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Abstract

Safe water is a crucial resource for the survival and sustenance of life, and its
scarcity is a major cause of water-related ailments, particularly in underdeveloped
nations. The aim of this study was to determine the antibiotic sensitivity pattern of
Escherichia coli isolated from the surface waters of the Tigris River and the
detection of resistance genes (gnrB, gnrS, parE, and armA) for E. coli. A total of 32
bacterial isolates of E coli were collected for analysis from four distinct sites: S1 Al-
Muthana Bridge, S2 Al-Sarrafia Bridge, S3 Al-Senak Bridge, and S4 Al-Jadriyah
Bridge. Water samples were collected from November 2023 until July 2024. The
isolation of E. coli is performed using membrane filtration techniques and
biochemical analysis followed by the VITEK2. The antimicrobial susceptibility of
E. coli isolates was assessed using the Kirby-Bauer disk diffusion method,
employing a selection of 10 specific antibiotics for evaluation. The resistance genes
for E. coli isolates were detected using the PCR technique. The results showed that
both nitrofurantoin and ampicillin showed significantly higher resistance (100%),
significant  proportions of resistance to some [-lactam  antibiotics
(ceftazidime, cefoxitin, and ampicillin were 94%,94%,100% respectively) , another
significant resistance for aminoglycosides antibiotics ( gentamycin and amikacin,
81-84%), cephalosporins antibiotics group showed significant differences (
ceftriaxone and cefuroxime , 59-93.8%), carbapenems antibiotics ( imipenem,72%),
quinolones group presented low resistance proportion ( ciprofloxacin, 43.8%). All
identified genes are complete sets with two, three, or four genes. Fourteen isolates
showed resistance to fluoroquinolones (ciprofloxacin), and 26 showed resistance to
aminoglycosides (gentamycin). Nine isolates (28.1%) showed the presence of gnrB,
and 7 isolates (21.9%) showed the presence of gnrS genes. Of the 26 resistant
isolates to gentamycin, 20 isolates (62.5%) showed the presence of the armA gene,
and the parE gene was found among all selected isolates for fluoroquinolones and
aminoglycosides (100%). The double association gnrB and gnrS was found in 12
isolates (37.5%), This research highlights the necessity of implementing regular
surveillance of urban rivers to control the spread of antimicrobial resistance (ARM)
genes in aquatic environments.
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1. Introduction

Antibiotic resistance is a worldwide public health concern [1]. Aquatic settings, in
particular, are suspected of serving as both a reservoir and a conduit for the propagation of
antibiotic-resistant bacteria (ARBs) and antibiotic-resistance genes (ARGs)[2]. Aquatic
ecosystems receive a large diversity of anthropogenic inputs, including wastewater, recycled
water, and stormwater, positioning them as crucial players in the genesis and dissemination of
ARBs [1]. ARBs propagate both horizontally and vertically, meaning that resistance genes are
transferred between bacterial species and passed on to new generations [3]. ARGs can be
transferred to humans through food and drinking water [4]. The proliferation of ARBs and the
prevalence of ARGs in wastewater are well-established factors contributing to the reduced
potency of antibiotics used in healthcare worldwide [5]. Most recently, microbial resistance to
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antibiotics has been studied as another facet of water microbiology [6]. ARBs were formerly
thought to be mostly acquired in hospitals and clinics, but additional studies revealed that they
can also be found in food, soil, and water [7].

E. coli is a multifaceted bacterial species that is released into the environment by
wastewater treatment facilities and human waste. Some strains of this bacteria can be harmful
or commensal [8]. E. coli is remarkably capable of both giving and receiving genes that cause
antimicrobial resistance (AMR). For this reason, it is considered a key source of AMR genes
that can spread to other bacteria through horizontal gene transfer. Therefore, AMR in E. coli
is seen as one of the main issues facing both people and animals globally. In addition to -
lactams, the main antibiotics used to treat E. coli infections are quinolones and
aminoglycosides [9]. Quinolones are a class of synthetic antimicrobials that have a wide range
of action [10]. They are widely used, primarily in the treatment of infections caused by Gram-
negative bacteria, and are today a key therapeutic alternative in human and animal medicine
[11]. Thus, considering the widespread use of this class of antibiotics, it is logical to conclude
that the aquatic environment and the animals that live there play a major role in the
persistence and spread of quinolone-resistance genes, posing a threat to the effectiveness of
antimicrobial treatments in both human and animal health [10]. Aminoglycosides are a family
of antibiotics used to treat infections caused by Gram-negative bacteria, including E. coli.
Bacterial resistance to aminoglycosides can result from both chromosomal mutations and the
acquisition of mobile genetic elements (plasmids, integrons, and transposons) [12].

Due to current conditions contributing to the increase in resistant bacterial species and
their resistance patterns, the purpose of this investigation was to detect the existence of
resistance genes (qnrB, gnrS, parE, and armA) and the spread of antibiotic-resistant E. coli in
the Tigris River at Baghdad city.

2. Materials and Methods
2.1. Study area

The study region comprised four sites on the Tigris River within Baghdad city, which
were selected for use in the current study approach. Sitel was the Al-Muthana Bridge, site 2
was the Al-Sarrafia Bridge, site 3 was the Al-Senak Bridge, and site 4 was the Al-Jadriyah
Bridge, as shown in Figurel . Locations coordinate points have been determined, which
summarized in Table 1.
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Figure 1: Satellite image of selected sampling sites along the Tigris River, Baghdad (S1-S4)
representing the study sites codes.
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Table 1: Geographical locations of the Tigris River section sample sites in Baghdad city

Coordinates
. Site name
Site no. Longitude (E) Latitude (N)
1 Al-Muthana Bridge 44.346125°E 33.429255° N
2 Al-Sarrafia Bridge 44.372625°E 33.353972° N
3 Al-Senak Bridge 44.399351°E 33.328607° N
4 Al-Jadriyah Bridge 44.375470°E 33.282625° N

2.2 Water Samples Collection

Water samples were collected on the same day from November 2023 until July 2024 to
cover the different seasons; the sample time collection on average was between 07: 00 AM
and 12:00 PM. Each water samples were taken from the subsurface about 20-30 cm below
water surface using sterile and well-labelled polyethylene bottles. The volume of each water
sample was 500 mL. Sampling in each site was taken from different river points and then
mixed to get the best representation of the site's environmental reality. The samples were
preserved in an icebox for transportation. They were promptly conveyed to the
microbiological laboratory. Preliminary microbiological testing was conducted early to
prevent unforeseen fluctuations (ideally within 1-2 hours of arrival).
2.3 Detection and Isolation of E. coli

2.3.1 Membrane filter technique

In this study, the membrane filtering approach methodology was employed to determine
the presence of contamination by E. coli. Sterile membrane filters with 0.45 pm holes and a
47 mm diameter were used to filter a defined volume (100 mL) of water samples taken from
the Tigris River in Baghdad [13] using a sterile filtration unit. The membrane filters were
placed on the surfaces of Eosin methylene blue agar plates to isolate enteric bacteria and on
MacConkey agar plates to isolate lactose and non-lactose-fermenting bacteria. The plates
were then incubated at 37 °C for 24 h. E. coli 1solates were confirmed on Hichrome agar
medium, where the presumptive colonies of E. coli were distinguished by green.

2.4 Identification of E. coli

Presumptive bacterial colonies were selected and sub-cultured to facilitate additional
bacterial identification. E. coli was identified by colony morphology and Gram staining.
Under compound microscopy, E. coli micelles are frequently Gram-negative and have a short,
rod-shaped morphology. Traditional biochemical assays include (indole, methyl red, Simon
citrate, and urea) [14]. The identities of the isolates were further confirmed using the VITEK
2 compact system (BioM¢érieux, Marcy, I'E’toile, France), a standardized colorimetric
identification system is a method that combines conventional tests with carbohydrate
utilisation assays [15].

2.5 Antimicrobial Susceptibility Testing

Using the Kirby Bauer disc diffusion method, antibiotic susceptibility testing (AST) was
conducted on Muller-Hinton (MH) agar and interpreted in accordance with the Clinical and
Laboratory Standards Institute (CLSI) standard 2023 [16]. After making bacterial suspensions
and adjusting their opacity to match 0.5 red using a McFarland standard densitometer, the
inoculum was put onto Mueller Hinton agar plates that had been thoroughly dried . Mueller-
Hinton agar plates were streaked all over with sterile, nontoxic cotton swabs dipped in the
standardized inoculum. Gram-negative bacteria were tested against 10 different antibiotics:
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ciprofloxacin (5 png), amikacin (30 ug), ceftazidime (30 pg), cefoxitin (30 pg), gentamicin (10
ug), imipenem (10 pg), nitrofurantoin (100 ug), ampicillin (10 pg), ceftriaxone (25 ug), and
cefuroxime (30 pg) [17], and according to the Clinical and Laboratory Standards Institute's
(CLSI) 2023 criteria, these antibiotic concentrations were chosen. Subsequently, the plates
were incubated at 37 °C for 24 hours. The results were classified as sensitive, intermediate
sensitive, or resistant according to the 2023 CLSI standards after the inhibitory zone diameter
was measured with a ruler [16].

2.6 Isolation of DNA and PCR amplification of genes from Escherichia coli isolates

The bacteria's whole genome DNA was retrieved utilising FavoPrep™ genomic DNA
extraction Mini kit, according to the manufacturer procedure (FAVOR GEN biotech corp)
(Taiwan) to detect the antibiotic-resistance genes (qnrB, gnrS, parE, and armA). Primers for
genes were chosen according to previous studies [18,19,12]. The Master Mix (Promega,
USA) was used for the PCR mixture, as the negative control distilled water was used. The list
of primers, amplicon size, amplification conditions, and reaction components is mentioned in
Table 2. PCR was performed using Mj Mini Gradient Thermal Cycler (Bio-Rad, USA). The
amplified PCR products were analysed utilizing electrophoresis in a 1.5% agarose gel for 30
minutes at 100V. (Cleaver Scientific, UK), and finally visualized with gel documentation
(Bio-Rad, USA) [20].

Table2: The sequence of primer programs, composition of PCR mixtures and PCR product
size used in the study

' Composition .
Gene ST B PCR conditions of PCR AmPllco
mixtures n size,
g | F3-GATCGTGAAAGCCAGAAAGG-3' | 5 minutes at 95°C, 30 S16b
a R 5- ACGATGCCTGGTAGTTGTCC-3' | cycles of 95 °C for 30s, P
F 5"ACGACATTCGTCAACTGCAA-3' | 23 € 30;3015’ 72°C for
7S | R S TAAATTGGCACCCTGTAGGC-3 | 08 and final extension 469bp
72°C for 7minute. )
5 minutes at 95°C, 30 for 25 pl:
o 12.5 pl master
F 5-TACCGAGCTGTTCCTTGTGG-3 | Ycles of93°Cfor30s, | = & ") lof
Park | R §.GGCAATGTGCAGACCATCAG-3' | 20 “Cfor30s, 72°Cfor | oot | 2650P
30s and final extension 1 ul forward
72°C for 7minute 11t reverse
5 minutes at 95°C, 30 p;imer, 8.5 ul
F 5-ATTCTGCCTATCCTAATTGG-3' | SYeles of 95 °C for 30s, water
armA | p S ACCTATACTTTATCGTCGTC-3 | 90 °C for 30s, 72°C for 315bp
30s and final extension
72°C for 7minute

3. Results
3.1 Identification and isolation of E.coli from a River

Our isolation methodology consisted of selection and culturing in differentiation media.
Firstly, it was performed with MacConkey and Eosin methylene blue agar and secondly with
HiCrome E. coli agar. This method yielded 32 E. coli isolates. Traditional biochemical assays,
which include (indole, methyl red, Simon citrate, and urea) showed identical positive and
negative results for E. coli (Figure 2). as described by Shoaib et al.,[14],
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MacConkey Agar EMB Agar

CHROM Agar Biochemical Tests

Figure 2: (A) The growth of Escherichia coli on membrane filter on MacConkey agar. (B)
The growth of Escherichia coli on membrane filter on EMB agar. (C) E. coli on HiCrom E.
coli agar show colonies that are green in colour. (D) Biochemical (IMVIC) tests were used for
the characterization of E. coli isolates, and the results were as follows: from left (+ + - -) indol
(IND), methyl red (MR), citrate utilization (CIT) and Urea (URE).

3.2 Classification of Escherichia coli isolates into resistant and multi-resistant

E. coli was classified as resistant or multi-resistant based on drug resistance. Isolates that
were identified as resistant demonstrate phenotypic resistance to one or two antibiotic classes
and multi-resistant to three or more (Table 3). Overall, all tested E. coli isolates showed
phenotypic resistance to the antibiotics under test. The incidence of antibiotic resistance
among the E. coli isolates varied from 43.8-100 %. All the tested isolates exhibited multiple
resistance as, presented in Figure 3.

Figure.3: The effect of antibiotics on bacterial growth and multiple antibiotics resistance
profile of E. coli 1solates
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The 32 E. coli isolates studied were subjected to sensitivity evaluation to 10 molecules
belonging to 5 different antimicrobial classes. Two antibiotics, namely nitrofurantoin and
ampicillin, showed significantly higher resistance (100%, n=32), significantly resistance
proportions in some P-lactam antibiotics ( ampicillin, ceftazidime, cefoxitin 93.8-100%,
n=32) , another significant resistance for aminoglycosides antibiotics (gentamycin and
amikacin, 81.3-84.4%, n=32), cephalosporins antibiotics group showed significantly
differences ( ceftriaxone and cefuroxime , 59.4-93.8%, n=32), carbapenems antibiotics
(imipenem,71.9% n=32), quinolones group presented low resistance proportion  (
ciprofloxacin, 43.8%, n-32) ( Table 3).

Table 3: Isolates with ten or more resistance to antibiotics. R indicates resistance to
antibiotics; S susceptibility and I intermediate
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Figure. 4 PCR bands of mediated antibiotics resistance genes, (A) armA 315 bp, (B) gnrB
516 bp, (C) gnrS 469 , and (D) parE 265bp.

3.3 Gene analysis of E. coli isolates
3.3.1 Gene evaluation, both phenotypic and genotypic

PCR was used to detect three quinolone genes, two plasmid-mediated quinolone
resistance (PMQRs) (gnrB and gnrS), parE, and an aminoglycoside (armA). All identified
genes are complete sets with two, three, or four genes. Fourteen isolates that showed
resistance to fluoroquinolones (ciprofloxacin) and 26 that showed resistance to
aminoglycosides (gentamycin) from the Kirby Bauer disc diffusions test were selected for
PCR (Figure 4). Nine isolates showed the presence of gnrB (28.1%), and 7 isolates showed
the presence of gnrS genes (21.9%). Of the 26 resistant isolates to gentamycin, 20 isolates
showed the presence of the armA gene (62.5%), and parE gene was found among all selected
isolates for fluoroquinolones and aminoglycosides genes (100%), as shown in Table 3 and
Figure 5.
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Figure 5: Prevalence of some antibiotic's-resistant genes among E. coli isolates

However, gnr genes were detected in 7 resistant isolates. The concomitant presence of
two gnr genes was detected. The double association gnrB and gnrS were found in 12 isolates
(37.5%), regardless of whether the bacterial isolate is resistant, susceptible or intermediate, as
indicated in Table 3.

Discussion

The resistance pattern to B-lactam antimicrobial drugs appeared to be higher compared to
some similar studies previously conducted on E. coli isolates from surface water [21]. The
antibiotic that showed low sensitivity in E. coli isolates was ciprofloxacin (Table 3). It has
been shown that Enterobacteriaceae develop resistance to quinolones [22]. It is indicated that
one of the fluoroquinolone resistance genes belonging to the gnr family encode proteins that
bind bacterial DNA gyrase and thereby prevent the antibiotic from interacting with its target.
In general, the acquired genes do not confer a high level of resistance to fluoroquinolones but
represent a selective variant of fluoroquinolone resistance [23]. This study showed moderate
levels of resistance (50 and 59 %) compared to previous studies reporting resistance to third-
generation cephalosporins in Enterobacteriaceae isolated from different aquatic environments
[24]. According to Sophie [25], the reduced susceptibility is due to reduced permeability and
enzyme inactivation, which may explain the observed low susceptibility to quinolones.
Therefore, it has been hypothesized that the regulation of some bacterial genes may be
regulated in a complex manner involving interactions between certain abiotic properties of
water [26]. Very few studies have been reviewed in Iraq to detect resistance genes for E. coli
in aquatic environments. Among these studies, Mahdi et al., study [27] found that in the
Tigris River, E. coli isolates exhibited minimal resistance to quinolones, sulfa drugs, and
aminoglycosides. Additionally, a small number of isolates had resistance genes (gyr4, drfl,
and drf17), which could be explained by the horizontal transfer of plasmids carrying genes
and their distribution within the Enterobacteriaceae family. These results are consistent with
the results of the current study. Another study by Mahdi et al., [28] aimed to detect the
presence of carbapenems genes and the prevalence of antibiotic-resistant E. coli in the Tigris
River. According to a European study [29], the overall E. coli resistance to cephalosporins,
and aminoglycosides was less than 2% and disagreed with the current results, as shown in
Table 3.
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Plasmid-mediated resistance to quinolones may facilitate the spread and increase the
frequency of quinolone-resistant isolates. So far, the gnr genes have been widely detected in
different parts of the world. This is the first study to report the frequency and diversity of gnr
genes among E. coli isolates from the Tigris River. This study indicated a percentage (50.0-
57.0%) of PMQR genes in quinolone-resistant E. coli and a predominance of the parE gene,
which is comparable to earlier findings [30]. Despite the presence of many PMQR genes, our
study discovered no statistically significant link between the identified gnr genes and the
related quinolone/fluoroquinolone resistance phenotype. A considerable fraction of E. coli
isolates lacking the gnr gene show phenotypic resistance to quinolone/fluoroquinolone
antimicrobials (Table 3). Other PMQR genes, such as gnrC, gnrD, gnrE, and gnrVC, which
were not investigated in this work, could explain the discrepancy in the genotype-phenotype
association [31]. The isolates in our investigation that lacked the PMQR genes were resistant
to the quinolones that were examined. These findings add to the evidence that chromosomal
alterations QRDR in gyr4-encoding regions are essential for quinolone production, as shown
by Moon et al.[32]. All isolates that revealed at least one or more resistance to
aminoglycosides were treated with an armA gene PCR method. To the best of our knowledge,
this is the first time this gene(armA) has been identified in the Tigris River in Iraq. According
to the results of the current study, 62.5% (20/32) of bacterial isolates tested by PCR harboured
armA. This result disagrees with Djagbare ef al., [12] study in Burkina Faso, also with Khalaf
et al., [33] study in Iraq, which was negative for armA. These results support the notion that
armA is disseminated through conjugation and transposition, making its further spread likely,
although the origin of the armA gene remains unknown.

The cooccurrence of fluoroquinolone and aminoglycoside resistance genes was observed
in 7 E. coli isolates (Table 3). Very few studies have reported the distribution of the
aminoglycoside's genes in aquatic strains of E. coli [34]. Singh and his colleague emphasised
in their studies that the methylase gene (armA) in the plasmid was absent in the E. coli strains
from the Yamuna River [9]. On the contrary, another study reported that E. coli strains
isolated from Indian coastal waters were highly resistant to gentamycin [35]. In particular,
unlike quinolones, phenotypic resistance to a particular aminoglycoside antibiotic is precisely
correlated with the presence of the corresponding resistance gene. It has been reported that
genes encoding enzymes that modify aminoglycosides have spread globally and these genes
are often found in transposons that may play an important role in the spread of
aminoglycoside resistance across interspecific and intraspecific boundaries.

5. Conclusions

E. coli isolated from Tigris River water in Baghdad were resistant to [-lactams,
aminoglycosides and minor quinolones. Aquatic environments are significant reservoirs for
gnr genes, as evidenced by the growing number of studies revealing their presence in aquatic
bacteria. However, since gnr genes are nearly exclusively studied in quinolone-resistant
bacteria, it is also likely that these environments are underappreciated. Therefore, bacteria
with modest degrees of antibiotic resistance are typically excluded from research on antibiotic
resistance in aquatic environments, which typically only look at bacterial isolates with high
levels of antimicrobial resistance. Our study thus emphasises the significance of regular
microbial population monitoring in urban water bodies to check for the widespread
occurrence of antibiotic resistance determinants. This study showed that these isolates had
low sensitivity in all species to ciprofloxacin and were more resistant to gentamycin. The
distribution of gnrB (28.1%), gnrS (21.9 %), and parE 100% are primarily responsible for
fluoroquinolones (ciprofloxacin) resistance in E. coli. All isolates that revealed at least one or
more resistance to aminoglycosides were subjected to PCR for the armA gene. According to
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findings, 62.5% (20/32) of the bacterial isolates tested by PCR, harboured armA allowed us to
strengthen the monitoring and control of resistant strains. The heavy use of antibiotics in
hospitals and probably in human society may lead to bacteria acquiring multidrug resistance.
This is a health risk to humans and the water environment. Antibiotic use and water treatment
in hospitals and homes must be controlled.
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