Nepal ] Biotechnol. 2022Jul;10 (1): 40-44 Research article

BSN

BIOTECHNOLOGY SOCIETY OF NEPAL

DOI: https:/ /doi.org/10.54796 /njb.v10i1.229

a8
NJB

Nepal Journal of Biotechnology

ISSN (Online): 2467-9313
ISSN (Print): 2091-1130

Publisher: Biotechnology Society of Nepal
Journal Homepage: https:/ /nepjb.com/index.php/NJB

NEPAL JOURNAL OF
BIOTECHNOLOGY

SINCE 20

FSTD: 2007

Screening of Carbapenem Resistance Klebsiella pneumoniae and its MIC

against Imipenem

Sarada Saud!, Ashwani Agrawall, Soniya Pokhrel!, Sushma Subedi?, Sanjit Shrestha?, and Niroj Man Amatya 1“2

Department of Medical Microbiology, Nobel College, Sinamangal, Kathmandu, Nepal Affiliated to Pokhara
University.

2Pathology Department, B & B Hospital, Lalitpur, Nepal.

Received: 26 Feb 2022; Revised: 20 Jul 2022; Accepted: 26 Jul 2022; Published online: 30 Jul 2022

Abstract

Klebsiella pneumoniae is a common opportunistic pathogen causing a wide range of infections; pneumonia, urinary tract
infection, bacteremia, and liver abscesses. It infects primarily immunocompromised and immunocompetent individuals. It
presents itself as an antibiotic-resistant bacterium, especially for third-generation cephalosporins and carbapenems, creating
serious global challenges. Therefore, this cross-sectional study was conducted in B & B Hospital, Lalitpur to screen the
distribution of carbapenem resistance K. pneumoniae through ertapenem and to assess the minimum inhibitory concentration
of imipenem for screened carbapenem resistance K. pneumoniae. From 3447 different clinical samples collected according to
standard guidelines, K. pneumoniae was identified using standard microbiological techniques; staining and a panel of
biochemical tests. The antibiotic susceptibility test of the isolates was performed by the Kirby-Bauer disc diffusion method as
per CLSI 2018 guidelines. The screening of carbapenem resistance was assessed by using ertapenem disc and the MIC of
imipenem for carbapenem resistance and intermediate was performed using an Epsilometer. A total of 85 K. pneumoniae were
identified and their antibiotic susceptibility test revealed that ceftriaxone was the least effective antibiotic. The number of
MDR, carbapenem-resistant and intermediate isolates was 51, 46, and 3, respectively. The MIC of imipenem through an
Epsilometer from ertapenem resistant and intermediate revealed that 31, 5, and 13 isolates were resistant, intermediate, and
sensitive respectively. These findings showed the inconsistency in the detection of carbapenem-resistant isolates in routine
microbiology laboratories and further support the other tests for the detection of carbapenem resistance as suggested by CLSL
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Introduction resistant Klebsiella pneumoniae [CRKP] as a critical public
Klebsiella pneumoniae, an important member of the health threat [7]. The epidemiological distribution of
Enterobacteriaceae famlly’ re81dlng in the CRKP fluctuates in all countries [8] with Slgnlflcantly

gastrointestinal tract of us, is not only the most clinically = higher morbidity and mortality rate than those of

isolated opportunistic pathogen from immune-
compromised individuals, neonates, critically ill patients,
or patients with other risk factors in healthcare settings
[1] but also from immunocompetent individuals causing
a wide range of infections mostly urinary tract infection,
pyogenic liver abscess, necrotizing pneumonia or other
[2].
infection becomes complicated after it is found to be not
susceptible to the
antibiotics, including monobactams [3]. This is further
aggravated by

antibiotics

life-threatening infections Management of its

third-generation cephalosporin

the non-response of
the
carbapenemase enzymes that make bacteria almost

carbapenem

through either expression  of
resistant to a B-lactam group antibiotic [4, 5] or alteration
of permeability due to loss of porin or overexpression of
the efflux pump [5, 6]. Therefore, WHO prioritizes

extended-spectrum p-lactamase [ESBL] and carbapenem-
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carbapenem susceptible K. pneumoniae, which initiates
devastating public health conditions [9].

This bacterium notoriety gained its name among
antibiotic-resistant bacteria. The European Antimicrobial
Resistance Surveillance Network (EARS-Net) showed
that from 2005 the non-susceptibility rate of this
bacterium had increased significantly against third-
generation cephalosporins, aminoglycosides,
fluoroquinolones, and carbapenems that have greater
variation in different countries of the European Union
[10] and other parts of the world, increasing global public
health concerns [11]. Hence, WHO recognized this
bacterium with Acinetobacter baumannii, Pseudomonas
aeruginosa as a WHO Priority Pathogen list for “Research
and Development” of New Antibiotics [7]. Therefore, this
study was carried out to find out the frequency of CRKP

along with their antibiotic susceptibility profile and MIC
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of imipenem for screened carbapenem-resistant and
intermediate isolates.

Materials and Methods

It is a hospital-based prospective cross-sectional study;
carried out in the Microbiology Department of B and B
Hospital, Nepal, from 15]July 2018 to 15 October 2018. The
target group of this study was irrespective of sex, all age
groups of patients attending the hospital for medical
treatment. All collected data were entered and analyzed
using SPSS V17.0. Ethical consent was obtained from the
Nobel Institutional Review Committee (IRC).

Bacterial isolation and identification
Samples (blood, pus, urine, respiratory specimen,
catheter tips, and joint fluid) were collected aseptically
according to standard microbiological guidelines [12].
Good quality specimens were accepted, while unlabeled
or mislabeled specimens, dry swabs, specimens that leak
from a container, delay in specimen transport, and
inappropriately stored samples were excluded from this
study. All samples, except blood, were cultured on blood
agar and MacConkey agar; incubated at 37°C overnight,
and identified as K. pneumoniae using Gram staining and
conventional biochemical tests (Catalase, Oxidase, indole
test, motility, citrate utilization, triple sugar iron
utilization and Urease Test) [13]. The reagents and
purchased from HiMedia
The BD™ BACTEC™ FX40
Automated Blood Culture System was used for blood

culture media were

Laboratories, India.
culture, and a positive culture bottle was further sub-
cultured on blood agar and MacConkey as previously for
identification [13].

Antibiotic susceptibility test

The antibiotic susceptibility test was performed
following CLSI guidelines 2018 through the disc
diffusion method. Eleven different antibiotics (HiMedia
Laboratories, India); amikacin (30 pg), cefepime (30 pg),
ceftriaxone (30 pg), ciprofloxacin (5 pg),
(30 ng), (25 ng),
gentamicin (10 pg), nitrofurantoin (300 pg), piperacillin-

chloramphenicol cotrimoxazole
tazobactam (100/10 pg), and ofloxacin (5pg) were tested
in isolated Klebsiella pneumoniae. The bacterium showing
resistance to at least one antibiotic from three or more
than three different classes was categorized as multidrug
resistance [14]. The resistance to carbapenem was
screened using ertapenem (10pg) disc. According to zone
size diameter, isolates were differentiated as sensitive,
intermediate, and resistant with zone size inhibition 222
mm, 19-2Imm, and <18 mm, respectively [15]. The
inhibitory (MIC) of the

minimum concentration
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imipenem was tested for isolates showing intermediate
or resistance to carbapenem using the Imipenem Ezy
MIC™ strip following the manufacture instructions
(HiMedia Laboratories, India). The MIC of imipenem
was interpreted and the isolates were differentiated as
sensitive (<1 ug/ml), intermediate (2 pg/ml), and
resistant (24png/ml) [15]. For quality control of the MIC
test strip, carbapenem susceptible Escherichia coli ATCC
25922 was used.

Results
Patient Characterization
A total of 3447 specimens were received in the trimester

period in which 771 samples showed culture-positive
from which 815 bacteria were isolated. Among 815
bacterial isolates, 85 isolates were confirmed as Klebsiella
pneumoniae. The rest data are shown in Table 1.

Table 1. Clinical and social demography of patients

S.N. Status of patients Number (%)
1 OPD 15 (17.65%)
2 Inpatients 70 (82.35%)
S.N. Sex Number

1 Male 50 (58.82%)
2 Female 35 (41.18%)
S.N. Age group Number

1 Below 20 12 (14.11%)
2 20-30 14 (16.47 %)
3 30-40 12 (14.11%)
4 40-50 9 (10.59%)
5 50-60 14 (16.47%)
6 60 and above 24 (28.24%)

Antibiotic susceptibility test
The antibiotic susceptibility test showed that ceftriaxone

(59, 69.42%) was the most non-susceptible antibiotic,
followed by ciprofloxacin (49, 57.65%) and gentamicin
(48, 56.47%). Furthermore, 60% (51 of 85) isolates were
multidrug-resistant. The remaining data are shown in
Table 2.

Carbapenem-resistant
The screening of carbapenem resistance showed that in

85 K. pneumoniae isolates, the carbapenem resistance and
intermediate isolates were 46 (54.13%) and three (3.52%)
respectively. The MIC test of both intermediate and
resistant isolates was done as suggested by the CLSI
guideline 2018. Among the 49 isolates, the MIC test of
imipenem showed that 31 isolates were resistant, five
intermediate, and 13 sensitives. Furthermore, in 85
isolates, 51 isolates were MDR K. pneumoniae isolates, in
which 45 isolates were resistant to carbapenem and six
isolates were susceptible to carbapenem.
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Table 2. Antibiotic Susceptibility Pattern of K. pneumoniae

Saud et al.

Antibiotic Susceptibility Pattern

Total Isolates

SN Antibiotics used Sensitive (%) Intermediate (%) Resistant (%)

1 Amikacin 24 (28.23) 20 (23.53) 41 (48.24) 85
2 Gentamicin 34 (40) 3 (3.53) 48 (56.47) 85
3 Ciprofloxacin 28 (32.94) 8(941) 49 (57.65) 85
4 Ofloxacin 33 (38.82) 5(5.88) 47 (55.30) 85
5 Ceftriaxone 24 (28.23) 2(2.35) 59 (69.42) 85
6 Ertapenem 36 (42.35) 3(3.52) 46 (54.13) 85
7 Cefepime 11 (16.18) 8 (11.76) 49 (72.06) 68
8 Piperacillin-tazobactam 9 (14.06) 12 (18.75) 43 (67.19) 64
9 Chloramphenicol 38 (61.30) 11(17.74) 13 (20.96) 62
10 Cotrimoxazole 28 (50) 1(1.78) 27 (48.22) 56
11 Nitrofurantoin 6 (13) 6 (13) 34 (74) 46

Figure 1. MIC Test

Discussion

Klebsiella pneumoniae is an opportunistic pathogen
responsible for causing various community-acquired and
the

infection caused by this bacterium cannot be neglected,

healthcare-associated infections. Furthermore,
as itis included in ESKAPE pathogens and the increasing
incidence of CRKP strains attracts attention to clinicians
and other stakeholders.

In our study, the highest percentage of K. pneumoniae was
obtained in the inpatient department than others. This
higher incidence of K. pneumonize in long-term
hospitalized patients may be related to the immune
status of the patients, as the bacterium was isolated from
the surgery unit with the use of invasive devices and
administration of immunosuppressive drugs. In hospital
settings, the transmission of the pathogen increases
drastically because the colonization rate increases with an
extended stay in the hospital and prolonged antibiotic
therapy. A similar study carried out in the United States

also claimed a higher incidence of K. pneumoniae
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infections in long-term acute care hospitals than in the
short-term hospital stay [16].

Antibiotic resistance is a common problem in K.
pneumoniae. It is naturally resistant to the penicillin group
of antibiotics [17] or acquires antibiotic resistance genes
from mobile genetic cassettes called integrons, often
carried out by transposons and transferable plasmids that
transmit horizontally to receptor cells, integrated on
plasmids or chromosomes through homologous
recombination, expressing its fitness in the presence of
antibiotics [18]. In this study, we evaluated 11 different
antibiotics, in which amikacin, gentamicin, ciprofloxacin,
ofloxacin, ceftriaxone, ertapenem were tested in all
isolates, and the rest antibiotics were tested either as
second-line antibiotics or depending on a source of
clinical samples. Our results showed a mixed antibiotic
resistance profile compared to others in terms of
antibiotic use, time period, bacterium source and
country.

Approximately 48.24% and 56.47% of the isolates were
not susceptible to aminoglycosides, amikacin, and
gentamicin, respectively. A range of studies shows a
wide variation in resistance pictures that range from 1%
to 86% for gentamicin. A study in the EU/EEA region
showed that its resistance per cent ranges from below 1%
to greater than 50 [19]. A comparative study from France
and Algeria revealed that its resistance was 28% and 86%,
respectively, [20] while in a study from Iran and India,
the resistance rate was found to be 24% and 37.5%,
respectively [21, 22]. A slightly lower percentage, 41%,
was observed in Nepal [23] which is nearly equal to our
study. Cephalosporins, such as ceftriaxone, are
frequently used antibiotics for K. pneumoniae until they
become ESBL producers. Our study showed that nearly
70% of the isolates were resistant to ceftriaxone. A similar
finding was described from Ethiopia [24] and a four-year

consecutive study from Greece [19]. Ciprofloxacin and
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ofloxacin are alternative antibiotics of choice if the
isolates are ESBL producers. The non-susceptibility rates
for ciprofloxacin and ofloxacin were 57.65 % and 55.3 %
in our study. Similar to aminoglycosides, a wider range
of variations in the non-susceptibility of quinolones was
observed, ranging from less than 1% to more than 90%.
The study of Bulgaria, Italy, and Romania was in line
with our study, while from Germany, Denmark, Iran, and
India, the non-susceptibility rate was lower than in our
study [19, 21, 22]. A few studies from Nepal showed that
the resistance rate is more than 85 %, which is quite much
higher than ours [23, 25]. In general, different studies
conducted at different times revealed significant
variability in antibiotic resistance patterns. Such a type of
variation was also observed in other antibiotics
mentioned in Table 2, which might be due to the low
number of sample studies or how meticulously
antibiotics were used in that country to mitigate
antibiotic resistance problems. Hence, resistance to these
first-line agents represents an unprecedented challenge
to clinicians, scientists, and healthcare systems.

Carbapenems (imipenem, meropenem, and ertapenem)
are the antibiotics of choice for those K. pneumoniae that
are MDR and ESBL producers [26]. The phenotypic lab
detection of carbapenem resistance is quite confusing and
for confirmation of carbapenemase producer, different
additional tests should be performed [27]. Therefore,
CLSI recommends that ertapenem non-susceptibility is
the

producers, and additional tests should not be performed

most sensitive indicator for carbapenemase
for purposes other than epidemiological or infection
control after breaking point evaluation of ertapenem,
meropenem, and imipenem [15]. In our study, 49 (both
intermediate and resistant) isolates showed positive
screening through non-susceptibility to ertapenem. This
suggests that resistance to carbapenem arises due to the
formation of carbapenemase enzymes of classes A, B and
D of the Amber class of P-lactamase, restricting the
treatment option [27]. The CRKP was subjected to the E-
test to determine the MIC of the imipenem. The test
results showed that susceptible, intermediate and
resistant were 13 [MIC <lpg/ml), 5 [4ng/ml
<MIC=1pg/ml) and 31 [MIC 24 pg/ml), respectively.
This implies that results from phenotypic methods can

vary, as suggested by CLSI.

Conclusions

The fast-growing antibiotic-resistant Klebsiella pneumoniae
is a global problem, including in Nepal, such that the
choice of an effective antibiotic is now chaotic. The
continued emergence of CRKP has wreaked havoc on its
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routine diagnosis, as well as on its therapeutic treatment
options. Susceptibility testing [disc diffusion and MIC)
provides valuable information for therapeutic inference
but does not adequately address carbapenem resistance,
which is significant for infection control and
epidemiological evidence necessary to curb the spread of

carbapenem-resistant Enterobacteriaceae.
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