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1. Introduction

Klebsiella pneumoniae (K. pneumoniae) is a Gram negative, facul-
tative anaerobic bacilli that has great potential for significant mor-
bidity and mortality in acute care settings, particularly in
immunocompromised patients [1]|. Moreover, K. pneumoniae is
one of the most common organisms showing multiple antibiotic
resistance worldwide [2]. These bacteria easily acquire and trans-
fer drug resistance genes through plasmids and transposons [3].
Acquisition of these genes leads to production of B-lactamases of
which extended spectrum B-lactamases (ESBLs) are the most com-
mon [3]. ESBLs are capable to hydrolyze extended spectrum peni-
cillins, cephalosporins and monobactams, leaving the carbapenem
group of B-lactam antibiotics as the only choice for therapy, hence
carbapenem antibiotics are used as a last resort to treat infections
caused by these multidrug resistant organisms [4,5]. However,
there has been emergence of carbapenem resistant Enterobacteri-
aceae, most commonly carbapenem resistant K. pneumoniae
(CRKP), which have a worldwide prevalence [6], due to high antibi-
otic use, self-medication by patients and lack of implementation of
antibiotic policies in hospitals [7]. Mechanisms described for car-
bapenem resistance include, production of different classes of car-
bapenemase, hyperproduction of AmpC B-lactamase with an outer
membrane porin mutation, and production of ESBL with a porin
mutation or drug efflux. Production of carbapenemases is the most
commonly reported mechanism of carbapenem resistance in
K. pneumoniae [8]. Carbapenemases are pB-lactamase enzymes that
are capable of hydrolyzing all beta-lactam antibiotics, including
monobactams, extended spectrum cephalosporins and car-
bapenem [9]. The most common carbapenemases include Verona
integron metallo-beta-lactamases types (VIM), imipenemase
(IMP) types, Klebsiella pneumoniae carbapenemase (KPC),
oxacillinase-48 (OXA-48), and New Delhi metallo-beta-
lactamase-1 (NDM-1), encoded by carbapenem resistance deter-
mining genes blaVIM, blaIMP, blaKPC, blaOXA-48-like, and blaNDM,
respectively [10]. Phenotypic assays are used to identify activity of
carbapenemase while molecular assays have developed to identify
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carbapenemase encoding genes [10,11]. Analysis of hospital
surveillance data by the Center for Disease Control and Prevention
(CDC) suggested that 8% of all Klebsiella isolates are carbapenem
resistant [12]. Other studies showed that it accounted for 5-24%
of Klebsiella isolates identified in hospitalized patients [13]. In
Egypt, carbapenem resistance is emerging and alarming, one study
reported that carbapenem resistance was detected in 44.3% of K.
pneumoniae isolates in Suez Canal university hospitals [14]. The
detection of carbapenem resistance is essential for the proper
choice of antibiotic therapy as well as infection control measures
to prevent dissemination of resistant strains in hospital settings.
Therefore we set out this study to determine the prevalence of car-
bapenem resistance and carbapenemase encoding genes among
clinical K. pneumoniae isolates obtained from patients at intensive
care units (ICUs) of Mansoura university hospitals (MUHs), taking
in consideration that carbapenems are frequently used as an
empiric therapy in ICUs at our institution.

2. Subjects and methods
2.1. Study design

This was a cross-sectional study, between January 2015 and
March 2016. All patients admitted to different ICUs of MUHs and
had confirmed infection by K. pneumoniae, were enrolled in this
study. The ICU bed numbers range from 4 to 27, with a median
of 10. This study was conducted with approval from the Medical
Research Ethics Committee, Mansoura University.

2.2. Case definition

A patient with a culture positive for K. pneumoniae was deemed
to have an infection if K. pneumoniae was isolated from a sterile site
(e.g., blood, peritoneal fluid, cerebrospinal fluid, or pleural fluid) in
combination with clinical signs and symptoms of infection. Pneu-
monia was diagnosed on the basis of clinical signs and symptoms
(cough, dyspnea, fever), the appearance of infiltrate on chest radio-
graphy and heavy growth of organisms in purulent tracheal secre-
tions or bronchoalveolar lavage fluid (>10* colony forming units/
ml). These samples were examined after Gram staining for the
detection and quantification of leukocytes and organisms.
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A diagnosis of urinary tract infection required the isolation of at
least 10000 microorganisms/ml associated with at least two of
the following: dysuria; frequency; and/or pyuria (>10 white blood
cells per high power field) [15].

2.3. Sample collection and processing

Samples differed according to site of infection; they included
blood, peritoneal fluid, urine, respiratory secretions, wound swabs,
and cerebrospinal fluid. Only one isolate per patient was included.
All collected samples were processed in the Microbiology Diagnos-
tics and Infection Control Unit (MDICU), within 1-2 h of collection.

2.4. Isolation and identification of K. pneumoniae

Bacterial identification to the species level were carried out by
colonial morphology on blood and MacConkey’s agar plates (oxoid,
UK), Gram stained films, biochemical reactions including oxidase,
motility, indole, methyl red, voges-proskauer, citrate and urease
tests and confirmed with API 20E (BioMerieux, Inc., Hazelwood,
MO).

2.5. Antibiotic susceptibility testing

The disk diffusion method was employed to determine the sus-
ceptibility profile, carried out on a Muller-Hinton agar, as recom-
mended by CLSI M100-S24 [16]. The following disks, provided by
(Oxoid, UK) were used: imipenem (IPM) (10 pg), meropenem
(MEM) (10 pg), ertapenem (ERT) (10 pg), amoxicillin/clavulanic
acid (AMC) (30pug), piperacillin/tazobactam (TZP) (110 pug),
ceftazidime (CAZ) (30 pg), cefepime (FEP) (30 pg), ciprofloxacin
(CIP) (10 pg), gentamicin (CN) (10 pg), amikacin (AK) (30 pg). CRKP
was defined as K. pneumoniae isolates that test intermediate or
resistant to ertapenem, according to breakpoints defined by the
CLSI [16].

2.6. Detection of carbapenemase production

Carbapenemase production was confirmed by the following
tests: a) Modified Hodge test (MHT): a 1:10 dilution of 0.5 McFar-
land standard suspension of E. coli ATCC 25922 was made (adding
0.5-4.5 ml of saline) and swab streaked all over the plate. Then,
10 pg ertapenem disk was placed in the center of the test area.
The test isolate was streaked in a straight line from the disk to
the edge of the plate. Interpretation of negative and positive tests
was done according to CLSI, (2014) [16]. b) Boronic acid synergy
test: was done by streaking 0.5 McFarland standard suspension
of the test isolate on a plate. 10 pg ertapenem and 400 pg of
phenylboronic Acid (PBA) disks were then placed on the inoculated
plate 15 mm apart center to center, and incubated for 24 h. The
presence of enhanced growth inhibition zone between the car-
bapenem disk and boronic acid disk was considered positive for
KPC enzyme production [17] c¢) Ethylene diammine tetra acetic
acid (EDTA) test: 0.5 McFarland standard suspension of the test
isolate was spread on the surface of a Mueller Hinton Agar plate.
Two 10 pg ertapenem disks were placed on the agar 15 mm apart
center to center. 10 pl of 0.5 M EDTA was added to one of the erta-
penem disk to get 750 pg concentration and incubated at 37 °C
overnight. Increase of inhibition zone diameter of more than
5 mm in the disk potentiated with the EDTA was considered posi-
tive for metallo-B-lactamase production [18].

2.7. Detection of carbapenemase encoding genes

DNA extraction was performed by the boiling method using the
CDC protocol [19]. Polymerase chain reaction (PCR) was carried out

in a thermal cycler machine (M] Research, Inc., USA). The genes
blaIMP, blaVIM, blaKPC, blaOXA-48-like and blaNDM-1 were ampli-
fied using primers and conditions as described by Karuniawati
et al. (2013) [7]. A volume of 1 uL of template DNA was added to
a final volume of 25 pL PCR mixture comprising 12.5 uL of Taq
PCR Master Mix (Fermentas, UK), including, 1x PCR buffer,
1.5 mmol/L MgCl2, 0.15 mmol/L dNTP, and 1.25 IU Taq DNA poly-
merase, 1 puL of 0.8 pmol/L each primer (except OXA 0.4 ul) and
9.5 uL of sterile distilled water. The primer pairs were tested in
simplex PCR (only one gene screened, for blaNDM-1 gene) and
with a multiplex approach. The amplicons were analyzed by elec-
trophoresis in a 1.5% agarose gel.

2.8. Data analysis

Data analysis was done in STATA version 12. Out comes were
presented as proportions and percentages in a tabular form.

3. Results
3.1. Patients and isolates characteristics

This study included 125 patient with confirmed K. pneumoniae
infections, among which 42 had CRKP infections. CRKP isolates
were obtained from 23 male and 19 female patients. Patients were
generally elderly (median age was 60 years, with a range of
43-77 years). Respiratory samples (62%) was the predominant
source of CRKP, followed by urine (14%), wound (9.5%), blood
(9.5%), and catheter tip (5%) samples.

3.2. Susceptibility to antibiotics

Using current breakpoints recommended by CLSI (M100-S24)
for carbapenem interpretation, 42 out of 125 (33.6%) K. pneumoniae
isolates were nonsusceptible (intermediate and resistant) to erta-
penem. 25.6% and 20% were nonsusceptible to meropenem and
imipenem respectively. The full antibiogram for the tested drugs
is seen in Table 1. Two isolates were resistant to all tested antibi-
otics (panresistant), however these isolates clinically respond well
to the last-resort antimicrobials colistin and tigecycline.

3.3. Prevalence of carbapenemase activity based on phenotypic tests

Carbapenamase activity was detected in 26/42 (61.9%) by MHT
method, 22/42 (52.4%) by Boronic acid screen and 5/42 (11.9%) by
the EDTA test. 18 of the isolates were positive for both the MHT
and Boronic acid methods. Overall, 35 (83.3%) of the 42 CRKP were
positive for the production of one or more carbapenemases. Details
of the carbapenemase activity among the isolates are shown in
Table 2.

3.4. Prevalence and distribution of carbapenemase genes

Based on the PCR assays, 39/42 of the CRKP isolates were posi-
tive for one or more carbapenemase genes, while none of the car-
bapenemase genes tested (blaKPC, blaNDM, blaVIM-1, blaIMP, and
blaOXA-48-like) were detected in three isolates tested. Further-
more, these three isolates did not phenotypically express a
carbapenemase, according to the MHT, Boronic acid and EDTA
tests. Carbapenem resistance of these isolates is likely due to a
combination of ESBLs and changes in outer membrane proteins
(ESBL/Omp) [20]. Five of the 39 (12.8%) carbapenemase gene carry-
ing isolates harbored two or more genes. As shown in Table 3, the
most prevalent gene was blaKPC 47.8% followed by blaVIM-1
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