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Abstract

Background: Klebsiella pneumoniae possesses a range of virulence factors that enable this bacterium to colonize, persist, adhere to host
tissues, invade, and cause disease. The pathogen poses a significant risk to immunocompromised individuals and those with pre-existing
health conditions. This research focused on assessing the virulence traits and biofilm-forming abilities of K. pneumoniae isolates in
Nigeria. Methods: Clinical samples were collected from 420 patients across seven tertiary hospitals in Southwestern Nigeria between
February 2018 and July 2019. Standard microbiological procedures were employed to identify Klebsiella isolates. The presence of six
specific virulence genes was determined using polymerase chain reaction (PCR): fimH, kfu, rmpA, uge, weaG, and aero_1. Additionally,
PCR was utilized to identify capsular serotypes K1, K2, and K5. Results: A substantial proportion (82%) of K. pneumoniae isolates
demonstrated the ability to form biofilms. Of these, 51 isolates (39.8%) were classified as strong biofilm producers, 54 (42.2%) as
moderate, and 23 (17.9%) showed no biofilm production. Among the virulence genes detected, uge was the most common (68.0%),
followed by fimH (65.6%), aero_1 (63.3%), kfu (29.7%), rmpA (28.1%), and wcaG (14.1%). Statistically significant correlations were
found between biofilm formation and the presence of aero I, fimH, kfi, and rmpA. In terms of capsular serotypes, the majority of
isolates were non-K1/K2/K5 (84.4%), with lower frequencies observed for K2 (7.0%), K1 (5.5%), and K5 (3.1%). Conclusions: This
study highlights that the aero 1, fimH, and uge genes are frequently present in K. pneumoniae isolates from this region, and that these
strains often carry multiple virulence genes. The strong virulence potential and biofilm-forming capacity of these isolates underscore a
significant public health threat, particularly in vulnerable populations.
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1. Introduction capsule helps the bacteria evade phagocytosis and suppress
host immune responses [3]. Notably, capsular types K1
and K2 are highly virulent and linked to severe infections
in both experimental models and humans, particularly in
cases of community-acquired liver abscess syndrome, sep-
ticemia, and pneumonia [4—7]. These serotypes, especially
K1, K2, and K5, are also implicated in other diseases,
such as metritis in mares [8]. Furthermore, K. prneumo-
niae strains expressing the mucoviscocity-associated gene
A (magA) or the capsule-associated gene A (K2A) are pre-
dominantly associated with serotypes K1 and K2, respec-

Klebsiella pneumoniae is an opportunistic pathogen
responsible for a range of infections in humans, includ-
ing sepsis, urinary tract infections, cholangitis, osteomyeli-
tis, meningitis, liver abscesses, and pneumonia [1]. This
pathogen is particularly concerning in healthcare settings,
where Klebsiella pneumoniae is associated with increased
morbidity and mortality, especially among immunocom-
promised patients and those with underlying conditions [2].

The clinical manifestations of K. pneumoniae infec-

tions vary, which can be partly attributed to the presence of
specific virulence factors and the antimicrobial susceptibil-
ity profile of the pathogen. Among these factors, the bacte-
rial capsule is a crucial determinant of virulence. Composed
of strain-specific capsular polysaccharides (K antigens), the

tively [9,10].

Capsule typing remains a widely used method for dis-
tinguishing K. pneumoniae isolates, demonstrating reliable
reproducibility for clinical applications [11,12]. In addition
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to the capsule, other virulence factors, such as the rmpA
gene (which regulates the mucoid phenotype), endotoxin-
related genes (uge and wcaG), and iron acquisition genes
(kfu), contribute significantly to the pathogenic potential
of this bacterium. K. pneumoniae strains typically express
Type 1 fimbriae, encoded by the fimH gene, which play a
key role in adherence to epithelial cells, particularly those
in the bladder [13,14]. Additionally, the kfu gene, involved
in iron acquisition, is found in invasive strains and is linked
to capsule formation and enhanced virulence [4].

These virulence factors, alone or in combination, de-
termine the severity and outcome of infections caused by
K. pneumoniae. Therefore, understanding the expression of
these factors is critical for comprehending the pathogenic-
ity of the pathogen and identifying potential therapeutic tar-
gets.

This study aimed to characterize the virulence factors
present in clinical K. pneumoniae strains from Southwest-
ern Nigeria. By focusing on key virulence genes, such as
aero_1, fimH, and uge, and examining biofilm formation,
this research can enhance our understanding of the behav-
ior of the pathogen in this underrepresented geographical
region. Additionally, this study aimed to investigate the
relationship between biofilm formation and virulence gene
expression, offering insights into the mechanisms through
which K. pneumoniae can evade host immune responses
and contribute to the persistence of infections. These find-
ings are essential for developing public health strategies to
control the spread of multidrug-resistant K. pneumoniae in
Southwestern Nigeria and similar regions.

2. Materials and Methods
2.1 Sample Collection

A total of 420 clinical samples were obtained from
patients presenting with various health conditions across
six states in Southwestern Nigeria. Sample types included
urine, blood, sputum, wound swabs, high vaginal swabs,
pus, stool, tracheal aspirates, and semen. These specimens
were collected from seven tertiary healthcare institutions:
Ladoke Akintola University of Technology Teaching Hos-
pital (Osogbo, Osun State), Obafemi Awolowo University
Teaching Hospitals Complex (Ile-Ife, Osun State), Lagos
University Teaching Hospital (Lagos State), Federal Med-
ical Centre (Abeokuta, Ogun State), University College
Hospital (Ibadan, Oyo State), Federal Medical Centre (Ido-
Ekiti, Ekiti State), and Federal Medical Centre (Owo, Ondo
State). The collection spanned from February 2018 to July
2019. Alongside the specimens, relevant clinical and demo-
graphical information was recorded from the participating
healthcare centers.

2.2 Bacterial Isolation

All 420 clinical specimens were cultured on blood
agar and MacConkey agar and incubated at 37 °C for 18
to 24 hours. A single isolate per sample was selected for
further analysis. Bacterial growth was assessed based on
colony morphology and biochemical properties, followed
by confirmation using the Microbact GNB 12E identifica-
tion system. Final confirmation of K. pneumoniae isolates
was conducted using the polymerase chain reaction (PCR)
with species-specific primers.

2.3 Quantitative Biofilm Formation Assay

Biofilm formation was assessed quantitatively using
a microtiter plate assay, recognized as a standard approach
for biofilm detection [15]. Fresh colonies were inoculated
into 10 mL trypticase soy broth (TSB) supplemented with
1% glucose and incubated at 37 °C for 24 hours. The result-
ing cultures were diluted 1:100 with fresh TSB. Each well
of a sterile 96-well flat-bottom polystyrene plate (Costar,
Sigma-Aldrich, USA) was filled with 200 pL of the di-
luted bacterial suspension. Negative controls included ster-
ile broth and reference strains. After incubating at 37 °C
for 24 hours, the wells were gently emptied and washed
four times with 0.2 mL phosphate-buffered saline (PBS,
pH 7.2) to remove any remaining planktonic cells. The at-
tached biofilms were fixed with 2% sodium acetate, stained
with 0.1% crystal violet, and then rinsed with deionized
water. Plates were then air-dried. The absorbance of the
stained biofilm was measured at 570 nm using an ELISA
microplate reader (Model 680, Bio-Rad, UK). All tests were
conducted in triplicate and repeated three times. Mean
absorbance values were calculated, and background ab-
sorbance (media-only wells) was subtracted. Biofilm pro-
duction was categorized based on optical density (OD) val-
ues: OD <0.120 (non/weak), 0.120-0.240 (moderate), and
>0.240 (strong) [16].

2.4 Detection of Capsular Serotypes and Virulence Genes

Genomic DNA was extracted using the boiling
method. PCR was employed to detect specific capsular
serotypes (K1 (magd), K2 (k2a), and K5) and virulence-
associated genes, including rmpA (regulator of mucoid phe-
notype), aero_ I (aerobactin), fimH (type 1 fimbrial ad-
hesin), uge (UDP-galacturonate 4-epimerase), kfu (iron
uptake system), and wcaG (associated with outer core
lipopolysaccharide biosynthesis). Details on the primers
and expected PCR product sizes are provided in Table 1
(Ref. [17-24]).

2.5 Statistical Analysis

Data analysis was conducted using the IBM Statistical
Package for the Social Sciences (SPSS), version 25 (IBM
Corp., Armonk, NY, USA). The presented results are ex-
pressed as frequencies and percentages. Associations be-
tween variables were assessed, and a p-value of less than
0.05 was considered statistically significant.

&% IMR Press


https://www.imrpress.com

Table 1. Primers used for the detection of K. pneumoniae virulence factors and serotypes.

Primer Sequence 5'-3/ Annealing temperature  Product size (bp)  Reference
aero 1-F GCATAGGCGGATACGAACAT
- 50 °C 556 [17]
aero I-R  CACAGGGCAATTGCTTACCT
fimHF TGCTGCTGGGCTGGTCGATG
60 °C 550 [18]
fimH R GGGAGGGTGACGGTGACATC
rmpAF ACTGGGCTACCTCTGCTTCA
55°C 535 [19]
rmpAR CTTGCATGAGCCATCTTTCA
uge F' TCTTCACGCCTTCCTTCACT
55°C 534 [20]
uge R GATCATCCGGTCTCCCTGTA
weaG F GGTTGGKTCAGCAATCGTA
58 °C 169 [21]
wecaG R ACTATTCCGCCAACTTTTGC
Kfu F GAAGTGACGCTGTTTCTGGC
54 °C 797 [20]
Kfu R TTTCGTGTGGCCAGTGACTC
KIF GTAGGTATTGCAAGCCATGC
55°C 1283 [22]
KIR GCCCAGGTTAATGAATCCGT
K2F GGAGCCATTTGAATTCGGTG
65 °C 646 [23]
K2R TCCCTAGCACTGGCTTAAGT
K5 F TGGTAGTGATGCTCGCGA
55°C 280 [24]
K5 R CCTGAACCCACCCCAATC

556 bp

550 bp 535bp

534 bp

797 bp
169 bp

Fig. 1. Agarose gel electrophoresis of the PCR amplification of selected virulence genes in K. pneumoniae isolates. (A) Amplifica-
tion of aero_1 (lanes 1-3; expected size: 556 bp) and fimH (lanes 4-5; expected size: 550 bp). (B) Detection of rmpA (lanes 1-4; 535
bp) and uge (lanes 5-7; 534 bp). (C) Amplification of the kfi gene (lanes 1-9; 797 bp). (D) Detection of the weaG gene (lanes 1-7; 169
bp). Lane “L” denotes the 100 bp DNA ladder; “+ve” and “-ve” represent positive and negative controls, respectively. Arrows indicate

the expected sizes of the PCR products. PCR, polymerase chain reaction.

3. Results Table 2. Phenotypic biofilm production by the K. pneumoniae
3.1 Phenotypic Assessment of Biofilm Formation in K. isolates.
pneumoniae Isolates Biofilm status Number (%)
Out of all the examined K. pneumoniae isolates, 82% Strong biofilm producer 51(39.8)
demonstrated the ability to form biofilms. Specifically, 51 Moderate biofilm producer 54 (42.2)
isolates (39.8%) were categorized as strong biofilm produc- Non-biofilm producer 23(17.9)
ers, 54 isolates (42.2%) showed moderate biofilm-forming Total 128

ability, while 23 isolates (17.9%) did not exhibit any de-
tectable biofilm production (Table 2).
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Table 3. Distribution of virulence genes among biofilm-forming and non-biofilm-forming K. pneumoniae isolates.

Virulence genes  Biofilm forming K. pneumoniae (n=105)  Non-biofilm forming K. pneumoniae (n=23)  p-value
Aero 1 (81) 76 (93.8%) 5(6.2%) 0.002
fimH (84) 78 (92.9%) 6 (7.1%) 0.003
rmpA (36) 34 (94.4%) 2 (5.6%) 0.001
Uge (87) 79 (90.8%) 8 (9.2%) 0.263
weaG (18) 15 (83.3%) 3 (16.7%) 0.337
Kfu (38) 37 (97.4%) 1(2.6%) 0.0001

3.2 Distribution of Virulence Genes Among K.
pneumoniae Isolates

Among the virulence genes analyzed, uge was the
most frequently detected (68.0%), followed closely by fimH
(65.6%) and aero 1 (63.3%); other identified genes in-
cluded kfit (29.7%), rmpA (28.1%), and weaG (14.1%). The
presence of these genes in the isolates was confirmed via
agarose gel electrophoresis, as illustrated in Fig. 1.

3.3 Association Between Biofilm Formation and Virulence
Gene Presence in K. pneumoniae

Isolates capable of forming biofilms exhibited a sig-
nificantly greater prevalence of the aero I, fimH, rmpA,
and kfu genes compared to non-biofilm-forming counter-
parts. Among these, kfu-positive strains demonstrated the
highest rate of biofilm production (97.4%), whereas the
weaG-positive isolates showed the lowest biofilm-forming
ability (83.3%) (Table 3).

3.4 Genotypic Identification of K. pneumoniae Isolates
Serotypes

Of the 128 K. pneumoniae isolates, 5.5% belonged to
the K1 serotype, 7.0% to K2, and 3.1% to KS5. The remain-
ing 84.4% did not belong to any of these three serotypes.
This is presented in Table 4.

Table 4. Genotypic identification of K. pneumoniae serotypes.

Serotype  Number (%)
K1 7(5.5)
K2 9(7.0)
K5 4 (3.1)
Others 108 (84.4)
Total 128

4. Discussion

The pathogenicity of Klebsiella pneumoniae is pri-
marily attributed to the presence of diverse virulence
factors, including capsular polysaccharides, endotox-
ins, siderophores, iron-acquisition systems, and adhesins.
These elements enable the bacterium to resist host defenses
and establish infections, particularly in immunocompro-
mised individuals or those with underlying health condi-
tions. Specifically, the capsular polysaccharide plays a vi-

tal role in resistance to phagocytosis and serum-mediated
killing among clinical isolates of K. pneumoniae [25].

Biofilm formation represents another significant
mechanism contributing to the pathogenic potential of K.
pneumoniae. Biofilms provide a physical barrier that en-
hances bacterial survival against antimicrobial agents and
host immune responses. The protective nature of biofilms
and outer membrane lipoproteins has been widely reported,
with biofilm-producing bacteria demonstrating a marked
resilience compared to non-biofilm producers [26].

In this study, 82% of the K. pneumoniae isolates were
capable of forming biofilms, a finding that is consistent with
previous research. For instance, Karimi et al. [27] reported
biofilm formation in 74.5% of clinical isolates. The vari-
ability in biofilm-forming ability among isolates may be in-
fluenced by several factors, including the physicochemical
characteristics of the bacterium, environmental factors such
as temperature and pH, the nature of the surface to which
the bacteria adhere, and the presence of surface appendages,
such as fimbriae and pili [28].

Among the virulence genes investigated, rmpA was
identified in 28.1% (36/128) of isolates. This is higher than
the 15.4% prevalence reported in a similar study in China
[29] but significantly lower than the 93.75% found in Tai-
wan, where the study focused on community-acquired iso-
lates [30]. This discrepancy may reflect differences in strain
types, sample sources, or geographic variations.

The uge gene, which is associated with capsule pro-
duction and contributes to phagocytosis resistance [31], was
present in 68.0% of our isolates. This is notably higher than
the 48.6% reported in India [32], but lower than the 90.2%
reported in Southeastern China [33]. Thus, this widespread
presence of uge in our isolates reinforces the role of this
gene as a fundamental virulence factor in K. pneumoniae.

The aerobactin-associated gene aero I was detected
in 63.3% of the isolates, a figure considerably higher than
the 5.4% reported in India [32]. This high prevalence is
significant, as aerobactin is known to facilitate iron acqui-
sition, providing bacteria with a survival advantage in iron-
limited environments, such as the human host. Moreover,
the presence of aerobactin has been strongly linked to hy-
pervirulence phenotypes.

Another capsule-associated gene, wcaG, which may
play arole in capsular fucose synthesis and immune evasion
[34], was detected in 14.1% of isolates. This is higher than
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the 3.8% observed in China [29] but lower than the 68.7%
reported by Zhang et al. [33] in Southeastern China. The
regional variability in the prevalence of wcaG may reflect
the dominance of different clonal lineages.

The iron-acquisition gene kfu was found in 29.7% of
isolates, aligning closely with the 27.8% prevalence re-
ported in India [32], but notably higher than the 3% doc-
umented in Pakistan [35]. Differences in the distribution of
iron-uptake genes, such as kfi, across studies may be due
to various factors, including geographic location, the site of
sample collection, the clinical source of isolates, and dif-
ferences in antibiotic resistance profiles. It is also plausible
that the isolates lacking kfir and aero_ I possess other iron
acquisition systems, such as yersiniabactin, salmochelin, or
enterobactin, which were not assessed in this study.

A significant finding of this study is the strong associa-
tion between biofilm formation and the presence of specific
virulence genes, particularly aero 1, fimH, kfu, and rmpA.
Several previous studies have also presented similar asso-
ciations, suggesting that genes related to fimbriae, capsular
polysaccharide synthesis, and lipopolysaccharide biosyn-
thesis contribute synergistically to biofilm formation. In-
deed, the process of biofilm formation typically begins with
initial adhesion mediated by fimbriae and lipopolysaccha-
rides, followed by the maturation of the biofilm structure
facilitated by the capsule [36].

Capsular serotypes K1 and K2 have historically been
considered the most virulent among K. preumoniae strains,
especially in cases of septicemia and liver abscesses [37].
In this study, the prevalence of the K2 serotype was 7.0%,
which is lower than the 20% reported by Lee ef al. [38]
but higher than the 5% found in Sweden [39]. The K1
serotype was identified in 5.5% of isolates, a figure signifi-
cantly lower than the 64.3% reported by Lee et al. [38], but,
likewise, higher than the 1.4% reported in Sweden [39]. In-
terestingly, a study from Iraq reported a much higher preva-
lence of the K1 serotype (61.11%), which contrasts with our
findings [25].

The majority of our isolates (84.4%) belonged to
serotypes other than K1, K2, and K5, which is consistent
with the 90% prevalence of non-K1/K2 serotypes reported
in Cote d’Ivoire [40]. Although K1 and K2 are considered
classical hypervirulent serotypes, emerging evidence sug-
gests that other serotypes, including non-K1/K2/K5 types,
are also capable of causing severe infections [30]. Our
findings support this notion, indicating that non-K1/K2/K5
serotypes are predominant in Southwest Nigeria and may
play an important role in disease pathogenesis.

These results revealed the diverse virulence arsenal
of K. pneumoniae isolates in Southwest Nigeria. While
classical hypervirulence markers, such as K1/K2 serotypes
and rmpA, are relatively infrequent, the high prevalence
of other virulence genes and the ability of most isolates
to form biofilms suggest a significant pathogenic potential.
Nonetheless, continuous surveillance of both virulence and
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resistance patterns is crucial for a more comprehensive un-
derstanding of the evolving threat posed by K. pneumoniae
in both community and hospital settings.

5. Conclusion

This study demonstrates that Klebsiella pneumoniae
isolates from clinical settings in Southwestern Nigeria har-
bor a diverse array of virulence genes, many of which con-
tribute to the pathogenic potential of this bacterium. No-
tably, a strong correlation was observed between biofilm-
forming ability and the presence of specific virulence fac-
tors, including aero_1, fimH, rmpA, and kfu. These genes
are well-documented for enhancing bacterial adhesion, im-
mune evasion, and survival under hostile conditions, in-
cluding exposure to antibiotics.

Furthermore, the predominance of serotypes other
than K1, K2, and K5 among the isolates suggests that strains
beyond the classical hypervirulent types are playing an in-
creasingly important role in disease causation. This find-
ing reinforces emerging global evidence that non-K1/K2
serotypes can still exhibit considerable virulence, partic-
ularly when equipped with multiple pathogenicity-related
genes.

Given these insights, there is a pressing need for
continued molecular surveillance, especially in resource-
limited settings. Monitoring the distribution of virulence
genes and biofilm-forming capacity should be integrated
into infection control strategies to enhance the effectiveness
of these strategies. Meanwhile, preventive measures, im-
proved diagnostics, and stewardship programs remain es-
sential in curbing the clinical impact and potential spread
of both classical and emerging hypervirulent K. pneumo-
niae strains in the region.
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