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Introduction. Infections due to extended spectrum 𝛽-lactamase producing Enterobacteriaceae are on the rise. They pose serious
public health problems due to their resistance to large number of antibiotics. However, little is known about the genotypes of ESBL
from Nepal. Therefore, the study presents results of phenotypic and molecular characterization of ESBL producing Escherichia coli
and Klebsiella spp. isolated from various clinical specimens in a tertiary care teaching hospital of Nepal. Methods. A total of 172
Enterobacteriaceae clinical isolates recovered from various clinical specimens were analyzed for their antibiotic susceptibility test.
Detection of ESBLs was carried out using combination disk test and multiplex PCR for their genotypes (CTX-M, SHV, and TEM).
Results. Out of 172 clinical isolates, 70 (40.6%) of themwere foundESBL producers.Themajor source of ESBL producers was urinary
tract samples and the highest ESBL production was observed in Escherichia coli (46.5%). Among ESBL genotypes, CTX-M (91.4%)
wasmost predominant, followed by TEM (65.7%) and SHV (11.4%) in both of the isolates.Conclusions. High level of drug resistance
and ESBL production was observed among the clinical isolates. There is a need for longitudinal and nationwide surveillance for
drug resistance in clinical isolates and antimicrobial stewardship is necessary to guide the appropriate and judicious antibiotic use.

1. General Background

Extended spectrum beta-lactamase producing Enterobacte-
riaceae (ESBL-E) are among the most important causes of
infections in the community and hospital in the recent years
[1, 2]. Among them, Klebsiella pneumoniae and Escherichia
coli represent the most frequently isolated ESBL producing
species worldwide, but ESBLs have also been identified in
several other bacterial species [3]. It is global matter of
concern since infections associated with ESBL producing
clinical isolates are found with higher mortality, length of
stay, and health care cost and longer antibiotic therapy in
comparison to that with non-ESBL producing pathogens
[4]. Furthermore, they pose significant therapeutic challenge
in daily management of infectious diseases due to their
resistance to additional classes of antibiotics reducing the
effectiveness of alternative antimicrobial regimens [5, 6]. Till

date, more than 300 types of ESBLs have been described
in various members of the Enterobacteriaceae family and
other nonenteric organisms;most commonof them are TEM,
SHV, and CTX-M genotypes [7]. Since their first detection
in 1989, CTX-M-type ESBLs are globally disseminating into
community andhospital strains in extraordinary extent [1]. In
addition, the coexistence of multiple ESBLs in same clinical
strain including AmpC beta-lactamases, carbapenemases,
and other antibiotic resistance plasmid determinants further
creates the therapeutic confrontation [8].

Most studies on prevalence, risk factors, and molecular
characterization of ESBL producing organisms have been
carried out from developed world but only few data are
available concerning the genetic characterization of clinical
isolates from Nepal [6, 9, 10]. Rapid and prompt detection of
ESBL producing pathogenic Enterobacteriaceae is of utmost
importance to promulgate the appropriate antimicrobial
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therapy and also for preventing cross-transmission to other
patients in the vicinity [11]. Several phenotypic methods have
been proposed for ESBL detection on isolated Enterobac-
teriaceae strains such as the double-disk synergy test, the
combination disk method, and the ESBL-E tests but their
discrepancy in sensitivity has been reported [12]. Moreover,
there are specific molecular tests for ESBL detection in
bacterial isolates which reduce the time of detection and
increase the sensitivity and specificity [13]. In addition,
the continuous discovery of new ESBLs and dissemination
into various isolates has vitalized the need of molecular
approaches [14].

Therefore, in this study, we aimed to determine the
burden of multidrug resistant (MDR) enterobacterial strains
from various clinical specimens and detection of ESBL pro-
duction among these isolates by phenotypic and genotypic
methods.

2. Materials and Methods

2.1. Study Design and Setup. A hospital based cross-sectional
study was conducted at the Department of Microbiology,
Manmohan Memorial Medical College and Teaching Hos-
pital (MMTH), a 500-bedded tertiary care hospital in Kath-
mandu, Nepal. Study hospital is a referral center with med-
ical, surgical, gynecological, pediatric, geriatric, and other
specialties. The duration of study was 6 months [from
February 2015 to July 2015].

2.2. Bacterial Isolates. A total of 172 consecutive, nonrepet-
itive Enterobacteriaceae clinical strains were isolated from
different clinical specimens such as urine (𝑛 = 60), spu-
tum/respiratory secretions (𝑛 = 47), pus/wound swab (𝑛 =
42), blood (𝑛 = 17), body fluids (𝑛 = 3), and stool (𝑛 = 3)
which were received in the clinical bacteriology laboratory,
from the patients suspected with infections. The isolation of
the significant bacteria and their identification were done
according to the standard protocol suggested by American
Society for Microbiology [ASM] [15].

2.2.1. Antimicrobial Susceptibility Testing. The susceptibility
of bacterial isolates against different antibiotics was tested
by the disk diffusion method [modified Kirby-Bauer
method] on Mueller Hinton Agar (Hi-Media Laboratories,
India) following standard zone size interpretative criteria
recommended by Clinical and Laboratory Standards
Institute (CLSI) [16]. Antibiotics that were tested in our study
include amoxicillin (AMX 10 𝜇g), amoxicillin clavulanate
(AMC 20/10 𝜇g), Gentamycin (GEN 10 𝜇g), Cipro-
floxacin (CIP 5 𝜇g), Cotrimoxazole (COT 30 𝜇g), Cefixime
(CFM5𝜇g), Cefotaxime/Ceftriaxone (CTX/CTR30𝜇g), Cef-
tazidime (CAZ 30 𝜇g), Cefepime (CPM 30 𝜇g), piperacillin
tazobactam (PIT 100/10 𝜇g), Imipenem (IMP 10 𝜇g),
Meropenem (MEM 10 𝜇g), Polymixin B (PB300 units), and
Nitrofurantoin (NI 300U) (Hi-Media Laboratories, India).

2.3. Screening of Multidrug Resistant (MDR) and Potential
ESBL Producers. In this study, if the isolates were resistant to
at least one agent of three different classes of commonly used

Figure 1: Positive combination disk test (for the phenotypic detec-
tion of ESBL).

antimicrobial agents, they were regarded as multidrug resis-
tant (MDR) [17]. If the zone of inhibition (ZOI) was ≤25mm
for Ceftriaxone, ≤22mm for Ceftazidime, and/or ≤27mm
for Cefotaxime, the isolate was considered a potential ESBL
producer as recommended by CLSI and further tested by
confirmatory methods [16].

2.4. Phenotypic Confirmation of ESBL. Isolates considered
potential ESBL producers by initial screening were emulsified
with nutrient broth to adjust the inoculum density equal to
that of 0.5 McFarland turbidity standards. Combination disk
test (CDT), as recommended by the CLSI, was performed
in all isolates presumed to be ESBL producers. In this test,
Ceftazidime (30 𝜇g) disks alone and in combination with
clavulanic acid (Ceftazidime+ clavulanic acid, 30/10 𝜇g) disks
were applied onto a plate of Mueller Hinton Agar (MHA)
which was inoculated with the test strain and then incubated
in ambient air for 16–18 hours of incubation at 35±2∘C. Isolate
that showed increase of≥5mm in the zone of inhibition of the
combination disks in comparison to that of the Ceftazidime
disk alone was considered an ESBL producer [16] (Figure 1).
Then molecular analysis was done on all screening positive
isolates.

2.5. Detection of Genes Encoding ESBLs

2.5.1. Plasmid DNA Extraction and Amplification. Crude
plasmid DNA was isolated from bacterial cells by using plas-
mid isolation kit (GeNei�) by using manufacturer instruc-
tions. Briefly, the selected bacterial strain (single colony) was
grown overnight in Luria-Bertani (LB) broth at 37∘C with
aeration using an orbital shaker and the plasmid DNA from
organisms was extracted by alkaline lysis using sodium dode-
cyl sulphate (SDS). All phenotypically confirmed potential
ESBL positive isolates were analyzed for beta-lactamase genes
TEM, SHV, and CTX-M. Primers were obtained fromGeNei,
India, and they were used for identification of TEM, SHV,
and CTX-M. The primer sequence is as shown in Table 1.
Multiplex PCRwas carried out to detect the plasmid genes for
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Table 1: Primers for the bla-CTX-M, bla-TEM, and bla-SHV genes
used in this study.

Gene Primers (5-3) Amplicon
size (bp)

SHV F: 5-GTCAGCGAAAAACACCTTGCC-3 383 bp
R: 5-GTCTTATCGGCGATAAACCAG-3

TEM F: 5-GAGACAATAACCCTGGTAAAT-3 459 bp
R: 5-AGAAGTAAGTTGGCAGCAGTG-3

CTX-M F: 5-GAAGGTCATCAAGAAGGTGCG-3 560 bp
R: 5-GCATTGCCACGCTTTTCATAG-3

Figure 2: Gel electrophoresis with bands of bla-CTX-M, bla-TEM,
and bla-SHV.

SHV and CTX-M while conventional linear PCR was done
for TEM type ESBL genes.

PCR amplification reactions were carried out in a 25𝜇L
volume in which master mix containing 200 𝜇M of dNTPs
(dATP, dCTP, dGTP, and dTTP), 120 nM of each primer,
0.5U/𝜇L of Taq polymerase in 1x PCR buffer, 25mMMgCl

2
,

and 1 𝜇L of DNA was added. Amplification reactions were
performed in a DNA thermal cycler (CG) under following
thermal and cycling conditions for the bla-TEM, bla-SHV,
and bla-CTX-M genes: initial denaturation at 94∘C for 3
minutes, denaturation at 94∘C for 45 seconds of 35 cycles,
annealing at 60∘C for 30 sec of 35 cycles (for bla-SHV and
bla-CTX-M) and 55∘C for 30 sec of 35 cycles (for bla-TEM),
extension at 72∘C for 3 minutes of 35 cycles, and final
extension at 72∘C for 2 minutes.

After PCR amplification, 2.5 𝜇L of each reaction was
separated by electrophoresis in 1.5% agarose gel for 30min
at 100V in 0.5x TBE buffer. DNA was stained with ethidium
bromide (1 𝜇g/mL) and the bands were detected using UV-
transilluminator [Cleaver Scientific Ltd.] (Figure 2).

2.6. Data Analysis. The information regarding patient’s pro-
file, clinical specimens, bacterial isolates, and the results was
entered into a computer program. Data analysis was carried
out using the Statistical Package for Social Sciences [SPSS�]
version 20.0 [IBM, Armonk, NY, USA] and presented in
percentage base distribution.

Table 2: Antimicrobial susceptibility pattern of Escherichia coli and
Klebsiella spp. clinical isolates.

Antibiotics Escherichia coli (𝑛 = 138) Klebsiella spp. (𝑛 = 20)
R% S% R% S%

Amoxicillin 92 8 — —
Cephalexin 92 8 90 10
Cefixime 67 33 71 29
Cefotaxime 63 37 60 40
Ciprofloxacin 55 45 55 45
Piperacillin
tazobactam 28 72 45 55

Gentamycin 12 88 25 75
Nitrofurantoin 10 90 21 79
Cotrimoxazole 49 51 15 85
Amikacin 1 99 14 86
Imipenem 0 100 7 93
Meropenem 0 100 7 93
Polymixin B 0 100 0 100
R = resistant, S = sensitive.

3. Results

3.1. Patient Demographics. During the study period, a total
of 172 Enterobacteriaceae clinical strains were recovered
from patients suspected with various infections; 75 (43.6%)
isolates were frommale and 97 (56.4%) from female patients.
Majority (69.7%, 𝑛 = 120) of the isolates were recovered from
inpatient department while highest numbers were from age
group 31–45 (𝑛 = 58). Escherichia coli (𝑛 = 138) was the
most common organism, next to Klebsiella spp. (𝑛 = 20),
and the numbers of organisms other than Escherichia coli and
Klebsiella were low (𝑛 = 14).

3.2. Antimicrobial Susceptibility Data. On preliminary anti-
microbial susceptibility testing, most of the Escherichia
coli and Klebsiella spp. were resistant to third-generation
cephalosporins (67% and 71% to Cefixime and more than
60% to Cefotaxime). Similar level of drug resistance was also
observed against fluoroquinolones. All isolates of Escherichia
coli and 93% of Klebsiella spp. were susceptible to Imipenem
and Meropenem. Both isolates were completely susceptible
to Polymixin B (Table 2). Isolates other than Escherichia and
Klebsiella were not found to be multidrug resistant and were
not processed further.

Seventy-one percent of Escherichia coli (𝑛 = 98) and
70% of Klebsiella spp. (𝑛 = 14) were multidrug resistant.
Out of them, 84 (60.8%) Escherichia coli were found to be
potential ESBL producer by preliminary screening. However,
7 (63.6%) of the 11Klebsiella pneumoniaewere screen positive
ESBL producers and 5 (55.55%) of the 9 Klebsiella oxytoca
were found to be potential ESBL producer by preliminary
screening test (Table 3). Subsequently, seventy clinical isolates
were confirmed as ESBL positive by phenotypic combination
disk test (CDT). Escherichia coli were found with the highest
prevalence (64, 46.3%) of ESBL production followed by
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Table 3: Preliminary screening and phenotypic confirmation of potential ESBL producers.

S. N. Organisms ESBL screening number (%) ESBL confirmatory number (%)
1 Escherichia coli 138 64 (46.3)

Multidrug resistant (MDR) 98 (71.0) 64 (65.3)
ESBL positive 84 (60.8) 64 (76.1)
ESBL negative 54 (39.2) —

2 Klebsiella pneumoniae 11 4 (36.3)
Multidrug resistant (MDR) 9 (81.8) 4 (44.4)
ESBL positive 7 (63.6) 4 (57.1)
ESBL negative 4 (36.4) —

3 Klebsiella oxytoca 9 2 (22.2)
Multidrug resistant (MDR) 5 (55.5) 2 (40.0)
ESBL positive 5 (55.5) 2 (40.0)
ESBL negative 4 (44.5) —

Table 4: Distribution of ESBL genotypes among bacterial strains.

Isolates

ESBL genotype

TEM SHV CTX-M TEM + SHV TEM +
CTX-M

TEM + SHV +
CTX-M

𝑁 % 𝑁 % 𝑁 % 𝑁 % 𝑁 % 𝑁 %
E. coli (𝑛 = 64) 40 62.5 5 7.8 58 90.6 4 6.2 36 56.2 3 4.6
Klebsiella spp. (𝑛 = 6) 6 100 3 50 6 100 3 50 6 100 2 33.3
Total 46 65.7 8 11.4 64 91.4 7 10 42 60.0 5 7.1

Klebsiella pneumoniae (4, 36.3%) and Klebsiella oxytoca (2,
22.2%).

3.3. 𝛽-Lactamase Genes among the Presumptive ESBL Pro-
ducers. All seventy (70, 44.3%) presumptive ESBL producing
isolates were subjected to molecular analysis. Among ESBL
producing genes, prevalence of bla-CTX-M (91.4%) was
highest followed by bla-TEM (65.7%) and bla-SHV (11.4%).
Multiple occurrences of genes were found in some of the
isolates. The coexistence of all three genes (bla-SHV, bla-
TEM, and bla-CTX-M) was seen in 5 (7.1%) of the isolates,
while bla-CTX-M and bla-TEM coexisted in 42 (60%) of the
isolates while bla-TEM and bla-SHV coexisted in 7 (10%) of
the isolates (Table 4).

Among 64 ESBL positive strains of E. coli, all the three
genes, that is, bla-TEM, bla-SHV, and bla-CTX-M, were
present in 3 strains of E. coli while only two genes, that is,
bla-TEM and bla-SHV, were present in 4 strains, and bla-
TEM and bla-CTX-M were present in 36 strains of E. coli.
The prevalence of bla-CTX-M, bla-TEM, and bla-SHV for
Escherichia coli was 90.6%, 62.5%, and 7.8%, respectively. The
distribution of the genes based on the organisms isolated is as
shown in Table 4.

Among 6 presumptive ESBL positive strains of Klebsiella
spp., all three genes, that is, bla-TEM, bla-SHV, and bla-CTX-
M, were present only in two strains of Klebsiella spp. while
two genes, that is, bla-TEM and bla-SHV, were present only
in three strains, and bla-TEM and bla-CTX-M were present
in all 6 ESBL positive strains. The prevalence of bla-CTX-M,
bla-TEM, and bla-SHV for Klebsiella spp. was 100%, 100%,

and 50%, respectively. Concurrently, urinary isolates were
the most common ESBL producers (31, 51.6%) followed by
respiratory isolates and others (Table 5).

4. Discussions

Increased global prevalence and dissemination of ESBL genes
among pathogenic microorganisms are a serious peril for
medical fraternity. This brings new demands on routine
clinical microbiology laboratories to investigate the potential
of MDR strains and perform ESBL typing on every suspected
isolate.This study has examined the common enterobacterial
strains from clinical specimens, their antibiogram, and pro-
duction of ESBL among MDR strains with phenotypic and
genotypic approaches. To the best of our knowledge, this is
probably the first effort from Nepal to characterize the ESBL
strains genotypically from clinical specimens of routine care.

In the present study, ESBL production among Enterobac-
teriaceae clinical isolates was found to be 40.6%. This rate of
ESBL prevalence is highest from Nepal among the published
literature till date. Previous studies from our country have
reported the prevalence of the ESBL producing bacteria
ranging from 13.5% to 33.2%. Chander and Shrestha from
nearby hospital reported the ESBL prevalence rate to be 13.5%
[18] whereas, recently, Neupane et al. have reported 33.2% of
ESBL producers in their study [19]. Similarly, Ansari et al.
[20], Khanal et al. [21], Pokhrel et al. [10], Yadav et al. [22],
and Pant et al. [23] have reported 24%, 25%, 25.8%, 26.8%,
and 31.3% ESBL producers, respectively. These findings cor-
related well with those of our study. The prevalence of ESBL
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Table 5: Distribution of ESBL among various clinical specimens and strains.

S. N. Specimens (𝑛 = 172)
Organisms

Escherichia
coli (𝑛 = 138)

Klebsiella spp.
(𝑛 = 20)

ESBL Escherichia coli ESBL Klebsiella spp. Total ESBL (𝑛 = 70)
Number % Number % Number %

1 Urine (60) 46 8 27 58.6 4 50.0 31 51.6
2 Sputum (47) 38 4 14 36.8 2 50.0 16 34.0
3 Pus (42) 36 3 15 41.6 0 0 15 35.7
4 Blood (17) 12 5 6 50.0 0 0 6 35.2
5 Body fluid (3) 3 0 1 33.3 0 0 1 33.3
6 Stool (3) 3 0 1 33.3 0 0 1 33.3
Total 172 138 20 64 46.3 6 30.0 70 40.6

production is high in the referral hospitals and the intensive
care units where the patients are referred from the peripheral
centers reference laboratories and hospitals with huge arsenal
of antibiotic use. The relatively high prevalence of ESBLs
recorded in this study might be due to the extreme empirical
use of third-generation cephalosporins in primary care.
Moreover, higher rates (52.49%) of ESBL production among
Enterobacteriaceae clinical isolates have been reported from
an Indian study [13]. However, extremely lower rates of ESBL
production have been documented from Japan, Korea, and
United States [7, 24]. The differences in the ESBL rates may
be attributable to the geographic difference, antimicrobial
stewardship programme, and infection control practices.

In the present study, urinary isolates were the most com-
mon ESBL producing strains (51.6%) followed by respiratory
tract samples, pus/swabs, blood, body fluid, and stool. Similar
findings have also been documented in other studies [10, 20,
25].

In the current study, we observed that 46.3% Escherichia
coli and 30% Klebsiella isolates were ESBL producers.
Although Klebsiella spp. were more often reported as ESBL
producers in other studies [18, 26], we observed that the ESBL
productionwasmore common in the Escherichia coli isolates.
Similar predominance of ESBL producing Escherichia coli has
been reported by Pant et al. [23] from Nepal and Sharma et
al. [13] and Shanthi and Sekar [25] from India.

Regarding the high diversity ESBL types obtained in our
study, we find it interesting to comparewith neighbor regions.
Majority of phenotypic ESBL positive strains carriedmultiple
bla genes, where CTX-M-type was the most predominant
(91.4%) in this study. Majority of Escherichia coli (90.6%) and
Klebsiella spp. (100%) harbored CTX-M gene while sixty-two
percent of Escherichia coli and all Klebsiella spp. were found
with bla-TEM. Our finding corroborates with the reports of
Pokhrel et al. [10] where bla-CTX-M-type ESBL was most
common (23, 95.8%) followed by bla-TEM (7, 29.2%) and
bla-SHV (3, 12.5%) among Escherichia coli clinical isolates.
Moreover, the higher prevalence of CTX-M gene among
ESBL producing isolates in our study is also in concordance
with study of Moses et al. [27] and Sharma et al. [13]. A
study from Thailand by Kiratisin et al. reported 99.6% of
ESBL producing Escherichia coli and 99.2% of ESBL pro-
ducing Klebsiella spp. isolates carried bla-CTX-M genotype.

The bla-TEMand bla-SHVgroupswere detected in 77.0% and
3.8% of ESBL producing Escherichia coli and 71.7% and 87.4%
of ESBL producingKlebsiella spp., respectively [28]. However,
in another study by Bali et al., TEM type ESBLs were found
in 72.72% of Escherichia coli and 75% of Klebsiella spp., while
they reported 9.09% of SHV gene and 22.72% of CTX-Mgene
in their study which is quite low as compared to our study
[29]. Bonnet and Livermore also reviewed the dominance of
CTX-M in European and Asian countries [30, 31].

In the present study, it was observed that there were
multiple occurrences of genes in some of the isolates. It
has been observed that 54 out of 70 (77.1%) isolates carried
more than one type of 𝛽-lactamase genes. This is exactly
corroborating the previous findings of Sharma et al. from
India [13]. However, lower coproduction of various genotypes
has been documented by Goyal et al. (57.3%) [32] and Bali et
al. (19.2%) [29]. The significance of the finding may correlate
with the ability of organisms to hydrolyse broader substrates
and more likely to have the propensity for widespread
nosocomial transmission.

Multidrug resistance mediated by ESBL producing bac-
teria is a global problem. The genetic mobile elements
carrying the resistant determinants are easily transferable to
other clinical strains. Prompt and precise detection of these
strains in microbiology laboratories is very important. The
lack of understanding or limited resources are responsible
for rapid worldwide dissemination of the pathogens which
possess these 𝛽-lactamases. Therefore, the regular detection
of ESBLs by conventional methods and further confirmation
with molecular methods should be included in routine care
laboratories [7, 30].

5. Conclusions

This study concluded that there is high prevalence of mul-
tidrug resistant pathogenic enterobacterial strains in our
hospital. Higher rates of ESBL genotypes among clinical
strains of Escherichia coli andKlebsiella spp. have vitalized the
importance of appropriate antimicrobial regimen selection
for empirical therapy. CTX-M genotypes are disseminating at
the alarming rate among pathogenic strains; thereforemolec-
ular detection and identification of beta-lactamases would
be essential for a reliable epidemiological investigation of
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antimicrobial resistance. Regular national-wide surveillance
of multidrug resistance seems necessary step to combat the
severity caused by ESBL producing bugs.
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