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Abstract

Background: Diarrheal diseases remain a major cause of morbidity among children worldwide, particularly in developing
countries, with Escherichia coli being one of the most common bacterial pathogens. The increasing emergence of antimicrobial
resistance among diarrheagenic E. coli poses a serious challenge to effective treatment. Objective: This study aimed to investigate
the prevalence of bacterial pathogens, antimicrobial susceptibility patterns, and multidrug resistance among E. coli isolates
obtained from children with diarrhea. Methods: A cross-sectional study was conducted on 100 stool samples collected from
children aged 1-12 years presenting with diarrheal symptoms. Bacterial isolation was performed on MacConkey and Eosin
Methylene Blue (EMB) agar plates, followed by identification using the VITEK 1 compact. Antimicrobial susceptibility testing
was carried out using the disk diffusion method according to standard guidelines. Multidrug resistance (MDR) was defined as
resistance to three or more antibiotic classes. Results: The results exhibited high positivity rates across all age groups, ranging from
82.6% in the 1-3 years group to 100% in the 10-12 years group. The highest number of positive samples was observed in the 1—
3 years age group (57/69), while all samples in the 10-12 years group were positive (6/6). However, no statistically significant
association was observed between age group and positivity status (y> = 2.29, df = 3, p > 0.05). This indicates that the differences
in positivity rates among the studied age groups were not statistically significant. E. coli was the predominant isolate, followed by
Pseudomonas aeruginosa and Klebsiella pneumoniae. High resistance rates were observed against cefotaxime, tetracycline, and
amoxicillin, whereas higher susceptibility was recorded for imipenem, ciprofloxacin, and amikacin. A considerable proportion of
isolates were identified as multidrug-resistant, indicating widespread resistance among enteric pathogens. Conclusion: The
findings highlight the high prevalence of antimicrobial resistance among diarrheagenic bacteria, particularly E. coli, in children.
Continuous surveillance, rational antibiotic use, and implementation of antimicrobial stewardship programs are essential to control
the spread of multidrug-resistant pathogens and improve clinical outcomes.
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Introduction

Diarrheal diseases remain a major global public
health concern and are among the leading causes of
morbidity and mortality in children under five years
of age, particularly in developing countries. Recent
global estimates indicate that diarrheal diseases
account for a substantial proportion of pediatric
deaths annually and contribute significantly to
hospitalizations and long-term complications such as
malnutrition, impaired growth, and developmental
delays [1, 2]. The burden is further exacerbated by
poor sanitation, unsafe drinking water, and limited
access to adequate healthcare services in many low-
resource settings [3]. Among the etiological agents
responsible for diarrheal infections, bacterial
pathogens play a significant role, with E. coli being
one of the most frequently isolated organisms in
children with diarrhea [4]. Diarrheagenic E. coli
(DEC) comprises several pathotypes, including
enteropathogenic (EPEC), enterotoxigenic (ETEC),
enteroaggregative  (EAEC),  enterohemorrhagic
(EHEC), and enteroinvasive (EIEC) strains, each
characterized by distinct virulence mechanisms that
contribute to disease pathogenesis [5]. These
pathogens differ in their ability to adhere to intestinal
epithelial cells, produce toxins, and induce cellular
damage, leading to a wide range of clinical
manifestations from mild diarrhea to severe
disease.The pathogenicity of DEC is largely
determined by the presence of virulence genes that
encode factors involved in adhesion, colonization,
invasion, and toxin production [6]. In addition,
virulence-associated genes related to colonization,
fitness, toxin production, and effector proteins
enhance bacterial survival and pathogenic potential
[7]. The coexistence of multiple virulence genes

within a single isolate has been reported and is often

linked to increased disease severity and persistence
[8].
E. coli strains are also classified into phylogenetic
groups (A, B1, B2, C, D, E, and F), which are
associated with differences in pathogenic potential.
Pathogenic strains are typically associated with
phylogroups B2 and D, while commensal strains
belong mainly to groups A and B1 [9]. However,
commensal strains can serve as reservoirs for
resistance and virulence genes, which may be
transferred to pathogenic strains through horizontal
gene transfer [10]. This genetic exchange plays a
critical role in the emergence of more virulent and
resistant E. coli strains.Antimicrobial resistance
(AMR) in E. coli has become a major global health
challenge. The widespread misuse and overuse of
antibiotics in both clinical and agricultural settings
have accelerated the development of multidrug-
resistant (MDR) strains, limiting therapeutic options
[11, 12]. High resistance rates have been reported
against commonly used antibiotics such as f-
lactams, fluoroquinolones, and aminoglycosides
[13]. Extended-spectrum [B-lactamase (ESBL)-
producing E. coli have emerged as critical priority
pathogens due to their ability to hydrolyze a wide
range of B-lactam antibiotics, including penicillins
and cephalosporins [14]. Resistance is primarily
mediated by B-lactamase genes such as blaTEM,
blaCTX-M, blaSHV, and blaOXA, which are widely
distributed among enteric pathogens [15]. The
dissemination of these resistance genes is largely
facilitated by plasmid-mediated horizontal gene
transfer, enabling rapid spread among bacterial
populations [16].

Other resistance mechanisms, including efflux
pumps and aminoglycoside-modifying enzymes
such as aac(6’)-1b-cr, further contribute to multidrug

resistance phenotypes [17]. The emergence of
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carbapenem-resistant strains, particularly those
carrying New Delhimetallo-B-lactamase (NDM)
genes, represents an additional threat to effective
treatment [17]. Newly reported advances in
diagnostic  microbiology have enhanced the
detection of diarrheagenic E. coli in children with
diarrhea. Whereas traditional culture methods
continue crucial for bacterial isolation, molecular
techniques such as multiplex PCR, real-time PCR,
and other nucleic acid-based procedures provide
rapid, sensitive, and specific recognition of E. coli
pathotypes and their virulence determinants. These
methods enhance diagnostic precision and verify
effective epidemiological monitoring and clinical
management of pediatric diarrheal diseases. [18].
These approaches allow accurate tracking of
transmission pathways and identification of high-
risk clones.Previous studies conducted in different
regions, including Kenya, have investigated
antimicrobial resistance patterns in E. coli isolates
using phenotypic methods. However, these
approaches often lack sufficient resolution to
identify the genetic determinants of resistance and
virulence [15]. This study aimed to investigate the
prevalence of bacterial pathogens, antimicrobial
susceptibility patterns, and multidrug resistance
among E. coli isolates obtained from children with
diarrhea, in order to improve clinical management
and support effective control strategies.
Materials and Methods
2.1 Study Design and Sample Collection

A cross-sectional study was conducted to
investigate antibiotic resistance and virulence
characteristics of E. coli isolated from children with
diarrhea. A total of 100 stool samples were collected
from children under five years of age presenting with
acute diarrheal symptoms. The study population

consisted of 57 male and 43 female children.

3

Samples were collected in sterile, leak-proof
containers under aseptic conditions and transported
immediately to the microbiology laboratory for
processing to minimize contamination and bacterial
overgrowth. Proper collection, handling, and
transportation of stool specimens were performed
according to standard microbiological guidelines
[19]. This study was conducted at the Department of
Microbiology, College of Veterinary Medicine,
Shatrah University, Irag.
2.2 Ethical Approval

Ethical approval for this study was obtained
from the Department of Microbiology, College of
Veterinary Medicine, Shatrah University, Irag. The
study protocol was reviewed and approved in
accordance with institutional ethical standards for
research involving human samples.Informed consent
was obtained from the parents or guardians of all
participating children before sample collection.
2.3 Isolation and Culturing of Bacterial Isolates

Stool specimens were inoculated onto selective

and differential media, including MacConkey agar
and Eosin Methylene Blue (EMB) agar (Oxoid, UK),
to isolate Gram-negative enteric bacteria. The
inoculated plates were incubated aerobically at 37°C
for 18-24 hours. Colonies showing characteristic
morphology of E. coli, such as pink colonies on
MacConkey agar (lactose fermenters) and metallic
green sheen colonies on EMB agar, were selected
and subcultured to obtain pure isolates [19]. The
samples were numbered from S1 to S100.
2.4 ldentification of Bacterial Isolates

Presumptive E. coli isolates were identified
using the automated VITEK | Compact system
(bioMérieux, France) following the manufacturer’s
instructions. Bacterial suspensions were prepared in
sterile saline and adjusted to a turbidity equivalent to

0.5 McFarland standard using a densitometer. The
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identification cards, and species-level identification

suspensions were then inoculated
was obtained automatically based on biochemical
profiling [20, 21].

2.5 Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing (AST) was
performed using the disk diffusion method. The
susceptibility results were interpreted automatically
by the system and categorized as susceptible,
intermediate, or resistant according to the Clinical
(CLSI)

included

and Laboratory Standards Institute
[22]. Antibiotics
commonly used agents such asAmikacin (AK),
Amoxicillin (AMC), Ceftazidime (CA2), Colistin
(CL), (CN), Cefotaxime (CTX),
Ciprofloxacin (CIP), Cefepime (CPM), Imipenem
(IPM), Tetracycline (TE), Nitrofurantoin (NIT/F).

2.6 Definition of Multidrug Resistance (MDR)

Multidrug resistance was defined as resistance

guidelines tested

Gentamicin

to at least one agent in three or more antimicrobial

classes, in accordance with internationally accepted
criteria [23].

2.7 Statistical Analysis

Data obtained from laboratory investigations
were analyzed using Statistical Package for the
Social Sciences (SPSS) software version 25.0 (IBM
Corp., USA). Descriptive statistics were used to
summarize the data. Associations between
categorical variables were evaluated using the Chi-
square (*) test. A p-value of less than 0.05 was
considered statistically significant [24].
3. Results
3.1 Demographic Characteristics of the Study
Population
A total of 100 stool samples were collected from
children presenting with diarrheal symptoms, with
ages ranging from 1 to 12 vyears. The study
population consisted of 57 male and 43 female
patients. All specimens were obtained from stool
samples and subjected to microbiological analysis.
The distribution of cases showed a slightly higher
occurrence of diarrheal infections among males

compared to females, Figure (1).

Sex

mmale

= female

Figure 1. The study population consisted of 57 male and 43 female patients.

Based on age the samples were distributed into 4
groups including (1-4), (4-6), (7-9), and (10-12) and
the results revealed that the distribution of positive
and negative samples among different age groups

was interpreted using the chi-square test. While

4

positivity rates increased slightly with age, the
association between age group and positivity status
was not statistically significant (> =2.29, df =3, p
> 0.05), as shown in table (1).
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Table 1. Distribution of samples by age group

Age Group Total Sample Positive Negative
13 69 57 12
4-6 14 13 1
-9 11 10 1

10-12 6 3 5
Total 100 86 14
¥ =229,df=3,p>0.05

The distribution of bacterial isolates among different
age groups was analyzed using the chi-square (?)
test to evaluate the association between age and
bacterial species. The results demonstrated that
Escherichia coli was the most frequently isolated
bacterium, particularly in the 1-3 years age group
(20 isolates), followed by Klebsiella pneumonia (17
isolates) and Pseudomonas aeruginosa (11 isolates).
Lower frequencies were observed for other bacterial
species, including

Enterobacter, Raoultella,

Citrobacter freundii, Proteus, Burkholderia cepacia,

and Pantoea. Statistical analysis using the chi-square
test showed no significant association between age
group and distribution of bacterial isolates (y* =
27.06, df = 24, p > 0.05). Although the majority of
isolates were detected in the 1-3 years age group, the
variation in bacterial distribution among the studied
age groups was not statistically significant.The
highest frequency of isolates was observed in the 1—
3 years age group, particularly for E. coli and

Klebsiella pneumonia.

Grouped Distribution of Bacterial Isolates by Age Group

200
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mm Pseudomonas aeruginosa

mm Enterobacter
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Proteus
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Figure 2. Distribution of bacterial isolates by age group
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3.2 Bacterial Isolation and Identification

All collected samples were cultured and analyzed
using the VITEK 1 Compact for bacterial
identification. The results revealed the presence of
various Gram-negative bacteria, as shown in Table
(2). E. coli was the most frequently isolated organism
among the samples. Other identified bacteria

included P. aeruginosa, K. pneumoniae, Raoultella

ornithinolytica, E. cloacae complex, and C. freundii.
Some samples showed no bacterial growth or were
recorded as negative.The predominance of E. coli
highlights its significant role as a causative agent of
diarrheal infections in the studied population.

Table 2: Frequency distribution of bacterial isolates
identified by the VITEK 1 compact

Bacterial species Number of isolates (n) | Percentage (%)

Escherichia coli 30 30.0
Pseudomonas aeruginosa 15 15.0
Klebsiella pneumoniae 14 14.0
Raoultella ornithinolytica 5 5.0
Enterobacter cloacae complex 2 2.0
Citrobacter freundii 1 1.0
Pantoea spp. 1 1.0
Kluyvera cryocrescens 1 1.0
Enterobacteriaceae spp. 3 3.0
No growth 11 10.0

Total 100 100.0

3.3 Colony Morphology

The bacterial isolates exhibited characteristic
colony morphologies on selective and differential
media (Figure 3). On MacConkey agar, lactose-
fermenting organisms such as E. coli and K.
pneumoniae produced pink to purple colonies,

indicating lactose fermentation. In contrast, non-

lactose fermenting organisms, including P.
aeruginosa, appeared as pale or colorless
colonies.On EMB agar, E. coli isolates demonstrated
a distinctive metallic green sheen, confirming strong
lactose fermentation. These findings are consistent

with  standard  microbiological identification

characteristics.
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Figure 3: Colony morphology of bacterial isolates on MacConkey and EMB agar

3.4 Antimicrobial Susceptibility Patterns

Antimicrobial susceptibility testing was performed
against a panel of commonly used antibiotics, as
presented in Tables 3.The results demonstrated a
high level of resistance among the isolates to
amoxicillin - (AMC), cefotaxime (CTX), and
tetracycline (TE/DO). Moderate resistance was

observed against gentamicin (GM) and ceftazidime

(CAZ).In contrast, higher susceptibility rates were
observed for imipenem (IPM), ciprofloxacin (CIP),
and amikacin (AK), indicating that these antibiotics
remain relatively effective against the tested
isolates.The variability in antimicrobial
susceptibility patterns reflects the presence of both
susceptible and resistant bacterial strains within the

study population.

Table 3: Antibiotic susceptibility patterns of bacterial isolates

Antibiotic

Sensitive (n, %) Resistant (n, %) Total

Amikacin (AK)

26 (65.0%) 14 (35.0%)

Amoxicillin (AMC)

10 (25.0%) 30 (75.0%)

Ceftazidime (CAZ)

22 (55.0%) 18 (45.0%)

Colistin (CL) 12 (30.0%) 28 (70.0%)
Cefotaxime (CTX) 8 (20.0%) 32 (80.0%)
Ciprofloxacin (CIP) 30 (75.0%) 10 (25.0%)

Cefepime (CPM)

18 (45.0%) 22 (55.0%)

Imipenem (IPM) 34 (85.0%) 6 (15.0%)
Gentamicin (GM) 20 (50.0%) 20 (50.0%)
Tetracycline (TE) 6 (15.0%) 34 (85.0%)

Nitrofurantoin (NIT) 10 (25.0%) 30 (75.0%) 40

y?=57.71, df = 10, P < 0.001
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3.5 Multidrug Resistance (MDR)

A considerable proportion of bacterial isolates were
classified as multidrug-resistant (MDR), as they
exhibited resistance to three or more classes of
antimicrobial agents.MDR was predominantly
observed among E. coli, K. pneumoniae, and P.
aeruginosa isolates. The presence of multidrug-
resistant strains indicates a widespread distribution
of resistant pathogens in pediatric diarrheal cases and
highlights the potential challenges in treatment and
infection control. The results of the antibiotic
susceptibility test exhibited a high prevalence of
multidrug resistance (MDR) among the intestinal
bacterial isolates. Several samples, such as S11, S17,
S18, S24, S30, S38, S79, and S93, exhibited
resistance to nearly all antibiotics included in the

panel, suggesting not only MDR but potentially

extensive drug resistance. Overall, antibiotics such
as CTX (cefotaxime), TE/DO
(tetracycline/doxycycline), AMC  (amoxicillin-
clavulanic acid), and CL showed very high resistance
rates across the isolates. In contrast, CIP
(ciprofloxacin) and IPM (imipenem) demonstrated
the highest effectiveness, with large inhibition zones
observed in many samples, followed by CPM, which
showed moderate to good activity. Antibiotics like
AK, CN, and CA2 displayed variable effectiveness,
indicating partial susceptibility among isolates.
Overall, these findings highlight the widespread
occurrence of MDR bacteria and the limited number
of antibiotics that remain effective, emphasizing the

importance of continuous monitoring and rational

antibiotic use, figure (4a and 4b).

Figure 4a. The disk diffusion method of Antibiotic susceptibility test
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Figure 4b. Antibiotic resistance percentages
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4. Discussion

The present study investigated the bacterial profile
and antimicrobial susceptibility patterns of isolates
obtained from children with diarrhea. The findings
demonstrated that E. coli was the most predominant
pathogen, followed by P. aeruginosa and K.
pneumoniae. These results are in agreement with
previous studies, which have consistently reported
diarrheagenic E. coli as the leading cause of pediatric
diarrheal infections worldwide [5]. Similar findings
were also identified E. coli as the most common
isolate among children with diarrhea [4].

The detection of other Gram-negative
bacteria, including K. pneumoniae and P.
aeruginosa, further supports the polymicrobial
nature of diarrheal infections. Comparable
observations have been reported in studies conducted
in developing countries, where these opportunistic
pathogens are frequently isolated alongside E.
coli[8]. This may be attributed to environmental
contamination and compromised hygiene conditions,
which facilitate the transmission of multiple enteric
pathogens.The antimicrobial susceptibility results
revealed a high level of resistance to commonly used
antibiotics,  particularly  cefotaxime  (80%),
tetracycline (85%), and amoxicillin (75%). These
findings are consistent with previous reports that
have documented increasing resistance to [3-lactam
antibiotics and tetracycline among enteric bacteria
[11, 13]. The high resistance to cefotaxime observed
in this study suggests the possible presence of
extended-spectrum fB-lactamase (ESBL)-producing
strains. Similar findings were documented a high
global prevalence of ESBL-producing E. coli [14].
Moderate resistance levels were observed for
ceftazidime (45%) and gentamicin (50%), which is
comparable to findings reported in other regional
studies indicating variable susceptibility patterns

among Gram-negative bacteria [13]. This variability

9

may reflect differences in antibiotic usage practices
and local resistance trends.

In contrast, higher susceptibility rates were
observed for imipenem (85%), ciprofloxacin (75%),
and amikacin (65%), indicating that these antibiotics
remain relatively effective. These findings are
consistent with previous studies reporting that
carbapenems, particularly imipenem, retain high
activity against multidrug-resistant Gram-negative
bacteria [25]. Similarly, ciprofloxacin and amikacin
have been reported as effective treatment options in
several studies, although emerging resistance
remains a concern [8]. The high prevalence of
multidrug-resistant (MDR) isolates observed in this
study is particularly alarming. The occurrence of
MDR strains among E. coli, K. pneumoniae, and P.
aeruginosa indicates a significant public health
concern. These findings are in agreement with
studies, which reported a high frequency of MDRE.
coli in pediatric populations [4, 8]. The presence of
MDR organisms complicates treatment strategies
and increases the risk of treatment failure.

The observed resistance patterns can be
explained by the dissemination of resistance genes
through horizontal gene transfer mechanisms,
including plasmids and integrons, which facilitate
the rapid spread of antimicrobial resistance among
bacterial populations [26]. In addition, factors such
as inappropriate antibiotic use, self-medication, and
lack of regulation contribute significantly to the
emergence of resistant strains [12].Former study
found that pathogenic isolates from clinical
samplesexhibitedresistance to  Bacitracin  and
Oxacillin ~ whereas they were affectedby
Levofloxacin, Ceftriaxone, Cefotaxime,
Ciprofloxacin, Meropenem, and Tazobactam; also
Imipenem are more effective in contrast to other
antibiotics [27].Other study found that the
percentage of antibiotic resistance of bacterial

species obtained from different sources were
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82.75%, 49.42%, 41.37%, 39.08%, 22.98%, 24.13%,
9.19%, 4.59%, and 4.59%; respectively against
Amoxicillin, Tetracycline, Trimethoprim,
Chloramphenicol, Nalidixic acid, Ciprofloxacin,
Streptomycin, Gentamycin and Amikacin [28].
Amoxicillin, Penicillin, Gentamycin, Ceftriaxone,
Nalidaxic acid, Tetracycline, Ciprofloxacin,
Erythromycin, Nitrofurantoin, Amikacin, Imipenim,
Ceftazidime, Vancomycin, Ampicillin,
Chloramphenicol, Piperacillin, Azithromycin, and
Cefotoxime were resisted by different isolates that
were obtained from clinical specimens and the
percentages were (57) 68.70%, (23) 27.70%, (22)
26.50%, (19) 22.90%, (17) 20.4%, (14) 16.90%, (13)
15.70%, (10) 12%, (10) 12%, (8) 9.60%, (8) 9.60%,
(7) 8.40%, (7) 8.40%, (6) 7.20%, (6) 7.20%, (4)
4.80%, (3) 3.60%, and (3) 3.60%, respectively [29].
However, other investigation exhibited that
Ampicillin  (AM-10 pg) was the least affect
antibiotic (81.80%), and Amikacin (AK-30 pug) was
the most affect antibiotic was 9%. Ceftriaxone was
resistant by 13 isolates. Although CIP is the most
commonly used medication among patients in Iraq,
it has shown a high level of resistance[30]. Despite
the valuable findings, certain limitations should be
considered. The analysis was based on available and
interpretable susceptibility data, and some samples
lacked complete antibiotic profiles. Nevertheless, the
study provides important insights into the current
resistance patterns among enteric pathogens in the

studied population.Overall, the findings of this study
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