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ABSTRACT

Background: Carbapenem resistance in Enterobacteriaceae is an uprising problem worldwide. KPC is one of the
important mechanisms of resistance in Enterobacteriaceae such as K. pneumoniae.

Aims and Objectives: The current research focuses on the frequency of the KPC -2 gene in Enterobacteriaceae
isolated from urine samples, as well as antibiotic resistance patterns.

Methodology: Antibiotic sensitivity patterns were examined on 53 carbapenem-resistant isolates from the
Enterobacteriaceae family. These isolates were subjected to the Modified Hodge Test (MHT) and PCR for KPC 2
gene identification.

Results: A total of 150 urine samples were processed for the isolation of the most prevalent Enterobacteriaceae.
125 Gram-negative bacterial isolates were obtained in which the consistency of K. pneumonia was 50(40%),E.
colin was 55(44%), and P. mirabilis was 20(16%). The test for susceptibility of antibioticresulted that among50
Klebsiella pneumoniae 40% were resistant to Imipenem, while in E. coli 54.4% and P. mirabilis 30 % were
resistant to Imipenem respectively. PCR results show the gene KPC-2 out of 15 (75%) 2 (13.2%) Modified Hodge
Test Positive Klebsiella pneumoniae isolates. In total 83.3% (n=25) E. coli Modified Hodge Test positive and for
the KPC-2 gene 4% were positive.

Conclusion:This research demonstrates that in Enterobacteriaceae there isexistence of carbapenem resistance.
Surveillance research and complete antibiotic prescription standards should be established at Pakistan's various
hospitals to stop the growth of antibiotic-resistant bacteria.
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INTRODUCTION

Enterobacteriaceae, the bacteria that cause urinary tract
infections in the community and in hospitals, have evolved
progressively multidrug resistance to antibiotics (both first
and second lines) (Nordmann et al., 2011).Thus far,
carbapenems were thought to be the last option for treating
infections caused by ESBL-producing
Enterobacteriaceae.Unfortunately, the emergence of
Carbapenem-Resistant Enterobacteriaceae (CRE) is highly
associated with carbapenem usage(Harris et al.,
2015)(Chang et al., 2011)(Loon van et al., 2018).

Carbapenem antibiotics belong to the beta-lactam
group of antibiotics and have a broad spectrum of activity
against gram-positive and gram-negative bacteria(Meletis,
2016). Resistant to carbapenem antibiotics in gram-
negative bacteria is due to either alteration of porin,
upregulation of efflux pump, production of Carbapenemase
enzymes(Drawz & Bonomo, 2010). KPC-type
carbapenemases are the foremost cause of resistance in
Klebsiella pneumoniae and in many  other
Enterobacteriaceae (Nordmann et al., 2011)(Tzouvelekis et
al., 2012). Klebsiella pneumoniae carbapenemases (KPCs)
are R-lactamases produced by Gram-negative bacteria.
They efficiently hydrolyze penicillins, all cephalosporins,
monobactams, carbapenems, and even R-lactamase
inhibitors (Munoz-Price et al., 2013)

In 2001 first “Klebsiella pneumoniae carbapenemase”
(KPC) was discovered, which is present in carbapenem-
resistant Klebsiella pneumoniae in the USA (Yigit et al.,
2001). To date, more than39 KPC variants have been
described (Naas et al., 2017). Tn4401 transposon contains

the blaKPC gene.Which is found on plasmids of various
sizes and replicon types, or is incorporated into the
bacterial chromosome (Mathers et al., 2017).Interspecies
transmission during epidemics has been observed in
hospitalized patients. The KPC gene may transfer to
bacteria other than K. pneumoniae, such as Enterobacter
spp., Citrobacter spp., or E. coli. (Mathers et al,
2017)(Tzouvelekis et al., 2012). Carbapenem resistance
between Enterobacteriaceae is a huge public health
problem due to its fast worldwide spread (Eichenberger &
Thaden, 2019).

To minimise the spread of KPC harboring bacteria,
efficientmeans to control infection, and precise use of
antibiotic should be accompanied with the application of
fast and efficient KPC diagnostic test (Hindiyeh et al., 2008;
Raghunathan et al., 2011).

In the present study we Isolated and Identified
Antibiotic Sensitivity Pattern of Bacteria from Urine
Samples of UTI patients, as suggested by the Clinical and
Laboratory Standards Institute (CLSI),, to establish the
existence of carbapenemase activity, Phenotypic
techniques, such as the modified Hodge test (MHT), were
used to identify KPCs. The KPC gene was discovered and
identified using the polymerase chain reaction (PCR).

MATERIAL AND METHODS

This research was carried out in the IBMS — KMU
Peshawar microbiology laboratory in collaboration of
institute of kidney diseases Hayatabad Peshawar.
Sampling and isolation: The samples of urine were
obtained from the labs of Peshawar's tertiary care
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institutions. Quantitative isolation was used to inoculate the
urine sample on McConkey and CLED medium.The plates
were inverted and put in an incubator set to 37 °C. The test
which were used in the identification of isolates are triple
sugar iron test, indole test, oxidase test, colony
morphology, urease test and Gram staining were used to
identify isolates.

Antibiotic susceptibility: Antibiotic susceptibility was
performed using the disc diffusion method, according to the
recommendations of the Clinical and Laboratory Standards
Institute Antibiotic susceptibility was performed against
aztreonam (ATM;30 x10%g), Ampicillin (AMP;10 x10-%g),
amikacin (AK;10 x10%g), cefoxitin (FOX; 30 x10%g), and
imipenem (IMP;10 x10-g), cefepime (FEP;10 x10%g)(CLSI,

2017).
Modified Hodge Test: According to the Clinical Laboratory
Standards Institute (CLSI) 2017 recommendations,

carbapenemase detection of isolates was done using the
Modified Hodge test(MHT) with Mueller — Hinton agar
(MHA). (CLSI, 2017).

DNA extraction and visualization: Extraction OF Plasmid
DNA was done with alkaline lysis technique (Feliciello &
Chinali, 1993).

A microvolume spectrometer (Colibri, Titertek

Berthold) was used to quantify the extracted DNA, and its
quality was evaluated on a 1.5% agarose gel stained with
ethidium bromide.
PCR analysis of KPC-2 gene: KPC-2 was detected
through PCR by using gene-specific primers KPC F
(TCCGTTACGGCAAAAATGCG) KPC R
(CGGCATAGTCATTTGCCGTG), constructed with the help
of the KPC-2 generating sequence ofKlebsiella
pneumoniae (GenBank accession no. AY034847).

PCR Reaction was performed in 20 pl reaction
volume. Green Tagq Master Mix, nuclease-free water, 0.5
X109l forward primer, 0.5 x10 reverse primer, and 1 x10-¢|
of DNA were used to make this reaction mixture. After that,

the mixture was maintained in a PCR machine (BioRad,
Thermal Cycler Model # | Cycler) for a while. The
conditions of PCR were as initial denaturation was done for
5 minutes at 95 ° C, afterwards at 94 ° C 35 cycles of
denaturation. Then annealing was done for 1 minute at 56 °
C and extension for 35 seconds at 72 ° C. A 5-minute final
extension operation was performed at 72 C.PCR product
was than observe on 1.5% gel under UV transilluminator.

RESULTS

One hundred twenty-five Enterobacteriaceae were isolated
from the urine sample. These 125 isolates consist of 50
(40%) K. pneumoniae 55 (44%) E. coli and 20 (16%) P.
mirabilis. The antibiotic susceptibility pattern is presented in
Table 1. In 50 K. pneumoniae isolates 40%, 56%, 52%,
48%, 58%, 48% were resistant to imipenem, ampicillin,
cefepime, cefoxitin, aztreonam, and amikacin respectively.
Among 55 E. coli isolate 54.4% were resistant to imipenem,
67.27 % to Ampicillin, 61.81% to cefepime , 65% to
cefoxitin, 76.36% to aztreonam and 70.9% to amikacin. In
P. mirabilis isolates 30% resistant to imipenem, 5% to
Ampicillin, 10% to cefepime, 15% to cefoxitin, 20% to
aztreonam, 25% to amikacin.Out of 125 isolates, 53 were
resistant to imipenem which includes 40 % (20) K.
pneumonia, (30) 54.4% E. coli, and (3)30% P. mirabilis.

In 20 carbapenem-resistant K. pneumonia 17 of it
shows positive inmodified hodge test and in other study of
30 carbapenem-resistant E. coli, 25 were positive in
modified hodge test. While 2 were positive in modified
hodge test among 3 carbapenem-resistant P. mirabilis 2
were MHT positive. Overall 42 were positive in modified
hodge test among 53 carbapenem-resistant isolates Table
2.

PCR result shows that 2 K. pneumoniae and 1 E. coli
harbor the KPC-2 gene Figure 1 -Figure 2. while no KPC-2
gene indicated in P. mirabilis Table 3.

Table 1: Antibiotic Resistant Pattern of all isolates examined in the study

Name of Organism Imipenem Ampicillin Cefepime Cefoxitin Aztreonam Amikacin
K. pneumoniae 40% 56% 52% 48% 58% 48%
n=50
E. coli 54.4% 67.27% 61.81% 65% 76.36% 70.9%
n=55
P. mirabilis 30% 5% 10% 15% 20% 25%
n= 20
Table 2: Modified Hodge test results of all isolates included in the study
S.no Carbapenem Resistant bacteria Positive MHT Percentage
1 K. pneumoniae 15 75%
N=20
2 E. coli 25 83.3%
n=30
3 P. mirabillis 2 66.6%
n=3
Total 53 42 79.24%
Table 3 PCR results of MHT positive Isolates
S.no Isolates Name Positive MHT Isolated harboring KPC-2 gene Percentage
1 K. pneumoniae 15 2 13.2%
2 E. coli 25 1 4%
3 P. mirabilis 2 0 0%
Total 42 4 9.5%
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Figure 1: Gel electrophoresis of PCR amplified of KPC-2
gene at 462bp.Lane(M) molecular maker (100bp DNA
ladder), Lane (1) PCR product of K. pneumonia no.23,
Lane (2) negative PCR product, Lane (3) PCR product of
K. pneumoniae no.62, lane (4) negative control
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Figure 2Gel electrophoresis of PCR amplified of KPC-2
gene at 462bp. Lane(M) both on left and right-side
molecular maker (100bp DNA ladder), Lane (1) PCR
product of E. coli no.23, Lane (2) negative PCR product,
lane (3) negative control

DISCUSSION

The proliferation of carbapenamase-producing bacterial
strains isolated from urine samples from UTI patients in
various health centers (governmental and non -
governmental hospitals in Peshawar) that exhibited
resistance to carbapenem antibiotic susceptibility to
imipenem was shown in this research. The rising frequency
of the clinical MDR-KPC phenotype has been linked to
increased mortality rate, presenting a significant public
health concern (Mezzatesta et al., 2011).

In the present study 125 bacterial isolates were
obtained from urine samples of UTI patients.

The obtained bacteria consist of 55(44%) E. coli,
50(40%) K. pnuemoniae, and 20(16 %) P. mirabilis
respectively. A study done by Fridullal et al reported that in
total 90 isolates from urine sample 14 % were K.
pneumonia and 53%were E. coli(Muhammad et al., 2018).

Taj bakhsh E et al performed yet another research in Iran
resulted that the proportion was 51.70 % of E. coli, 16.32 %
of K. pneumonia and 10.88 % of P. mirabilis (Tajbakhsh et
al., 2015). There is a distinction in isolated pathogens
between our and the other studies due to species
variations and geographical distribution.

In the present study 40 %K. pneumonia showed
resistance to imipenem while E. coli and P. mirabilis
showed 54.4 % and 30% resistance respectively. Francis
RO et al saidin his study that in K. pneumoniae the rate of
carbapenem-resistant was 29% and in E. coli 2.8%
(Francis et al., 2012). According to a 2013 research by
Priyadarshini, the percentage of resistance against
imipenem of K. pneumoniae was 77 % (Shanmugam et
al., 2013). Some other research by Nazir et al. found that
21% of K. pneumonia and 9% of E. coli were carbapenem
resistant (Nazir et al., 2011). The difference in resistant rate
in our study and other study is due to the difference in the
type of samples and the number of bacterial isolates.

In the current study, we found that 15 (75%) of 20
carbapenem-resistant K. pneumoniae were Modified
Hodge Test positive, whereas 25 (83.3%) of 30
carbapenem-resistant E. coli were Modified Hodge Test
positive, and only 2 (66.6%) of 3 carbapenem-resistant P.
mirabilis were Modified Hodge Test positive. Only 79.24 %
of the 53 carbapenem Enterobacteriaceae tested positive
for Modified Hodge Test. Sanjeev Kumar et al. reported in
his studies that among 50 carbapenem-resistant
Enterobacteriaceae 17 (34%) were Modified Hodge
Testpositive(Kumar & Mehra, 2015). Research heldin Brazil
shows that carbapenem-resistant Enterobacteriaceae 784
(83.27%) were Modified Hodge Test positive from total 942
(Arend et al., 2015). A study was done by Bina et al in that
80.5% (33 of 41) isolates were Modified Hodge Test
positive (Bina et al., 2015). The variation in the ratio of
MHT positive isolates may be due to the difference in the
sample source from which carbapenem-resistant bacteria
were isolated. We isolated Enterobacteriaceae from
the patients UTI using urine samples.

The KPC-2 gene was found in two2 (13.2%) of the 15
MHT positive K. pneumoniae in this research. In the case
of 25 (83.3%) MHT positive E. coli, 1 (4%) carried the KPC-
2 gene. Priyadarshini Shanmugam et al found that 28
(67.4%) of the 38 MHT positive isolates contained the
KPC-2 gene (Shanmugam et al., 2013). Sattar et al. (2014)
showed that 30% of K. pneumoniae had the KPC-2 gene,
whereas the frequency of same gene in E. coli was 14.6
percent (Sattar et al., 2016).

The limited sample size explains the differential in
prevalence. False-positive MHT findings are also more
frequent in isolates that produce AmpC and CTX-M b-
lactamases. MHT is only able to identify the presence of
carbapenemase enzyme in the positive sample, not the
particular Carbapenemase generated by the isolates.

In Pakistan, resistance in Gram-negative organisms
was increasingly recognized. A study was done by Aga
Khan University, Karachi from 2001-2006 showed an
increase in ESBL producing K. pneumoniae to >30% and
0.4% Carbapenem resistance. Pakistan develops a
national action plan for the containment of antibiotic
resistance, major aspects of this plan is to improve
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awareness on

antimicrobial resistance, reduce the

incidence of infection, modify the use of antimicrobial
agents (Plan, 2017).

CONCLUSION

In this research, the KPC-2 gene was discovered in K.

pneumoniae and E.

coli isolates from urine. As a

consequence, early detection of carbapenem-resistant
bacteria is essential for effective treatment and infection
control measures to prevent the germs from spreading
between patients and inside institutions.
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