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Abstract
The aim of this study was monitoring and surveillance in different wards of the PIMS hospital, Islamabad, to understand
emerging challenges of antibiotic resistance in particular association with most virulent serotypes of Klebsiella pneumoniae.
The study was conducted during March 2015 to September 2015. The study showed that rate of isolation of K. pneumoniaewas
37% (103 positives out of a total of 277 clinical samples) and 7.7% (8) were phenotypically and genotypically confirmed to be
metallo-β-lactamase resistant (carbapenem resistant) and all of them were multidrug resistant (MDR). These carbapenem-
resistant isolates were isolated from blood, endotracheal tubes, and pus. Molecular screening for the presence of integrons
indicated that distribution of class I integrons (87.5% of carbapenem-resistant K. pneumoniae isolates) was higher than class II
integrons (1.25%) among given isolates. The study indicated that exposure of metallo-beta-lactamase-producing strains through
hospitalizations increases the chances of spread of MDR pathogens. There is an urgent need for effective surveillance and
monitoring strategies to control the spread of extremely resistant K. pneumoniae implicated in nosocomial infections leading
to the increased health burden and enforcement of policy guideline on appropriate antibiotics usage.
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Abbreviations
GIM German imipenemase
IMP Imipenem
NDM New Delhi metallo-β-lactamase
SIM Seoul imipenemase
SPM Sao Paulo metallo-β-lactamase
VIM Verona integron-encoded metallo-β-lactamase
EDTA Ethylene diamine tetra acetate

MBL Metallo-beta-lactamase
MDR Multidrug resistance

Introduction

Beta-lactams are the most recommended antibiotics all
over the world because of their assorted qualities, broad
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spectrum range, and less toxicity. Beta-lactams having
beta-lactam ring are distinguished because of the presence
of their side chains into various groups as carbapenems,
cephalosporins, monobactams, and penicillin’s (Varaldo
et al. 1990).

Carbapenems, a class of beta-lactams, gain access to
Gram-negative bacteria via proteins of outer membrane
generally known as porins, as they cannot easily pass by
diffusion through the cell wall of bacteria (Tipper and
Strominger 1965). Because of the unavailability of new
antibiotics for the treatment of infections by gram-
negative bacteria and development of antibacterial resis-
tance, gram-negative bacteria become a serious danger
(Podschun and Ullmann 1998). Carbapenemases classes
A, B, and D which are beta-lactamases can proficiently
hydrolyze beta-lactam inhibitors, cephalosporins,
monobactams, and carbapenems (Voulgari et al. 2013).
In gram-negative bacteria, commonly beta-lactam resis-
tance is due to the production of beta-lactamases. Beta-
lactamases by hydrolyzing amide bond of beta-lactam
ring can inactivate the beta-lactam antibiotics (Medeiros
1997). According to Ambler-lactamases classification,
class B metallo-β-lactams include imipenem (IMP),
Verona integron-encoded metallo-β-lactamase (VIM),
German imipenemase (GIM), Seoul imipenemase (SIM),
Sao Paulo metallo-β-lactamase (SPM), and New Delhi
metallo-β-lactamase (NDM)-1 (Yong et al. 2009).

One of the most clinically important carbapenemases in K.
pneumoniae is NDM-1 which was first identified in 2008
(Yong et al. 2009). NDM-positive K. pneumoniae are widely
disseminated in the hospitals of major cities of Pakistan as
indicated in previous reports (Pesesky et al. 2015; Khan
et al. 2016). Integrons are associated with the transfer of re-
sistance genes (Bennett 2008) where gene dissemination from
one cell to another involves a DNA element called integrons.
Resistance genes are integrated by a mechanism involving
site-specific recombination (Recchia and Hall 1997). The
presence of integrons in K. pneumoniae isolates has been re-
ported previously (Deng et al. 2015).

In the current study, 103 K. pneumoniae isolates were col-
lected from neonates, geriatrics, and burn patients in the peri-
od of March 2015 to September 2015. Investigation on these
isolates was done in terms of antibiotic resistance, phenotypic
and genotypic detection of metallo-beta-lactamase-producing
strains, and detection of integrons (classes I and II).

Methods

Study period and clinical samples

Two hundred seventy-seven samples that include blood,
urine, sputum, wound swabs, and pus were obtained from

neonates, geriatrics, and burn patients admitted in tertiary
care hospital of Islamabad PIMS, between March 2015
and September 2015. Samples were processed as per stan-
dard microbiological procedures. Identification was per-
formed on the basis of gram staining, colony morphology
on MacConkey’s agar (Oxoid, Basingstoke, UK), and a
panel of biochemical tests, i.e., oxidase test, catalase test,
indole test, triple sugar iron test, and simmon’s citrate test
(Alves et al. 2006).

Antimicrobial susceptibility testing

Antibiotic susceptibility of confirmed K. pneumoniae isolates
was determined by Kirby Bauer disc diffusion assay. Results
were interpreted according to The Clinical and Laboratory
Standard Institute (CLSI) guidelines (2015). Antibiotics used
for screening were ampicillin (AMP, 10 μg), ciprofloxacin
(CIP, 5 μg), ceftazidime (CAZ, 30 μg), trimethoprim-
sulfamethoxazole (SXT, 23.75 μg), ceftriaxone (CTX,
30 μg), and imipenem (IPM, 10 μg).

IMP-ethylenediaminetetra acetic disc diffusion
method

Peptone broth was inoculated with identified colonies and
turbidity was set to 0.5 McFarland’s standard. Cotton swabs
were soaked in broth containing bacterial colonies and then
coated as culture lawn on Muller-Hinton agar (Oxoid,
Basingstoke, UK). After drying, two IMP discs (10 μg each)
were placed on the bacterial lawn. Four microliters of 0.5 M
EDTAwas added to one of the IMP discs and incubation was
done at 35 °C for 16–18 h. EDTA is a chelating agent and
removes zinc ions from the active site of MBL enzyme, thus
rendering the enzyme inactive and the bacterium shows sen-
sitivity to carbapenems. Subsequently, measurement and com-
parison of zone diameters of two IMP discs were done. The
difference in the inhibition zones by ≥ 7 mm was regarded as
positive (Yong et al. 2002).

Screening of class B metallo-beta-lactamases

Presence of mobile MBL genes (blaGIM, blaIMP, blaSIM,
blaSPM, blaVIM) in K. pneumoniae isolates was tested by
five pairs of primers (particular for each family of MBLs)
multiplex PCR, to amplify fragments of 477 bp (GIM-1),
188 bp (IMP), 570 bp (SIM-1), 271 bp(SPM-1), and
390 bp (VIM) (Ellington et al. 2007). The isolates were
further tested for the presence of a new subgroup of MBL,
identified as NDM, which originated from New Delhi in
India. NDM-1-specific primers singleplex PCR assay was
employed for screening the strains for NDM-1. PCR prod-
ucts were analyzed on 2% agarose gel at a voltage of
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90 V for 1 h and visualized and recorded in the gel doc-
umentation system (Shenoy et al. 2014).

Detection of class I and II integrons
among carbapenem-resistant isolates

K. pneumoniae isolates were further subjected to screening for
the presence of class I integron, 1009 bps (Int-I) (Brown et al.
2000), and class II integron, 2039 bps (Int-II) (Mathai et al.
2004) structures, by multiplex PCR using primers specific for
class I and II integrons.

Results

Isolation frequency of K. pneumoniae and presence
of metallo-beta-lactamase resistance

In the present study, the isolation rate of K. pneumoniae was
observed to be 37%, i.e., 103 positives out of 277 clinical
samples screened.

Antibiotic susceptibility

Overall, K. pneumoniae isolates showed resistance to ampi-
cillin (95.5%), ceftazidime (94.4%), ciprofloxacin (88.2%),
sulfamethoxazole (65.7%), ceftriaxone (64.7%), and
imipenim (14%) as shown in Fig. 1.

Phenotypic metallo-beta-lactamase detection

Phenotypic metallo-beta-lactamase detection showed that 7%
(8/103) K. pneumoniae isolates were found to be MBL posi-
tive. All isolates harboringMBLwere well distinguished from
MBL-negative isolates by the criterion of a ≥ 7-mm increase
of inhibition zone with the discs added with EDTA.

In the present study, all the eight carbapenem-resistant
strains were found to be isolated from ICU (intensive care
unit), seven isolates from NICU (neonatal intensive care unit),
and one isolate from ICU of burn center, while carbapenem
resistance was observed to be absent in the isolates from ge-
riatric patients. Sources of resistant strains were endotracheal
tubes, blood, and pus (Table 1).

Metallo-beta-lactamase genes in K. pneumoniae
isolates

Molecular screening of MBL indicated the presence of all
types of class B beta-lactamases GIM, IMP, NDM, SIM,
SPM, and VIM (Fig. 2 and Table 2).

Class I and II integrons in carbapenem-resistant
isolates

Molecular screening for the presence of integrons indicated
that class I integrons were more frequently observed com-
pared to class II integrons in K. pneumoniae (Fig. 3).
Furthermore, class I integron was found to be in 87.5% of
carbapenem-resistant K. pneumoniae isolates. Furthermore,
NDM was detected in seven strains out of eight (Fig. 4).

Fig. 1 Antibiogram of K. pneumoniae isolates

Table 1 Zones of inhibition for
antibiotic discs against Klebsiella
pneumoniae strains. R, resistance;
I, intermediate; –, no zone was
observed for those antibiotics

Sample IDs
Source

Age Place of isolation Antibiotic susceptibility

AMP
CIP CRO SXT

IMP CAZ
Zone of inhibition (mm)

NK1 Pus 15 day PIMS Hospital – – 12(R) 13(R) – –
NK2 ETT 3 day PIMS Hospital – – 11(R) 18(R) – –
NK3 ETT 3 day PIMS Hospital – – 11(R) 13(R) – –
NK4 ETT 2 day PIMS Hospital – – 13(R) 12(R) – –
NK5 Blood 1 day PIMS Hospital – 6(R) 18(I) 16(R) – –
NK6 Pus 15 day PIMS Hospital – 5(R) 12(R) 18(I) – –
NK7 Blood 2 day PIMS Hospital – – 10(R) 16(R) – –
BK1 PUS 22 years PIMS Hospital

Burn Unit
– – 9(R) 7(R) – –
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Discussion

The carbapenem group of antibiotics is the key therapeu-
tic options for acute infections caused by ESBL-
producing gram-negative bacteria. The emergence of
carbapenem-resistant strains limits the therapeutic options
including aminoglycosides, fosfomycin, polymyxins,
temocillin, and tigecycline. Hence, the issue of carbapen-
em resistance in Enterobacteriaceae needs particular
surveillance.

The rationale of the current study was identification
and determination of carbapenem resistance in K.
pneumoniae isolates from different sources of human in-
fections. K. pneumoniae isolates were mainly collected
from neonates, burn patients, and geriatrics. The field of
comparative microbial genomics has tremendously grown
over the years due to economical high-throughput se-
quencing technologies. Pan-genome (Tettelin et al. 2005)
describing the comprehensive inventory of genes in
superbugs will further help in better understanding eco-
logical adaptation, virulence mechanisms, antibiotic resis-
tance, or colonization of a new host. Phylogenetic analy-
sis revealed that the isolated strains showed around 99%
similarity among them. Their resistant genes also showed
quite a similarity lying in the same evolutionary clad.
When compared with reference genome, it revealed some

conserved region which can be studied further to analyze
regions responsible for the resistance mechanism.

Out of a total of 103 K. pneumoniae isolates of this
study, eight (7%) isolates were found to be metallo-beta-
lactamase resistant. This frequency is lower as compared
to the previous studies, e.g., 14% from Oman (Prakash
et al. 2011) and 21% reported from Nepal (Bora et al.
2014). The reason behind this may be that limited data
is available on carbapenem resistance among K .
pneumoniae isolates in Pakistan as well as perhaps differ-
ences in practice for prescribing the drug. Results of our
study are supported by a previous study by Deshpande
et al. (2010) based on the emerging trend of carbapenem
resistance in a tertiary care hospital in North India.
Findings from their study identified carbapenem resis-
tance in 6.9% of K. pneumoniae strains (Deshpande
et al. 2010). Results from this study depict that burn pa-
tients and neonates are at a higher risk of acquiring the
infection by K. pneumoniae in comparison to geriatric
patients and the major reservoirs for carbapenem-
resistant isolates were found to be blood, endotracheal
tubes, and pus.

The production of metallo-beta-lactamases in strains limits
the therapeutic options. The risk factors for infections associ-
ated withMBL-producing bacteria include the provision ofβ-
lactam antibiotics or carbapenems, hospitalization, and/or

Fig. 2 Multiplex PCR for genes
encoding metallo-beta-
lactamases, including VIM
(390 bps), IMP (188 bps), GIM-1
(477 bps), SIM-1 (570 bps), and
SPM-1 (271 bps). Gel image
shows the presence of genes in
isolates NK1, NK2, NK3, and
NK4

Table 2 Table summarizes all the
PCR results observed during this
study. All carbapenem positive
isolates given in the table were
collected from ICU

Sample IDs PCR confirmation

IMP VIM GIM-1 SIM-1 SPM-1 NDM-1 INTI-1 INTI-2

NK1 + – – – – – – –

NK2 – – – – + + + –

NK3 – – + + – + + –

NK4 + – – – – + – –

NK5 + – – – – + – +
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practices with infected indwelling medical instruments and
devices (Okazaki et al. 2016).

Previously, a coproduction of two and three beta-
lactamases in a single bacterium has been noticed (Pokhrel
et al. 2014; Oduyebo et al. 2015). Alarmingly, 100% of
carbapenem-resistant strains were found to be positive for
the class B beta-lactamases from our study; additionally, all
of them were found to be multidrug resistant (MDR). Another
mechanism for carbapenem resistance is integrons mediating
integration of resistance gene by site-specific recombination
mechanism (Tamura et al. 2013). In this study, integron-I was
found to be more responsible for resistance genes acquisition
in bacteria.

Conclusions

This study is one of the fewer reports on carbapenem-resistant
K. pneumoniae that cover information about the origin of
isolates, antimicrobial resistance, phenotypic and genotypic
detection of MBL-producing strains, and association of these
isolates with integrons. Further investigation on carbapenem-
resistant K. pneumoniae infections is urgent, with the ultimate
aim to adapt the therapeutic approach to the microbiological
properties involved. Awareness about the entry of
carbapenem-resistant strains into a hospital setting is the first
step that clinical microbiologists can take to address this issue.
Evaluation of effective antibiotic options and diligent

infection control measures will help in the fight against
carbapenemase-producing microorganisms.
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