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Abstract

The rise of multidrug-resistant hypervirulent Klebsiella
pneumoniae (MDR-hvKp) strains has become a
significant concern in healthcare settings globally.
This study seeks to understand the current picture of
MDR-hvKp infections in diabetic patients, shedding
light on the challenges posed by these pathogens and
emphasizing the critical need for coordinated efforts in
surveillance, prevention and treatment to limit their
influence on public health. This study consisted all non-
duplicate n=500 different clinical samples from
diabetic patients which were received for bacterial
culture in the microbiology department during the
study period. Determination of antimicrobial
susceptibility and drug resistance was performed by
conventional and molecular methods.

Among Klebsiella pneumoniae ESBL positive isolates
of K.pneumoniae, 53 isolates showed presence of
blaSHV (n = 53, 77.9%), blaTEM (n = 51,75%) and
blaCTX-M (n = 42, 61.7%), blaTEM with blaSHV
positive for 31 isolates, blaTEM with blaCTX-M
positive for 27 isolates and 19 isolates were positive
for blaTEM with blaSHV and blaCTX-M. Among 32
MBL positive K.pneumoniae, blakPC was positive for
(n = 32, 47%). BlaVIM + blalMP (n = 31, 45.5%),
blaVIM (n = 28, 41.1%), blaIMP (n = 24, 35.2%) and
blakKPC + blaVIM (n = 23, 33.8%) were identified. The
increasing prevalence of antibiotic resistance is
limiting the potential treatment choices for diseases
caused by bacteria that have developed resistant to
drugs.

Keywords: Klebsiella pneumonia, Multidrug-resistant,
ESBL, MBL and Hyper-virulent.

Introduction

The rise of multidrug-resistant hypervirulent Klebsiella
pneumoniae (MDR-hvKp) strains has become a significant
concern in healthcare settings globally.! Klebsiella
pneumonia (K.pneumoniae), a common Gram-negative
bacterium, has long been connected with numerous diseases,
ranging from urinary tract infections to serious pneumonia.”
K. pneumoniae poses a significant difficulty in healthcare,
especially among diabetic patients. Diabetic patients are
already prone to infections due to their reduced
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immunological status and delayed wound healing, making
them more vulnerable to the detrimental effects of MDR-
hvKp infections. The interweaving of multidrug resistance
and hypervirulence in these strains not only increases the
complexity of treating infections but also exacerbates the
possibility for rapid disease progression and mortality in
diabetic patients.!

Among the numerous patient populations impacted by
MDR-hvKp, persons with diabetes mellitus are most
vulnerable.  Diabetes  mellitus, characterised by
hyperglycemia and reduced immune function, presents a
permissive environment for bacterial infections, making
diabetic individuals more susceptible in acquiring and
experiencing severe consequences from MDR-hvKp
infections.?®

Understanding the epidemiology, clinical symptoms and
mechanisms that underpin the formation and spread of
MDR-hvKp in diabetic patients is critical for guiding
effective treatment and infection control efforts.?” This study
seeks to understand the current picture of MDR-hvKp
infections in diabetic patients, shading light on the
challenges posed by these pathogens and emphasising the
critical need for coordinated efforts in surveillance,
prevention and treatment to limit their influence on public
health.

Material and Methods

This is the prospective study conducted over a period of 12
months (January 2023 to December 2023). Institutional
Ethical Committee (IEC) approval was obtained. This study
consisted of all non-duplicate n=500 different clinical
samples from diabetic patients which were received for
bacterial culture in the microbiology department during the
study period. This study included various clinical samples (n
=500) from diabetic patients that were received for bacterial
culture in the microbiology department during the course of
the study.

Microbiological analysis: After overnight incubation at
37°C, the isolated colony was cultivated in pure culture. The
colony was then discovered through a normal process that
included biochemical evaluations of the putative colonies.
These isolates underwent antibiotic susceptibility testing
with a Gram-negative antibiotic panel.*®

Determination of antimicrobial susceptibility: A pattern
of antimicrobial susceptibility was identified. They were
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tested for zones of inhibition using the CLSI criteria. The
antibiotics tested included amikacin, ampicillin, cefepime,
cefazolin, ceftazidime, cefuroxime, cefotaxime, gentamicin,
pipercillin-tazobactam,  ciprofloxacin,  co-trimoxazole,

meropenem and imipenem and the results were compared to
the ATCC strain.?

Detection of Drug resistant K. pneumoniae: The disc
diffusion approach revealed MDR, XDR and PDR strains.

AmpC Beta-lactamases:

o Cefoxitin (30pug) disc was utilized for screening.
Cefoxitin may be a source of AmpC-beta-lactamases if
the zone diameter exceeds 14 mm after incubation.?33

Double disk synergy test:

e We investigated third-generation cephalosporin-
resistant bacterial isolates for ESBL formation.

Cefotaxime (30pg) was added 15 mm from the edge of

piperacillin/tazobactam and incubated at 37° for 24

hours. The zone of inhibition grew by more than 5 mm,

confirming the production of ESBL.*

Metallo-p-lactamase — MBL.:

e The combined disc test used imipenem (10pg) and 0.1
M anhydrous EDTA (10ul).
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A zone diameter of over 5 mm around the EDTA disc is
regarded positive compared to the imipenem disc.*t

Hypermucoviscosity (HMV):

e The colony's tendency to spread like a mucoviscous
string.

A longer-than-10 mm string extension is indicative with
the HMV phenotype.

Fig. 1 shows a hypervirulent strain of K.pneumoniae that
passed the string test (Fig. 2).6

Blood Hemolysis:
e Theisolates were placed on blood agar plates containing
5% sheep blood for the haemolysis test.

After 24 hours of incubation at 37°C, hemolysis was
observed.®

Biofilm Forming Assay:

e Microtiter plates were used to evaluate biofilm
formation. Kilebsiella isolates' adhesion to an inert

substrate was studied.

The strains were incubated in BHIB for 24 hours at

37°C. A 48-well polystyrene microtiter plate with flat
bottoms was filled with 50ul of culture dilution and
incubated for 48 hours.
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Fig. 2: String test positive for K. pnéumoniae
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After incubation, wells were gently rinsed three times
with sterile saline and fixed in methanol for 20 minutes.
After applying a crystal violet dye, each well was rinsed.
1ml of ethanol was employed to decolorize the biofilm-
associated crystal violet. The optical density was
measured at 620 nm.?

Extraction and amplification of 16S rRNA: DNA was
extracted using the DNA extraction Kit. The content and
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purity of DNA were measured using absorbance at
wavelengths of 280 nm.*3 We utilised universal primers to
amplify the 16S RNA gene. The reverse primer was R 5'-
ACGGTTACCTTGTTACGACTT-3', while the forward
primer was F 5-AGAGTTTGATCCTGGCTCAG-3'. A 25
ml PCR reaction mixture includes 3 ml of template DNA, 2
ml of forward and reverse primers, 5.5 ml of DH,O and 12.5
ml of master mix.’

» | D
4: B
»> | C
! > A
Fig. 3: Biofilm formation in microtitre plate assay.
Note: A-Strong, B-Moderate C-Weak, D-None.
Table 1
Primers for the identification of target genes
. s Product
PCR Target gene | Sequences of Primer (5°-3°) Size (bp)
Resistant genes
1 CTX-M CGCTTTGCGATGTGCAG- ACCGCGATATCGTTGGT 550
NDM GGGCAGTCGCTTCCAACGGT-GTAGTGCTCAGTGTCGGCAT 476
IMP TTGACACTCCATTTACDG - GATYGAGAATTAAGCCACYCT 139
’ VIM GATGGTGTTTGGTCGCATA —-CGAATGCGCAGCACCAG 390
KPC CATTCAAGGGCTTTCTTGCTGC -ACGACGGCATAGTCATTTGC 538

Biofilm gene

3 | weaG | GGTTGGKTCAGCAATCGTA ~ACTATTCCGCCAACTTTTGC | 169
Hyper virulent gene
4. rmpA ACT GGG CTA CCT CTG CTT CA - ACT GGG CTA CCT CTG CTT CA 550
5. magA (K1) | GGTGCTCTTTACATCATTGC-GCA ATG GCC ATT TGC GTT AG 282
GACCCGATATTC ATA CTT GACAGA G - CCT GAA GTAAAATCG TAA ATA
6. Wzy (K2) 641
GAT GGC
Table 2
PCR — Amplification conditions
PCR glel:::tlura tion Denaturation | Annealing Elongation Eg::tga tion Cycle
1 9§OC 95°C 1 min 58°C 1 min 30 sec 72°C 2 min 72°C 5 min 40cycles
7 minutes
2 95°C 5min 95°C 1 min 55°C 2 min 72°C 1 min 72°C 7 min 35cycles
3 95°C 10 min 95°C 1 min 56°C 1 min 45 sec 72°C 1 min 72°C 10 min 45 cycles
4 97°C 7 min 97°C 1 min 59°C 1 min 45 sec 72°C 2 min 72°C 7 min 40 cycles
5. 95°C 10 min 95°C 1 min 56°C 1 min 30 sec 72°C 1 min 72°C 10 min 45 cycles
6. 95°C 7 min 95°C 1 min 52°C 1 min 45 sec 72°C 2 min 72°C 7 min 35 cycles
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The PCR technique was standardised to include a 15-minute
initial denaturation at 94°C, 35 cycles of denaturation for 1
minute at 94°C, annealing for 1 minute at 52°C, extension
for 1 minute and 30 seconds at 72°C and a final extension
for 5 minutes at 72°C. 1% agarose gel electrophoresis was
performed on the amplified PCR sample using 1X TAE
(Tris-Acetate-EDTA) buffer containing ethidium bromide.
The images were obtained with a UV transilluminator, when
the amplified bands were visible, utilising the gel
documentation.?®

Determination of Multidrug Resistance Genes: Specific
primers and PCR reactions were utilised to identify the
following genes: blaVIM, blaCTX-M, blaNDM, rmpA,
WCaG, blaKPC, IMP, magA(K1) and wzy(K2). Table 1
describes these genes, while table 2 lists the amplification
conditions.
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Results

In the current investigation, 500 non-duplicate clinical
samples in diabetic patients were obtained from a tertiary
care hospital. Among the 500 samples, 386 bacterial isolates
were identified (386/500), 20.7 % (n = 80/386) were in
blood, 27.4% (n = 106/386) in urine, 14.5% (n = 56/386) in
pus, 8% (n = 31/386) in stool, 15.2% (n = 59/386) in wound
swab and 13.9% (n = 54/386) in sputum sample. Distribution
of bacterial pathogens is shown in table 3.

The majority of these MDR K.pneumoniae isolates were
found in wound swab/exudate samples (n = 21), urine (n =
11), pus (n = 14) and blood (n = 6). From a total of 152 non-
duplicate isolates of K.pneumonia, 68 isolates were
identified as MDR andthese were further included
for characterization. The majority of MDR isolates were
found in males (n = 41) followed by females (n = 27).

Table 3
Distribution of pathogens obtained from clinical specimems
) S - z = =%
=2 I - g~ RS 2 3 =& -ES = ~ o ~
g 3 'EEDEEE S 3 23 | 2% |E% | &2 | &S
£ B 97| 2 E = & £F 2% |25 | E 5
Blood 10 22 12 4 - - - 2 -
Urine 23 28 14 18 6 - 7 - 2
Pus 4 27 9 15 6 - 4 - -
Stool 7 13 - - - 7 - 2 -
Wound 6 48 14 17 2 - - - 6
swab
Sputum 2 14 14 21 - - - - -
Total 52 152 63 75 14 7 11 4 8
DISTRIBUTION OF PATHOGENS
OBTAINED FROM CLINICAL
SPECIMENS
= E.Coli = Klebsiella = Pseudomonas = Citrobactor = Shigella = Enterobacter & Salmonella & Proteus
90
80 = =
70
60
50 =
40
30
20
10
0 e
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Table 4
Occurrence of Klebsiella spp. in clinical samples
Klebsiella spp. MDR Kilebsiella spp.
n =152 n = 68
Gender
Male 93 41
Female 59 27
Community-acquired 36 15
Infections(CAlIs)
Hospital-acquired 19 8
Infections (HAIS)
Diabetic Infections 97 59
Clinical sources
Urine 28 9
Blood 22 13
Pus swab 27 15
Sputum 14 6
Wound swab 48 25
Hospital sites
ICU 21 13
IPD 48 21
OPD 83 46

Note: IPD- in-patient department; OPD- out-patient department, ICU- intensive care unit.

Occurrence of Klebsiella and MDR Klebsiella spp.

600
500
400
300
200
100

MDR Klebsiella
spp

Klebsiella spp

H Male B Female m CAls

H Urine H Blood

mICU mIPD m OPD

Klebsiella spp. were isolated more frequently from urine
samples (n = 28; 34.47 %), pus samples (n = 27; 17.37 %),
sputum samples (n = 14; 12.63 %), blood samples (n = 22;
9.74 %) and wound swabs (n = 48; 8.68 %).

The distribution analysis of Klebsiella spp. around clinical
wards indicated that approximately n= 83 36.6 % isolates
were from the OPD. Approximately (n= 48, 13 %), (n= 21
13 %), of Klebsiella spp. were isolated from the IPD and
ICU respectively. The majority of MDR Klebsiella isolates
(36.7%) were collected from wounds, with pus (22%) and
blood (19.1%), urine (13.2%) and sputum (6%), following

https://doi.org/10.25303/204rjbt067075

B Pus swab

HAls H Diabetic infection

B Sputum B Wound swab

table 4. According to this, the majority of MDR K.
pneumoniae isolates were obtained from IPD (n = 21), OPD
(n =46) and ICU (n = 13). Hospital acquired infections (n =
8), community acquired infections (n = 15) and diabetic
infections (n = 59) were linked to the majority of MDR K.
pneumoniae cases.

Resistance profile of Klebsiella pneumonia isolates: The
percentage of isolates exhibiting resistance toward thirteen
antibiotics is represented in table 5. During the study period,
ciprofloxacin, cefazolin and Nitrofurantoin appeared to be
the most effective drugs as 93, 92.1 and 90% of ESBL

71



Research Journal of Biotechn o]0 gy

producing K.pneumonia were screened. The highest
resistance observed among MBL producing K.pneumoniae
was cefazolin (95.5 %), followed by nitrofurantoin (90.7 %)
and tigecycline (83.8 %). We found similar antibiotic
resistance trends in MDR K.pneumoniae isolated from
different clinical sources. Although the percentage of K.
pneumoniae strains resistant to meropenem and imipenem
was lower, a comparison between the resistance pattern of
isolates from diabetic infections versus community-acquired
infections indicated similar resistance patterns toward the
antibiotics mentioned above.

Vol. 20 (4) April (2025)
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A total of 68 MDR K.pneumoniae isolates were found to
exhibit reduced susceptibility to meropenem and imipenem.
These 68 isolates were further studied for ESBL and MBL
production. Among ESBL positive isolates of
K.pneumoniae, 53 isolates showed presence of blaSHV (n =
53, 77.9%), blaTEM (n = 51,75%) and blaCTX-M (n =42,
61.7%), blaTEM with blaSHV positive for 31 isolates,
blaTEM with blaCTX-M positive for 27 isolates and 19
isolates as positive for blaTEM with blaSHV and blaCTX-
M as in table 6.

Table 5
Antimicrobial resistance patterns of multidrug-resistance Klebsiella sp.5
Antibiotics ESBL -producing Klebsiella MBL -producing Klebsiella
pneumoniae (%) pneumoniae (%)

Cefazolin 92.6 95.5
Cefepime 55.8 77.9
Imipenem 73 11.7
Meropenem 5.5 8.2
Ciprofloxacin 92.1 80.7
Moxifloxacin 72.0 67.6
Gentamycin 64.7 61.7
Amikacin 35.2 30.8
Nitrofurantoin 90 90
Norfloxacin 72 67
Tetracycline 81 75
Chlorampheniol 85.2 72
Citrimoxazoles 75 80.8
Tigecycline 90 83.8

Antimicrobial resistance patterns of multidrug-resistance
Klebsiella spAntimicrobial resistance patterns of
multidrug-resistance Klebsiella sp

Tigecycline
Citrimoxazoles
Chloramphenical

Tetracycline

Nitrofurantoin
Amikacin
Gentamycin
Moxifloxacin
Ciprofloxacin
Meropenem [
Imipenem [—

cefepime

Norfloxacin |

e —
Cefazolin |

o

20 40

B MBL -producing Klebsiella pneumoniae
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Table 6
Distribution of ESBL and MBL Resistant genes in Klebsiella pnemomiae

MDR K.pneumoniae (n=68)

Name of Gene | n (%)
ESBL

bla tgm alone 51
bla suv alone 53
bla crx-m alone 42
bla tem+bla spv 31
bla tem*bla cTx-m 27
bla tem*bla spv+bla ctxm 19
MBL

bla kpc alone 32
bla vim alone 28
bla vp alone 24
bla OXA-48 alone 26
bla npMm alone 18
bla xpc +bla vim 23
bla v +bla nvp 31
bla vp +bla npMm 17
bla kpc +bla nvp 21
bla oxa-4s Tbla npm 11
bla kpctbla vivtbla vp 17
bla kpc+blaoxa-agt+bla npm 19
bla vivtbla et blaoxa-as 13

Among 32 MBL positive K.pneumoniae, blaKPC was
positive for (n = 32, 47%), blaVIM + blaIMP (n = 31,
45.5%), blaVIM (n = 28, 41.1%), blaIMP (n = 24, 35.2%)
and blakKPC + blaVIM (n = 23, 33.8%) were identified.
Similarly, MBL resistant genes are also represented in table
6.

Discussion

The growing prevalence of antibiotic resistance is narrowing
the range of effective treatment options for diseases caused
by drug-resistant bacteria. Greece currently has the highest
rate of carbapenem resistance worldwide at 68% with India
and the eastern Mediterranean regions following at 54%.%?
Table 1 identifies the most commonly reported extended-
spectrum beta-lactamases (ESBLS) in India, which include
SHV, TEM and CTX-M. Manoharan et al? and Goyal et al'®
have observed the co-occurrence of SHV, TEM and CTX-M
in Enterobacteriaceae, a finding that aligns with the
observations in this study. Tsay et al*® found that 49% of
patients with diabetes mellitus developed community-
acquired bacteremia due to K. pneumoniae infection.

Gram-negative bacteria are generally more lethal than
Gram-positive bacteria and are frequently associated with
infections in healthcare settings.? Northeast India may be
facing concerns due to the rising number of hospital-
acquired and community-acquired multidrug-resistant
bacterial infections. The current study also found that the
strains isolated from various clinical cases exhibited high
levels of resistance to all commonly used antibiotics.
Consistent with previous studies from this region, the lowest
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resistance was observed against imipenem, gentamicin and
amikacin.'? As a result of treatment with carbapenem, there
is a correlation between increased production of ESBL
77.9% and carbapenem resistance.®

According to the current investigation, 11% of the bacteria
had both ESBL and MBL genes and 47% of the isolates were
MBL producers. The increased incidence was similarly
found by Devi et al.}® Multidrug-resistant pathogen
colonization is becoming more prevalent in ICU patients due
to their main illnesses, which frequently require recurrent
hospital stays.?’ Globally, the majority of cases are found in
intensive care units.® The majority of the time, ESBL
development and antimicrobial resistance in Klebsiella were
connected. The WHO?%* classified ESBL-producing
Klebsiella as highly pathogenic superbugs. Our isolates of
K. pneumoniae showed multidrug resistance, with an
increase in carbapenem resistance. Imipenem and
meropenem are the two medicines that are effective in
treating CRKP. It may be advantageous to use a combination
of antibiotics along with removing invasive devices.®

Klebsiella in our investigation showed resistance to
cephalosporins of the second and third generations. This
shows the importance of screening Gram-negative bacteria
for cephalosporin resistance and the development of ESBL
and MBL.> Based on the genes, carbapenemases are
considered to be the main mechanism that causes the
development of CRKP isolates. According to MBL
resistance gene analysis, the blakKPC gene was present in
majority. We identified a higher incidence of bla OXA-48
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and no blaVIM in any of the isolates we examined,
compared to another study by Ghaith et al'* with a different
genotypic profile. Regarding ESBL genes, 42 isolates
received our investigation with blaCTX-M. In an
investigation by Amer et al® similar isolates were found
which is in accordance with this observation.

In the isolates according to study, other carbapenemases,
including blaKPC, blaVIM and blaOXA-48, were identified.
In bacteremic patients with MDR K. pneumoniae, a
combination treatment may be associated with
better prognosis than monotherapy alone.?* The emergence
of multidrug resistance has usually been attributed to the
rapid dissemination and fast spread of resistant Klebsiella

Spp.

The hypervirulent strains of K. pneumoniae have emerged;
these strains were initially predominant among isolates that
were susceptible to antibiotics. They have recently been
observed in MDR isolates, as the study also showed. This
presents further treatment challenges because virulence
associated with antibiotic resistance can be highly
concerning, possibly resulting in extremely high rates of
mortality.?® Hospital-acquired infections were more
common than community-acquired infections, according to
our overall analysis, but the higher isolation percentages
from the OPD indicated an increased probability that the
infections were diabetic infections.

Conclusion

There has been an increase in both the frequency and
antibiotic resistance of K. pneumoniae isolates. Antibiotic
stewardship is crucial to prevent overuse, especially among
diabetic patients, as K. pneumoniae poses a significant threat
to the healthcare system. Implementing strict infection
control measures in hospitals is essential. The varied signs
and symptoms of K. pneumoniae infections can make
diagnosis and treatment challenging. To effectively combat
antimicrobial resistance (AMR) and reduce mortality rates,
it is important to have a comprehensive understanding of the
bacteria causing infections, their antibiotic susceptibility
profiles, specific resistance mechanisms and the geographic
distribution of resistance.

The present study found that the isolates exhibited high
levels of drug resistance and a greater prevalence of ESBL
and MBL producers. This increase in multidrug-resistant
organisms is leading to delays in effective therapy, as there
are limited treatment options available. Hospitals need to
adopt protective and management strategies. The findings
from this study could be valuable for developing new
community treatment strategies and providing baseline
information for implementing antibiotic guidelines to curb
the development of drug resistance. Continuous monitoring
and antibiotic stewardship programs are essential for early
detection of new multidrug-resistant K. pneumoniae
infections.
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