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ABSTRACT

Objectives: To determine in-vitro efficacy of colistin against resistant Klebsiella Pneumoniae clinical isolates.

Study Design: Cross-sectional study.

Place and Duration of Study: Microbiology Department of Pathology Lab, Armed Forces Institute of Cardiology & National
Institute of Heart Diseases, Rawalpindi, Pakistan, from Jan 2021 to Dec 2021.

Methodology: Sampling was done by nonprobability consecutive technique. Antimicrobial susceptibility testing was done for
all clinical isolates of KP.

Results: A total of 3066 culture and sensitivity requests were received, out of these 663(21.6%) specimens revealed growth of
different microorganisms. Amongst 663 culture positive isolates, 150(22.6%) were identified as KP. Antibiotic susceptibility of
KP showed >90% isolates resistant to 3rd & 4th generation cephalosporins, cotrimoxazole, ampicillin+salbactum and coamoxi-
clav. Aminoglycosides, quinolones, meropenem, aztreonam and tazobactum+pipracillin were found resistant in >80% isolates
and doxycycline and imipenem in >70% isolates. Resistance to minocycline was 58%, chloramphenicol 40.7% and Tigecycline
38.7%. The least resistance was noted in Colistin 16%.

Conclusion: A very high antimicrobial resistance was observed in KP isolates against penicillins, cephalosporins, ampicillin
beta lactamase inhibitor combinations, quinolones, aminoglycosides, carbapenems and cotrimoxazole. Comparatively
tigecyclines and chloramphenicol were found to be less resistant than other antimicrobials to manage MDR and XDR cases.
Colistin has excellent efficacy against MDR and XDR KP isolates.
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INTRODUCTION

Klebsiella Pneumoniae (KP) belongs to a group of
Gram-negative enteric rods. It is considered to have an
opportunistic approach and is included in the list of
ESKAPE pathogens. They include Enterococcus fae-
cium, Staphylococcus aureus, Klebsiella pneumoniae, Acine-
tobacter baumannii, Pseudomonas aeruginosa, and Entero-
bacter species. All of them are becoming challenging to
treat by clinicians due to increased resistant pattern
around the Globe.! Amongst the whole list, multidrug-
resistant (MDR)-KP infections, are gaining popularity
due to high morbidity and mortality rates i.e. 22-72%.
This rise in morbidity and mortality due to KP infec-
tion leads to prolong hospital stay, thus causing extra
burden on health care system along with enhancing
the treatment cost and suffering of the patients. Prod-
uction of carbapenemases are the virulent factors imp-
arting the worsening scenario especially in hospitali-
zed and immunocompromised patients.2 The added
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factors include the presence of capsule, and production
of biofilm, which helps its escape from opsonization
and phagocytosis by macrophages. As a result, modu-
lation of inflammatory cascade favors the emergence of
severe invasive and chronic opportunistic infections.3

The emergence of antimicrobial resistance (AMR)
along with MDR is pushing for the availability of new
drugs with good sensitivity. Till the time of their
discovery, the clinicians and researchers are devoted to
search for better management options. Either usage of
combination therapy or last line anti microbials seems
the only way out.# Unfortunately, worsening of scena-
rio is there due to emergence of MDR, extensively drug
-resistant (XDR), and pan-drug-resistant (PDR) strains.
MDR is defined as “non-susceptibility to at least one
agent in three or more antimicrobial categories”, XDR
is defined as “non-susceptibility to at least one agent in
all but two or fewer antimicrobial categories (i.e.
bacterial isolates remain susceptible to only one or two
categories)” and PDR is defined as “non-susceptibility
to all agents in all antimicrobial groups”.> Such
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resistant pattern is getting great attention for Acine-
tobacter baumannii, Klebsiella pneumoniae, Escherichia coli,
and Pseudomonas aeruginosa infections. It is because
these organisms are the most commonly isolated
pathogens from the clinical samples. Clinicians around
the globe are much concerned about the growth of
these pathogens owing to their potential to cause
difficult to treat situations in clinical practice.¢

In such scenario, especially for well-known carba-
penem resistant bugs, colistin and tigecycline have
gained a good reputation.* Colistin belongs to a group
of polymyxin compound i.e., polymyxin E. It is a secon-
dary metabolite extracted from Gram-positive soil bac-
terium Paenibacillus polymyxa subspecies Colistinus.
Besides desired outcome from its management few
limitations are still reserving its use. The side effects
like nephrotoxicity and neurotoxicity, are the mainly
concerned ones. Besides these side effects, its overuse
is also making their resistant pattern emergence.” The
alteration in lipopolysaccharides of gram negative and
mutation in in mgrB gene are the responsible ones for
its emerging reported resistant pattern.®

The tigecycline belongs to a group of first glycy-
lcycline, which was approved by the US Food and
Drug Administration (FDA) in June 2005. It is well
known for its worthwhile use to treat complicated skin
and soft tissue infections (cSSTI), complicated intra-
abdominal infections (cIAlI), and community-acquired
pneumonia (CAP).%10 Owing to its widened anti-
microbial cover, especially for MDR, XDR and PDR
Gram-negative bacteria, it is safely used for ventilator-
associated pneumonia (VAP), hospital-acquired pneu-
monia (HAP) and blood stream infections (BSI).1

In view of this available literature including
increased emergence of MDR, XDR and PDR Klebsiella
pneumoniae infection. The current study has been
planned to identify in vitro efficacy of colistin against
resistant Klebsiella pneumoniae infections and to find out
resistance pattern of different antimicrobial groups
like, aminoglycosides, quinolones, cephalosporins and
carbapenems against KP clinical isolates.

METHODOLOGY

This cross-sectional study was carried out at the
microbiology department of Pathology lab, Armed
Forces institute of Cardiology & National Institute of
Heart Diseases, Rawalpindi Pakistan through January
2021 to December 2021.

Sample Size: Prevelance of Klebsiela Pneumonae in
clinical samples is 15.8% so, the calculated sample size

was 19612. Sampling was done using non probability
consecutive sampling technique.

Inclusion Criteria: All Patients samples were dealt
with standard microbiology lab practiced and only
samples yeild growth of KP were included in this
study. All requests for culture and sensitivity of clini-
cal specimens from all wards of the hospital were
incorporated in the study. No discrimination was
made on basis of age and gender.

Exclusion Criteria: Culture of other microorganism
and samples outdoor patients were excluded duplicate
samples from same patient were not included in the
data collection. Patient proforma was developed to
note all demographic details like hospital registration,
name, age, and gender of the patient.

Approval from the Institutional Ethical Review
Board (IRB ltr no. 9/2/R&D/2022/188) along with
departmental consent was granted and patient identity
was kept confidential. Standard microbiological labo-
ratory practices were followed starting from receiving
of samples till finalization of results. Only specimens
yielding the growth of KP were counted for this study.
Identification of the organisms were carried out using
colony morphology, Gram staining, catalase test and
biochemical reactions on analytical profile index (API)
20E (Biomerieux, France). Mueller Hinton agar (Oxoid,
UK) was used for antimicrobial susceptibility testing
(AST) using modified Kirby-Bauer disk diffusion met-
hod in the light of guidelines of Clinical and Labora-
tory Standards Institute (CLSI) 2021.13 Colistin agar test
was used for colistin susceptibility as per CLSI guide-
lines. Colistin resistant isolates were further confirmed
by VITEK-2 system (Biomerieux, France). European
Committee for Antimicrobial Susceptibility Testing
(EUCAST) breaking points were used for Tigecycline
(TGC) and Colistin susceptibility.’* AST was done
using different antimicrobial disks including Ampi-
cillin (AMP) 10 pg, Gentamicin (CN) 10 pg, Ciproflo-
xacin (CIP) 5 pg, Levofloxacin (LEV) 5 pg, Amikacin
(AK) 30 pg, Cotrimoxazole (SXT) 25 pg, Ceftriaxone
(CRO) 30 pg, Ceftazidime (CAZ) 30 pg, Cefipime (FEP)
30 pg, Imipenem (IMP)10 pg, Merope-nem (MEM) 10
pg, Ampicillintsulbactam (SAM) 20 pg, Piperacillin
+Tazobactam (TZP) 110 pg, Coamoxiclav (AMC) 30 pg,
Aztreonam (ATM) 30 pg, Minocycline (MIN) 30 pg,
Doxycycline(DOX) 30 pg, Chloram-phenicol (CAP) 30
pg, Tigecycline (TGC) 15 pg. ATCC (American Type
Culture Collection, Rockville, MD) of Escherichia coli
was used for quality control of AST.
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RESULTS

A total of 3066 culture and sensitivity requests
were made from different indoor patients of a tertiary
care hospital, out of these 663(21.6%) specimens revea-
led growth of different microorganisms. Amongst 663
culture positive isolates, 150(22.6%) were KP. The most
abundant pathogen yielded was KP followed by Stap-
hylococcus aureus 115(17.3%), Staphylococcus epidermidis
107(16.1%), Acinetobacter baumannii 79 (11.9%), Escheri-
chia coli 60(09%), Burkhulderia cepacia 46(6.9%), Pseu-
domonas aeruginosa 44(6.6%) and rest of the organ-
isms ranged between 1-2%. Breakdown of the culture
positive pathogens is shown in Figure-1.

Frequency of Different Pathogensisolated from Clinical
Specimens (n=663)
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Figure-1: Breakdown of Different Pathogens Isolated from
Different Clinical Specimens.
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Specimens from male patients were 113(75.3%),
while those of female patients were 37(24.7%). Age of
Patient ranges from 1 month to 94 years with mean age
46.68+27, 20% of patients were below the age of 5 years
and 60% were between the age of 30-70 years. Sources
of specimen for culture and sensitivity are shown in
Table-I. The most common were 38(25.3%) from wo-
und sites, then 36(24%) respiratory specimens followed
by blood culture 28(18.7%) and CVP tips 23(15.3%).

Table-I: Sources of Specimens for Culture and Sensitivity.

Specimen Source Number of Percentage
Specimens (n) (%)
Respiratory Samples 36 24
Blood 28 18.7
CVP Tip 23 15.3
Pus & Pus Swab 38 25.3
Urine 15 10
Others 10 6.7
Total 150 100

Antibiotic susceptibility of KP showed >90%
resistance to 3 & 4th generation cephalosporins,
cotrimoxazole, ampicillin+salbactum and coamoxiclav.
Resistance to aminoglycosides, quinolones, mero-
penum, aztreonam, tazobactum+pipracillin was >80%

and >70% to doxycycline and imipenem. Resistance to
minocycline was 87(58%), chloramphenicol 61(40.7%)
and Tigecycline 58(38.7%). The least resistance was
noted in Colistin 25(16%). The detail of drugs along
with resistance pattern is shown graphically Figure-2
& percentage of resistance is given in Figure-3 below.
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Figure-2: Antibiogram of Klebsiella Pneumonae Isolated
from Different Clinical Specimens
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DISCUSSION

In view of increased incidence of KP infection
{150 (22.6%) out of 663} along with emergence of MDR,
XDR and PDR cases, the current study was planned to
assess in-vitro efficacy of colistin. The results are com-
parable with the published study by Maltezou et al.
Comparing the global statistics, he observed and con-
cluded the high incidence for extended spectrum beta
lactamase producing (ESBL) organisms. The reported
incidence of ESBL for KP was 58.71% in Eastern
Europe, 51.9% for South America, 28.2% for the Asia
Pacific region, 24.41% for Southern Europe, 16.71% for
Northern Europe and 12.3% for North America.l®
However, the current study results showed decreased
incidence of ESBL producing KP when compared to a
Pakistani study by Ejaz et al.'® However, in another
Iranian study, reported incidence was more i.e. 28%.
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The identified resistant gene was bla TEM for ESBL
isolates.l”

The current study revealed 100% resistance to
ampicillin, and 90% for 34 & 4th generation cepha-
losporins, cotrimoxazole, ampicillin+salbactum and co-
amoxiclav. For aminoglycosides, quinolones, mero-
penem, aztreonam and tazobactum+pipracillin, >80%
resistance to KP was observed. An approximate 70%
resistance was observed for doxycycline and imipe-
nem. Resistance to minocycline was 58%, chloram-
phenicol 40.7% and tigecycline 38.7%. The least resis-
tance was noted from Colistin 16%. The results are in
line with the published study by Wangh et al. In view
of high resistance pattern, he concluded that usage of
combination therapy with colistin+ tigecycline, can be
beneficial to manage MDR, XDR and PDR isolates of
KP especially in nosocomial pneumonia.’® Chloram-
phenicol an old drug has regained its efficacy against
many multidrug resistant Gram positive and Gram-
negative organisms because it is not in frequent clinical
use from few years. This drug has very good tissue as
well as fluid penetration including CSF. Like results of
current study, one more study is in favour of using
colistin as a drug of choice to manage resistant strains
of KP. The results of study are supporting the
Japanese published data showing 60% clinical efficacy
of colistin therapy against multidrug-resistant KP
infection.?0. Another study revealed 70% imipenem
resistance among KP isolates which is almost similar to
our observation of 74% resistance to imipenem.?! In the
present era of increasing AMR perhaps colistin being
the only choice left for treatment of such MDR and
XDR pathogens. Unfortunately reports revealing resis-
tance to this drug are also coming up in the literature
as we saw in our study and the same has also been
reported from our neighbouring countries like Iran,
China, and India.22-24

Literature review has shown that some genetic
modifications in chromosomal coding regions of some
regulator genes have caused this phenotypic resistance
to colistin. Regular genomic monitoring is required for
all resistant isolates to see the colistin resistance.?
Colistin resistance is predominantly mediated by mcr
gene. Co-existence of multiple resistant genes for diffe-
rent drugs like colistin, carbapenem, and other drugs
signifies to massive genomic malleability in KP with its
capacity to arise as super-spreader of antimicrobial
resistance.?* AMR in KP is obvious and is confirmed by
our study too. As the problem is uniformly present in
the region and is documented in literature, the public

health authorities need to keep an eye and closely
monitor the situation with reporting of the problem.?

RECOMMENDATIONS

e Colistin may be considered as first line treatment
option in suspected cases till the availability of
culture reports in ICU patients.

e Tigecycline and chloramphenicol could be other
choices of treatment for such infections.

e Effective implementation of infection control mea-
sures along with strict surveillance is required to
control resistant bugs in hospital settings.

e Judicious use of antibiotics must be observed to
avoid multi drug resistance.

LIMITATIONS OF STUDY

Genomic characterization of the clinical isolates and
detection of resistant mcr genes is not carried out in routine
in our set up, neither it was done during this study due to
financial constraints and non-availability of the electro-
medical equipment in our lab settings.

CONCLUSION

A very high antimicrobial resistance was observed in
KP isolates against penicillins, cephalosporins, ampicillin &
beta lactamase inhibitor combinations, quinolones, amino-
glycosides, carbapenems and cotrimoxazole. Comparatively
tigecyclines and chloramphenicol were found to be less
resistant than other antimicrobials to manage MDR and XDR
cases. Colistin has excellent in vitro efficacy against resistant
KP isolates but resistance is coming up to this only rescuer
drug too. So strict infection control measures and continuous
surveillance are only means to avoid such MDR bugs in our
hospital settings.
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