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Microbial pathogens may be introduced into surface water sources through agricultural runoff, sewage
discharge, or stormwater, and such contamination poses a significant threat to public health. Escherichia
coli s a bacterial species that inhabits several environments, including the gastrointestinal tract of hu-
mans and warm-blooded animals. E. coli, especially the O157:H7 serotype, is an important indicator
species for fecal contamination and possible pathogenicity. The objective of this study was to recover
E. coli O157:H7 from the Great Zab River in Erbil and to investigate its virulence factors and the sus-
ceptibility of isolates to silver nanoparticles (AgNPs). 150 water samples, from different sources, were
bacteriologically analyzed using Sorbitol MacConkey agar. The presumptive isolates were identified by
means of biochemical tests and the VITEK 2 system. Three (2%) E. coli O157:H7 were isolated from
the samples. Sensitivity of isolates to various AgNP concentrations was demonstrated by antimicrobial
assays. One isolate was confirmed by sequencing 16S rRNA gene. PCR detected the presence of the
eae gene in all isolates, the absence of shiga toxins, and in one isolate, the fliC gene was observed.
These results demonstrate the pathogenic E. coli O157:H7 in the river and the potential application of
AgNPs as an antimicrobial in such water bodies.
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1. INTRODUCTION

Water used for recreation and irrigation is now increasingly ex-
posed to drinking water sources, which poses a risk to public health.
Fecal-borne pathogens are commonly found in rivers, and the fecal
contamination is effectively checked by the marker Escherichia coli
(E. coli) as a major biological indicator (Korajkic ef al., 2018). The
Great Zab River (GZR) is the major northern tributary of the Tigris
River; it originates in its basin in Turkey and flows into the Kurdistan
Region of Iraq. It is one of the chief sources of water for irrigation
and domestic purposes, but unfortunately, the microbiological quality
of this source of water has been less studied (Sharef & Dara, 2021).
Surface water may contain fecal waste from different sources, such as
domestic/wild animal feces, stormwater runoff, livestock waste, and
untreated sewage (Menéndez-Serra et al., 2019).

The commonly accepted fecal indicator is the E. coli bacterium,
one of the Enterobacteriaceae family. It is a Gram-negative, rod-
shaped bacterium that is non-sporulating and maybe motile or non-
motile, since it is part of the intestinal tract of warm-blooded mam-
mals and can indicate recent fecal pollution (Erjavec, 2019; Hasan
et al., 2020). That is why, E. coli was used as the target subject in
the study. Whereas most strains of E. coli are commensal, and some
are even beneficial, like those that synthesize vitamins (Gambushe et
al., 2022), pathogenic strains, in particular Shiga toxin-producing E.
coli (STEC), cause serious illnesses such as hemorrhagic colitis and
hemolytic uremic syndrome (HUS) (Saeed & Ibrahim, 2013; Paletta
et al., 2020; Garrine et al., 2020).STEC pathogenicity is associated
with several virulence factors, including Shiga toxins (s#x), intimin
(encoded by the eae gene), and flagellin (f7iC) (Beata et al., 2021;

Yang et al., 2018). Additionally, other factors contribute to bacterial
motility, host adhesion, colonization, and invasion. Shiga toxins act
on endothelial cells and can cause severe consequences like throm-
botic thrombocytopenic purpura (TTP) (Oluwarinde ef al., 2023).

Expression of the eae gene in the locus of enterocyte efface-
ment (LEE) is essential for pathogen induction of attaching and ef-
facing (A/E) lesions on host epithelial cells (Beata et al., 2021).
Alongside virulence, antimicrobial resistance (AMR) of pathogenic
E. coli has raised worldwide attention. Chromosomal and conjugable
plasmid-carried resistance genes are easily transferable between bac-
terial species. This also facilitates the spread of resistance in water en-
vironments, as antibiotic resistance from some organisms gets trans-
ferred to others. It exhibits horizontal gene transfer and does not per-
mit an antibiotic response for any specific pathogen (Basavaraju &
Gunashree, 2022).

In this regard, nanotechnology is one of the most promising strate-
gies to reduce AMR. In all nanomaterials, the antibacterial effect of
silver nanoparticles (AgNPs) is the most powerful at very low concen-
trations. Thanks to their high surface area and volume and the capacity
to disturb the bacterial structures (Oves et al., 2018; Urnukhsaikhan
et al., 2021). These NPs (15,000-20,000 atoms of silver) are spher-
ical and have a size commonly of 100 nm. That is an effective and
low-cost large-scale technology for water treatment (Abdelghany et
al., 2018; Samuel et al., 2020).

The objectives of the study were to find out the isolation and
molecular identification of E. coli O157:H7 isolated from the Great
Zab River, and to detect the virulent genes (stx, eae, fliC), as well
as to evaluate the effects of silver nanoparticles (AgNPs) against the
isolated strain.
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2. MATERIALS AND METHODS

Water Sample and Collection Area:

For microbiological contamination, 150 samples of water were
obtained from the Great Zab River from the Qandil water treatment
plant to Kalak town. Samples were collected at intervals of 500 me-
ters to 1 kilometer from September 2024 to April 2025. Samples were
collected in 0.5-liter sterile glass vials and thereafter dispatched in a
chilled box to the Department of Biology Research Laboratory at Sala-
haddin University within 1-2 hours.

Isolation and Identification of E. coli O157:H7:

The preliminary Most Probable Number (MPN) method was first
applied to the processed water samples to estimate bacterial numbers.
The presence—absence test was conducted based on serial dilutions
on MacConkey broth (Microxpress, India) and incubated at 37°C for
24-48 hours (Lu et al., 2024). Turbid tubes were streaked on Mac-
Conkey agar and Eosin Methylene Blue (EMB) agar (Scharlau, Spain;
Neogen, UK) and incubated at 37°C for 24 hours. Colonies that were
pink on MacConkey or that possessed a green metallic sheen on EMB
were presumptive E. coli. Colonies were confirmed by biochemical
tests, including oxidase and slants of triple sugar iron (TSI). Then,
the colonies were subcultured in Sorbitol MacConkey agar (SMAC)
(Neogen, USA) and incubated at 37°C for 24 hours. Colonies that did
not ferment sorbitol (i.e., colorless or pale) and had a smooth, round
appearance were tentatively identified as E. coli O157:H7. Defini-
tive identification was performed using the VITEK 2 system with
the gram-negative ID cards following the manufacturer’s instructions
(BioMérieux, France).

Bacterial Genomic DNA Extraction:

The E. coli O157:H7 strain was initially cultivated in nutrient
broth (LabM, UK) and incubated at 37°C for 24 hours. Genomic
DNA was subsequently isolated using a commercial extraction kit
(Jena Bioscience, Germany), adhering to the manufacturer’s specifi-
cations. The extracted DNA concentration and purity were measured
using a NanoDrop spectrophotometer (Implen, Germany). DNA con-
centrations varied from 175.56 ng/ul to 568.12 ng/ul, with purity ra-
tios (A260/A280) varying from 1.88 to 2.01.

PCR Amplification of 16S rRNA Gene for E. coli O157:H7
Identification:

The traditional PCR was used to confirm bacterial identifica-
tion, including E. coli. The PCR premix for the 16S rRNA gene
consisted of a total volume of 25ul, 12.5 ul Gotaq Green Master
Mix (Promega/USA), 31l of genomic DNA, 1 pl of each primer (for-
ward primer 5’-AGAGTTTGATCCTGGCTCAG-3’; reverse primer
5’-TACGGTTACCTTGTTACGACTT-3") and the volume completed
with 7.5ul nuclease free water. The primers were a modification of
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Lane (1991). The amplifications were performed in an automatic ther-
mocycler as follows: an initial denaturation of 5 minutes at 95°C; 30
cycles of denaturation, 30 seconds at 95°C; annealing at 60°C, 30
seconds; extension at 72°C, 1 minute; and final extension for 7 min-
utes at 72°C. The target size of PCR products was confirmed by using
2% agarose gel electrophoresis in 1XTBE buffer (Promega/USA), and
PCR amplicons of isolates were sent to Macrogen/South Korea for se-
quencing. Sequence alignment was performed for the targeted region.
The sequence analysis was done using MEGA 11 and NCBI-BLAST
(http://www.ncbi.nlm.nih.gov/BLAST/). The PCR products were se-
quenced on an ABI 3730 DNA apparatus (Applied Biosystems).

PCR Detection of stx1, stx2, eae, and fliC Virulence Genes:

To detect the virulence genes, for stx1 and stx2, we used a multi-
plex PCR. Master mix was prepared in a total volume of 25 pl, 12.5
11 Gotaq Green Master Mix, 3l of genomic DNA, 1.25 pl each for-
ward (stx1 and stx2) and reverse (stx1 and szx2) primers (Table 1), and
4.5ul pl of free water. The PCR was done via program cycle. The ini-
tial denaturation occurs for 5 minute at 95 °C, followed by 35 PCR
cycles that consist of denaturation at 95 °C for 30 seconds, annealing
at 55 °C for 35 seconds, extension at 72 °C for 1 minute, and final
extension at 72 °C for 7 minute

The eae gene was amplified by Uniplex PCR. The premix con-
sisted of a total volume of 25ul, 12.5 ul Gotaq Green Master Mix,
3ul of genomic DNA, 1.5 ul of each primer, and the volume was
completed with 6.5ul ul of nuclease-free water.

The PCR profile file was performed as follows: Initial denatu-
ration at 95°C for 5 minute, followed by 35 cycles of 95°C for 30
seconds, 59°C for 30 seconds, and 72°C for 1 minute; and a final
extension at 72°C for 10 minute.

On the other hand, the target f7iC was detected via PCR, the ready-
to-use master was prepared by mixing 12.5 ul GoTaq Green Master
Mix, 3ul of genomic DNA, 1.5 pl of each primer, and the volume was
completed to 25 ul by adding 6.5ul upl of nuclease-free water. The
targeted DNA was amplified using a PCR file, Initial denaturation at
95°C for 5 minute, followed by 30 cycles of 95°C for 30 seconds,
63°C for 30 seconds, and 72°C for 60 seconds; and a final extension
at 72°C for 5 minute.

Agar Well Diffusion Technique:

The antibacterial efficacy of the AgNPs against E. coli O157:H7
was evaluated using the agar well diffusion assay technique. Semi-
solid Mueller-Hinton agar (Scharlau, Spain) was dispensed onto the
petri dishes (Citotest, China). The bacteria were cultivated in nutrient
broth for 24 hours. Thereafter, they were transferred onto the surface
of solid medium Mueller-Hinton agar using a sterile swab, and cul-

tured with suspensions of test bacteria at a concentration of 1.5 x 10°
CFU/mL. A concentration of 10 mg/mL of silver nanoparticles was in-
troduced into wells created using sterile pipette tips and subsequently
positioned on the surface of inoculated agar plates. Plates were in-
cubated for 24 hours at 37 degrees Celsius. The diameter of the in-
hibitory zone in millimeters quantified the antimicrobial activity.

Table 1: Details for the primers that are used for the amplification of stx/, stx2, eae, and fliC genes in this study

Target gene  Primer Sequence Amplicon Size(bp) Reference
F: 5’-CAACACTGGATGATCTCAG-3’ .
Stx1 R: 5°-CCCCCTCAACTGCTAATA-3’ 349 (Hessain et al., 2015)
Stx2 F: 5°-ATCAGTCGTCACTCACTGGT-3’ 110 (Hessain et al., 2015)
R: 5°-CTGCTGCTGTCACAGTGACAAA-3’ etak,
eae F: 5> GTTCACTGGACTTCTTATTACCG 3’
R: 5" ATCGTCACCAGAGGAATC 3’ 484 (Beneduce et al., 2008)
flic F: 5 GCGCTGTCGAGTTCTATCGAGC 3’ .
R: 5" CAACGGTGACTTTATCGCCATTCC 3° 625 (Kadhim & Kareem, 2021)
bp, base pair
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Minimum Inhibitory Concentration Method:

This research utilized commercially accessible silver (Ag)
nanoparticles/nanopowder sourced from Skyspring Nanomaterials
(USA). The nanoparticles exhibited a purity of 99.9% (trace metal
base) with an average particle size between 50 and 60 nanometers.
The substance appeared as a dark grey powder. The particles demon-
strated a spherical morphology, having a certain surface area of about
12 m?/g. The bulk density was recorded at 0.35 g/cm®, while the
real density was 10.5 g/cm®. Nanopowders dissolve in various sol-
vents, including water, ethanol, and isopropanol, yielding practical
suspensions (Abou El-Nour ef al., 2010; Dankovich & Gray, 2011 ).
A 96-well polystyrene microtiter plate test was employed to assess
the antibacterial efficacy of AgNPs. The stock solution of AgNPs
was created by dissolving them in deionized distilled water (DDW) at
a concentration of 50 mg/ml and sonicating for 15 minutes using an
ultrasonic processor (Vevor, China) to ensure uniform dispersion. The
liquid was then vortexed for an additional 10 minutes using equipment
from Stuart Scientific (UK). Upon confirming complete homogeniza-
tion, it was added to the suspension. A range of AgNP concentra-
tions (50, 40, 30, 20, 10, 5, 2. 2.5, and 1. 25 mL) was prepared by
employing the conventional dilution formula (C1 V1 = C2V3), mix-
ing the stock solution with nutrient broth (LabM, UK). Subsequently,
200 pL of each AgNP dilution was introduced into separate microtiter
plate wells, subsequently supplemented by 10 uL of a bacterial sus-
pension that had been previously subcultured in nutrient broth. The
plates were subsequently incubated at 37 °C for 24 hours. The neg-
ative wells contained only nutrient broth for control purposes, while
the positive controls included broth and microorganisms without Ag-
NPs. To prevent evaporation during incubation, the plates were cov-
ered with lids. Before incubation, the absorbance of each well was
quantified at 630 nm with an ELISA reader (BioTek, USA) to es-
tablish the baseline optical measurement of the AgNPs. Following
the 24-hour incubation period, a subsequent absorbance measurement
was conducted to determine any increase in turbidity attributable to
bacterial proliferation. The net bacterial growth in each well was ac-
curately estimated by subtracting the initial absorbance from the final
measurement.

3. RESULTS

Isolation and Identification of E. coli O157:H7 in Raw Wa-
ter:

One hundred fifty water samples were obtained from various lo-
cations along the Great Zab River, and only three O157:H7 serotypes
of E. coli were isolated: one sample near Dalare village, and two
samples near Gopal Bridge. The recovered bacteria were initially de-
scribed according to their colony shape on agar media and biochemi-
cal testing. Nevertheless, owing to the resemblance of these character-
istics across many Enterobacteriaceae, the VITEK 2 system method-
ologies were utilized for precise identification. On MacConkey agar,
the colonies of E. coli grew as smooth, shiny, and pink in color due
to the fermentation of lactose. E. coli serotype O157:H7, unlike other
microbiota, the colonies are colorless colonies because they cannot
break down sorbitol. Therefore, sorbitol MacConkey agar is used
rather than lactose as a selected medium for the identification of E.
coli serotype O157:H7. In biochemical tests, oxidase was negative,
meaning it does not produce the cytochrome ¢ enzyme. The Triple
Sugar Iron (TSI) agar test showed acid/acid gas production (A/A, G),
changing color from red to yellow, meaning fermentation of glucose,
lactose, and bubbles or cracks on the bottom indicate gas production.
The results of VITEK 2 confirmed E. coli serotype O157:H7 with high
probability.

PCR confirmation results for O157:H7 strains:

A total of 3 samples (2%) were isolated from raw water, con-
firmed through the amplification of the 16s rRNA gene via universal
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primers (27F and 1492R), followed by Agarose Gel Electrophore-
sis of the PCR results for the bacterial identification, including E.
coli. Serotype O157:H7. The target size of PCR products was con-
firmed by using 2% agarose gel electrophoresis in 1XTBE buffer
(Promega/USA), and PCR products of isolates were sent to Macro-
gen/South Korea for sequencing. The sequence identified for one
isolate was submitted to NCBI GenBank under accession number
PV746487. A second sequence, identified as E. coli, was submit-
ted under accession number PV746488 (Figure 1). The phylogenetic
tree for the 16S rRNA gene sequences is presented in Figure 2. The
sequence analysis was done using MEGA 11 and NCBI- BLAST
(http://www.ncbi.nlm.nih.gov/BLAST/). The PCR products were se-
quenced on an ABI 3730 DNA apparatus (Applied Biosystems).

(1500bp)16S rRNA

P R

Figure 1: Agarose Gel Electrophoresis of the PCR products for 16Sr
RNA. Lane 1: Ladder of 1kb (1 kilobase pair), Lane 2: Negative con-
trol, Lane 3-5 (1500bp)16Sr RNA for identification of E. coli

_ Escherichia coli O157 PV746487*

100%
Escherichia coli OM403059

100%

Escherichia coli 0157 CP051796

Escherichia coli MT427668

l Escherichia coli PV746488~

010

Figure 2: Agarose Gel Electrophoresis of the PCR products for eae
gene. Lane 1 (L): Ladder of 100bp, Lane 2(N): Negative control,
Lane 3-5 (484bp) eae gene in E coli .(B) Agarose Gel Electrophoresis
of the PCR product for fliCh7 gene. Lane 1 (L): Ladder of 100bp,
Lane 2(N): Negative control, Lane 3: Amplification of fliCh7 gene
(625bp).

PCR Amplification of Virulence Genes:

All isolated samples lacked szx/ and stx2. In this current study,
the identification and detection of two other genes revealed that the to-
tal isolated samples contained the eae gene, as shown in Figure 3(A).
Additionally, one isolated sample possesses the fliC gene, as shown
in Figure 3(B).

Minimum Inhibitory Concentration of Silver Nanoparti-
cles:

The antibacterial effect of synthesized AgNPs was evaluated
against E. coli serotype O157:H7 employing the broth microdilution
technique to ascertain the MIC. After incubation, the MIC of AgNP
against E. coli O157:H7 was 2.5-10 pg/mL exhibiting strong antibac-
terial activity.
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Figure 3: (A) Agarose Gel Electrophoresis of the PCR products for eae gene. Lane 1 (L): Ladder of 100bp, Lane 2(N): Negative control,
Lane 3-5 (484bp) eae gene in E coli. (B) Agarose Gel Electrophoresis of the PCR product for fliCh7 gene. Lane 1 (L): Ladder of 100bp, Lane
2(N): Negative control, Lane 3: Amplification of fliCh7 gene (625bp).

Agar Well Diffusion Technique:

The results showed that silver nanoparticles have an antimicro-
bial effect against E. coli serotype O157:H7. A concentration of 10
mg/mL of silver nanoparticles resulted in an inhibition zone 3 to 6
mm in diameter, as indicated in Figure 4.

Figure 4: Antibacterial effect of AgNPs against E. coli serotype
O157:H7 at a concentration of 10 mg/mL with a 3-6 mm inhibition
zone and negative control, Ampicillin, and Tetracycline Antibiotic
disc.
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4. DISCUSSION

Rivers are critically important to communities all over the world.
However, the uncontrolled pollution of water and the resulting de-
crease in the quality of freshwater also seriously threaten human well-
being and sustainable development (Lu et al., 2015). The presence of
E. coli O157:H7 in river water is a major public health issue, as this
enteric pathogen is the leading pathogenic agent of waterborne dis-
cases. The river water contamination commonly includes raw sewage,
together with agricultural runoff and industrial waste discharge. The
identification of E. coli O157:H7 in river water needs to be both fast
and precise because it helps prevent outbreaks and protect drinking
water sources (Razmi et al., 2022).

In the current study, pooled water samples were enriched to re-
flect the true status of microbial contamination across the different
locations of the Great Zab River. A final pool of 150 samples was
gathered. Chigor ef al. (2010) found that 2.1% of E. coli O157:H7
was present in river water. The researchers detected elevated fecal
coliform levels during the dry season because water levels were low
and the sun heated the water intensely, while pollution from septic
tanks and abattoir effluents entered the water through seepage and
runoff. The dry season temperatures reached high levels, which cre-
ated a strong positive relationship with microbiological contamina-
tion, especially E. coli O157:H7.

Of all 150 samples tested in this study, VITEK 2 and conventional
biochemical methods were used to detect E. coli O157:H7; only 3
(2.0%) samples were isolated. The finding are also intriguing, as the
direct isolation of E. coli O157:H7 from river water in Iraq has not
been frequently documented (Bisi-Johnson et al., 2023). For exam-
ple, Alwash and Al-Rafyai (2019) isolated some E. coli strains from
the Al-Hillah River in Iraq; however, the O157:H7 serotype was not
reported.

One of the positive isolates was further identified by the 16S
rRNA gene analysis. PCR products were sequenced (Macrogen,
South Korea) and aligned with the reference sequences available in
the NCBI database. It is a comprehensive and gene-based analysis like
this that enables a more in-depth understanding of the pathogenicity
of microorganisms and can provide important information for ther-
apeutic and environmental health hazard research. Open access to
such sequences may also help researchers to discover some diagnos-
tic markers and therapeutic targets for bacterial infections.
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Silver nanoparticles (AgNPs) have attracted significant research
due to their antibacterial effects and ease of production (Fiorati et al.,
2020). Their small size is an advantage for greater antimicrobial ac-
tion than larger particles, since nanoparticles are large compared to
microparticles, providing an increasing surface area and high Ag* ion
release (Reis et al., 2016; Fouda et al., 2019). The MICs for AgNPs
in the present experiment varied from 2.5 to 10 mg/mL, and this is
consistent with the report presented by Wang et al. (2022). AgNPs
are probably effective due to bacterial cell wall penetration and sub-
sequent interaction with intracellular structures.

stx1 and stx2 genes that encode Shiga toxins that cause HUS
and hemorrhagic colitis are mostly associated with E. coli O157:H7,
a widely recognized waterborne pathogenic group (El-Leithy ef al.,
2012). All isolates in our study do not contain stx1 or stx2 genes.
The results are correlated with the findings of Hamner ez al. (2007),
who reported E. coli O157:H7 as negative for Shiga toxins in the wa-
ter of the Ganges River. Similarly, Amézquita-Lopez et al. (2024)
found E. coliO157:H7 in river water from northwestern Mexico and
were unable to detect stx genes. Variability in the detection rate of
stx genes may be due to the spatial and seasonal components, as well
as the sample size, variety of the matrix, and the detection method
employed (Sthapit et al., 2022).

The eae gene, which codes for the intimin protein, was detected in
all isolates in the current study. Intimin promotes bacterial adhesion
to intestinal epithelial cells; it is also related to severe clinical mani-
festations like bloody diarrhea and HUS (Hua et al., 2020). A closer
association is observed between certain eae serotypes and virulent E.
coli serotypes such as O157:H7, 026:H11, O103:H2, O111:H8, and
0145:H28 (Yang et al., 2020). As eae was constantly detected, these
environmental isolates might be potentially pathogenic. Loukiadis et
al. (20006) also detected stx-negative, eae-positive E. coli O157:H7
from French wastewater. Zhang et al. (2020) also presented such
outcomes in the Mississippi River.

The flagellin is the structural protein of the H antigen, a compo-
nent of flagella key for motility and host adhesion in some bacteria,
which is encoded by the textitfliC gene. Motility is required for which
has an important role in pathogenesis in the human intestines (Wolf-
son et al., 2020). Even the costly production of flagella is beneficial
to bacteria that live within a host (Subramanian & Kearns, 2019). In
the present study, only one isolate was found to be positive for the
fliC gene. This result is consistent with El-Leithy ef al. (2012), who
were the first to find f/iC in the Nile River in E. coli O157:H7 strains.
liC was also found by Olowe and Arogbodo (2022) in E. coli O157
isolates from different water sources.

5. CONCLUSION

The results of this investigation verify the existence of E. coli
0157:H7 in the Great Zab River, which could represent a public health
hazard due to water pollution. Even if the finding were only seen in a
few isolates, the uniform presence of eae on all isolates indicates that
they may have the capacity for intestinal colonization and virulence.
None of the isolates harbored the stx1 and s&x2 genes, and we may
conclude that the strains studied were not Shiga-toxin producing.

A single isolate was found to harbor the fIiC gene, suggesting di-
versity among virulence factors associated with the pathogen’s motil-
ity. In addition, the tested E. coli O157:H7 strains were sensitive to
silver nanoparticles, which suggests that they may be considered as
a new, non-antibiotic intervention against water handling and food
safety in the future. Nevertheless, additional research involving more
samples, both in sample size and time season, is required to have a
clearer picture of the prevalence and pathogenicity potential of E. coli
0157:H7 in the region.

These results emphasize the need for water source surveillance
and the application of molecular methods for detecting virulence
markers in environmental isolates.
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