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Abstract
Hypervirulent Klebsiella pneumoniae (hvKp) is an emerging global pathogen associated with severe, 
invasive infections and increasing antimicrobial resistance. While hvKp poses significant clinical 
challenges, data on its prevalence and resistance patterns in India remain limited. A cross-sectional study 
was conducted between June and July 2021 at a tertiary care hospital in Puducherry. A total of 80 clinical 
isolates of K. pneumoniae were analyzed for hypermucoviscosity using the string test. Antimicrobial 
resistance patterns were assessed using the Kirby-Bauer disk diffusion method, and extended-spectrum 
beta-lactamase (ESBL) production was evaluated using phenotypic methods. Among the 80 isolates, 
18 (22.5%) were identified as hvKp, while 62 (77.5%) were classified as classical K. pneumoniae (cKp). 
hvKp predominantly affected males (83.34%) and individuals aged 45-65 years (72.23%). Resistance 
rates were significantly higher in hvKp for gentamicin (50% vs. 24.19%, p = 0.038) and cefotaxime 
(44.45% vs. 27.42%). Furthermore, 55.56% of hvKp strains were ESBL producers, compared to 27.42% 
of cKp strains. This study highlights the clinical significance of hvKp, with a notable prevalence and 
a concerning resistance profile. Enhanced surveillance, routine phenotypic identification, and the 
development of tailored antibiotic protocols are crucial to addressing the challenges posed by hvKp in 
healthcare settings. These findings provide valuable insights for optimizing the management of hvKp 
infections in the Indian context.
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INTRODUCTION

	 Klebsiella pneumoniae (K. pneumoniae) 
is a gram-negative bacterium commonly 
implicated in infections such as pneumonia, 
bloodstream infections, liver abscesses, and 
surgical site infections. A particularly concerning 
subtype, hypervirulent Klebsiella pneumoniae 
(hvKp), has emerged due to its ability to cause 
severe, life-threatening infections, even in 
healthy individuals and largely attributed to its 
hypermucoviscosity phenotype, detectable by a 
simple string test. Unlike classical strains (cKp), 
hvKp is strongly associated with metastatic 
infections such as hepatic abscesses, meningitis, 
and endophthalmitis, and carries high morbidity 
and mortality (3%-42%). First identified in the 
Asia-Pacific region, hvKp has since been reported 
globally and poses a growing public health concern 
due to its potential for severe, invasive infections. 
Unlike most gram-negative pathogens, hvKp 
exhibit a notable tendency to induce metastatic 
infections.1-3

	 A significant challenge associated with 
hvKp is its capacity to develop antimicrobial 
resistance, which complicates treatment 
strategies. This capability has resulted in its 
classification among the ESKAPE pathogens, namely 
Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, 
Pseudomonas aeruginosa, and Enterobacter 
species, all of which are acknowledged globally 
for their potential for multidrug-resistance (MDR).4 
The emergence of resistance mechanisms, such 
as extended-spectrum beta-lactamases (ESBLs) 
and carbapenemases, has rendered numerous 
commonly utilized antibiotics ineffective, thereby 
further complicating the clinical management of 
hvKp infections.5,6

	 The emergence of hvKp poses a notable 
challenge for clinicians, particularly in regions 
where its prevalence and resistance profiles are 
still being explored. The significance of early 
detection and accurate identification of hvKp 
cannot be overstated, as these factors play a crucial 
role in facilitating timely and effective treatment, 
particularly in cases involving metastatic infections 
or those localized to specific sites.7

	 To  a d d r e s s  t h e s e  i m p o r t a n t 
considerations, a study was conducted at a tertiary 

care hospital in Puducherry, India. The primary 
objectives of this investigation were to assess 
the prevalence of hvKp in various clinical samples 
and to examine its antimicrobial resistance 
patterns. The insights gained from this study are 
anticipated to be valuable for both microbiologists 
and clinicians, ultimately contributing to a better 
understanding and more effective management 
of hvKp infections.

MATERIALS AND METHODS

Study design and setting
	 This study employed a prospective, 
cross-sectional design to evaluate the prevalence 
and characteristics of K. pneumoniae isolates in a 
clinical setting. It was conducted at the Department 
of Microbiology, a tertiary care hospital. The 
study was designed to provide insights into 
the hypervirulent phenotype, antimicrobial 
resistance patterns, and ESBL production among K. 
pneumoniae isolates obtained from various clinical 
specimens.

Inclusion and exclusion criteria
	 Clinical samples that yielded positive 
cultures for K. pneumoniae were included in the 
analysis. Specimens were collected from diverse 
sources, including blood, pus, urine, and sputum, 
ensuring a comprehensive representation of 
infections caused by this pathogen. Samples that 
lacked adequate clinical data or those exhibiting 
co-infections with other bacterial species were 
excluded to maintain the specificity of the findings 
and minimize confounding factors.

Sample size
	 A total of 80 isolates of K. pneumoniae 
were collected and analyzed. This sample size 
was deemed sufficient to provide statistically 
meaningful insights into the prevalence of 
hypervirulent strains and resistance patterns 
within the study’s timeframe.

Isolation and identification of isolates
	 All clinical specimens were processed 
following standard microbiological techniques. 
For non-blood samples, direct Gram staining was 
performed to assess bacterial morphology and 
preliminary identification. Specimens were then 
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streaked onto blood agar and MacConkey agar 
plates to promote the growth and differentiation of 
bacterial colonies. Identification of K. pneumoniae 
was carried out using established culture 
techniques and biochemical tests, including 
indole, citrate, and urease tests, as well as sugar 
fermentation assays. These methods ensured 
accurate identification of the isolates.

String test for hypervirulence
	 The hypermucoviscosity phenotype, 
indicative hvKp, was assessed using the string 
test. A bacterial colony was stretched using 
an inoculation loop, and the formation of a 
viscous string measuring more than 5 mm was 
considered a positive result. This test allowed for 
the differentiation of hypervirulent strains from 
cKp isolates, which do not exhibit the same level 
of Mucoviscosity.8

Antimicrobial susceptibility testing
	 The antimicrobial susceptibility profile of 
each isolate was determined using the Kirby-Bauer 
disk diffusion method. Antibiotic susceptibility 
was tested against a panel of commonly used 
antimicrobials, including amoxiclav (20/10 
µg), cefotaxime (30 µg), ceftazidime (30 µg), 
piperacillin-tazobactam (100/10 µg), meropenem 
(10 µg), gentamicin (10 µg), amikacin (30 µg), 
and ciprofloxacin (5 µg). The testing procedure 
adhered to the Clinical and Laboratory Standards 
Institute (CLSI) guidelines, ensuring the reliability 
of results. Escherichia coli ATCC 25922 was used 
as a quality control strain to validate the accuracy 
of the susceptibility testing.

Detection of ESBL production
	 Extended-spectrum beta-lactamase 
(ESBL) production was detected using the 
phenotypic double-disk synergy test (DDST). 
This method involved testing ceftazidime and 
cefotaxime alone and in combination with 
clavulanate. ≥5 mm increase in zone diameter for 
either antimicrobial agent tested in combination 
with clavulanic acid vs zone of diameter of the 
agent when tested alone was considered indicative 
of ESBL production. 

Statistical analysis
	 Data were compiled and managed using 

Microsoft Excel and analyzed with SPSS version 
23.0. Descriptive statistics, such as frequencies 
and percentages, were used to summarize the 
characteristics of the isolates and their resistance 
patterns. Comparative analyses were conducted 
using the chi-square test or Fisher’s exact test, 
depending on the data distribution and sample 
size. A p-value of <0.05 was considered statistically 
significant, allowing for the identification of 
meaningful associations between variables. This 
statistical approach ensured a robust analysis of 
the study’s findings.

RESULTS

Distribution of hvKp and cKp strains
	 A total of 80 strains of K. pneumoniae 
were isolated from various clinical specimens, 
including urine, blood, pus, and sputum. Among 
these, 18 (22.5%) isolates tested positive for 
the string test, identifying them as hvKp. The 
remaining 62 (77.5%) isolates were classified 
as cKp. This distribution indicates that hvKp 
comprises a significant subset of K. pneumoniae 
infections, warranting closer clinical monitoring 
due to its hypervirulence.

Gender distribution of hvKp strains
	 Out of the 18 hvKp isolates, infections 
were more prevalent in males (15, 83.34%) 
compared to females (3, 16.67%) (Table 1). This 
male predominance could reflect underlying 
health or lifestyle factors, such as higher exposure 
to risk factors in men, or differences in immune 
responses between genders.

Age distribution of hvKp strains
	 The majority of hvKp isolates (13, 72.23%) 
were found in patients aged 45-65 years. Infections 
were less common in the 25-45 years age group 
(2, 11.12%) and above 65 years (3, 16.67%), with 
no cases reported in individuals below 25 years 

Table 1. Results of hvKp Based on Gender

Gender	 Total hvKp sample (n = 18)
	 Number and Percentage (%)

Male	   15 (83.34%)
Female	     3 (16.67%)
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(Supplementary Table 1). This age distribution 
highlights that individuals in the middle-aged to 
older population are at higher risk, potentially 
due to comorbid conditions or weakened immune 
systems.

Clinical sample distribution of hvKp and cKp
	 Among hvKp isolates, most were 
recovered from pus (13, 72.23%), followed by 
blood (2, 11.12%), sputum (2, 11.12%), and urine 
(1, 5.56%). For cKp, the majority were isolated 
from pus (41, 66.13%), followed by urine (15, 
24.19%) and sputum (6, 9.67%) (Table 2). The 
higher prevalence of hvKp in pus samples suggests 
its association with severe soft tissue infections, 
whereas cKp showed a broader distribution across 
different sample types.

Antimicrobial resistance patterns
	 The hvKp isolates exhibited higher 
resistance to gentamicin (9, 50%) compared to 

cKp isolates (15, 24.19%), with this difference 
being statistically significant (p = 0.038). Resistance 
to other antibiotics, including amoxiclav, 
amikacin, ceftazidime, cefotaxime, ciprofloxacin, 
meropenem, and piperacillin-tazobactam, was 
also higher in hvKp isolates but not statistically 
significant (Supplementary Table 2, Figure 1). 
These findings suggest that hvKp strains may 
possess enhanced resistance mechanisms, raising 
concerns about treatment efficacy.

ESBL production in hvKp and cKp
	 The hvKp isolates showed significantly 
higher rates of ESBL production (10, 55.56%) 
compared to cKp isolates (17, 27.42%), with 
a statistically significant difference (p = 0.01) 
(Supplementary Table 3, Figure 2). This increased 
ESBL production in hvKp underscores its potential 
for multidrug-resistance, making it a formidable 
pathogen in clinical settings.

Table 2. Results of hvKp and cKp Based on Clinical Samples

Clinical	 hvKp	 Number and	 cKp	 Number and
Sample	 (n = 18)	 Percentage (%)	 (n = 62)	 Percentage (%)
		
Blood	 2	 11.12%	 0	 0
Urine	 1	 5.56%	 15	 24.19%
Sputum	 2	 11.12%	 6	 9.67%
Pus	 13	 72.23%	 41	 66.13%

Figure 1. Antimicrobial Resistance Patterns of hvKp and cKp
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DISCUSSION

	 The escalating global incidence of 
hvKp infections over recent decades presents a 
significant public health challenge. Our study, 
conducted within a one-month period from June 
to July 2021 at our institution, involved 80 patients 
with culture-confirmed K. pneumoniae, among 
which 18 (22.5%) were identified as hvKp. This rate 
of hypervirulence is noteworthy when juxtaposed 
against the backdrop of global reports, which 
suggest considerable geographical variability in 
hvKp prevalence.2

	 Comparative studies in Asia have 
demonstrated higher prevalence rates, such as 
33% in China,9 38% in Taiwan,10 and an alarming 
42.4% in Korea.11 Conversely, lower prevalence 
has been reported in the West, with Spain and 
Alberta, Canada documenting rates of 5.4% and 
8.2%, respectively.2,7 This variation may reflect 
differences in genetic predispositions of strains 
circulating in different regions, healthcare 
practices, or even diagnostic criteria for identifying 
hvKp, which is predominantly characterized by its 
hypermucoviscosity, detectable through a simple 
string test on agar plates.
	 Hypermucoviscosity, a quintessential 
feature of hvKp, plays a pivotal role in the 
pathogen’s ability to cause severe infections.12 This 

characteristic, which enhances the bacterium’s 
ability to evade host immune responses, is easily 
identifiable by the positive result of the string  
test - a critical tool not only for diagnosis but also for 
epidemiological studies.13,14 The hypermucoviscous 
phenotype is associated with increased virulence, 
enabling the bacteria to cause disseminated 
infections even in young and healthy individuals, 
a pattern uncommon with cKp strains.13

	 In our study, the majority of infections 
were observed in males (83.3%), a demographic 
trend consistent with previous studies. This gender 
predisposition could be attributed to behavioral 
and physiological differences that may affect 
exposure or susceptibility to hvKp.15 Additionally, 
the predilection for infection in individuals in their 
fourth to sixth decades of life could suggest a role 
of occupational exposure or slight immunological 
decline with age, though this warrants further 
investigation.16

	 Our findings also underscore the growing 
concern of antimicrobial resistance among hvKp 
strains. In our study, hvKp isolates exhibited 
greater resistance compared to cKp isolates.17 This 
resistance can significantly complicate treatment 
strategies, as hvKp not only poses a challenge due 
to its inherent virulence but also due to its ability 
to withstand standard antibiotic regimens.12,18

Figure 2. Comparison of ESBL Producers Between hvKp and cKp
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	 Previous research has indicated that K1 
subtype K. pneumoniae, often isolated from liver 
abscesses, is less resistant to antimicrobials than 
other strains.19 However, more recent studies 
suggest an increasing association between hvKp 
and antimicrobial resistance, which could be due 
to genetic factors that confer both virulence and 
resistance mechanisms.20-22

	 The mechanisms underlying the observed 
resistance patterns in hvKp are multifaceted. 
Our study indicated a higher prevalence of ESBL-
producing strains among hvKp compared to cKp, 
suggesting that hvKp may acquire resistance 
through several pathways.19,23 These include the 
acquisition of conjugative plasmids and integrative 
conjugative elements (ICEs) that harbor resistance 
genes, or through mutations in chromosomal 
genes. Such mechanisms highlight the adaptive 
capabilities of hvKp, enabling it to thrive in 
antimicrobial-rich environments, which could be 
exacerbated by hospital settings or widespread 
antibiotic use.24-26

	 The clinical implications of our findings are 
profound. The increased resistance of hvKp strains 
necessitates heightened vigilance and proactive 
management strategies in clinical settings.27 This 
includes the rapid identification of hvKp through 
reliable diagnostic methods like the string test and 
tailored antibiotic regimens to combat the robust 
resistance profiles observed.28,29 From a public 
health perspective, our study highlights the need 
for global surveillance programs to monitor the 
prevalence and resistance patterns of hvKp, to 
better understand and mitigate its spread.30-32

	 Our study is not without limitations. 
The sample size, while adequate for preliminary 
observations, is relatively small and geographically 
confined, which may limit the generalizability 
of our results. Additionally, the study period of 
one month provides only a snapshot of hvKp 
prevalence and behavior. Future studies should 
aim to include larger, more diverse populations 
and extend over longer periods to capture 
seasonal and annual trends in hvKp dynamics. 
Further research should also explore the molecular 
mechanisms of hvKp virulence and resistance in 
greater detail, to develop targeted interventions.

CONCLUSION

	 The findings from our study confirm 
the concerning trend of increased antimicrobial 
resistance among hvKp strains, which poses a 
significant threat to effective clinical management. 
The emerging resistance of hvKp highlight an urgent 
need for enhanced diagnostic capabilities and 
treatment strategies that can address the unique 
challenges presented by this virulent pathogen. As 
the global health community continues to grapple 
with hvKp, we must improve our understanding of 
its epidemiology, mechanisms of resistance, and 
potential strategies for mitigation. This will require 
collaborative efforts across research, clinical, and 
public health domains to safeguard against this 
emerging threat.
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