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Abstract. Extended-spectrum β-lactamases (ESβLs) pose a serious problem in the treatment of urinary tract infec-
tions (UTIs). The ESβL-producing organism is an expanding global health problem. Therefore, screening for ESβL,
detection of their drug-resistance pattern, and molecular characterization should be a continuous process. The present
study was performed to determine the antibiotic resistance profile and the genetic characterization of ESβL isolates from
hospital- andcommunity-acquiredUTIs. Twohundred fiftyEnterobacteriaceae isolateswereobtained fromurine samples
of outpatient clinic attendants andhospitalized patients at Kasr Al-Aini Hospital. By phenotypic screening tests, 100ESβL
isolates were detected among the studied groups. Furthermore, detection of beta-lactamase (bla) cefotaxime (CTX)-M,
sulfhydryl variable, and temoneiraESβLgeneswas investigatedbypolymerasechain reaction.Asubset of 25CTX-M–positive
isolates was further identified by gene sequencing technology. Among the 100 ESβL isolates, 66%were Escherichia coli
and 34% were Klebsiella spp. There was no statistical difference in the prevalence of ESβL Enterobacteriaceae in
community-acquired versus hospital-acquiredUTIs. The susceptibility of all ESβL isolates to carbapenemswas themost
prevalent finding. In addition, all ESβL E. coli isolates were susceptible to fosfomycin, whereas all community-acquired
ESβL isolates were susceptible to nitrofurantoin. A total of 98% of the ESβL isolates harbored bla-CTX-M genes, with
CTX-M-15 being themost prevalent. It could be concluded that ESβL production is present at a high rate amongEgyptian
patientswith hospital- and community-acquiredUTI. The high prevalence of bla-CTX-Mmay suggest it as a candidate for
molecular screening of ESβL.

INTRODUCTION

Urinary tract infection (UTI) presented the second most
common cause of community- and hospital-acquired infec-
tions, with Gram-negative bacteria, particularly Escherichia
coli, being the main causative organism.1 Although antimi-
crobial resistance is highly spread among health-care settings
and community, the geographical regions showed a hetero-
geneous pattern of resistance andmutant bacterial strainswill
acquire drug-resistant genes.2 This will force diversion to
more potent antibiotics; therefore, the interest to understand
the underlying molecular mechanism of bacterial drug re-
sistance will increase with time.3

The spread of extended-spectrum β-lactamase (ESβL)
Enterobacteriaceae UTI is increasing worldwide.4,5 Although
most of the ESβL producers are isolated from hospital-
acquired UTIs,6,7 a higher rate was screened by Nisha et al.8

and Djuikoue et al.9 from community-acquired UTIs. Escher-
ichia coli andKlebsiella pneumoniae are themost predominant
ESβL Enterobacteriaceae in the clinical setting; this has con-
tributed to their beneficial value in estimating the prevalence of
ESβL producers among different infections.10–12

Although TEM and SHV are the most common ESβL ge-
notypes, it has been reported that beta-lactamase (bla)-
cefotaxime (CTX)-M is the most prevalent ESβL in UTIs
worldwide.10,13–15 Presently, CTX-M-15 is the most widely
disseminated genotype.15 Early detection and isolation of
ESβL will allow proper infection control and targeted
management15; therefore,continuousscreeningandgenotypingof
Enterobacteriaceae is necessary. The present study was aimed
to screen the prevalence rate of ESβL Enterobacteriaceae

among Egyptian community- and hospital-acquired UTI pa-
tients, to study the antibiotic susceptibility profile, and to de-
termine the most prevalent ESβL genotypes among bacterial
isolates.

MATERIALS AND METHODS

This cross-sectional study involved 250 Enterobacteriaceae
isolates, which were collected in 6 months duration from De-
cember 2016 to May 2017. Urine samples were collected in
sterile containers from hospitalized patients and outpatient
clinic attendantsat differentdepartmentsofKasrAl-AiniHospital.
Written informed consent was obtained from all participants be-
fore the study, and confidentiality of collected data was guaran-
teed. The research study was approved by the Institutional
Review Board of the Kasr Al-Aini Hospital and the Research
Ethics Committee, Faculty of Medicine, Cairo University.
Sample collection.Urine samples were collected in sterile,

labeled containers. Catheterized patients or patients who re-
ceived antibiotics at least 2 days before sample collection
were excluded, and samples were transferred to the micro-
biology laboratory to be processed immediately. Urine sam-
ples were cultivated directly onto MacConkey agar plates by
using a standard sterile calibrated loop and incubated at 37�C
for 24–48 hours. Bacterial growth was examined after 24–48
hours of incubation. Urinary tract infection is confirmed when
the bacterial colony count exceeds 105 per mL urine.16 Only
one non-duplicated Enterobacteriaceae isolate per culture
was considered. Enterobacteriaceae isolates were identified
by colonial morphology, Gram-negative staining, and con-
ventional biochemical tests, includingmotility indole ornithine,
urease, citrate, and lysine decarboxylase tests.16 Infections
wherein Enterobacteriaceae was isolated from patients 48
hours after admission were considered as hospital-acquired
infections, whereas other positive Enterobacteriaceae infec-
tions were considered as community-acquired infections.
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Screening of ESβL by disc diffusion. The potentiality of
Enterobacteriaceae to produce ESβL was assessed in bac-
terial isolates using the disc diffusion method. The test was
carried out by inoculating abacterial suspensionwith a turbidity
equivalent to 0.5 McFarland standard on Mueller–Hinton agar;
then, ceftazidime (CAZ; 30 μg), ceftriaxone (CRO; 30 μg), CTX
(30 μg), and aztreonam (ATM; 30 μg) discs (Oxoid, Basingstoke,
Hampshire, United Kingdom) were placed; and after over-
night incubation, the test results were interpreted according
to Clinical and Laboratory Standards Institute breakpoints.17

Phenotypic ESβL confirmatory tests. Double-disc syn-
ergy test (DDST). The positive ESβL isolates obtained by the
screening test were spread on Mueller–Hinton agar plates;
then CTX (30 μg), CRO (30 μg), CAZ (30 μg), and ATM (30 μg)
discs were placed 20 mm apart from a clavulanic acid
(amoxicillin + clavulanic acid) (20/10 μg) disc (Oxoid). An in-
hibition zone around any of the cephalosporin discs enhanced
on the side of the clavulanic acid disc inferred positive ESβL
isolates17,18 (Figure 1).
Combination disc test (CDT). To assess the potential pro-

duction of ESβL in bacterial isolates, a CDT was performed,
in which a combination of antibiotic discs including CAZ disc
(30 μg)/combined disc “CAZ + clavulanate (CCA) (30 μg/
10 μg)” and CTX disc (30 μg)/combined disc “CTX + CCT
(30 μg/10 μg)” was placed on Mueller–Hinton agar plates. Iso-
lates were considered as ESβL positive when the inhibition
zone diameter around one of the combination discwas > 5mm
than the inhibition zone of the corresponding cephalosporin
disc. Unfortunately, the DDST has some limitations: in case of
coexistence of ambler class-C β lactamases and ESβL, false-
negative results can be obtained. Therefore, a combination of
both DDST and CDT is required to confirm ESβL positivity17

(Figure 2). Klebsiella pneumoniae “ATCC 700603” and E. coli
“ATCC 25922” were used as positive and negative control
strains for ESβL production, respectively.

Antimicrobial susceptibility testing of ESβL isolates.
Kirby–Bauer disc diffusion technique was conducted to de-
termine antimicrobial susceptibility. A panel of antibiotics was
used for phenotypically confirming ESβL. They include Oxoid:
amikacin (30 μg), ciprofloxacin (5 μg), levofloxacin (5 μg),
nitrofurantoin (300 μg), trimethoprim–sulfamethoxazole (1.25/
23.75 μg), gentamycin (10 μg), doxycycline (5 μg), ofloxacin
(5 μg), amoxicillin–CCA (20/10 μg), piperacillin–tazobactam
(100/10 μg), cefepime (30 μg), cefoxitin (30 μg), cefoperazone–
sulbactam (75/30 μg), imipenem (10 μg), meropenem (10 μg),
and ertapenem (10 μg). However, fosfomycin (200 μg) was used
for E. coli only.17

Molecular detection of ESβL-coding genes. Extended-
spectrum β-lactamase producers were confirmed by PCR-
based detection.18,19 DNA was extracted and purified from
phenotypically confirmed ESβL isolates by using spin column
technology (DNAMini Kit; QIAamp®; Qiagen; Germantown,MD).
All phenotypically confirmed ESβL producers were screened
by multiplex PCR using the specific primers for TEM, SHV, and
CTX-M ESβL genes (Table 1).19 Targeted genes were amplified
using TaqPCR master mix (a ready-to-use PCR reagent opti-
mized for better PCR amplification) (QIAGEN). The master mix
contains 250units of TaqDNApolymerase, 2×PCRbuffer, 3mM
of MgCl2, and 400 mM of each nucleoside triphosphate. The
amplified products were visualized by agarose gel electropho-
resis; DNA bands of 590 bp, 440 bp, and 767 bp “expected
molecular mass” were interpreted as positive specimen for bla-
CTX-M, bla TEM, and bla SHV genes, respectively.19,20

Sequencing of CTX-M–positive ESβL. A subset of 25
CTX-M–positive isolates was further identified by gene se-
quencing technology; the amplified PCR product was purified
using the GeneJET™ PCR purification kit (Thermo K0701;
ThermoFisher Scientific, Waltham, MA) and sequenced with
the Sanger ABI 3730 XL automated DNA sequencer (GATC
Biotech, Konstanz, Germany) using primers listed in Table 1.

FIGURE 1. Double-disc synergy test for screening of extended-
spectrum β-lactamase (ESβL). The inhibition zones around the cef-
tazidime (CAZ), ceftriaxone (CRO), cefotaxime (CTX), and aztreonam
(ATM) discs were augmented in the direction of the disc containing
clavulanic acid, amoxicillin/clavulanic acid (AMC); thiswas interpreted
as synergy, indicating positive ESβL. This figure appears in color at
www.ajtmh.org.

FIGURE 2. Combination disc test for confirmation of extended-
spectrum β-lactamase (ESβL). Ceftazidime (CAZ) disc (30 μg) and
combined disc, ceftazidime (CCA)/clavulanate (CCA) (30 μg/10 μg),
were placed 20 mm apart. Cefotaxime (CTX) disc (30 μg) and com-
bined disc, cefotaxime (CCT)/CCA (30 μg/10 μg), were placed 20 mm
apart. An increase of 5 mm or more in the zone diameter for either
antimicrobial agent tested in combination with CCA vs. the zone di-
ameter of the agent when tested alone confirmed the production of
ESβL. This figure appears in color at www.ajtmh.org.
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Results obtained were in the form of a series of peaks in fluores-
cence intensity. The chromatogrampeakswere used to identify
the DNA sequence, and then the obtained sequences were
analyzed using the online GenBank BLAST program, which is
available at the National Center for Biotechnology Information.

STATISTICS

Data were analyzed using the Statistical Package for the
Social Sciences version 24. Parametric data are presented
by mean and standard deviation, whereas nonparametric
parameters are presented by median and interquartile ratio.
Frequency (count) and relative frequency (percentage) are
used to present categorical data. The nonparametric Mann–
Whitney test was used to compare quantitative skewed vari-
ables, whereas the Chi-square (χ2) test was used to compare
categorical data. The Fisher exact test was used insteadwhen
the expected frequency was less than 5. P-values less than
0.05 were considered as statistically significant.21,22

RESULTS

Identification of isolates. Two hundred and fifty Enter-
obacteriaceae isolateswere isolated fromurinary tract–infected

patients; the majority was outpatient attendants (n = 134),
whereas 116 patients were hospitalized. Females constituted
72% of the studied patients; their mean age was 42 ± 24.5
years in contrast to 46.12 ± 26.13 years for the male gender.
Among the studied isolates, the prevalence of ESβL-
producing strains was 40% (n = 100). Of them, 48 (48%)
were hospital acquired and 52 (52%) were community ac-
quired. There was no significant difference in the prevalence
of ESβL hospital-acquired (48/116 [41.4%]) and ESβL
community-acquired UTIs (52/134 [38.8%]), (P-value = 0.9).
Comparing the distribution of bacterial isolates among the
studied groups, all isolates were E. coli and Klebsiella spp.;
E. coli isolates were significantlymore frequent thanKlebsiella
spp. isolates among hospital- and community-acquired ESβL
isolates (P-value = 0.007 and 0.001, respectively) (Figure 3).
Antimicrobial susceptibility. All ESβL isolates were tested

against 21 antibiotics included in the study (Table 2).
Extended-spectrumβ-lactamase–producingEnterobacteriaceae
isolates were highly resistant to cefepime and amoxicillin–
clavulanic acid, and susceptible to carbapenems. All ESβL
E. coli isolates were susceptible to fosfomycin. However, the
resistance rate of ESβL E. coli isolates to fluoroquinolones was
significantly higher than that of Klebsiella. Meanwhile, ESβL
Enterobacteriaceae isolates from community-acquired infections

TABLE 1
Primers used for the detection of bla-CTX-M, TEM, and SHV ESβL genes20

Target genes Primer Sequence (59-39) Amplicon size (bp)

bla-CTX-M Forward TTT GCG ATG TGC AGT ACC AGT AA 590
Reverse CGA TAT CGT TGG TGG TGC CAT A

bla TEM Forward CCGCATACACTATTCTCAGAATG 440
Reverse CTCACCGGCTCCAGATTTATC

bla SHV Forward TGTATTATCTCCCTGTTAGCCACC 767
Reverse GTATCCCGCAGATAAATCACCA

CTX = cefotaxime; ESβL = extended-spectrum β-lactamase.

FIGURE 3. Distribution of extended-spectrum β-lactamase (ESβL)–producing Enterobacteriaceae among hospital- and community-acquired
urinary tract infections (UTIs). All isolates were identified as Escherichia coli andKlebsiella spp.; E. coliwasmore frequently isolated than Klebsiella
spp. among both hospital (P-value = 0.007) and community-acquired ESβL isolates (P-value = 0.001).
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were significantly more susceptible to nitrofurantoin than the
ESβL isolates from hospital-acquired UTIs (Table 2).
Molecular characteristics of the ESβL isolates. PCR

analysis of the 100ESβLEnterobacteriaceae isolates revealed
that bla-CTX-M is themost frequent ESβL genotype, whereas
bla TEM gene is the least frequent one. Moreover, 10% of the
studiedESβL isolates coproducedCTX-MandSHVgenes.No
significant difference was found in the distribution of CTX-M
and TEMgenes among E. coli andKlebsiella spp. for hospital-
and community-acquired ESβL isolates. A high level of SHV
gene expression was significantly associated with Klebsiella
spp.–induced hospital-acquired UTI (Table 3).
Among the bla-CTX-M gene–positive ESβL isolates, 25

isolates were further sequenced; CTX-M-15 was the most
prevalent member, although there was no significant dif-
ference in its distribution among the hospital- and the
community-acquired ESβL isolates. Cefotaxime-M-3 was
solely detected in hospital-acquired isolates, whereas CTX-
M-123 was only expressed in the community-acquired ESβL
isolates (Figure 4).

DISCUSSION

One hundred ESβL Enterobacteriaceae isolates were en-
rolled in the current study. Urine samples were collected from
outpatient clinic attendants and hospitalized patients who
were suspicious for UTI, and patients were selected from

different departments of Kasr Al-Aini Hospital. Majority of the
ESβLUTI patients were females (72%), and themean agewas
42 years. A similar pattern was observed in previous studies
onESβLUTI in Australian andKorean tertiary referral hospitals
in which the majority of patients were females (72% and
78.6%, respectively), although the mean age was higher than
that in our study, 61 and 64 years, respectively.23,24

The present study showed a high prevalence of ESβL UTI
(40%). Although ESβL UTI is known to be a hospital-based
health problem, it was very concerning that there is no sig-
nificant difference in ESβL prevalence among hospital- and
community-acquiredUTIs. Thiswas in agreementwith several
studies conducted on Egyptian patients in which a high
prevalence of ESβL-induced UTI was detected at many hos-
pitals in Egypt: Al-Azhar, Tanata, and the pediatric department
at Benha University public hospitals (42.7%, 32.6%, and
31.4%, respectively).11,12,25 Moreover, a higher rate (60%) of
ESβL UTI was detected in Assiut University Hospital in
Egypt.26 In contrast to our study, a lower ESβLUTI prevalence
was detected in other studies, in Dar es Salaam hospital,
Tanzania (over 6 months period), and Marrakech University
Hospital, Morocco (27% and 4.5%, respectively), between
2010 and 2012.6,27 In Saudi Arabia and Tanzania, a higher
frequency of ESβL-induced UTIs was found to be hospital-
acquired compared with community-acquired infections (67%
and 64%, respectively).6,28 The high frequency of ESβL,
especially among community-acquired UTIs, in our study is

TABLE 2
Antimicrobial susceptibility pattern of the ESβL Enterobacteriaceae isolates

Antibiotics

Total
Enterobacteriaceae

(n = 100), %
Escherichia coli

(n = 66), % Klebsiella spp. (n=34),%

P- value

Hospital-acquired
ESβL UTI (n = 48), %

Community- acquired
ESβL UTI (n = 52), %

P-valueS I + R S I + R S I + R S I + R S I + R

Imipenem 100 0 100 0 100 0 – 100 0 100 0 –

Meropenem 100 0 100 0 100 0 – 100 0 100 0 –

Ertapenem 100 0 100 0 100 0 – 100 0 100 0 –

Nitrofurantoin 80 20 84.8 15.2 70.6 29.4 0.1 58.3 41.7 100 0 < 0.001
Cefoxitin 76 24 69.7 30.3 88.2 11.8 0.1 72.9 27.1 78.8 21.2 0.5
Piperacillin–tazobactam 68 32 72.7 27.3 58.8 41.2 0.3 68.8 31.2 67.3 32.7 0.9
Amikacin 62 38 59.1 40.9 67.6 32.4 0.4 52.1 47.9 61.2 38.8 0.1
Gentamicin 50 50 50 50 50 50 0.9 45.8 54.2 53.8 46.2 0.1
Cefoperazone–sulbactam 45 55 37.9 62.1 58.8 41.2 0.1 50 50 40.4 59.6 0.5
Levofloxacin 39 61 27.3 72.7 61.8 38.2 0.001 39.6 60.4 38.5 61.5 1
Ofloxacin 37 63 25.8 74.2 58.8 41.2 0.001 35.4 64.6 38.5 61.5 0.6
Ciprofloxacin 32 68 25.8 74.2 44.1 55.9 < 0.001 33.3 66.7 30.8 69.2 0.9
Doxycycline 31 69 33.3 66.7 26.5 73.5 0.4 33.3 66.7 28.8 71.2 0.7
Trimethoprim–

sulfamethoxazole
26 74 24.2 75.8 29.4 70.6 0.7 31.2 68.8 21.2 78.8 0.3

Amoxicillin–clavulanate 7 93 9.1 91.9 2.9 97.1 0.5 8.3 91.7 5.8 94.2 0.5
Cefepime 3 97 4.5 95.5 0 100 0.7 0.5 99.5 3.8 96.2 0.5
Cefotaxime 0 100 0 100 0 100 – 0 100 0 100 –

Ceftazidime 0 100 0 100 0 100 – 0 100 0 100 –

Ceftriaxone 0 100 0 100 0 100 – 0 100 0 100 –

Aztreonam 0 100 0 100 0 100 – 0 100 0 100 –

Fosfomycin – – 100 0 – – – – – – – –

ESβL = extended-spectrum β-lactamase; I = intermediate; R = resistant; S = susceptible; UTI = urinary tract infection. Extended-spectrum β-lactamase isolates were extremely resistant to
cefepime and amoxicillin–clavulanic acid, and susceptible to carbapenems. All ESβL E. coli isolates19 were sensitive to fosfomycin. The resistance rate of E. coli isolates to fluoroquinolones
(levofloxacin, ofloxacin, and ciprofloxacin) was significantly higher than that of Klebsiella (P-value = 0.001, 0.001, and < 0.001, respectively). Extended-spectrum β-lactamase isolates from
community-acquired UTIs were significantly more susceptible to nitrofurantoin than the ESβL isolates from hospital-acquired UTIs (P-value < 0.001).

TABLE 3
Distribution of bla-CTX-M, TEM, and SHV genes among ESβL isolates

ESβL (n = 100) Escherichia coli (n = 66), N (%) Klebsiella spp. (n = 34), N (%) P- value Hospital-acquired (n = 48), N (%) Community- acquired (n = 52), N (%) P-value

CTX-M 64 (97) 34 (100) 0.547 47 (97.9) 51 (98.1) 1.00
SHV 3 (4.5) 7 (20.6) 0.029 8 (16.7) 2 (3.8) 0.045
TEM 2 (3) 0 (0) 0.547 1 (2.1) 1 (1.9) 1.00
CTX = cefotaxime; ESβL = extended-spectrum β-lactamase. There was no significant difference in the distribution of CTX-M and TEM genes among E. coli and Klebsiella spp. nor hospital- and

community-acquired ESβL isolates. SHV gene was significantly higher among Klebsiella spp. (P-value = 0.029) and hospital-acquired ESβL isolates (P-value = 0.045).
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alarming, and can be attributed to the misuse of broad-
spectrum antibiotics and absence of an antibiotic policy.
In the present study, E. coli was the predominant (66%)

isolated bacteria, followed by Klebsiella spp. Similar results
were reported by previous Egyptian studies conducted at
Al-Azhar and Benha University hospitals, with E. coli at 61%
and 55.1% followed by Klebsiella spp. at 23.3% and 21.2%,
respectively.11,12

The results of the antimicrobial resistance testing in the
current study were very concerning; no significant difference
was obtained in the antimicrobial susceptibility pattern of
community- and hospital-acquired ESβLUTIs.Weobserved a
highsusceptibility of theESβL-UTI isolates to carbapenems.A
similar patternwasdetected byprevious studies conducted at
Minia University Hospitals in Egypt, Riyadh, and Texas.29–31

On the contrary, high resistance of ESβL isolates to carba-
penem was demonstrated in previous Egyptian studies; they
reported a degree of resistance that reach up to 20%.11 This
could be attributed to the wide use of carbapenems as an
empirical treatment for ESβL infection.
With the emergence of the carbapenem-resistant Enter-

obacteriaceae, some old antibiotics were recruited for treat-
ment of ESβL infections. In our study, all E. coli ESβL isolates
were susceptible to fosfomycin. In concordance, most of the
ESβL E. coli isolates were reported to be susceptible to fos-
fomycin in Cameron and Hong Kong.9,32

A relatively high ESβL susceptibility (80%) to nitrofurantoin
was detected,with a significantly higher susceptibility (100%)
among community-acquired isolates. Similar results were
obtained in Australia and Riyadh (84% and 79%, respec-
tively).23,30 Therefore, nitrofurantoin is listed as the best
choice for initial therapy of UTI according to the Australian
Antimicrobial guidelines.33

Indeed, in the present study, the ESβL isolates belonged
to either hospital- or community-acquired infections, and
showed high resistance to fluoroquinolones—the resistance
was higher inE. coli isolates thanKlebsiella spp. An association
between ESβL and resistance to fluoroquinolones has been
reported. However, the usage of fluoroquinolones in UTI treat-
ment may raise the emergence of fluoroquinolone-resistant
ESβL producers.26

Nowadays, molecular identification of ESβL infections is
an essential step for reliable epidemiological screening and

comprehensive antimicrobial testing. In the present study, we
observed a high expression of CTX-Mgene among community-
acquired compared with hospital-acquired ESβL isolates. This
finding increased the attention to the potential of ESβL, which
represents a major problem in Egypt. In concordance with our
results, a high prevalence of CTX-M ESβL UTI was detected in
other studies in a tertiary care hospital in Tanzania (90.6%), in
MiniaUniversityHospital inEgypt (78.6%),and inUSA (74%)and
Sweden (87%).6,29,31,34 Contrarily, a lower CTX-M and a higher
TEM ESβL were observed among Iranians (28% and 49%, re-
spectively) and in an Indian tertiary care hospital (7.6% and
48.7%, respectively).35,36 This conflict may be attributed to the
variation in the frequency and predominance of ESβL genes
among different geographical regions and even between insti-
tutions within the same country.
In the present study, subsequent genotyping of 25 positive

CTX-M isolates was performed; bla-CTX-M-15 was the most
abundant genotype, with no significant difference in isolates
recovered from hospital- and community-acquired UTIs. Similar
observations were reported by studies conducted in Saudi
Arabia and Lebanon and in the United Kingdom, Spain, and
Venezuela.30,37–40 These results are in agreement with another
study conducted on Egyptian population; they demonstrated
thatCTX-M-15was predominant in ESβL isolates obtained from
both hospital- and community-acquired UTIs at Al-Azhar Uni-
versity Hospital.1x1 The high prevalence of CTX-M-15worldwide
could be attributed to the wide dissemination and clonal ex-
pansion of what is called pandemic uropathogenic E. coli.41

Regarding the other detected CTX-M genotypes, CTX-M-3
was found to be predominant in hospital-acquired isolates,
whereas CTX-M-123 was found to be predominant in
community-acquired isolates. A lower rate (2%) of CTX-M-3
UTI was detected in community-acquired isolates at a French
tertiary hospital and (7%) in a Greece tertiary care hospital,
although a higher detection rate (28%) was reported in 24
Taiwan hospitals over a 2-year duration.42–44

In conclusion, the present study documents the emerging
threat of the high prevalence of ESβL Enterobacteriaceae
in hospital- and community-acquired UTIs among Egyptian
patients. Unfortunately, most of the drugs, such as fluo-
roquinolones and sulfamethoxazole, are not totally effective
for empirical treatment of UTI. Fosfomycin may be recom-
mended as a reliable empirical treatment for UTI. Cefotaxime-
M is an appropriate candidate that can be used for screening
of ESβL isolates. In addition, the high frequency of CTX-M-
15–producing uropathogenic E. coli recorded in Egypt sug-
gested that it may be involved in what is called “CTX-M-15
pandemic.” Finally, we recommend continuous antibiotic
susceptibility surveillance in every health institution to ensure
the usefulness of the antibiotics used.
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FIGURE 4. Result of bla cefotaxime (CTX)-M gene sequencing
analysis. Within the investigated bla-CTX-M gene positive extended-
spectrum β-lactamase (ESβL) isolates, CTX-M-15 was the most
prevalent (22/25, 88%). However, there was no significant difference
among the hospital-acquired (10/22; 45.5%) and community-acquired
(12/22; 54.5%) CTX-M-15 ESβL isolates. Cefotaxime-M-3 (2/25, 8%)
was detected only in hospital-acquired and CTX-M-123 (1/25, 4%) was
detected only in community-acquired ESβL isolates. This figure appears
in color at www.ajtmh.org.
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