
Saudi Journal of Biological Sciences 28 (2021) 3776–3782
Contents lists available at ScienceDirect

Saudi Journal of Biological Sciences

journal homepage: www.sciencedirect .com
Original article
Antimicrobial resistance patterns among different Escherichia coli
isolates in the Kingdom of Saudi Arabia
https://doi.org/10.1016/j.sjbs.2021.03.047
1319-562X/� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author.
E-mail addresses: kfabed@pnu.edu.sa, dr.kaabed@gmail.com (K. Aabed).
Kawther Aabed a,⇑, Nadine Moubayed b, Saleha Alzahrani a

aBiology Department, College of Science, Princess Nourah Bint Abdulrahman University, Riyadh, Saudi Arabia
bBotany and Microbiology Department, Sciences College, King Saud University, Riyadh, Saudi Arabia
a r t i c l e i n f o

Article history:
Received 8 January 2021
Revised 12 March 2021
Accepted 15 March 2021
Available online 23 March 2021

Keywords:
Escherichia coli
Antimicrobial resistance
Human urine
Food, Water
Air
Riyadh
a b s t r a c t

Antimicrobial resistance patterns among different Escherichia coli isolates in the Kingdom of Saudi Arabia.
This study aimed to investigate the patterns of antimicrobial resistance in E. coli isolated from different
samples, and to identify potential pathogenic isolates in Riyadh, Kingdom of Saudi Arabia (KSA). In total,
51 bacterial isolates were recovered from 113 samples of human urine, food (raw meat, raw chicken, raw
egg surface, and fresh vegetables), water, and air. Twenty-four E. coli isolates were tested for susceptibil-
ity to 26 antibiotics. The air sample isolates were most resistant to amoxicillin, ampicillin, amoxicillin/-
clavulanic acid, amoxicillin/sulbactam, piperacillin/tazobactam, cefalotin, cefuroxime, cefoxitin, cefixime,
nitrofurantoin, and trimethoprim/sulfamethoxazol. The isolates from vegetable samples were resistant to
amoxicillin, ampicillin, amoxicillin/clavulanic acid, amoxicillin/sulbactam, cefalotin, cefuroxime, cefox-
itin, and cefixime. By contrast, the isolates from the water samples were resistant only to amoxicillin
and ampicillin. The isolates from the human urine samples were most frequently resistant to norfloxacin
(80%) followed by amoxicillin and ampicillin (70%), trimethoprim/sulfamethoxazole (55%), ciprofloxacin
and ofloxacin (50%), cefalotin (30%), cefuroxime, cefixime and cefotaxime (25%), ceftazidime, ceftriaxone,
cefepime and aztreonam (20%), amoxicillin/clavulanic acid, piperacillin/tazobactam and gentamicin
(10%), and amoxicillin/sulbactam and cefoxitin (5%). Almost all (23/25, 95.8%) (n = 23) of the isolates were
multi-drug resistant (MDR) (i.e., resistant to 3 or more classes of antibiotics), and 16.7% (n = 4) of those
were positive for extended spectrum b-lactamase (ESBL). Of the 4 ESBL-producers, 3 were positive for
blaCTX-M-15 and blaCTX-M1group, 2 were positive for blaCMY-2, and 1 each was positive for blaCTX-M-2 group,

blaSHV, and blaOXA
-47
. The quinolone resistance gene qnrSwas detected in 25% (n = 6) of the E. coli strains

isolated from urine (N = 5) and air (N = 1) samples. The considerable number of antimicrobial resistance
genes detected among E. coli isolates tested here is alarming and should raise public health concern.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The drastic increase in the prevalence of bacterial antibiotic
resistance has become a major health concern worldwide (Toval
et al., 2014). The frequent exposure of humans to antimicrobial
agents contributes considerably to the spread of both antimicrobial
resistance and the development of antimicrobial-resistant bacteria.
For instance, antimicrobial-resistant Escherichia coli isolates arising
in antibiotic-treated animals can infect humans. The increased
consumption of plant-based diet has been linked to increased
numbers of human infections and outbreaks (Berg et al., 2014) as
fruits and vegetables could act as reservoirs for pathogens or
opportunistic pathogens. Furthermore, antimicrobial-resistant
bacteria can also be transmitted to humans via the food chain
and water, further affecting human health.

According to the European Union, the rate of human deaths
related to antibiotic resistant bacterial infection was estimated at
25,000 per year, where two-thirds of these infections were due
to Gram-negative bacteria (ECDC, 2015). Among the potentially
most pathogenic bacteria encountered in the environment are col-
iform bacteria, in particular E. coli, a common Gram-negative col-
iform bacterium found in the intestinal flora of humans and
other warm-blooded animals, is considered the most common
cause of nosocomial and community-acquired infections (Van
den Bogaard and Stobberingh, 2000). E. coli can easily spread via
various environmental sources, including food, water, and soil;
thus, its presence is widely used as an indicator of fecal
contamination.
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There are different routes through which humans can be
infected or colonized by bacteria, including occupational exposure,
physical contact, or food consumption. Consuming food from ani-
mal sources is an key source of antibiotic-resistant pathogens
(von Baum and Marre, 2005). Some studies have established rela-
tionships between increased antibiotic-resistant E. coli isolates iso-
lated from humans and food sources (Manges et al., 2007; Johnson
et al., 2007; Ramchandani et al., 2005; Voltattoni et al., 2002). For
example, studies have reported the presence of E. coli in chicken,
mutton, beef, turkey, pork, ice cream, vegetables, fruit juice,
cheese, yogurt, among others (Senkel et al., 2003; Tambekar
et al., 2006, Badri et al., 2009; Badri et al., 2009; Apun et al.,
2011; Rahimi and Chaleshtori, 2011; Adzitey et al., 2012). To better
assess public health risks due to antimicrobials in the environment,
a clear understanding of resistance ecology is required. E. coli can
pose a serious clinical threat due to its ability to acquire antibiotic
resistance. E. coli is most frequently associated with diarrhea and
other enteric diseases and is one of the main causes of nosocomial
and urinary tract infections (Qadri et al. 2005). E. coli is the main
water quality control organism determinator. While most E. coli
isolates are generally harmless, some have virulence genes that
can lead to life-threatening diseases. Although most E. coli infec-
tions are treatable, the rate of death due to E. coli infections is
increasing, mainly due to higher incidence of antibiotic resistance.
Based on their pathogenicity, E. coli isolates are divided into six cat-
egories: enteroinvasive E. coli (EIEC), enteropathogenic E. coli
(EPEC), enteroaggregative E. coli (EAEC), diffusely adhering E. coli
(DAEC), enterotoxigenic E. coli (ETEC), and Shiga toxin-
producing E. coli (STEC) (Allocati et al., 2013).

Antibiotics are widely used in treating bacterial infections both
in humans and animals, and they are applied as a prophylactic
agent and growth promoter in animal feed. Thus, continuous mis-
use of available antibiotics supports the emergence of new
antibiotic-resistant isolates. Importantly, newly arising resistance
genes can be transmitted to other populations (Davies and
Davies, 2010) via horizontal gene transfer (HGT) between Enter-
obacteriacae. Given its ease of growth, the cost-effectiveness of
handling it, and its mechanisms of resistance gene acquisition
and preservation, E. coli has been widely studied for monitoring
antibiotic resistance trends in both humans and animals
(Aarestrup et al., 1998; Van den Bogaard, and Stobberingh, 2000).

The aim of this study was to evaluate the patterns of antimicro-
bial susceptibility of E. coli isolates isolated from various sources,
including humans, water, air, and food, as well as to identify poten-
tial pathogenic isolates.
2. Materials and methods

2.1. Sample collection

The food samples used in this study were collected from local
retailers and supermarkets in Riyadh, Kingdom of Saudi Arabia,
from January to April 2019. The samples were derived from differ-
ent sources, including raw meat, raw chicken, raw egg surface, and
fresh vegetables, comprising 13 samples of locally produced meat
and 30 types of fresh, locally produced vegetables (eggplant, cap-
sicum, carrot, lettuce, and radish). All samples were collected asep-
tically and refrigerated. Later, samples were analyzed within 24
hrs. Water samples were collected from different regions in
Riyadh. A total of 30 tap water samples were collected from Jan-
uary to April 2019 at different locations of use in the community.
At each location, a 500-ml water sample was collected aseptically
and kept in cooler bags, then transported to the laboratory within 3
to 4 h. Human urine samples were collected from 20 healthy adult
volunteers (females) in sterile urine containers and brought imme-
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diately to the laboratory for culture and further experimental
work.

2.2. Microbiological analysis

Food samples were analyzed in a safety cabinet and cut using
sterile scalpels. Ten grams of the sample were excised and trans-
ferred into a sterile homogenizer flask containing 45 ml of nutrient
broth (Oxoid, Manchester, UK). The mixture was incubated for
15 min at room temperature. For isolation, 9 ml of buffered pep-
tone water (Oxoid) was added to 1 ml of each sample and incu-
bated at 37 �C overnight. Then, 1 ml of the buffered peptone
water was plated on eosin methylene blue (EMB) agar (Oxoid)
and incubated aerobically at 37 �C for 18–24 h. Suspected E. coli
colonies (metallic green colonies on EMB agar) were selected for
further investigation.

Monitoring for airborne microbial contamination was per-
formed via a sedimentation technique that uses open Petri dishes
containing different culture media. The plates were distributed
throughout rooms, bathrooms, and laboratories of Princess Nourah
bint Abdulrahman University (PNU) at various distances from the
floor. Immediately after sample collection, the plates were taken
to the laboratory of Microbiology, Faculty of Science, for further
bacteriological analysis.

Urine samples (1 ml) were added to tubes containing 10 ml of
buffered peptone water (Oxoid) and cultured at 37 �C for 12 h.
The bacterial suspension was then streaked onto EMB agar plates.
After incubation at 37 �C for 18–24 h, metallic green colonies colo-
nies were chosen for further biochemical identification.

2.3. Bacterial identification

For each sample, one bacterial isolate showing the expected
morphology was chosen from the selective medium (EMB) for
identification. Bacteria were preserved at �80 �C.

Biochemical identification of the bacteria was performed using
a VITEK 2-compact 15 automated identification system (bioMé-
rieux, France), following the manufacturer’s instructions. Briefly,
bacterial suspensions were prepared at McFarland standard of
0.5–0.63 using a VITEK 2 DensiChek instrument (bioMérieux,
France), and utilized Gram-negative (GN) cards for Gram-
negative bacteria.

2.4. Antimicrobial susceptibility tests

The VITEK 2-compact 15 system was used to perform the
antimicrobial susceptibility testing for all isolates. The GPS-500
test cards were used to test for the following antimicrobials: ampi-
cillin, cefuroxime, cefotaxime, ciprofloxacin, cefotiam, imipenem,
gentamicin, piperacillin, ofloxacin, nitrofurantoin, trimethoprim/s
ulfamethoxazole, tetracycline, ampicillin/sulbactam, and
piperacillin/tazobactam. In order to identify ESBL production, Cefo-
taxime and Ceftazidime with and without clavulanic acid were
used. Antibiotic susceptibility to chloramphenicol was determined
by the disk diffusion method on Mueller-Hinton (MH) agar. The
minimum inhibitory concentration (MIC) for all E. coli isolates
was determined via the double broth dilution method according
to the Clinical Laboratory Standards Institute (CLSI) guidelines.
E. coli ATCC 25922 was used as a control strain.

2.5. DNA extraction

All identified E. coli isolates were cultured overnight in 5 ml of
LB medium, and genomic DNA was extracted from each sample
using the Invitrogen Pure link genomic DNA mini kit following
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the manufacturer’s instructions (Life Science Technology, USA).
The extracted DNA was stored at �20 �C for further use.

2.6. Detection of antibiotic resistance genes via PCR

PCR was used to screen for isolates displaying resistance pheno-
types by detecting genes conferring resistance to b-lactams
(blaCTX-M, blaSHV, blaTEM, blaOXA-47, blaOXA-1 group,
blaCMY-2, blaNDM-1, rmtB, rmtC, armA), and quinolones (qnrA,
qnrB, qnrS). The primer sets used for each gene are shown in
Table 1. The selected genes were among the most prevalent genes
detected in the environment and clinics E. coli isolates in previous
studies. PCR reactions were first performed with each set of pri-
mers separately in a total volume of 25 ml, including 12.5 ml of
GoTaq green Master Mix (Promega, USA), 0.125 ml of each set of
primers, 9.5 ml of DNAse and RNAse-free water, and 3 ml of DNA
template. Amplification reactions were carried out in a Genepro
thermocycler (Bioer, China) as follows: 94 �C for 2 min, 35 cycles
consisting of 94 �C for 1 min, the Tm of each set of primers for
30 sec (Table 1), 72 �C for 1 min, followed by a final extension step
at 72 �C for 10 mins. Amplified samples were analyzed via elec-
trophoresis in 1.5% ethidium bromide-stained agarose gels. All
amplicon bands were compared to the Solis Biodyne 100-bp DNA
ladder (Switzerland). We used E. coli ATCC 25922 as a positive
control.

2.7. Ethical approval

This study was conducted in accordance with the Declaration of
Princess Nourah University and was approved by the Institutional
Review Board (approval number 17-0208).
Table 1
Primers (Talukdar et al., 2013) used for resistance gene detection.

Resistance gene Nucleotide sequence (5’-3’)

blaTEM 1150 TCGGGGAAATGTGCGCG
TGCTTAATCAGTGAGGACCC

blaSHV 885 CACTCAAGGATGTATTGTG
TTAGCGTTGCCAGTGCTCG

blaCTX-M-1group 866 GGTTAAAAAATCACTGCGTC
TTGGTGACGATTTTAGCCGC

blaCTX-M-2 group 866 ATGATGACTCAGAGCATTCG
TGGGTTACGATTTTCGCCGC

blaCTX-M-8 group 688 TCGCGTTAAGCGGATGATGC
AACCCACGATGTGGGTAGC

blaCTX-M-9 group 857-870 ATGGTGACAAAGAGAGTGCA
CCCTTCGGCGATGATTCTC

blaCTX-M-15 996 CACACGTGGAATTTAGGGACT
GCCGTCTAAGGCGATAAACA

blaOXA-1 group 813 ACACAATACATATCAACTTCGC
AGTGTGTTTAGAATGGTGATC

blaOXA-47 591- 609 TCAACTTTCAAGATCGCA
GTGTGTTTAGAATGGTGA

blaCMY-2 556
1007- 1143

GACAGCCTCTTTCTCCACA
TGGAACGAAGGCTACGTA

blaNDM-1 465 GGTTTGGCGATCTGGTTTTC
CGGAATGGCTCATCACGATC

rmtB GCTTTCTGCGGGCGATGTAA
ATG CAA TGC CGC GCT CGTAT

rmtC CGA AGA AGT AAC AGC CA AG
ATC CCA ACA TCT CTC CCA CT

armA ATT CTG CCT ATC CTA ATTGG
ACC TAT ACT TTA TCG TCGTC

qnrA AGAGGATTTCTCACGCCAGG
TGCCAGGCACAGATCTTGAC

qnrB GGMATHGAAATTCGCCACTG
TTTGCYGYYCGCCAGTCGAA

qnrS 428 GCAAGTTCATTGAACAGGGT
TCTAAACCGTCGAGTTCGGCG
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3. Results

3.1. Isolation of E. coli from samples

Approximately 21.2% (n = 113) of the examined samples yielded
positive growth for E. coli as follows: 2.4% were isolated from food
samples, 2.4% from the vegetables, 2.4% from the air and 2.4% of the
water samples. All of the human urine samples (83.3%) were pos-
itive for E. coli (Table 2).
3.2. Antibiotic resistance phenotypes of E. coli isolates

Antibiotic susceptibility tests to 26 antibiotics were performed
via the disc diffusion method for 24 E. coli isolates. The isolate from
air sample revealed resistance to amoxicillin, ampicillin, amoxi-
cillin/clavulanic acid, amoxicillin/sulbactam, piperacillin/tazobac-
tam, cefalotin, cefuroxime, cefoxitin, cefixime, nitrofurantoin, and
trimethoprim/sulfamethoxazole. The isolates from fresh vegeta-
bles showed resistance to amoxicillin, ampicillin, amoxicillin/-
clavulanic acid, amoxicillin/sulbactam, cefalotin, cefuroxime,
cefoxitin, and cefixime. Isolates from the water samples showed
resistance only to amoxicillin and ampicillin. Urine sample isolates
were the most resistant to norfloxacin (80%) followed by amoxi-
cillin, ampicillin (70%), trimethoprim/sulfamethoxazole (55%),
ciprofloxacin and ofloxacin (50%), cefalotin (30%), cefuroxime,
cefixime and cefotaxime (25%), ceftazidime, ceftriaxone, cefepime
and aztreonam (20%), piperacillin/tazobactam, amoxicillin/clavu-
lanic acid, and gentamicin (10%), and amoxicillin/sulbactam and
cefoxitin (5%). Four isolates were positive for ESBL.

Table 2 presents the presence of antimicrobial resistance
between the E. coli isolates isolated from urine, fresh vegetables,
water, and air. Overall, 17 (70.8%) of the isolates were resistant
to at least 8 of 26 antibiotics examined, 8 (33.3%) had intermediate
susceptibility, and 1 (4.2%) was pan-sensitive. For isolates isolated
from humans (n = 20), 20 (100%) were susceptible to all tested
antibiotics, while 16 (80%) were resistant to norfloxacin,14 (70%)
were resistant to amoxicillin and ampicillin, 11 (55%) were resis-
tant to trimethoprim/sulfamethoxazole, 10 (50%) were resistant
to ofloxacin and ciprofloxacin, 6 (30%) were resistant to cefalotin,
5 (25%) were resistant to cefuroxime, cefixime and cefotaxime, 4
(20%) were resistant to ceftazidime, cefepime, ceftriaxone, and
aztreonam, 2 (10%) were resistant to piperacillin/tazobactam,
amoxicillin/clavulanic acid, and gentamicin, and 1 (5%) was resis-
tant to amoxicillin/sulbactam and cefoxitin. Among the isolates
recovered from the air, 1 (100%) was susceptible to all antibiotics
tested, 1 (100%) was resistant to amoxicillin, amoxicillin/clavulanic
acid, ampicillin, piperacillin/tazobactam, amoxicillin/sulbactam,
cefoxitin, cefalotin, cefixime, cefuroxime, nitrofurantoin, and
trimethoprim/sulfamethoxazole (Table 3). Among the isolates
recovered from fresh vegetables, 1 (100%) was susceptible to some
of antibiotics tested, 1 (100%) was resistant to amoxicillin, ampi-
cillin, amoxicillin/clavulanic acid, amoxicillin/sulbactam, cefalotin,
cefuroxime, cefoxitin, and cefixime (Table 3). Among the isolates
recovered from water, 1 (100%) was resistant only to amoxicillin
and ampicillin (Table 3).
3.3. Detection of antibiotic resistance genes in E. coli isolates

We found that of the 24 isolated E. coli isolates, 7 (29%) were
positive for the blaCTX-M-15 and blaCTX-M-1-group-specific gene.
We next validated the presence of blaCTX-M-15 by sequencing the
PCR product. Eight (33%) isolates were positive for the blaCTX-M-
2-group-specific gene, while none of the isolates were positive
for the blaCTX-M-8-group-specific genes or blaCTX-M-9-group.
Approximately 12.5% (n = 3) and 50% (n = 12) of the isolates were



Table 2
Presence of E. coli isolates in positive cultures.

Isolated E. coli strains Food (raw meat) Fresh vegetables Water Air Urine

Number of bacteria 1 1 1 1 20
% 4.2 4.2 4.2 4.2 83.3

Table 3
Antibiotic susceptibility patterns of E. coli isolates.

Antibiotic R%
n

I%
n

S%
n

Amoxicillin (70.8)17 0 (29.2)7
Ampicillin (70.8)17 0 (29.2) 7
Amoxicillin/clavulanic Acid (16.7)4 (16.7) 4 (66.7) 16
Amoxicillin/Sulbactam (12.5) 3 0 (87.5) 21
Piperacillin/Tazobactam (12.5) 3 (12.5) 3 (75) 18
Cefalotin (33.3) 8 (12.5) 3 (54.2) 13
Cefuroxime (29.2) 7 0 (70.8)17
Cefoxitin (12.5) 3 (4.2) 1 (83.3) 20
Cefixime (29.2) 7 0 (70.8)17
Cefotaxime (20.3) 5 0 (79.2) 19
Ceftazidime (16.7) 4 (4.2) 1 (79.2) 19
Ceftriaxone (20.3) 5 0 (79.2) 19
Cefepime (16.7) 4 0 (83.3) 20
Aztreonam (16.7) 4 0 (83.3) 20
Imipenem 0 0 (100) 24
Meropenem 0 0 (100) 24
Amikacin 0 (4.2) 1 (95.8) 23
Gentamicin (8.3) 2 0 (91.7) 22
Ciprofloxacin (41.7) 10 0 (58.3) 14
Norfloxacin (66.7) 16 – –
Ofloxacin (41.7)10 0 (58.3) 14
Doxycyclin – – –
Minocycline – – –
Tigecycline 0 0 (100) 24
Nitrofurantoin (4.2) 1 (12.5) 3 (83.3) 20
Trimethoprim/Sulfamethoxazole (50) 12 0 (50) 12

R: Resistant, I: Intermediate, S: Susceptible.
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positive for blaSHV and blaTEM, respectively. Among the car-
bapenemase resistance genes, blaOXA-1-group was detected in
4% (n = 1), while blaOXA-47 was detected in 8% (n = 2) of the iso-
lates. We did not detect any isolates with the metallo-b-lactamase
gene blaNDM-1. 54% (n = 13) of the isolates were positive for the b-
lactamase blaCMY-2 gene. We found qnrS, quinolone resistance
gene, in 25% (n = 6) of the isolates (Tables 4 and 5) (Figs. 1 and 2).
Table 4
Distribution of resistance genes in 24 isolated E. coli isolates.

Gene % of gene resistance in 24 identified E. coli

blaTEM 12 (50%)
blaSHV 3 (12.5%)
blaCTX-M-1group 7 (29%)
blaCTX-M-2 group 8 (33%)
blaCTX-M-8 group 0
blaCTX-M-9 group 0
blaCTX-M-15 7 (29%)
blaOXA-1 group 1 (4%)
blaOXA-47 2 (8%)
blaCMY-2 13 (54%)
blaNDM-1 0
rmtB 0
rmtC 0
armA 0
qnrA 0
qnrB 0
qnrS 6 (25%)
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4. Discussion

The accurate and rapid detection of antibiotic resistance is
extremely important in treating and preventing infections.
Recently, the existence of genetic similarity was found between
ESBL E. coli isolates, indicating the ability of these isolates to be
transferred form one source to another, for example, from vegeta-
bles to humans, potentially causing serious infections (Cetinkaya
et al., 2014.). Frequent use of antibiotics has contributed to
increased resistance to the most common standard antibiotics
and to increased genetics-based resistance or multidrug resistance
among bacterial isolates. Saudi Arabia is facing several challenges
that can encourage the emergence and spread of antibiotic resis-
tance. In general, antibiotics are used to treat both human and ani-
mal infections and as sub-therapeutics in food animals for
promoting growth. When use of these antibiotics becomes the
norm in human and animal medicine, multigene resistance may
emerge and develop, which can, in turn, be shared among the bac-
terial population ultimately causing public health problems
(Davies and Davies, 2010; Frank et al., 2011; Ukah et al., 2018).
Humans can be exposed to antibiotic-resistant bacteria through
contaminated water and food samples (Robinson et al., 2016);
thus, the environment is an essential factor in the emergence, per-
sistence, and transmission of antibiotic resistant bacteria, indicat-
ing that the health of animals, humans, and the environment are
closely linked. The increasing threat of antibiotic resistant bacteria
may be associated with enhanced virulence and pathogenicity
(Guillard et al., 2016; Roux et al., 2015), and with increased antibi-
otic resistance, increased virulence may naturally evolve (Guillard
et al., 2016). Therefore, when controlling the spread of antibiotic
resistance, we must also control the spread of virulence
(Meredith et al., 2017).

Data from the present work indicated that human urine isolates
were more commonly resistant to tetracycline, ampicillin, and
trimethoprim/sulfamethoxazole than to other drugs, consistent
with (Jakobsen et al., 2010), Uysal and Durak, 2012, and Melo
et al. (2015). Similarly, Pires et al. (2007), Uysal et al. (2013), and
Vranic and Uzunovic (2016) reported that ampicillin resistance
was most common followed by trimethoprim/sulfamethoxazole
However, the spread of this antibiotic resistance in E. coli food iso-
lates noted in the latter study was lower than that documented by
Altalhi et al. (2000) and Van et al. (2007, 2008), where resistance
rates close to 100% were reported. It is believed that the overuse
of antimicrobial agents in animal diets and the selective pressure
that these drugs put on microorganisms it is suspected that iso-
lates obtained from animal-based food products could have more
complex resistance profiles than isolates from other food sources.

In contrast, others have reported lower proportions of
multidrug-resistant E. coli in food isolates than in human isolates
(Thorsteinsdottir et al. 2010). In 2011, a study reported that in
the Saudi Arabian region of Najran, reported, 31.1% of urine
E. coli isolates were resistant to multiple drugs (Masoud et al.,
2011). In another study, 36.7% of the E. coli isolates were found
to be resistant to carbenicillin, amoxicillin, ampicillin, and pipera-
cillin (Halawani, 2011). Kresken and colleagues (2014) reported
that 42.9% of 499 E. coli urine sample isolates were found resistant
to amoxicillin then amoxicillin/clavulanic acid (AMC) (32.7%) and
followed by trimethoprim/sulfamethoxazole (SXT) (30.9%).



Table 5
Occurrence of resistance genes in E. coli isolated from different samples.

Antibiotic resistance pattern Number % Percentage of
Resistance

Strain
number

ESBL gene(s)

– – – 2
20
M4
21

Nor** 1 4.2 9, 11
Amx, Amp 2 8.3 5, 17 W
Cip, Nor, Ofl, 3 12.5 4

17
Amx, Amp, Cef, TrSu 4 16.7 6

14
19

Amx, Amp, Cip, Nor, Ofl 5 20.9 12
Amx, Amp, Cip, Nor, Ofl, TrSu 6 25 3

13
15

Amx, Amp, Gen, Cip, Nor, Ofl, TrSu 7 29.2 16
Amx, Amp, AmCl, AmSu, Cef, Cur, Cox, Cix 8 33.3 Q14
Amx, Amp, AmCl, AmSu, Cef, Cur, Cox, Cix, Nir, TrSu 10 41.7 13A
Amx, Amp, Cef, Cur, Cix, Cot, Cta, Ctr, Cep, Azt, Nor, TrSu 12 50 10* blaSHV
Amx, Amp, Cef, Cur, Cix, Cot, Cta, Ctr, Cep, Azt, Cip, Nor, Ofl 13 54.2 1* blaCTX-M-1group, blaCTX-M-15, blaCMY-2

Amx, Amp, Cef, Cur, Cix, Cot, Cta, Ctr, Cep, Azt, Cip, Nor, Ofl,
TrSu

14 58.3 7* blaCTX-M-1group, blaCTX-M-2 group, blaCTX-M-
15, blaCMY-2

Amx, Amp, AmCl, PiTa, Cef, Cur, Cix, Cot, Cta, Ctr, Cep, Azt, Nor,
TrSu

14 58.3 18* blaTEM, blaCTX-M-1group, blaCTX-M-15, blaOXA-
47, qnrS

Amx, Amp, AmCl, AmSu, PiTa, Cef, Cur, Cix, Cot, Ctr, Gen, Cip,
Nor, Ofl, TrSu

15 62.5 8

* ESBL (+) strains; **Amx, Ampicillin; Amp, Ampicillin; AmCl , Amoxicillin/clavulanic Acid; AmSu, Amoxicillin/Sulbactam; PiTa, Piperacillin/Tazobactam; Cef, Cefalotin; Cur,
Cefuroxime; Cox, Cefoxitin; Cix, Cefixime; Cot, Cefotaxime; Cta, Ceftazidime; Ctr, Ceftriaxone; Cep, Cefepime; Azt, Aztreonam; Imi, Imipenem; Mer, Meropenem; Ami,
Amikacin; Gen, Gentamicin; Cip, Ciprofloxacin; Nor, Norfloxacin; Ofl, Ofloxacin; Dox, Doxycycline; Min, Minocycline; Tig, Tigecycline; Nir, Nitrofurantoin; and TrSu,
Trimethoprim/Sulfamethoxazole;. (1–20) urine samples, (21) ATCC 25922, (M) meat samples, (W) water samples, and (A) air samples.

Fig. 1. Image of ESBL genes, confirmed in ESBL-producing E. coli strains (1, 7, 18
numbered strains) on an agarose gel. Gene Ruler DNA ladder was used as size
marker.

Fig. 2. Image of ESBL genes, confirmed in ESBL-producing E. coli strains (1, 7, 10
numbered strains) on an agarose gel. Gene Ruler DNA ladder was used as size
marker.
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Another study found that 87.9% of 366 E. coli urine sample isolates
were resistant to nalidixic acid, 82.7% were resistant to ciprofloxa-
cin, and 81.4% were resistant to trimethoprim (Fennell et al., 2012).
Similarly, Uysal et al. (2018) reported that 77.92% were multidrug
resistant (i.e., resistant to more than 2 antibiotics), in particular to
cephalothin (54.63%), followed by tetracycline (53.6%) and nali-
dixic acid (44.32%).

Among the ESBL producers, we found three positive isolates for
resistance genes with the clinically significant class A b-
lactamases, which includes blaCTX-M-1-group and blaCTX-M-15.
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With the beginning of 21 century, blaCTX-M-15-producing E. coli
isolates have emerged and spread worldwide and are now consid-
ered an important source of human nosocomial, urinary tract, and
blood infections (Oteo et al. 2010; Pitout, 2010). There is a reported
increase in the prevalence of CTX-M-type b-lactamases in Enter-
obacteriaceae, and it is now more prevalent than the TEM and
SHV types in some geographic locations (Falagas and
Karageorgopoulos, 2009). The TEM and SHV types have mostly
been found in environmental and clinical samples, e.g, from animal
farms and estuarine waters (Henriques et al., 2006; Hiroi et al.,
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2011). Interestingly, the majority of isolates identified in our study
possess blaTEM, while one isolate possess blaSHV. Additionally,
various enterobacterial species, including E. coli, are known to pos-
sess the qnr genes (quinolone resistance genes) (Poirel et al., 2008;
Robicsek et al., 2006; Takasu et al., 2011). Reports have indicated
that the qnr genes, especially qnrB, are mainly found in clinically
important K. pneumoniae isolates and other Enterobacteriaceae spe-
cies in Asian countries (Shin et al., 2008; Teo et al., 2009); however,
nonclinical sources of qnr genes have also been found in E. coli iso-
lates from livestock, swine, and poultry (Ma et al., 2009; Yue et al.,
2008). Additionally, a qnr gene (qnrS) was identified in isolates
from the River Seine in Paris and a Swiss lake containing Aeromo-
nas (a water-borne bacterial species) (Cattoir et al., 2008) (Picao
et al., 2008). The results of our current study indicated that 6 iso-
lates were positive for plasmid-mediated qnrS-type qnr genes. Iso-
late 18, which carried qnrS, co-harbored different classes of b-
lactamase resistance genes, including blaOXA-47, blaCTX-M-1-
group, and blaCTX-M-15, was resistant to 14 antibiotics, excluding
ciprofloxacin. Conversely, isolate 15, which carried qnrS, blaTEM,
and co-harbored blaCTX-M-2 was resistant to 6 antibiotics, includ-
ing ciprofloxacin. Therefore, in parallel to pervious work, we con-
clude that qnrS alone may not grant resistance to fluroquinolones
(Cattoir et al., 2008).
5. Conclusion

The prevalence of pathogenic E. coli in various food and water
sources highlights the need for cost-effective, accurate, and rapid
identification systems to decrease the public’s exposure to E. coli
infection.

This study provides important information about the antimicro-
bial susceptibility patterns in E. coli from the Riyadh Region in
Saudi Arabia and reveals the prevalence of ESBL production in
the region. The present data and antimicrobial resistance profiles
for E. coli in Riyadh will aid local clinicians in recommending the
optimal antimicrobial drug regimens to treat E coli infections.
There is an ongoing need to mitigate the spread of antimicrobial
resistance determinants in pathogenic bacteria, which can be sup-
ported via the judicious use of antimicrobial agents. Furthermore,
surveillance studies must be conducted to monitor the current pat-
terns of antibiotic resistance among bacteria. Of the E. coli isolates
tested in this study, 70.8% were antibiotic resistant, primarily to
amoxicillin and ampicillin for the isolates from human, fresh veg-
etables, water, and air, and norfloxacin for human isolates. Further-
more, a high percentage of multidrug resistance was observed in
all of the human isolates.
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