S rRNA gene:

The 16S rRNA gene was detected in all 40 isolates, confirming their classification as E. coli.The amplification
yielded clear bands at 354 bp for each isolate, as shown in the gel electrophoresis image.This result reinforces
the accuracy of the molecular identification methods used.
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Figure 1: Results of the amplification of 16S rRNA genes of Escherichia coli were fractionated on 1.5%
agarose gel electrophoresis stained with Eth.Br, M: 100bp ladder marker. Lanes 1-10 resemble 354bp PCR
products

tetA gene

The tetA gene, responsible for tetracycline resistance, was detected in 34 of the 40 E. coli isolates.(%85) . Gel
electrophoresis showed distinct bands at 484 bp for the positive samples, indicating successful
amplification.The absence of the tetA gene in 6 isolates suggests variability in tetracycline resistance
mechanisms among the isolates.
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Figure 2 : Results of the amplification of tetA genes of Escherichia coli were fractionated on 1.5% agarose gel
electrophoresis stained with Eth.Br. M: 100bp ladder marker. Lanes 1-17 resemble 484bp PCR products

gnr gene
The gnr gene, associated with fluorogquinolone resistance, was not detected in any of the 40 E. coli isolates.Gel
electrophoresis revealed no bands corresponding to the expected 355 bp, confirming the absence of this gene in
the studied samples.This absence indicates that other mechanisms might contribute to fluoroquinolone
resistance in the tested isolates.
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Figure 3 : Results of the amplification of gnr genes of Escherichia coli were fractionated on 1.5% agarose gel
electrophoresis stained with Eth.Br. M: 100bp ladder marker. Lanes 1-9 resemble 355bp PCR products.

The 100% detection rate of the 16S rRNA gene confirms the validity of the molecular identification
methods.The high prevalence of the tetA gene aligns with the observed tetracycline resistance in the antibiotic
susceptibility testing.The absence of the gnr gene suggests that fluoroquinolone resistance, where present, may
be due to other genetic or phenotypic factors.

Table 5: The result of conventional pcr for 40 samples

No. of total | Positive Negative

Gene Name samples By PCR deduction By PCR deduction P-value
No. (%0) No. (%)
16s 40 40 (100%) 0 (0.00%) 0.0001 **
tetA 40 34 (85.00%) 6 (15.00%) 0.0001 **
qnr 40 0 (0.00%) 40 (100%) 0.0001 **
P-value 0.0001 ** 0.0001 **
| ** (P<0.01).
3.4Antibiotic Susceptibility Testing

Antibiotic susceptibility testing of the 40 E. coli isolates against six antibiotics revealed significant variability

in resistance patterns:
e Tetracycline:

75%of isolates were resistant, while 25% were sensitive.This indicates a high prevalence of tetracycline
resistance, consistent with the detection of the tetA gene.

e Ciprofloxacin:
25%resistance, 37.5%

sensitivity,

fluoroquinolone susceptibility.

¢ Moxifloxacin:

and 37.5%

15%resistance, 50% sensitivity, and 35% intermediate response.

e Ofloxacin:

intermediate response.These

Exhibited the highest sensitivity (75%) among all tested fluoroquinolones, with only 7.5%

resistance.
e Gemifloxacin:

Showed 52.5% sensitivity, 37.5% intermediate response, and 10% resistance.

e Levofloxacin:

The least effective, with 50% resistance and only 30% sensitivity.

Table 8: AST test on Molar Hinton Agar with difference Antibiotics

results show moderate

Antibiotics name

Total
No.

Resistance-R
No. (%)

Intermediate-I
No. (%)

Sensitive-
No. (%)

S

P-value
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Tetracycline 40 30 (75.00%) 0 (0.00%) 10 (25.00%) 0.0001 **
Ciprofloxacin 40 10 (25.00%) 15 (37.50%) 15 (37.50%) 0.530 NS
Moxifloxacin 40 6 (15.00%) 14 (35.00%) 20 (50.00%) 0.0238 *
ofloxacin 40 3 (7.50%) 7 (17.50%) 30 (75.00%) 0.0001 **
Gemifloxacin 40 4 (10.00%) 15 (37.50%) 21 (52.50%) 0.0036 **
Levofloxacin 40 20 (50.00%) 8 (20.00%) 12 (30.00%) 0.049 *
P-value 0.0001 ** 0.0001 ** 0.0001 **

* (P<0.05), ** (P<0.01).

3.5 Statistical Analysis

The statistical analysis was conducted to examine the distribution of bacterial isolates across different
demographic groups and to evaluate relationships between variables such as gender, age, and bacterial
resistance patterns. The following key points summarize the findings:

Gender Analysis

The 40 E. coli isolates were distributed almost equally between male and female patients: 52.5% (21 isolates)
were from males, while 47.5% (19 isolates) were from females.

A Chi-square test was performed to determine whether there was a statistically significant difference in the
prevalence of bacterial isolates between genders. The test yielded a P-value of 0.751, indicating no significant
association between gender and bacterial prevalence.

This result suggests that the occurrence of E. coli-related UTIs is not influenced by gender in this study
population.

Table 6: Distribution of sample study according to Gender

Total numbers Gender No. Percentage
(%)
Male 21 52.50%
40 Females 19 47.50%
Chi-square test —* 0.101 NS
(P-value) (0.751)
NS: Non-Significant.

Age Group Analysis:
The samples were categorized into three age groups: less than 30 years, 30-50 years, and more than 50 years.
The distribution of bacterial isolates was as follows:

. 25% (10 samples) were from patients younger than 30 years.

. 25% (10 samples) were from patients aged 3050 years.

. 50% (20 samples) were from patients older than 50 years.

. A Chi-square test showed a significant difference in bacterial prevalence among age groups (P-value

= 0.050), with the highest occurrence observed in individuals aged over 50.
This finding highlights age as a potential factor influencing the prevalence of E. coli infections in this study
population.

Table 7: Distribution of sample study according to Age groups

Total number Age groups Numbers Percentage (%)
Less than 30 yr. 10 25.00%
40 30-50 yr. 10 25.00%
More than 50 yr. 20 50.00%
Chi-square test — 5.064 *
(P-value) (0.050)
* (P<0.05).

Relationship Between Gene Presence and Resistance Patterns

Although not directly mentioned in the statistical tables, the relationship between the presence of resistance
genes (tetA and gnr) and the antibiotic susceptibility results can be implied.The high detection rate of the tetA
gene (85%) aligns with the high resistance observed against tetracycline, suggesting a strong correlation.

The absence of the qnr gene corresponds to the relatively moderate resistance patterns observed for
fluoroquinolones.
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Overall Significance

The statistical analysis demonstrates that while gender does not significantly affect the prevalence of E. coli
infections, age appears to be a key factor. Additionally, the relationship between resistance genes and antibiotic
resistance highlights the molecular mechanisms driving these patterns

DISCUSSION

The findings of this study provide comprehensive insights into the prevalence, resistance patterns, and
molecular characteristics of Escherichia coli isolated from UTIs in Irag. By integrating microbiological,
molecular, and statistical analyses, this study highlights critical trends in the epidemiology of E. coli,
particularly concerning antimicrobial resistance (AMR) (23).

Prevalence of E. coli in UT]Is

This study found that E. coli was the predominant bacterial species, constituting 50% of all isolates, which
aligns with previous global and regional findings that consistently identify E. coli as the leading cause of UTIs,
accounting for up to 80-90% of community-acquired infections and 50% of nosocomial UTI (23)

The high prevalence of E. coli can be attributed to its virulence factors, including adhesins, toxins, and biofilm-
forming capabilities, which facilitate colonization and persistence in the urinary tract (23,244)

. Similar results have been reported in studies conducted in Saudi Arabia, which showed a 52% prevalence of
E. coli in UTI patients, and in Iran, where the prevalence was slightly higher at 60% (25,26)

However, the presence of other bacterial species, such as Klebsiella pneumoniae (20%) and Proteus spp.
(15%), suggests polymicrobial involvement in UTIs, which is commonly observed in hospitalized patients
(27,28)

Molecular Identification and Resistance Genes

In the confirmation of 40 isolates using PCR of E. coli collected molecularly using 16S rRNA gene, molecular
diagnostics, especially PCR definitively demonstrated correct identity of bacterial species (27).

The finding that 85% of the isolates contain the tetA gene indicates that tetracycline resistance is widespread in
this population. A study from Pakistan consistent with this study found the tetA gene in 80 percent of UTI
isolates (25). Previous evidence of global over inoculation with tetracycline has led one to believe the high
prevalence of this gene is driven by the overuse of tetracycline in agriculture and healthcare(26).

All isolates lacked the gnr gene, which mediates fluoroquinolone resistance, but it was interesting that this gene
was not present among all isolates. Compared to what has been found in India and Egypt, the prevalence of the
gnr gene in E. coli isolates in the studies is about 10-20%(27,28).

The absence of this gene in this study, however, suggests that other mechanisms, such as efflux pumps or
target site mutations, may be more important in generating fluoroguinolone resistance in these isolates (29,30).

Antibiotic Susceptibility Patterns

Antibiotic susceptibility testing revealed a significantly high rate of tetracycline (75%) resistance, which
correlated highly with tetA gene detection. This finding is consistent with studies in Iran and Turkey where E.
coli isolates demonstrated tetracycline resistance 70% and above (31,32).

The levels of effectiveness varied among fluoroguinolones, although ofloxacin and gemifloxacin were more
sensitive (75% and 52.5% respectively) than ciprofloxacin and levofloxacin. Similar patterns have been
observed in studies conducted in Jordan, where fluoroquinolone resistance was linked to the overuse of
ciprofloxacin as a first-line therapy(33,34,35).

The intermediate resistance observed for moxifloxacin (35%) suggests a potential shift in susceptibility,
warranting closer monitoring to prevent the emergence of complete resistance(36,37,38).

Age and Gender Analysis

The statistical analysis showed a significant association between age and the prevalence of E. coli infections,
with individuals over 50 years demonstrating the highest infection rates. This finding is consistent with studies
that report higher UT1 susceptibility among older adults due to physiological changes, immunosenescence, and
comorbidities such as diabetes and kidney disease(39,40,41)

In contrast, no significant association was observed between gender and UTI prevalence, as both males and
females exhibited nearly equal infection rates (52.5% vs. 47.5%, respectively). This deviates from conventional
findings that typically report higher UTI prevalence among females due to anatomical differences(42.43). This
discrepancy may be attributed to the study’s focus on hospitalized patients, where male UTI rates tend to
increase due to catheterization and underlying conditions(44,45,46).

Comparison with Previous Studies
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The findings of this study align with earlier research conducted in neighboring countries, such as Iran, Turkey,
and Pakistan, where E. coli was consistently identified as the primary uropathogen. However, the absence of
the gnr gene in the current study presents a unique deviation, suggesting regional variations in AMR
mechanisms(47,48,49)

Implications for Public Health

The high resistance to tetracycline and the moderate resistance to fluoroquinolones underscore the urgent need
for antimicrobial stewardship programs to regulate antibiotic use in Irag. Molecular diagnostic tools should be
integrated into routine clinical practice to detect resistance genes and guide targeted therapy. Furthermore,
public health policies should prioritize surveillance systems to monitor the emergence and spread of AMR(50).
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