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Bacteraemia is an international threat caused by extra-intestinal pathogenic Escherichia coli (ExPEC).
Recently, the antimicrobial resistance of ExPEC has increased substantially, and this is attributed to the
dissemination of E. coli ST131 clone. The present study explored the antimicrobial susceptibility patterns,
extended spectrum b-lactamase (ESBL) carriage, virulence capacity and the prevalence of ST131 clone in
Riyadh, Saudi Arabia. Thirty-one E. coli blood isolates, collected between January 2018 and March 2018,
were used. The prevalence of ST131 clone was determined based on the PCR assays. Twenty-eight (90.3%)
of all tested isolates were resistant to ampicillin, while only 1 isolate (3.2%) showed resistance to imipe-
nem. Sixteen (51.6%) of the all isolates were ESBL producers, with CTX-M-15 being the predominant ESBL
type. The virulence potential was higher among ESBL-producing isolates. Overall, seventeen (54.8%) iso-
lates belonged to the ST131 clone. ST131 isolates were associated with increased antibiotic resistance;
ESBL carriage and virulence capacity compared to non ST131isolates. This study reported the high levels
of antimicrobial resistance and ESBL carriage among ExPEC blood isolates. It is concluded that the preva-
lence of ST131 clone among E. coli blood population is high locally, and found high virulence potential
and antimicrobial resistance levels among ST131 isolates. These might drive ST131 success as a major
cause of bacteraemia worldwide.
� 2019 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

Bacteraemia is an international threat caused by extra-
intestinal pathogenic Escherichia coli (ExPEC) (Rogers et al., 2011).
It has been shown that ExPEC comprises 17–37% of all clinically
important bacteria isolated from bloodstream infections (BSIs)
globally (Russo and Johnson, 2003). Recently, the number of
reported bacteraemia cases due to ExPEC has increased substan-
tially, leading to high levels of morbidity and mortality worldwide.
Over the past decades, ExPEC resistance to cephalosporins, fluoro-
quinolones, and trimethoprim–sulfamethoxazole, has increased
markedly (Gupta et al., 1999). In the United Kingdom, the inci-
dence of bacteraemia due to E. coli increased by approximately
70% between 1999 and 2011, and this was mostly driven by infec-
tions with antibiotic resistant isolates (Schlackow et al., 2012).
More recently, resistance the antibiotics such as carbapenems
and polymyxins, has increasingly been reported globally (Al-
Dhabi and Ghilan, 2018:; Nordmann et al., 2011), which has com-
plicated the management of patients.

Escherichia coli ST131 is a member of phylogroup B2, and
belongs to serotype O25:H4 (Nicolas-Chanoine et al., 2008). It is
often multidrug resistant (MDR), i.e. showing resistance to at least
1 agent in � 3 antibiotic classes, and frequently carries a variety of
extended-spectrum b-lactamases (ESBLs)such as CTX-M,OXA and
TEM, as well as the aminoglycosides/fluoroquinolone acetyltrans-
ferase AAC (60)-Ib-cr (Woodford et al., 2009). ST131 is commonly
associated with carrying the blaCTX-M�15 gene, encoding the CTX-
M-15 ESBL enzyme, on the IncFII plasmids (Coque et al., 2008).
Many reports claimed that the high virulence potential among
ST131 isolates has been identified (Coelho et al., 2010).

In Saudi Arabia, there is very limited information available on
the antimicrobial resistance, virulence potential and molecular
epidemiology of ExPEC blood isolates. We characterized the
E. coli blood isolates at a molecular level and determined their
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Table 1
Details on antibiotics used in this study.

Antibiotic group Antibiotic name (abbreviation) Concentration (lg/disc)

Penicillins Ampicillin (AM) 10 lg
b-lactam/b-lactamase inhibitors combination Amoxicillin-clavulanic acid (AUG) 20/10 lg
Aminoglycosides Gentamicin (GM) 10 lg
Second generation cephalosporins Cefoxitin (FOX) 30 lg
Third generation cephalosporins Ceftazidime (CAZ) 30 lg
Fourth generation cephalosporins Cefepime (FEP) 30 lg
Tetracyclines Tetracycline (T) 30 lg
Folate pathway inhibitors Trimethoprim-Sulfamethoxazole (SXT) 1.25/23.75 lg
Carbapenems Imipenem (IMP) 10 lg
Fluoroquinolones Ciprofloxacin (CIP) 5 lg
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antimicrobial susceptibility profiles, ESBL carriage and ST131
status.
2. Materials and methods

2.1. Bacterial isolates

Thirty one E. coli isolates were obtained from different infected
patients from the tertiary hospital in Riyadh, Saudi Arabia. The
clinical samples were collected from January 2018 to March 2018
and the isolated strains were initially identified using Vitek 2 iden-
tification system (Vitek2-ID-GNB, BioMerieux).
Table 2
Antibiotic susceptibility rates of the 31 E. coli isolates tested in this study.
2.2. Antimicrobial susceptibility testing

Antimicrobial susceptibility patterns of the isolates were deter-
mined as reported by the Clinical and Laboratory Standards Insti-
tute (CLSI) guidelines (CLSI, 2018). E. coli ATCC 25,922 was used
as the positive control to compare the susceptibility using ten dif-
ferent antibiotics obtained from LIOFILCHEM, Italy (Table 1).
Antibiotic Number (%) of E. coli isolates

Sensitive isolates Resistant isolates

Ampicillin 3 (9.7%) 28 (90.3%)
Amoxicillin-clavulanic acid 15 (48.4%) 16 (51.6%)
Gentamicin 27 (87.1%) 4 (12.9%)
Cefoxitin 27 (87.1%) 4 (12.9%)
Ceftazidime 17 (54.8%) 14 (45.2%)
Cefepime 17 (54.8%) 14 (45.2%)
Tetracycline 13 (41.9%) 18 (58.1%)
Trimethoprim-Sulfamethoxazole 14 (45.2%) 17 (54.8%)
Imipenem 30 (96.8%) 1 (3.2%)
Ciprofloxacin 14 (45.2%) 17 (54.8%)
2.3. Phenotypic and molecular detection of ESBL production

Initial screening and phenotypic confirmation of ESBL produc-
tion were performed by CLSI guidelines. For molecular detection
of ESBL encoding genes, gene based PCR was performed using dif-
ferent genes such as blaOXA,blaTEM,blaSHV, and blaCTX-M Groups 1, 2
and 9 using multiplex PCR primer sets and conditions previously
described [15]. E. coli ATCC 25,922 acted as the positive and K.
pneumoniae ATCC 700,603 acted as the negative control for the
comparison.
2.4. Identification of CTX-M ESBL gene variants

The ESBL gene variants were performed by sequencing and then
comparing using the NCBI gene bank BLAST search programme.
2.5. Screening for E. coli ST131 status

All isolates were screened for E. coli ST131 using the O25b and
O16 ST131 clades primers by PCR amplification and sequencing
(Clermont et al., 2009).
Fig. 1. Number of clinical E. coli blood isolates show ing multi drug resistance
(MDR) phenotype.
2.6. Identification of virulence-associated gene (VAG) carriage

PCR amplification methodology was implemented for the deter-
mination of VAG gene by following the methodology of the previ-
ous reports (Oteo et al., 2014).
2.7. Statistical analysis

Data were analysed using the SPSS software (version 19.0).
Fisher’s exact test (FET) was used to compare between different
groups.
3. Results

3.1. Antimicrobial susceptibility profiles and ESBL carriage of ExPEC
isolates

Results indicated that ampicillin was the most ineffective
antibiotic with 28 (90.3%) of isolates showing resistance to ampi-
cillin (Table 2). Of all isolates, 16 (51.6%) were resistant to
amoxicillin-clavulanic acid and 4 (12.9%) were resistant to gentam-
icin and cefoxitin, 14 (45.2%) to ceftazidime and cefepime, and 17
(54.8%) to trimethoprim-sulfamethoxazole and ciprofloxacin



Table 3
The distribution of b-lactamase genes among ESBL-producing E. coli isolates.

Isolate ID b-lactamase type(s) CTX-M variant

CTX-M G1 CTX-M G2 CTX-M G9 TEM OXA SHV

B1 – – – + – – NA1

B7 + – – – + – CTX-M-15
B8 + – – + – – CTX-M-15
B9 – – – – + – NA
B10 + – – – – – CTX-M-15
B16 + – – – + – CTX-M-15
B20 + – – – + – CTX-M-15
B21 – – + – – – CTX-M-14
B22 + – – – + – CTX-M-15
B23 – – + + – – CTX-M-14
B24 + – – + – – CTX-M-15
B26 – – – + – – NA
B28 + – – + – – CTX-M-15
B29 + – – + – – CTX-M-15
B30 + – – + – – CTX-M-15
B31 + – – – + – CTX-M-15

1 NA: Non-applicable.

Table 4
Antibiotic susceptibility rates, prevalence of ST131 isolates and VAG carriage of E. coli clinical blood isolates in relation to ESBL carriage.

Category Specific trait Number of isolates (%)

ESBL-producing (n = 16) Non ESBL-producing (n = 15) Total (n = 31) P valuea

ST131 isolates ST131 15 (93.8%) 2 (13.3%) 17 (54.8%) <0.001
ST131 O25b 14 (87.5%) 2 (13.3%) 16 (51.6%) <0.001
ST131 O16 1 (6.3%) 0 (0%) 1 (3.2%) 1.000

Antimicrobial resistance AM 16 (100%) 12 (80%) 28 (90.3%) 0.10
AUG 14 (87.5%) 2 (13.3%) 16 (51.6%) <0.001
GM 3 (18.8%) 1 (6.7%) 4 (12.9%) 0.59
FOX 4 (25%) 0 (0%) 4 (12.9%) 0.10
CAZ 13 (81.3%) 1 (6.7%) 14 (45.2%) <0.001
FEP 13 (81.3%) 1 (6.7%) 14 (45.2%) <0.001
T 10 (62.5%) 8 (53.3%) 18 (58.1%) 0.72
SXT 14 (87.5%) 3 (20%) 17 (54.8%) 0.002
IMP 0 (0%) 1 (6.7%) 1 (3.2%) 0.48
CIP 15 (93.8%) 2 (13.3%) 17(54.8%) <0.001

FQ phenotype FQ Rb 15 (93.8%) 2 (13.3%) 17 (54.8%) <0.001
MDR phenotype MDR 16 (100%) 6 (40%) 22 (71%) 0.002
Adhesions papA 7 (43.8%) 2 (13.3%) 9 (29%) 0.11

papC 7 (43.8%) 2 (13.3%) 9 (29%) 0.11
papGallele I 0 (0%) 0 (0%) 0 (0%) 1.000
papGallele II 6 (37.5%) 1 (6.7%) 7 (22.6%) 0.08
sfa/focDE 1 (6.3%) 0 (0%) 1 (3.2%) 1.000
afa/draBC 2 (12.5%) 0 (0%) 2 (6.5%) 0.48
fimH 15 (93.8%) 14 (93.3%) 29 (93.5%) 1.000
iha 8 (50%) 1 (6.7%) 9 (29%) 0.02

Siderophores iutA 12 (75%) 7 (46.7%) 19 (61.3%) 0.15
iroNE. coli 3 (18.8%) 9 (60%) 12 (38.7%) 0.03

Toxins hlyA 5 (31.3%) 0 (0%) 5 (16.1%) 0.04
cnf1 2 (12.5%) 0 (0%) 2 (6.5%) 0.48

Polysaccharide coatings kpsMTII 6 (37.5%) 5 (33.3%) 11 (35.5%) 1.000
kpsMTIII 0 (0%) 1 (6.7%) 1 (3.2%) 0.48

Miscellaneous PAI 10 (62.5%) 3 (20%) 13 (41.9%) 0.03
cvaC 2 (12.5%) 6 (40%) 8 (25.8%) 0.11
traT 10 (62.5%) 11 (73.3%) 21 (67.7%) 0.70
ompT 11 (73.3%) 9 (60%) 20 (64.5%) 0.72
usp 10 (62.5%) 7 (46.7%) 17 (54.8%) 0.48
sat 10 (62.5%) 1 (6.7%) 11 (35.5%) 0.002
Virulence scoresc 8 (1–13) 5.3 (1–12) 6.7 (1–13) 0.03

a P values (by Fisher’s exact test) are for 2-group comparison: ESBL and non ESBL.
b FQ resistant.
c Median number of virulence factors (range).
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respectively. It was shown that 22 of 31 (71%) E. coli isolates were
MDR (Fig. 1). Of these, 5 (16.1%) were resistant to 3 antibiotic
groups, 4 (12.9%) to 4 antibiotic groups and 1 (3.2%) to 5 antibiotic
groups. Additionally, 2 (6.5%), 6 (19.4%) and 4 (12.9%) were
resistant to 6, 7 and 8 antibiotics, respectively.
It was found that 16 (51.6%) of the all isolates were ESBL
producers (Table 3). The ESBL gene types detected in these E. coli
isolates belonged to the CTX-M-Group 1, CTX-M-Group 9, TEM
and OXA ESBLs, while the SHV type and CTX-M-Group 2 were
not detected in any of the tested isolates. Among all ESBL genes,



Table 5
Antibiotic susceptibility rates, ESBL carriage and VAG carriage of E. coli clinical blood isolates in relation to clonal groups.

Category Specific trait Number of isolates (%)

ST131 (n = 17) Non-ST131 (n = 14) Total (n = 31) P valuea

Antimicrobial resistance AM 17 (100%) 11 (78.6%) 28 (90.3%) 0.08
AUG 14 (82.4%) 2 (14.3%) 16 (51.6%) 0.002
GM 3 (17.6%) 1 (7.1%) 4 (12.9%) 0.61
FOX 3 (17.6%) 1 (7.1%) 4 (12.9%) 0.61
CAZ 12 (70.6%) 2 (14.3%) 14 (45.2%) 0.003
FEP 12 (70.6%) 2 (14.3%) 14 (45.2%) 0.003
T 12 (70.6%) 6 (42.9%) 18 (58.1%) 0.16
SXT 13 (76.5%) 4 (28.6%) 17 (54.8%) 0.01
IMP 1 (5.9%) 0 (0%) 1 (3.2%) 1.000
CIP 17 (100%) 0 (0%) 17 (54.8%) <0.001

FQ phenotype FQ R 17 (100%) 0 (0%) 17 (54.8%) <0.001
MDR phenotype MDR 17 (100%) 5 (35.7%) 22 (71%) <0.001
ESBL type(s) ESBL 15 (88.2%) 1 (7.1%) 16 (51.6%) <0.001

TEM 2 (11.8%) 0 (0%) 2 (6.5%) 0.49
OXA 1 (5.9%) 0 (0%) 1 (3.2%) 1.000
SHV 0 (0%) 0 (0%) 0 (0%) 1.000
CTX-M-15 1 (5.9%) 0 (0%) 1 (3.2%) 1.000
CTX-M-14 0 (0%) 1 (7.1%) 1 (3.2%) 0.45
CTX-M-15 + TEM 5 (29.4%) 0 (0%) 5 (16.1%) 0.05
CTX-M-15 + OXA 5 (29.4%) 0 (0%) 5 (16.1%) 0.05
CTX-M-14 + TEM 1 (5.9%) 0 (0%) 1 (3.2%) 1.000
Non-ESBL 2 (11.8%) 13 (92.9%) 15 (48.4%) <0.001

Adhesions papA 7 (41.2%) 2 (14.3%) 9 (29%) 0.13
papC 7 (41.2%) 2 (14.3%) 9 (29%) 0.13
papGallele I 0 (0%) 0 (0%) 0 (0%) 1.000
papGallele II 6 (35.3%) 1 (7.1%) 7 (22.6%) 0.09
sfa/focDE 1 (5.9%) 0 (0%) 1 (3.2%) 1.000
afa/draBC 2 (11.8%) 0 (0%) 2 (6.5%) 0.49
fimH 16 (94.1%) 13 (92.9%) 29 (93.5%) 1.000
iha 8 (47.1%) 1 (7.1%) 9 (29%) 0.02

Siderophores iutA 13 (76.5%) 6 (42.9%) 19 (61.3%) 0.08
iroNE. coli 3 (17.6%) 9 (64.3%) 12 (38.7%) 0.01

Toxins hlyA 5 (29.4%) 0 (0%) 5 (16.1%) 0.05
cnf1 2 (11.8%) 0 (0%) 2 (6.5%) 0.49

Polysaccharide coatings kpsMTII 5 (29.4%) 6 (42.9%) 11 (35.5%) 0.48
kpsMTIII 1 (5.9%) 0 (0%) 1 (3.2%) 1.000

Miscellaneous PAI 10 (58.8%) 3 (21.4%) 13 (41.9%) 0.07
cvaC 3 (17.6%) 5 (35.7%) 8 (25.8%) 0.41
traT 13 (76.5%) 8 (57.1%) 21 (67.7%) 0.44
ompT 11(64.7%) 9(64.3%) 20 (64.5%) 1.000
usp 10 (58.8%) 7 (50%) 17 (54.8%) 0.72
sat 10 (58.8%) 1(7.1%) 11 (35.5%) 0.007
Virulence scores 7.9 (1–13) 5.1 (1–12) 6.7 (1–13) 0.03

a P values (by Fisher’s exact test) are for 2-group comparison: ST131 and non ST131.
Conflict of Interest statement.
The authors of the manuscript entitled declared no conflict in this manuscript and publications.
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CTX-M-Group 1 dominated with 11 of 16 (68.8%) isolates carrying
this ESBL type. With respect to the CTX-M gene variants, the CTX-
M-15 was found in all the CTX-M-Group 1 producing isolates,
while CTX-M-14 variant was the only detected variant among
CTX-M-Group 9 producers (Table 3).

3.2. Characteristics of ESBL-producing and non ESBL-producing E. coli
isolates

The ESBL producing isolates were reported in table 4. Results
indicated that 17 of 31 (54.8%) ExPEC isolates belonged to ST131
clone. Of these, 15 (93.8%) were ESBL-producing while only 2
(13.3%) were non ESBL-producing. ESBL-producers were signifi-
cantly more capable of displaying resistance to these five antibi-
otics such as ceftazidime, amoxicillin-clavulanic acid,
trimethoprim-sulfamethoxazole cefepime, and ciprofloxacin
(Table 4). All the 16 (100%) ESBL-producing isolates were MDR,
while this phenotype was found in only 6 of 15 (40%) (Table 4).

Testing the VAG carriage of all ExPEC isolates showed that 5
VAGs: fimH, iutA, PAI, traT and usp were expressed by more than
50% of isolates, while they failed to express the papG allele I.
ESBL-producing isolates had higher VAG carriage than non ESBL-
producing isolates, and they were significantly associated with car-
rying iha, hlyA, PAI and sat VAGs. However, iroNE. coli was highly
found among non ESBL-producing isolates(Table 4). The median
virulence scores (ranges) were 8 (1–13) for ESBL-producing iso-
lates and 5.3 (1–12) for non ESBL-producing isolates, and this dif-
ference was found to be significant (P = 0.03) (Table 4).

3.3. Characteristics of E. coliST131 and non ST131 isolates

The data of this research found increased resistance of ST131
compared to non ST131 isolates, and there was a significant asso-
ciation between ST131 isolates and showing resistance to 5 agents.
All the 17 (100%) ST131 isolates were able to show MDR pheno-
type, while it was exhibited by only 5 of 14 (35.7%) non ST131 iso-
lates (P < 0.001) (Table 5). E. coli ST131 had a higher VAG carriage
in comparison to non ST131 isolates, and ST131 isolates were sig-
nificantly associated with carrying 3 VAGs: iha, hlyA and sat
(Table 5). The median virulence scores (ranges) were 7.5 (1–13)
for ST131isolatesand 4 (1–7) for non ST131 isolates, and this differ-
ence was significant (P = 0.03) (Table 5).
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4. Discussion

The incidence of bacteremia due to ExPEC has recently
increased globally (Rogers et al., 2011), and this is driven by a sub-
stantial rise in the MDR plasmids carriage among ExPEC isolates
(Alhashash et al., 2015). In Saudi Arabia, information on the pheno-
typic and molecular traits, such as antimicrobial resistance, ESBL
carriage, virulence capacity and ST131 status, of ExPEC blood-
stream isolates is very scarce. Here we determined the antibiotic
resistance levels and ESBL carriage of ExPEC blood isolates from
Riyadh city, and found high resistance levels of these isolates to
antibiotics commonly used for empiric treatment for extraintesti-
nal intestinal infections, particularly amoxicillin-clavulanic acid,
cephalosporins, trimethoprim-sulfamethoxazole and ciprofloxacin.
These resistance levels were higher than those reported in many
countries such as Turkey (Bozcal et al., 2018) and Mozambique
(Mandomando et al., 2010).

We also demonstrated that 16 (51.6%) of all isolates were ESBL-
producing, with CTX-M-15 being the most predominant ESBL vari-
ant. This prevalence of ESBL carriage among ExPEC blood isolates
was found to be high compared to that demonstrated by many
studies across the world (Koksal et al., 2009), although Alhashash
and colleagues have found that 59.3% of ExPEC blood isolates were
ESBL producers (Alhashash et al., 2013), which is higher than that
detected here. However, the dominance of CTX-M-15 ESBL was
consistent with many reports showing CTX-M-15 as the most
prevalent ESBL among ExPEC blood isolates globally (Guiral et al.,
2018). Additionally, the MDR phenotype was displayed by 71% of
all tested isolates, and this was higher than that reported among
ExPEC blood population in the United Kingdomwhere 50.7% of iso-
lates were MDR (Alhashash et al., 2013). Taken together, our find-
ings highlight the urgent need to revise the current local guidelines
used for optimal treatment regimens for bacteraemia patients to
combat the increasing resistance issue.

We compared the antibiotic resistance and virulence traits of
ESBL-producing isolates, and found that ESBL-producing isolates
were highly resistance to other antibiotics. This is not surprising
given the strong association between ESBL carriage and multidrug
resistance in ExPEC reported previously (Alqasim et al., 2018).
Interestingly, we also showed the significant correlation between
virulence potential and ESBL carriage, and this is in contrary to
many previous comparative studies showing that ESBL-producing
ExPEC isolates were not associated with higher virulence com-
pared to non ESBL-producers (Karisik et al., 2008). However, the
finding of this study concurs with a previous report demonstrating
high virulence capacity among ESBL-producing ExPEC isolates
(Pitout et al., 2005). These conflicting reports merit further investi-
gation at a genetic level to elucidate the relationship between
resistance and virulence of ExPEC isolates.

Our data showed that 17 (54.8%) of ExPEC isolates were mem-
bers of the ST131 clone, and this is higher compared to many pre-
vious reports throughout the world demonstrating the prevalence
of ST131 among ExPEC blood population to be between 5% and 30%
(Adams-Sapper et al., 2013; Hung et al., 2019). Additionally, our
ST131 isolates were higher in their antimicrobial resistance, ESBL
carriage and multidrug resistance compared to non-ST131 isolates,
and this is in agreement with many studies showing similar obser-
vations for ST131 globally (López-Cerero et al., 2013). The preva-
lence of ST131 reported here is alarming and might provide an
explanation of the increased levels of antimicrobial resistance,
ESBL carriage and multidrug resistance that has currently been
described locally.

With regard to virulence capacity, our finding showing the sig-
nificant correlation between ST131 and iha, hlyA and sat was in
agreement with a recent study (Hung et al., 2019). However, our
isolates were not assoacited with significat traT carriage which is
in contrary to the finding by Hung and collaegues.

5. Conclusion

In conclusion, this study demonstrated high levels of antimicro-
bial resistance and ESBL carriage among clinical E. coli blood iso-
lates in Saudi Arabia, and this highlights the need to revise the
current guidelines of the empiric therapy for bloodstream infec-
tions. It also showed the high prevalence of ST131 isolates among
bacteraemia isolates locally, and these ST131 isolates were found
to be highly antimicrobial resistant and virulent compared to
non ST131 isolates.
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