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Abstract
Aim: The emergence of multidrug-resistant (MDR) bacteria is the most dangerous threat for the treatment of infectious
diseases. The aim of this study was to detect and characterize extended spectrum beta-lactamases (ESBLs) and carbapenemaseproducing Klebsiella pneumoniae and Escherichia coli among patients and environment of intensive care units (ICUs) of
three tertiary care hospitals in Pakistan.
Materials and Methods: A total of 82 samples from ICU’s patients and inanimate environment (injection trays, wash basins,
door handles, hand swabs of professionals, and ICU fridges) were screened for ESBL by culturing on CHROMagar-ESBL.
ESBL and carbapenemases production were confirmed by double disc synergy test and modified Hodge’s test, respectively.
Polymerase chain reaction was used to detect ESBL encoding genes bla cefotaxime (CTX-M), blaCTX-M-1, blaCTX-M-2,
blaCTX-M-9, blaTEM, blaSHV and carbapenemase genes blaKPC, bla New Delhi metallo-beta-lactamase-1, blaOXA-48
and blaVIM.
Results: Overall, ESBL production was found high 30/82 (36.5%) among isolates of which 15.8% K. pneumoniae and
20.7% E. coli were identified. All the K. pneumoniae and majority of E. coli isolates were MDR, i.e., resistance to three or
more antimicrobial categories. Molecular characterization showed the blaCTX-M-1 as the predominant genotype found in
17/21 (80%) of the isolates. None of the strains was found positive for carbapenemase-encoding genes.
Conclusion: In conclusion, this study demonstrates the emergence of MDR ESBL producing strains among ICU patients
and hospital environment, posing a serious threat for the control of nosocomial infections.
Keywords: antimicrobial resistance, Escherichia coli, extended spectrum beta lactamase, Klebsiella pneumoniae,
nosocomial infections.
Introduction

The antimicrobial resistance poses a serious public health problem and immense economic
losses worldwide. The irrational use of antimicrobial
agents in human medicine has led to rapid increase
in bacterial resistance toward antimicrobial drugs [1].
Resistance to beta-lactam antibiotics, especially to
3rd generation cephalosporins has become a global
dilemma in infection control. Extended spectrum
beta-lactamases (ESBLs) are a group of enzymes
produced mostly by Gram-negative bacilli which are
responsible for resistance to all ß-lactam antibiotics
except cephamycins and carbapenems [2]. Hospitalacquired infections (HAIs) or nosocomial infections
are a source of diseases that may pose a threat to
public health. The occurrence of infection to patients
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within 48-h of hospital stay or a month after any
invasive procedure is known as nosocomial infections [3]. ESBL producing Enterobacteriaceae, especially Klebsiella pneumoniae and Escherichia coli are
recognized globally as major causes of nosocomial
and community-acquired infections [4]. Alone E. coli
causes an estimated 120 million cases of community-acquired urinary tract infections (UTIs) worldwide
each year [5]. Other complications include neonatal
meningitis, pneumonia, and surgical site infections.
Furthermore, in the last two decades, K. pneumoniae
has emerged as an important cause of HAIs, especially
among patients in the neonatal intensive care units
(ICUs) with up to 70% mortality rates [6]. Person
to person transmission has been known as the most
frequent route of transmission of ESBL producing
bacteria. Beside patients, environmental surfaces in
hospitals could also be source of transmission of antimicrobial-resistant bacteria [7].
Resistance to 3rd generation cephalosporin is
predominantly mediated by plasmid encoded ESBL
enzymes which have ability to hydrolyze β-lactam
ring in these drugs [8]. Among the various genotypes
of ESBLs, the most common are the SHV, TEM, and
69
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cefotaxime (CTX-M) types [7]. However, CTX-M type
beta-lactamases are considered as the most important
ESBL enzyme family [9]. Widespread dissemination
of CTX-M in human hospital and community settings
and its association with multidrug-resistance (MDR)
has become a menace to global health [10]. More than
50 CTX-M types have been identified and are subdivided into five groups on the basis of amino acid
differences (CTX-M-1, CTX-M-2, CTX-M-8, CTXM-9, and CTX-M-25) [11]. ESBL of CTX-M-1 and
CTX-M-9 groups were the most common in Asia as
well as worldwide [12]. Carbapenems were considered as the “last choice” of antibiotics for the treatment of nosocomial infections but recent reports on
resistance to carbapenems due to the production of
carbapenemase enzyme raised alarm in the medical
community [13]. Among the most important carabepenemases are New Delhi metallo-beta-lactamase-1
(NDM-1) enzymes, which were originally reported
from India and Pakistan [14]. Among other clinically
important carbapenemases are KPC, VIM, and OXA48 types [15].
There is a paucity of information on the prevalence and molecular classes of ESBL and carbapenemase in hospital settings in Pakistan. Therefore, this
study was designed to investigate the prevalence of
ESBLs in clinical samples as well as inanimate environment of ICUs of different hospitals by phenotypic
and molecular methods.
Materials and Methods
Ethical approval

The study was conducted in compliance with
local Institutional Bioethics Committee (IBC),
University of Agriculture, Faisalabad, Pakistan and
Punjab Medical College, Faisalabad, Pakistan.
Sample collection

In the period from January to June 2015, sampling was executed at ICUs of three different tertiary care hospitals (Allied Hospital, DHQ Hospital,
and Social Security Hospital) located in Faisalabad,
Pakistan. An informed consent from the patients was
obtained before including them in the study. Special
attention was given to ICUs associated patients and
environment. A total of 82 samples of which n=64
were isolated from wound, throat, and urine of hospitalized patients and n=18 from invasive devices,
(urinary catheters, ventilators, oxygen masks, central
venous catheter), injection tray, wash basins, door
handles, hand swabs of professionals, ICU fridge/
dustbins in the ICU wards. The study was conducted
in compliance with Institutional Bioethics Committee
of University of Agriculture, Faisalabad, Pakistan.
Isolation of ESBL producing K. pneumoniae and E. coli

All the 82 samples were plated directly on
CHROMagar ESBL (CHROMagar, Paris, France)
for presumptive detection of ESBL producing
K. pneumoniae and E. coli. Biochemical identification
International Journal of One Health, EISSN: 2455-8931

of K. pneumoniae and E. coli was done by RapID
ONE System (Remel, UK) according to the manufacturer’s instructions.
Antimicrobial susceptibility testing

Antimicrobial susceptibility of presumptive
ESBL producing K. pneumonaie and E. coli isolates
was performed on Muller-Hinton agar (Oxoid, UK)
by disc diffusion method following the CLSI criteria
(16) with 30 μg each of the third generation cephalosporins; ceftazidime (CAZ), CTX, and ceftriaxone (CRO). In addition, antimicrobial susceptibility
of following antimicrobials was tested: Ampicillin
(AMP), amikacin (AK) ciprofloxacin (CIP), tigecycline (TGC), chloramphenicol (C), nitrofurantoin (F),
imipenem (IMP), and ertapenem (ETP). E. coli ATCC
25922 was used for quality control. MDR was defined
as strains showing phenotypic resistance to at least
three antimicrobial drugs belonging to three different
classes.
Phenotypic confirmation of ESBL

All the K. pneumonaie and E. coli isolates were
phenotypically confirmed for ESBL production
using double disc synergy test (DDST) [16]. Briefly,
a cefotaxime disc (30 µg) was placed 20 mm away
from a disc containing cefotaxime-clavulanic acid
(30/10 µg). When the inhibition zone between at least
one of the combination discs and its corresponding
single antibiotic disc differed by ≥5 mm, the strain
was identified as an ESBL producer.
Phenotypic detection of carbapenem resistance

For the phenotypic detection of carbapenems
resistance, modified Hodge test (MHT) involving
distorted carbapenem inhibition zones was performed [17]. Briefly, E. coli ATCC 25,922 was
streaked as a lawn onto a Mueller Hinton agar plate.
A 10 µg IMP and/or ETP disc was placed in the center of the plate. Test isolate was streaked in a straight
line from the edge of the disc to the edge of the plate.
The plate was incubated overnight at 37°C for 18 h.
A cloverleaf type indentation at the intersection of the
test organism within the zone of inhibition of the disc
showed MHT positive.
DNA extraction and quantification

Total genomic DNA was extracted from the
overnight enriched culture in brain heart infusion
broth using the phenol-chloroform method [18]. The
concentration and purity of the purified DNA were
determined by measuring the optical density using
Nanodrop (Thermo Fisher Scientific, MA). For all the
polymerase chain reaction (PCR) reactions 50 ng/µl
concentration was used as template.
Molecular detection of ESBL and carbapenemase-encoding genes

The β-lactamase genes blaTEM, blaSHV,
and blaCTX-M were investigated with PCR using
previously described primers [19-21]. The three
important subgroups of CTX-M-1, CTX-M-2 and
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CTX-M-9 were amplified using PCR primers and
conditions as previously described [22]. For the detection of carbapenemase genes, PCR was used to target genes blaNDM-1 [23], blaOXA-48, blaKPC, and
blaVIM [24]. Primer sequence, gene targeted, amplified product size, and annealing conditions are listed
in Table-1.
Results
Prevalence of ESBL producing K. pneumoniae and
E. coli in ICUs and associated environment

Out of 82 samples collected samples, ESBL production was phenotypically identified in 30 (36.6%)
isolates based on growth on CHROMagar-ESBL plates
and antimicrobial susceptibility against cephalosporins.
Overall, 13/82 (15.8%) ESBL producing K. pneumoniae
and 17/82 (20.7%) ESBL producing E. coli isolates
were identified. Out of ICU admitted patients, the highest number of ESBL isolates were found in throat followed by urine and wound. Furthermore, high percentage of ESBL isolates (33%) was also found in samples
from hospital environment (Table-2).
Antimicrobial
confirmation

susceptibility

pattern

and

ESBL

Antimicrobial susceptibility results showed that
all the 13/13 (100%) K. pneumoniae and 15/17 (88.2%)

E. coli isolates were MDR. Both K. pneumoniae and
E. coli exhibited 100% resistance to CAZ, CRO, cefotaxime, AMP, and 100% sensitivity to IMP. Among
others, K. pneumoniae showed the highest resistance
against ETP (76.9%) followed by chloramphenicol
(61.5%), AK (46%), CIP (38.4%), TGC (38.4%) and
nitrofurantoin (23%). In the case of E. coli, resistance
was seen highest against nitrofurantoin (58.5%) followed by ETP (41%), AK (35.2%), CIP (23%), chloramphenicol (23%), and TGC (5%) (Figure-1). ESBL
production among all presumptive isolates was further
confirmed with DDST.
ESBL isolates with positive carbapenemase resistance

ESBL producing K. pneumoniae and E. coli isolates that were not susceptible to ETP were further analyzed for MHT. All the ETP resistant strains showed
positive MHT test with characteristic cloverleaf-like
indentation around ETP disc (Figure-2). However,
none of the isolates was MHT positive with IMP.
Molecular characterization of ESBL and carbapenemase-encoding genes

Of the 30 ESBL isolates, 23 (76.6%) (13 E. coli
and 10 K. pneumoniae) were positive for one of
more beta-lactamases (bla) genes. Of these 23 isolates, 19 (82%) carried blaCTX and 7 (30%) harbored

Table-1: List of primers used for molecular characterization of ESBL.
Target gene

Primer name

Sequence

blaCTX‑M

blaCTX‑M (F)
blaCTX‑M (R)
blaCTX‑M‑1 (F)
blaCTX‑M‑1 (R)
blaCTX‑M‑2 (F)
blaCTX‑M‑2 (R)
blaCTX‑M‑9 (F)
blaCTX‑M‑9 (R)
blaTEM (F)
blaTEM (R)
blaSHV (F)
blaSHV (R)
VIM (F)
VIM (R)
OXA‑48 (F)
OXA‑48 (R)
KPC (F)
KPC (R)
NDM‑1 (F)
NDM‑1 (R)

5’SCS ATG TGC AGY ACC AGT’3
5’ACC AGA AYV AGC GGB GC’3
5’GCG TGA TAC CAC TTC ACC TC’3
5’TGA AGT AAG TGA CCA GAA TC’3
5’TGA TAC CAC CAC GCC GCT C’3
5’TAT TGC ATC AGA AAC CGT GGG’3
5’ATC AAG CCT GCC GAT CTG GTT A’3
5’GTA AGC TGA CGC AAC GTC TGC’3
5’ATG AGT ATT CAA CAT TTC CG’3
5’TT AAT CAG TGA GGC ACC TAT’3
5’GGG TTA TTC TTA TTT GTC GC’3
5’TTA GCG TTG CCA GTG CTC’3
5’AGT GGT GAG TAT CCG ACA G’3
5’ATG AAA GTG CGT GGA GAC’3
5’AAA TCA CAG GGC GTA GTT GTG’3
5’GAC CCA CCA GCC AAT CTT AG’3
5’CAGCTCATTCAAGGGCTTTC’3
5’AGTCATTTGCCGTGCCATAC’3
5’CTG AGC ACC GCA TTA GCC’3
5’GGG CCG TAT GAG TGA TTG C’3

blaCTX‑M‑1
blaCTX‑M‑2
blaCTX‑M‑9
blaTEM
blaSHV
blaVIM
blaOXA‑48
blaKPC
blaNDM‑1

Product
size (bp)

Annealing
temperature (°C)

References

585

54

[21]

260

55

[22]

341

66

[22]

293

62

[22]

867

53

[19]

930

59

[20]

261

58

[24]

556

58

[24]

534

58

[24]

754

60

[23]

CTX=Cefotaxime, NDM=New Delhi metallo‑beta‑lactamase, ESBL=Extended spectrum beta lactamase
Table-2: Occurrence of ESBL producing isolates.
Site of specimen collection

Throat
Wound
Urine
Environmental swabs
Total

Number of samples collected

18
39
07
18
82

Number of ESBL (%)

12 (66.6)
08 (20.5)
04 (57.1)
06 (33)
30 (36.6)

Number of ESBL
isolates (%)
K. pneumoniae

E. coli

05
03
0
05
13 (15.8)

07
05
04
01
17 (20.7)

ESBL=Extended spectrum beta lactamase, K. pneumoniae=Klebsiella pneumoniae, E. coli=Escherichia coli
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Figure-1: Percent resistance to different groups of antimicrobials among Klebsiella pneumoniae and Escherichia coli
isolates. Cefotaxime (CTX), ceftriaxone (CRO), ceftazidime (CAZ), ampicillin (AMP), amikacin (AK), tigecycline (TGC),
chloramphenicol (C), ciprofloxacin (CIP), nitrofurantoin (F), ertapenem (ETP), imipenem (IMP).

Figure-2: Modified Hodge test showing cloverleaf like
indentation within the zone of inhibition of ertapenem disc.

blaTEM (Table-3). Three isolates carried both blaCTX
and blaTEM. None of the isolates was positive for
blaSHV. CTX-M positive isolates were subjected for
CTX-M grouping, as shown in Table-3, blaCTX-M-1
was the most common group 17/21 (80.9%) followed by
blaCTX-M-9 observed in 02/21 (9.5%) ESBL isolates.
ETP resistant but IMP sensitive E. coli and K. pneumonaie isolates were also tested for carbapenemase-encoding genes blaKPC, blaNDM-1, blaOXA-48 and
blaVIM. However, none of the ETP resistance isolate
was positive with carbapenemase genes. Hence, these
findings suggest that most of the ESBL producing isolates belonged to CTX-M-1 group (Table-3).
Discussion

The β-lactam group of antibiotics is the most
common drugs used for the treatment of Gramnegative bacteria, and the ESBL mediated resistance
has become a global challenge in infection control.
Despite the recent worldwide spread of ESBL in
K. pneumoniae and E. coli isolates from hospital-acquired infections, their dissemination has been little
International Journal of One Health, EISSN: 2455-8931

studied in developing countries. Globally, the prevalence of ESBL producing K. pneumonia and E. coli
varies across different geographical areas with highest
in Latin America (44% and 13.5%), followed by Asia/
Pacific (22.4% and 12%), Europe (13.3% and 7.6%),
and North America (7.5% and 2.2%) [25]. In particular, incidence of ICU-acquired infections in developing countries is very high and accounted (pooled
density 47·9 per 1000 patient-days) in contrast to the
rate in the USA (13·6 per 1000 patient-days) [2].
In this study, we determined the prevalence and
molecular classes of ESBL particularly of CTX-M
type from ICU associated patients and inanimate
environment from tertiary care hospitals in Faisalabad
region of Pakistan. High incidence of ESBL producing K. pneumoniae and E. coli has been reported from
clinical isolates of feces, urine, and wound infections
in few studies in Pakistan [26,27]. Recently, the prevalence of ESBL producing K. pneumoniae and E. coli
from UTIs reported to be 24.5% and 53.4%, respectively [28]. In our study, overall ESBL phenotypes
were observed in 15.8% K. pneumoniae and 20.7%
E. coli. This relatively low frequency could be due
to low numbers however large diversity of samples
compared to the previous report that focused only on
isolates recovered from UTIs. However, in our study,
the prevalence of ESBL producing E. coli from UTI
(57.1%) were almost similar to recent study [28].
In a previous study from tertiary care hospital from
Pakistani, ESBL were found in 36% K. pneumoniae
and 41% E. coli [29]. However, these studies were
based on phenotypic identification and did not involve
molecular identification and characterization of ESBL
genotypes. In this study, we also determined the ESBL
producing bacteria from hospital inanimate environment such as devices, catheters, doors, and other
fomites. None of the previous studies in Pakistan
detected ESBL from hospital environment.
Since 2000, CTX-M type of ESBL has become
clinically most important ESBL type due to its associated
72
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Table-3: Molecular characterization of bla genes among ESBL‑producing K. pneumoniae and E. coli isolates.
ESBL isolates
K. pneumonia (n=10)
E. coli (n=13)
Total (n=23) (76.6%)

ESBL genotype

CTX‑M groups

CTX‑M

TEM

SHV

CTX‑M‑1

CTX‑M‑2

CTX‑M‑9

9
10
19 (82%)

3
4
7 (30%)

0
0
0

7
10
17 (80%)

0
0
0

2
0
2 (9.5%)

ESBL=Extended spectrum beta lactamase, K. pneumoniae=Klebsiella pneumoniae, E. coli=Escherichia coli,
CTX=Cefotaxime

with MDR in many parts of the world including Africa,
South America, Asia and Europe [11]. One particular
example is pandemic spread of CTX-M-15 belong to
CTX-M-1 group in nosocomial and community settings
worldwide. There is lack of knowledge on the prevalence of clinical important CTX-M groups in ICU settings in Pakistan. This study showed very high carriage
of CTX-M-1 group (80%) in K. pneumoniae and E. coli.
This is in agreement with previous findings globally and
locally. Few earlier reports from Pakistan showed CTXM-1 as the most common ESBL instead of TEM and
SHV. Previous findings reported 93.84% (n=61) isolates
of ESBL producing K. pneumoniae from a tertiary care
hospital in Karachi, Pakistan [30]. In previous studies,
all the ESBL producing K. pneumoniae and E. coli harbored CTX-M group-1 [26,31]. One particular concern
is the association of CTX-M-1 producing bacteria with
MDR [9]. Our data endorsed the fact that all the CTX-M
positive strains were also MDR.
Although carbapenems are costly antibiotics,
nevertheless sales in Egypt, India, and Pakistan have
dramatically increased with better sensitivity and over
the counter availability [2]. Carbapenem resistance has
been rarely reported from Pakistan. This could be due
to a large number of studies did not investigate carbapenemase encoding genes at molecular level. One study
reported high prevalence (18.5%) of E. coli producing
carbapenemase of blaNDM-1 type in a military hospital
in Rawalpindi, Pakistan. In our findings, we determined
carbapenem resistance both phenotypically and genetically. All the isolates were sensitive to IMP which is in
comparison to the recent study [28]. Moreover, none
of the K. pneumoniae and E. coli found PCR-positive
with carbapenemase-encoding genes. However, we
found a high frequency of ETP resistant K. pneumoniae
and E. coli isolates. These isolates could not show resistance against IMP and were also negative with PCR for
any of the carbapenem genes studied. There is limited
clinical data regarding ETP resistance in developing
countries, and we found no report from Pakistan. In a
previous study, ETP has been reported as a weak indicator for the detection of carbapenem resistance [32].
This is plausible because ETP resistance could be due
to outer membrane porin loss [33].
Conclusion

This study shows large dissemination of MDR
CTX-M-I producing K. pneumoniae and E. coli
in patients and environment of ICUs in Pakistan.
International Journal of One Health, EISSN: 2455-8931

Appropriate infection control measures should focus
on reducing the spread of antibiotic resistance in ICU
environment. We conclude that beside person-to-person transmission, ICU’s environment could be a reservoir of MDR ESBL strains.
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