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Abstract

Introduction: Klebsiella pneumoniae is associated with a variety of infections across all 
age groups, both in community and hospital settings. Many strains of K. pneumoniae 
produce virulence factors such as a capsule, siderophores, biofilm, and 
hypermucoviscosity , which facilitate adhesion, invasion, and colonization. 
Additionally, the rising antibiotic resistance in K. pneumoniae strains poses a significant 
challenge, limiting treatment options. This study aims to identify the virulence factors 
and assess the antimicrobial susceptibility of clinically significant K. pneumoniae 
isolates. Materials and Methods: K. pneumoniae isolates were obtained from urine, 
sputum, blood, cerebrospinal fluid, pus swabs/aspirates, and tissue samples. Standard 
biochemical tests were performed for identification. Capsule formation, 
hypermucoviscosity, siderophore production, and biofilm formation were detected 
phenotypically. Antibiotic susceptibility testing was carried out using the disk diffusion 
method, and primary and confirmatory tests were conducted for extended-spectrum 
beta-lactamases (ESBL) and carbapenemase production. Results: Capsule formation, 
hypermucoviscosity, siderophore production, and biofilm formation were detected in 
100%, 15%, 40%, and 15% of the isolates, respectively. Of the isolates, 40% were 
multidrug-resistant, 55% produced ESBL, 8% expressed AmpC beta-lactamase, and 10% 
produced carbapenemase. Conclusion: Capsule formation was the most prevalent 
virulence factor, followed by siderophore production. The majority of K. pneumoniae 
isolates demonstrated susceptibility to amikacin, piperacillin-tazobactam, and 
carbapenems. However, 40% of the isolates were multidrug-resistant, with ESBL 
production being the most common resistance mechanism.
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Introduction

 Klebsiella pneumoniae is a significant gram-negative 
pathogen responsible for 75%-86% of clinical Klebsiella 
infections. Its capacity to cause severe infections, coupled 
with the growing shortage of effective treatments, has made 
it increasingly notorious. One of its hallmark infections is 
primary pulmonary pneumonia, characterized by thick, brick-
red, "currant jelly" sputum, resulting from extensive necrosis 
and hemorrhage. Carrier rates in the oropharynx of healthy 
individuals range from 1% to 6%, increasing to 20% in 
hospitalized patients (1). This colonization can serve as a 
source of lung infections, particularly in individuals with 
underlying conditions such as alcoholism, diabetes mellitus, 
and chronic obstructive pulmonary disease. Notably, K. 
pneumoniae has emerged as a leading cause of community-
acquired liver abscess in Asia and among Asian migrants in 
Western countries (2).

 K. pneumoniae exhibits various virulence factors that 
contribute to its pathogenicity, including capsule formation, 
fimbriae, hypermucoviscosity, siderophore production, and 
biofilm formation. These factors enable the bacterium to 
evade host immune defenses and establish chronic, 
multidrug-resistant infections. Hypervirulent strains of K. 
pneumoniae (HVKp) are particularly concerning, as they infect 
both healthy and immunocompromised individuals and are 
highly invasive (1).

 The evolving antimicrobial resistance patterns of K. 
pneumoniae have underscored the need for a deeper 
understanding of its interaction with the host. Strains 
exhibiting hypervirulence or multidrug resistance have 
acquired additional genetic traits, further complicating 
treatment (2). Among these, extended-spectrum beta-
lactamase (ESBL)-producing strains were once confined to 
nosocomial infections but are now increasingly isolated from 

Microbes Infect Chemother, 2024, v.4, 1-6, e2160

Detection of virulence factors and antimicrobial susceptibility pattern of 
clinically significant Klebsiella pneumoniae isolates in a tertiary care hospital.

1

https://doi.org/10.54034/mic.e2160

Author
1,* 1 2

: Smrithi Surendranath , Amritha Sabitha-Kurup , Reena John

Isolates SXT CH CPX AM AU GN SP PEF S

S. dysenteriae 0 10 28 12 13 13 25 24 20

E. coli 0 11 27 13 0 22 24 21 21

S. typhi 10 12 25 10 11 18 21 20 23

P. aeruginosa 13 23 29 14 20 20 25 21 23

Zone of Inhibition of Antibiotics in mm

Isolates SXT E CPX AM APX PEF S R GN

S. epidermidis 22 17 24 12 20 0 15 17 21

S. aureus 11 10 25 20 22 18 23 20 16

B. subtilis 17 15 26 0 17 19 20 18 26

B. coagulans 15 17 24 13 21 15 19 19 23

B. psychrophilus 18 15 25 23 22 14 21 15 22

E. faecium 15 0 26 0 16 23 20 21 22

S. pyogene 15 21 24 13 20 17 19 20 21

Zone of Inhibition of Antibiotics in mm

Supplementary Table 1
Antibiotic Susceptibility Pattern of Gram-Negative Bacterial Isolates

SXT= Septrin, CH= Chloramphenicol, CPX= Ciprofloxacin, AM= Amoxicillin, AU= Augmentin, GN= Gentamicin, 
SP= Sparfloxacin, PEF= Pefloxacin, S= Streptomycin. All antibiotics = 5mg/ml.

Supplementary Table 2
Antibiotic Susceptibility Pattern of Gram-Positive Bacterial Isolates

SXT= Septrin, E= Erythromycin, CPX= Ciprofloxacin, AM= Amoxicillin, APX= Ampiclox, PEF= Pefloxacin, S= 
Streptomycin, R= Rocephin, GN= Gentamicin. All antibiotics = 5mg/ml.
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 Antimicrobial Susceptibility Testing: Antimicrobial 
susceptibility testing was performed using the Kirby-Bauer 
disk diffusion method according to Clinical and Laboratory 
Standards Institute (CLSI) guidelines. The antibiotics tested 
included ampicillin, cefazolin, ceftriaxone, cefepime, 
amikacin, gentamicin, ciprofloxacin, cotrimoxazole, 
piperacillin-tazobactam, imipenem, and nitrofurantoin (for 
urine isolates only).

 ESBL Screening and Confirmation: ESBL screening 
was done using the Kirby-Bauer disc diffusion technique with 
cefpodoxime (10 µg), ceftazidime (30 µg), aztreonam (30 
µg), cefotaxime (30 µg), and ceftriaxone (30 µg). Resistance 
was indicated by an inhibition zone <17 mm for cefpodoxime, 
<22 mm for ceftazidime, <27 mm for aztreonam, <27 mm for 
cefotaxime, and <25 mm for ceftriaxone. Confirmation was 
performed using the standard disk diffusion method with 
ceftazidime (30 µg) and cefotaxime (30 µg), each alone and in 
combination with clavulanate (10 µg). A >5 mm increase in the 
inhibition zone for the antibiotic when combined with 
clavulanate indicated ESBL production (Figure 3) (7).

Figure 3: ESBL confirmatory test

Ca-Ceftazidime, Ca clav – Ceftazidime clavulanate, Ctx – 
Cefotaxime, Ctx clav – Cefotaxime calvulanate

 AmpC Beta-lactamase Detection: Screening for 
AmpC beta-lactamase was done using cefoxitin (30 µg). An 
inhibition zone <18 mm indicated AmpC beta-lactamase 
production. Confirmation was done using the AmpC disc test.

 Carbapenemase Screening and Confirmation: 
Carbapenemase screening was performed using the 
imipenem disk diffusion method. A zone diameter <19 mm 
was considered positive for carbapenemase. Confirmation 
was done using the Modified Carbapenemase Inactivation 
Method (7).

 After coding, the data were entered into a Microsoft 
Excel spreadsheet (version 10). Descriptive analysis was 
presented using frequencies and percentages.

Results

 100 isolates of K.pneumoniae  from inpatients with 
significant clinical history were taken out of which 34 were 
urine samples, 22 were from sputum, 16 were aspirates from 
wound infections , 15 were pus swabs, 7 were from blood 
culture, 5 from tissues of diabetic foot ulcer and 1 was from 
CSF.

 Capsule was the most common virulence factor 
(100%) which was found in all isolates followed by siderophore 
production (40%).15% of the isolates showed hypermuco-
viscosity and 15% of the isolates had biofilm.

 There were 15 isolates that produced biofilm out of 
which 10 were strong biofilm producers and 5 were moderate 
biofilm producers (Table 1). Out of the 6 isolates from urine 
which showed biofilm 5 were obtained from catheterized 
patients.

Table 1. Mean optical density values of biofilm producers

 Antimicrobial susceptibility testing was done by disk 
diffusion method and the pattern was as follows (figure 4):

Figure 4. Antimicrobial susceptibility pattern (%)
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community settings. Infections caused by ESBL-producing 
bacteria are associated with more severe clinical outcomes, 
delayed therapeutic responses, prolonged hospital stays, 
higher healthcare costs, and increased mortality. Additionally, 
there has been a notable rise in infections caused by 
carbapenem-resistant K. pneumoniae (CR-Kp) since its initial 
detection in 1996. CR-Kp's resistance to penicillins, 
cephalosporins, and carbapenems presents a significant 
treatment challenge, with limited therapeutic options (3). 

 Despite K. pneumoniae being identified over a 
century ago, there remains a lack of comprehensive studies 
on many of its virulence factors, and aspects of its 
pathogenesis remain unclear. The increasing prevalence of 
Klebsiella-associated infections, the emergence of new clinical 
syndromes, and escalating antimicrobial resistance 
necessitate further research. This study was conducted over a 
one-year period at a tertiary care teaching hospital in Thrissur, 
Kerala, to investigate the virulence factors and antimicrobial 
susceptibility patterns of clinically significant K. pneumoniae 
isolates, contributing to the development of effective 
management strategies and antibiotic protocols for this 
region.

Methods

 TA cross-sectional study was conducted over one 
year in the Department of Microbiology, Government Medical 
College, Thrissur, from March 2017 to February 2018. The 
sample size was calculated based on previous microbiology 
records from the institution, resulting in 100 samples. 
Institutional ethics committee approval was obtained, and 
informed consent was collected prior to isolate sampling. 
Clinically significant Klebsiella pneumoniae isolates were 
obtained from urine, sputum, blood, cerebrospinal fluid (CSF), 
pus swabs/aspirates, and tissue samples from inpatients, and 
were identified using standard microbiological methods. 
Isolates were considered "clinically significant" if they were 
obtained in pure culture or as part of mixed cultures with 
appropriate clinical history and symptoms. Repeat isolates 
from the same patient were excluded.

 Upon receipt of samples, their macroscopic 
appearance was noted, followed by Gram staining. The 
samples were inoculated onto blood agar and MacConkey 
agar plates and incubated overnight at 37°C. The plates were 
examined at 24 and 48 hours, and identification was carried 
out using biochemical tests.

 Capsule Detection :  Capsule detection was 
performed using negative staining with India ink (4).

 Hypermucoviscosity Test: Hypermucoviscosity was 
detected by using a standard inoculation loop to touch the 
surface of an isolated colony from an 18-24-hour incubation 
plate. A string of >5 mm indicated a hypermucoviscosity-
positive phenotype (Figure 1) (5).

Figure 1: String test for hypermucoviscosity

 Siderophore Production: Siderophore production 
was detected by streaking bacterial isolates on iron-restricted 
agar medium, prepared by supplementing nutrient agar with 
200 mM 2,2'-dipyridyl. Bacterial growth after incubation at 
37°C for 24 hours was considered positive for siderophore 
production (4).

Biofilm Detection:

 Tissue Culture Plate Method: Isolates were 
inoculated into brain heart infusion broth and incubated at 
37°C for 18-24 hours. The cultures were diluted (1:100) with 
fresh broth and transferred into 96-well polystyrene tissue 
culture plates. The plates were incubated at 37°C for 24 hours, 
followed by washing with phosphate-buffered saline (pH 7.2). 
The adherent biofilm was fixed using 2% sodium acetate, 
stained with 0.1% crystal violet, and the excess stain was 
washed off with distilled water. The optical density (OD) of the 
stained biofilm was measured at 630 nm using an ELISA 
reader. A mean OD >0.240, 0.120-0.240, and <0.120 indicated 
strong, moderate, and weak biofilm production, respectively 
(6).

 Tube Adherence Method: Isolates were inoculated 
into 5 mL of brain heart infusion broth (BHIB) in sterile test 
tubes and incubated at 37°C for 48 hours. After incubation, 
the supernatants were discarded, and the tubes were stained 
with 0.1% crystal violet. Tubes were then washed with distilled 
water and dried. The presence of a stained layer adhered to 
the inner wall indicated a positive biofilm result (Figure 2) (6).

Figure 2:  Biofilm detection

a. Microtitre plate method                             b. Tube method

Sl no Mean OD value Strength of biofilm

1 0.473 Strong

2 0.688 Strong

3 0.622 Strong

4 0.308 Strong

5 0.459 Strong

6 0.428 Strong

7 0.645 Strong

8 0.284 Strong

9 0.291 Strong

10 0.257 Strong

11 0.222 Moderate

12 0.211 Moderate

13 0.137 Moderate

14 0.198 Moderate

15 0.189 Moderate
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2.13% (26). Carbapenemase production was detected 
phenotypically in 32.07% of clinical isolates of Klebsiella spp. 
using the Modified Hodge test by Chauhan K et al. in a study in 
Uttar Pradesh (27). In this study, 10% of isolates were found to 
p r o d u c e  c a r b a p e n e m a s e  b a s e d  o n  t h e  m o d i fi e d 
carbapenemase inactivation method.

Conclusion

 Klebsiella pneumoniae is a ubiquitous pathogen 
responsible for a wide range of infections. The capsule was the 
most common virulence factor, followed by siderophore 
production. The majority of K. pneumoniae isolates showed 
good sensitivity to amikacin, piperacillin-tazobactam, and 
carbapenems, while 40% of the isolates were multidrug-
resistant. K. pneumoniae also exhibits various resistance 
mechanisms, with ESBL production being the most prevalent. 
Antibiotics should be prescribed in adequate therapeutic 
doses and for a sufficient duration to help reduce the 
emergence and spread of multidrug-resistant organisms in 
the community.
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 K.pneumoniae possess many resistance mecha-
nisms. ESBL, AmpC and Carbapenemase was tested 
phenotypically in this study. ESBL was the most common 
antibiotic resistance mechanism found in isolates (55%). 10% of 
the isolates showed carbapenemase production and AmpC 
was detected in 8% of the isolates. 40% of the isolates were 
multidrug-resistant.

Discussion

 K. pneumoniae  is responsible for numerous 
infections, including pneumonia, sepsis, urinary tract infection 
(UTI), bacteremia, meningitis, and pyogenic liver abscesses. 
In this study, the majority of isolates were obtained from urine 
samples, followed by pus swabs. According to a study 
conducted by Barwa R et al. at Mansoura University, out of 80 
isolates, 50 were from urine and 30 from sputum (8). In a 
study conducted by Bora A et al. in Northeast India, 57.89% of 
isolates were from urine, 15.79% from sputum, 10.53% from 
blood, and 15.79% from pus (9). The increased number of 
isolates from urine samples may be due to K. pneumoniae 
being a major agent of UTI, second only to Escherichia coli.

 The capsule is an elaborate polysaccharide matrix 
that mediates resistance to phagocytosis, prevents 
complement-mediated lysis and opsonization, and averts the 
activation of the immune response (10). Such capsulated 
strains are particularly evident in extraintestinal infections, 
such as septicemia, meningitis, and UTI. All the analyzed 
isolates showed capsule production. This is in concordance 
with studies conducted by Aljabany et al. and El Fertais-Aisani 
et al., who both observed 100% capsule production (4,11). This 
may be attributed to the fact that capsular polysaccharide is a 
nearly universal feature of environmental strains of Klebsiella.

 The frequency of strains with the hypermuco-
viscosity phenotype was higher in infections causing liver 
abscess than in those from other sites of K. pneumoniae 
infection (12). El Fertais-Aisani R et al. observed 9.2% of 
hypermucoviscous phenotype (11). According to a study 
conducted by Chou A et al. in Houston, USA, 7.9% of K. 
pneumoniae isolates carried one or both hypervirulent 
Klebsiella pneumoniae (hvKP)-associated genes, magA and 
rmpA, at Ben Taub General Hospital, and 3.9% of isolates from 
the Veteran Affairs Medical Centre carried both hvKP-
a s s o c i a t e d  g e n e s  ( 1 3 ) .  G u o  Y  e t  a l .  r e p o r t e d  a 
hypermucoviscous phenotype in 22.8% of K. pneumoniae 
isolates in a study conducted in China (14). In this study, 15% of 
the isolates were found to be hypermucoviscous, based on 
the string test.

 K. pneumoniae secretes small molecules called 
siderophores, which help in iron acquisition from the host. This 
process causes the host cells to become stressed, inducing 
inflammation and cell signaling pathways. This allows the 
bacteria to escape from the lungs to the spleen, worsening 
the infection. K. pneumoniae has many iron uptake protein 
systems, such as enterobactin, aerobactin, ferrichrome, and 
coprogen (15). In this study, 40% of the isolates showed 
siderophore production on phenotypic detection. Aljabany et 

al. reported that 100% of isolates produced siderophores (4). 
In the study conducted by Ferreira RL et al, it was observed 
that the enterobactin (entB) gene was found in 100%, the 
yersiniabactin (ybtS) gene in 60% and the aerobactin 
siderophore system (iutA) gene in 40% of the isolates (16).

 A biofilm is a living ecosystem made of millions of 
adherent bacterial cells embedded within a self-produced 
matrix of extracellular polymeric substances. Since immune 
responses are significantly reduced in proximity to foreign 
bodies, medical implants and catheters are particularly 
susceptible to biofilm formation (17). The most clinically 
significant K. pneumoniae biofilms are those formed on the 
inner surfaces of catheters and other indwelling devices, 
thereby reducing the lifespan of many medical devices and 
leading to implant failure. Biofilms protect microorganisms 
from phagocytosis, opsonization, and the ciliary action of 
epithelial cells, helping them survive (18). Bacterial 
populations in biofilms are also more resistant to antibacterial 
agents than free-living cells (19), making treatment difficult 
once a biofilm is established.

 Vuotto C et al. in Italy reported an increase in biofilm 
production in XDR strains compared to MDR and sensitive 
strains (20). In a study conducted by Nirwati H et al. in Tehran, 
85.63% of the isolates were biofilm producers, in which 26.9% 
isolates were strong, 28.7% isolates were moderate, and 29.9% 
isolates were weak biofilm producers (21). A study in 
Coimbatore, India, showed that 26.7% of the isolates from 
urinary tract infections were biofilm producers (6). This study 
showed 15% biofilm production, and ten of these isolates were 
multidrug-resistant. This may be due to the biofilm restricting 
the entry of antibiotics into the bacterial cells.

 Another concern is the decreasing susceptibility 
pattern of K. pneumoniae isolates to most antibiotics. 
According to a study conducted by Shilpa K et al. in Bangalore, 
Karnataka, India, the susceptibility pattern was as follows: 
amikacin (66%), ciprofloxacin (68%), gentamicin (62%), 
cefepime (60%), imipenem (56.66%), and co-trimoxazole 
(50%) (22). Resistance to ciprofloxacin may have been 
contributed by an increase in fluoroquinolone prescribing 
practices for uncomplicated UTIs in recent years.

 Al Benwan et al. from Kuwait reported that a 
relatively high proportion of K. pneumoniae was associated 
with ESBL production in catheter-associated urinary tract 
infection (CA-UTI) (23). Some studies have shown more than 
50% of K. pneumoniae isolates producing ESBL (4,24). In India, 
a high prevalence of ESBL-producing Klebsiella pneumoniae 
strains has been reported by various groups. Parveen RM et al. 
in Pondicherry showed that out of 39 isolates of K. 
pneumoniae isolated from blood cultures over three months, 
97.2% were found to be ESBL positive by phenotypic testing 
(25). This is in concurrence with this study, which found 55% of 
isolates to be ESBL producers.

 The incidence of carbapenem resistance in Klebsiella 
is rapidly increasing. Chiu SK et al. reported an average 
prevalence of carbapenem non-susceptible K. pneumoniae as 



2.13% (26). Carbapenemase production was detected 
phenotypically in 32.07% of clinical isolates of Klebsiella spp. 
using the Modified Hodge test by Chauhan K et al. in a study in 
Uttar Pradesh (27). In this study, 10% of isolates were found to 
p r o d u c e  c a r b a p e n e m a s e  b a s e d  o n  t h e  m o d i fi e d 
carbapenemase inactivation method.

Conclusion

 Klebsiella pneumoniae is a ubiquitous pathogen 
responsible for a wide range of infections. The capsule was the 
most common virulence factor, followed by siderophore 
production. The majority of K. pneumoniae isolates showed 
good sensitivity to amikacin, piperacillin-tazobactam, and 
carbapenems, while 40% of the isolates were multidrug-
resistant. K. pneumoniae also exhibits various resistance 
mechanisms, with ESBL production being the most prevalent. 
Antibiotics should be prescribed in adequate therapeutic 
doses and for a sufficient duration to help reduce the 
emergence and spread of multidrug-resistant organisms in 
the community.
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that the enterobactin (entB) gene was found in 100%, the 
yersiniabactin (ybtS) gene in 60% and the aerobactin 
siderophore system (iutA) gene in 40% of the isolates (16).
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responses are significantly reduced in proximity to foreign 
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contributed by an increase in fluoroquinolone prescribing 
practices for uncomplicated UTIs in recent years.

 Al Benwan et al. from Kuwait reported that a 
relatively high proportion of K. pneumoniae was associated 
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a high prevalence of ESBL-producing Klebsiella pneumoniae 
strains has been reported by various groups. Parveen RM et al. 
in Pondicherry showed that out of 39 isolates of K. 
pneumoniae isolated from blood cultures over three months, 
97.2% were found to be ESBL positive by phenotypic testing 
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Abstract

Despite the significant progress made in reducing morbidity and mortality 
in recent years, malaria remains a critical global health challenge. In 
Colombia, we are working towards eliminating malaria to achieve zero 
indigenous cases of human malaria. In this effort, it is also essential to 
understand the epidemiological profile of imported cases. This study 
aimed to determine the epidemiological situation of imported malaria 
cases in Colombia from 2007 to 2020. An observational, descriptive, and 
retrospective study used secondary sources for data analysis.  A total of 
7,583 imported malaria cases (0.8% of total burden) were recorded. 85% 
(6,507/7,583) were caused by Plasmodium vivax, and 89% (6,772/7,583) 
were imported from Venezuela. Imported malaria trend varied, 
contributing minimally to the national burden. Venezuela was identified 
as the main source of imported cases. These findings will contribute to 
improving disease surveillance and preventing the reintroduction of 
malaria in areas undergoing elimination.

Key word: malaria, cases, imported, Colombia, Plasmodium vivax.

Introduction

 According to the World Health Organization (WHO), 
it is estimated that, in the year 2022, there were approximately 
249 million cases of malaria worldwide, resulting in 608,000 
deaths. Approximately 95% of all malaria cases were recorded 
in Africa. According to this information, the situation on this 
continent remains precarious because the disease burden is 
unacceptably high, and the convergence of threats poses an 
additional challenge to disease control and elimination efforts 
(1).

 A malaria endemicity of 1.5 million to 0.6 million was 
observed between 2000 and 2021. However, most of the 
burden was concentrated in Brazil, Venezuela, and Colombia. 
On the other hand, countries such as Argentina, Paraguay and 
El Salvador have been certified as malaria-free. In other 
nonendemic countries, between 2013 and 2017, 11,466 
imported cases of malaria from endemic countries were 
recorded in the United States (76%) and Canada (19%). The 
largest number of diagnosed infections was caused by 
Plasmodium falciparum in men aged 26 to 50 years who had 
been to Africa (2). In the last decade in Colombia, there has 

been a 40% reduction in endemic malaria compared to the 
previous decade (3).

 Due to the social and economic burden that malaria 
imposes on society and the health system in tropical 
countries, malaria has historically been considered a priority 
public health problem (4). In 2019, considered an epidemic 
year in Colombia, total costs attributable to malaria were 
estimated at US$2.1 mill ion. The average costs for 
uncomplicated malaria care varied by parasite species: 
US$17.3 for Plasmodium vivax infections, US$17.5 for P. 
falciparum, and US$22.5 for mixed infections. On the other 
hand, the average cost of complicated malaria care was US$ 
593.75 (5).

 T h e  a n t i m a l a r i a l  i n i t i a t i v e s  d e s i g n e d  a n d 
implemented at different times have had as their objective the 
prevention, control, and eradication of the transmission of the 
disease and have yielded variable results (4).

 Currently, following the "Global Technical Strategy 
against Malaria 2016-2030", the objective of eliminating the 
transmission of this parasitosis has been resumed. Most 
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