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ABSTRACT

Background: Kiebsiella pneumoniae has been observed to develop resistance to
antimicrobials more effectively than most bacteria through the synthesis of enzymes such as
Extended Spectrum B-Lactamase (ESBLs) and Carbapenemase. They are also able to pass
this resistance mechanism to other bacteria in a rapid time. Antimicrobial resistance (AMR)
has become a global health problem. The study has tried to address the gaps in understanding
the resistant mechanism of K. pneumoniae isolates.
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Objective: To study the antimicrobial profile of Klebsiella pneumoniae along with the
phenotypic detection from various clinical specimens from a tertiary care hospital in Western
Maharashtra.

Methods: 100 isolates of Klebsiella pneumoniae obtained from patients admitted in various
medical, surgical and intensive care unit and patient attending outpatient department were
studied. Identification of K .pneumoniae was done by microscopic, biochemical testing. For
the testing of antimicrobial susceptibility Kirby-Bauer disk diffusion method was used.
Phenotypic tests for ESBL, MBL and AmpC detection was done for the isolates.

Results: A total 100 isolates of Klebsiella pneumoniae were tested from different clinical
specimens. Most of them were from 31-40 age group (26%) containing 8 females and 18
males and 30.77% were from ICU while remaining were from other departments like
Medicine ward, Emergency department, OBGY, Surgery ward, Oncology ward. Maximum
isolates were from urine 25% followed by ETT (22%), pus (22%), blood (18%). Maximum
sensitivity was seen to nitrofurantoin 61 (61%) whereas maximum resistance was seen to
ceftazidime 88 (88%).0ut of total isolates of Klebsiella pneumoniae 27% were ESBL, 53%
MBL and 24% AmpC producers. Multidrug resistance was seen in 88% of the Klebsiella
pneumoniae.

Conclusion: The study reflects higher prevalence of MBL compared to ESBL and AmpC
among the K. pneumoniae isolates. Nitrofurantoin, fosfomycin are to some extent useful
drugs against this bug, but has to be used judiciously

Keywords: K. pneumoniae, Extended Spectrum Beta-lactamase (ESBL), Metallo-Beta
Lactamase (MBL), AmpC Beta-lactamase, Multidrug resistance

INTRODUCTION

K. pneumoniae is a Gram-negative encapsulated bacteria which is normally observed in the
mucosal surfaces of mammals and in soil, vegetation, water etc. In humans, K. pnuemoniae
normally colonize the oropharynx and gastrointestinal tract from where it can easily enter
into the circulation and different tissues causing infection which includes bacteremia,
septicemia, surgical site infection, urinary tract infection, hospital acquired pneumonia, and
ventilator-associated pneumonia. It is also responsible for increased frequency of
opportunistic infections that occur among immunocompromised patient such as bladder
neuropathy or diabetes mellitus.* K. pneumoniae has virulence factors which include capsule
polysaccharide, lipopolysaccharide, outer membrane proteins, type 1 and type 3 fimbriae, and
determining factors for iron procurement and nitrogen source utilization.® These virulence
factors are known to be crucial for the pathogen to elude host immune system and for
effective biofilm formation.”

The studies have shown that production of beta-lactamase enzymes among K.
pneumoniae > is making it as one of the leading pathogen in community as well as hospital
acquired infections. The main motive of this study was to analyze the resistant mechanism as
well as ESBL, MBL, AmpC production of K. pneumoniae.

1774
Eur. Chem. Bull. 2023, 12(Special Issue 4), 1773-1785



Clinical, Antimicrobial and Phenotypic Profile of Klebsiella pneumoniae from a Tertiary Care
Hospital in Western Maharashtra

Section A-Research paper

METHODOLOGY

Specimen collection:

Clinical samples including pus, sputum, wound swab, blood, urine and body fluids etc. from
patients with active infection were collected from hospitalized patients i.e. surgical, medical,
intensive care unit and outpatient department.

Ethical clearance:

The approval was taken from the Ethics Committee of Krishna Institute of Medical Sciences,
“Deemed to be University” Karad. (Protocol number 051/2021-2022)

Sample processing:

Microscopy: Each specimen was smeared on clean, dry glass slide and was stained with
Gram stain. The stained smear was microscopically examined under oil immersion lens for
the presence of Gram negative bacilli.

Culture: All clinical specimens received in the laboratory were inoculated on culture
media. Bacterial isolation was identified as per standard protocol described in Practical
Microbiology of Mackie McCartney 14" volume.®

Biochemical characteristics of Klebsiella pneumoniae: Biochemical
characterization done for the identification of Klebsiella pneumoniae. Klebsiella pneumoniae
is non-motile and usually produce a prominent acidic polysaccharide based capsule.

Antimicrobial Susceptibility Test: Antimicrobial susceptibility test was performed on
Mueller-Hinton agar by the Kirby-Bauer disc diffusion method as recommended in Clinical
and Laboratory Standard Institute (CLSI 2021).The zone of inhibition was measured by using
zone measuring scale and interpreted as per the CLSI standard 2021. °

Screening and confirmation of Extended Spectrum Beta-lactamase (ESBL)

producers: Screening of ESBL was done as per the CLSI guidelines, if isolated Gram
negative bacilli was resistant to ceftazidime (30 pg) then it was suspected to be an ESBL
producer. Phenotypic confirmation of ESBL detection test was done by double disc diffusion
test. After incubation, if the increase in inhibition zone with ceftazidime+ clavulanic acid disc
was > 5 mm than the ceftazidime alone, it was interpreted as ESBL producer.
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Fig 1: Detection of ESBL production test

Screening and confirmation of Metallo Beta Lactamase (MBL): Screening and
confirmation for the detection of MBL was done by EDTA- impregnated imipenem disc. For
confirmatory test imipenem (10ug) disc was placed apart from imipenem-EDTA. Plates were
incubated at 37°C for 18-24 hrs. After incubation, if the zone of inhibition with imipenem-
EDTA was > 5 mm than imipenem discs alone, then the test was considered a positive result.

Fig 2: Detection of MBL production test

Screening and confirmation of AmpC Beta-lactamase production: This
screening test was performed by cefoxitin (30 pg) disc test. If the isolated organisms showed
less than 18 mm inhibition zone, it was further subjected to confirmatory test. After preparing
the lawn a cefoxitin disc and a cefoxitin+ cloxacillin disc were placed 20mm apart and
incubated at 37°C for 18-24 hrs. After incubation, if the zone of inhibition with cefoxitin+
cloxacillin was >4 mm than the cefoxitin, then it was considered as AmpC producer.
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Fig 3: Detection of AmpC production test
OBSERAVATION:

Over a period of one year, 100 isolates of Klebsiella pneumoniae obtained from patients
were studied. Maximum isolates were from 31-40 age group (26%) containing 8 females and
18 females.
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Fig 4: Age, Gender wise distribution

Maximum isolates were obtained from Surgery ICU 28 (30.77%) followed by Surgery ward
18 (19.78%), Medicine ward 14 (15.38%). 9 specimens were collected from outpatient

department. (Fig 5)

H K. pneumoniae %
30.77%
19.78%
14.29%  15:38%
8.79%
4.40% 4.39%
2.19%
N H -
Emerg dept Medicne Medicine NICU OBGY Oncology ICU Surg ward
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Fig 5: Ward wise distribution of Klebsiella pneumoniae
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TABLE 1: Distribution of Klebsiella pneumoniae among various clinical specimens

Specimen Number Percentage
(n) (%)
Urine 25 25
ETT 22 22
Pus 22 22
Blood 18 18
Sputum 8 8
CVP tip 2 2
Ascitic fluid 1 1
CSF 1 1
Pleural fluid 1 1
Total 100 100

Majority of isolates were from urine 25 (25%) followed by ETT 22 (22%), pus 22 (22%),

blood 18 (18%). (Table 1)
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Fig 6: Antibiotic sensitivity profile of Klebsiella pneumoniae
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Klebsiella pneumoniae showed maximum sensitivity to nitrofurantoin 61 (61%), meropenem
54 (54%), fosfomycin 49 (49%) whereas maximum resistance was seen to ceftazidine 88
(88%)), ciprofloxacin 82(82%), imipenem 80 (80%). (Fig. 6)

TABLE 2: Distribution of ESBL producing and non-producing Klebsiella pneumoniae
among various clinical specimens

ESBL
Clinical Producer Non-producer
samples ) % (n) %
Urine 6 6 19 19
ETT 5 5 17 17
Pus S 5 17 17
Blood 10 10 8 8
Sputum 1 1 / !
CVP tip 0 0 2 2
Ascitic fluid 0 0 g .
CSF 0 0 . L
Pleural fluid 0 0 1 !
Total 27 27 /3 3

Among the 100 Klebsiella pneumoniae isolates 27% were ESBL producer and 73%
were ESBL non-producers. Maximum ESBL producers were from blood 10 (10%) and ESBL
non producers were from urine 19 (19%). (Table 2)

TABLE 3: Distribution of MBL producers and MBL non producers among various
clinical specimens

Clinical MBL +ve MBL -ve
Specimens

Number % Number %

(n) (n)

Urine 17 17 8 8
ETT 10 10 12 12
Pus 12 12 10 10
Blood 5 5 13 13
Sputum 4 4 4 4
CVP tip 2 2 0 0
Ascitic fluid 1 1 0 0
CSF 1 1 0 0
Pleural fluid 1 1 0 0
Total 53 53 47 47
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Among the 100 Klebsiella pneumoniae isolates 53% were MBL producer and 47%
were MBL non producers. Maximum MBL producing isolates were from urine 17 (17%) and
maximum MBL Non producing isolates were from blood 13 (13%).

TABLE 4: Distribution of AmpC producer and non producer Klebsiella pneumoniae
among various clinical specimens

Amp C +ve Amp C -ve
Clinical
specimens Number Number
(n) % (n) %
Urine 6 6 19 19
ETT 3 3 19 19
Pus 6 6 16 16
Blood 4 4 14 14
Sputum 4 4 4 4
CVP tip 0 0 2 2
Ascitic fluid 0 0 1 1
CSF 0 0 1 1
Pleural fluid 1 0 0 0
Total 24 24 76 76

24 % AmpC producing and 76% Ampc non-producing Klebsiella pneumoniae were found in
100 isolates. Maximum AmpC producing isolates were from urine and pus 6 (6%), blood and
sputum 4 (4%).

DISCUSSION

Klebsiella pneumoniae is a major nosocomial pathogen that causes difficult-to-treat
infections worldwide and leads to several hospital-acquired and community acquired
infections, including urinary tract infection, skin-soft tissue infection, wound, blood stream
infection, meningitis, and ventilator-associated pneumonia in healthcare settings. *> Also now
a days various microorganism have tremendous properties to overcome the immune system
and cause a disease. Some of the virulence factors of Klebsiella pneumoniae are showing the
properties like capsular polysaccharide, lipopolysaccharide, fimbrial adhesions and their
ability to form biofilm. Because of these abilities, finding an effective drug and treatment
option has turned into a challenge globally.

B-lactamase enzymes, such as extended-spectrum f-lactamase (ESBL), AmpC B- lactamases
and carbapenemase, are responsible for resistance to -lactam antibiotics such as penicillins,
cephamycin and carbapenem respectively. Carbapenem resistance due to metallo-beta-
lactamase (MBL) production has been increasingly reported among clinical isolates from all
around the world. Also rapidly increasing rate of MBL production among the members of
Enterobacteriaceae.™ This study was carried out to detect the antimicrobial susceptibility test
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along with Extended-spectrum beta-lactamase (ESBL), Metallo-beta-lactamase (MBL),
AmpC production among 100 isolates of Klebsiella pneumoniae from various clinical
specimens obtained at Krishna Institute of Medical Sciences, Karad, Maharashtra.

For the antimicrobial susceptibility test, fourteen antibiotics of different classes were
used for Klebsiella pneumoniae. Among the antibiotics used for the antimicrobial profile of
Klebsiella pneumoniae, ceftazidime was found to be the most resistant 88 (88%) followed by
ciprofloxacin 82 %, imipenem and piperacillin/tazobactam 80 % each, cefoxitin 77 %,
cefotaxime and tigecycline 76 %. Fosfomycin 51 %, meropenem 46 % and nitrofurantoin 39
% are being least effective. This report is supported by the study conducted by Houri
Alizadehetal. '* that found K. pneumoniae isolates were resistant to ceftazidime and
ciprofloxacin with 80.9% and 80.7% of resistance respectively.

B-lactamase enzymes like extended-spectrum beta-lactamase (ESBL) , AmpC beta-
lactamase, cephamycin and carbapenem are liable for resistance to B-lactam antibiotics like
carbapenem, penicillins, cephamycin. *** Resistance to carbapenems due to the production
of B-lactamase enzymes has been reported worldwide.*! It is important to manage the control,
infection and treatment options for drug resistant strains. For the phenotypic detection
isolates of Klebsiella pneumoniae were screened for ESBL, MBL and AmpC f3 lactamase and
most of the isolates were found positive.

The prevalence of extended-spectrum beta-lactamase (ESBL) producing
microorganism has expanded consistently around the world and the members of
Enterobacterales are main suspects of these enzymes. ** Because of the rapid increase in
these enzymeproduction has become a major issue in human infection. So it is important to
understand the prevalence of antimicrobial resistance to deal with microorganisms.

In this study almost 27 (27%) were ESBL producer among all the isolates and this is
similar to previous studies reported by Rabina Dumaru et al. ** and with Achiraya siriphap et
al. ** with 30.61% and 30.2 % respectively. The findings of Krishus Nepal et al. ** (38.5%) is
slightly more than present study. Present ESBL prevalence was greater than the findings of
Susmits Kuinkel et al. **which was 17.5%.

Infection caused due to carbapenem resistant and Gram negative microorganisms have been
reported in many countries around the world with different morbidity and mortality rates.'” In
this study the prevalence of MBL producing isolates were 53% among all the isolates. This
finding is in harmony with Nahla A. Melake et al.”® with 48.8% MBL producing isolates.
Similarly Krishna Dhunganaet et al. *° reported 39.3% of MBL producing isolates. There are
also some quite low rates of MBL producing Klebsiella pneumoniae in comparison to our
study which were reported with Susmits Kuinkel et al. ** and Houri Alizadeh et al. *° having
values 32.5% and 30.8% respectively. In the present study, almost half (49.05%) of the MBL
positive isolates were from ICU setup. These patients are more likely to be receive
carbapenem group of antimicrobials as a therapeutic agent. Studies have shown that overuse
of these groups may result in higher prevalence of MBL production. *°
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The enzymes AmpC makes organisms resistant to penicillins, cephalosporins (second
and third generations) and cephamycins. In our study almost 24% isolates were AmpC
producer, which are comparable with Susmits Kuinkel et al. * with 20% AmpC producers.
The lowest value of AmpC producer comparing with our study was seen in Madhavi S.
Hullur et al.?® with 14.67%. AmpC prevalence. In many bacteria, the enzyme AmpC is
inducible and by mutation it can be expressed at high level.

CONCLUSION

It is important to focus on antimicrobial therapy, which will be beneficial to patient
best treatment options. The study reflects higher prevalence of MBL compared to ESBL and
AmpC among the K. pneumoniae isolates. This suggest very limited therapeutic options even
with the last resort of antimicrobials like carbapenem groups in near future. Nitrofurantoin,
fosfomycin are to some extent useful drugs against this bug, but has to be used judiciously. In
view of these findings, study recommends for screening of ESBL, MBL and AmpC
phenotype detection along with antimicrobial sensitivity testing for Klebsiella pneumoniae
infection.
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