Available online at www.garmian.edu.krd

by @ Passer Journal of Basic and Applied Sciences Passer\

Passer 7 (Issue 2) (2025) 1098-1103

Original Article

Immune Response to Hypervirulent Klebsiella pneumoniae Serotypes K1 and K2 in
Animal Models

Ali Abd Kadhum*1, Mohammed Hassan Khudor?!, Hanaa khaleel ibraheim?

!Department of Microbiology, College of Veterinary Medicine, University of Basrah, Iraq.

Received 14 June 2025; revised 27 September 2025;
accepted 29 September 2025; available online 05 October 2025

DOI: 10.24271/PSR.2025.530349.2190

ABSTRACT

Hypervirulent Klebsiella pneumonia (HvKp) is a globally emerging pathogen distinguished by severe clinical manifestations, including
respiratory and systemic infections. Different classical K. pneumoniae (CKp),hvKp is associated with capsular serotypes K1 and K2,
hypermucoviscosity, and enhanced virulence factors, posing significant public health risks. Considerate host immune responses to hvKp
is critical for elucidating its pathogenicity. This study aimed to characterize the prevalence of K1/K2 serotypes in clinical isolates from
humans and sheep, assess virulence phenotypes, and evaluate cytokine responses (IFN-y and IL-10) ng/ml in rats infected with HvK
pneumonia. A total of 300 samples (150 human sputum, 150 sheep nasal swabs) were collected. Isolates were identified using
microbiological, biochemical (Vitek-2), and molecular methods (16S rRNA PCR). Hypermucoviscosity was confirmed via string test.
Capsular serotyping (K1/K2) was performed using magA and K2-specific PCR. Forty rats were divided into four groups: control (PBS)
and infected (HvKp ATCC® 43816, 1x10® CFU) via IN or SC routes. IFN-y and IL-10 ng/ml levels were measured post-infection.
Among 42 K. pneumoniae isolates (25 humanl7 sheep), 19.04% harbored K1/K2 serotypes. The string test identified isolates as
hypermucoviscous. Infected via the IN route exhibited significantly elevated IFN-y levels (2.48 + 0.47 ng/mL vs. control 0.50 + 0.23
ng/mL, P<0.01), while SC infection showed a moderate increase (1.89 £ 0.14 ng/mL, P<0.0001). IL-10 levels showed no significant
differences across groups. hvKp serotypes K1/K2 trigger a robust pro-inflammatory immune response, evidenced by elevated IFN-y,
particularly following intranasal infection. The persistence of IL-10 suggests a regulatory mechanism to mitigate inflammation.
https://creativecommons.org/licenses/by-nc/4.0/
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human and animal infections, as these are the natural habitats of

1 Introduction T 6T
human and animal intestinal organisms 7,

Klebsiella pneumoniae is a Gram-negative, non-motile, rod-
shaped bacterium known as an opportunistic pathogen
responsible for various respiratory infections 1. Hypervirulent
Klebsiella pneumoniae (hvKp) is a globally widespread pathogen
of concern. Hv Klebsiella pneumoniae is considered more
virulent than classical Klebsiella pneumoniae (cKp). Pneumonia
was first identified as a disease in Asia, where Klebsiella
pneumoniae a key causative agent was historically linked to
pyogenic liver abscesses. From its origins in Asia, the pathogen
eventually disseminated globally, becoming a significant public
health concern 31 Virulence factors of hv Klebsiella
pneumoniae encompass multiple siderophore systems for iron
uptake, enhanced capsule production such as K1 or K2 serotypes
colibactin toxin production, and the hypermucoviscosity
phenotype observable on culture media %1, Klebsiella species are
widely found in various environments, including soil, water, and

Virulence factors contribute contribute to the occurrence of the
disease. These factors include capsular polysaccharides,
plasmids, and fimbriae lipopolysaccharides (LPS) the most
important virulence factors are siderophore [€l. Both classical and
hypervirulent strains rely on virulence factors that mediate host
adherence through two distinct types of fimbriae. This binding is
critical for initial colonization and subsequent biofilm formation,
facilitating persistent infection. There is also an outer layer in the
bacteria called the polysaccharide capsule that interacts with the
host. There is also lipopolysaccharide (LPS), an effective
protector against many immune responses and the phagocytosis
process . The mechanical barriers and epithelial cells of the
upper respiratory tract serve as critical components of innate
immunity, providing defense against pathogenic bacterial
invasion. In experimental rat models of pulmonary infection,
these protective mechanisms trigger immune modifications that
can lead to elevated tumor necrosis factor-alpha (TNF-a)
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There are several pro-inflammatory cytokines such as IL-1, IL-6,
IL-12, IFN-y/y, and TNF, which cause inflammation for the
purpose of immune response against pathogens. Pro-
inflammatory markers increase, including IL-1p, IL-6, and 1L-8
(11, Therefore, they are deemed anti-inflammatory cytokines,
such as IL-4, IL-10, IL-13, and TGF-B. They act as pro-
inflammatory substances and at the same time their action
depends on the amount of these cytokines produced [*?. Bacterial
organisms can resist host immunity, causing various diseases, and
induce virulence through the production of certain substances [,
This study elucidates the immune response to hvKp serotypes
K1/K2 in rats, highlighting elevated IFN-y levels post-infection
and limited IL-10. Addressing these gaps would enhance
thoughtful of the Klebsiella pneumoniae pathogenesis and host
adaptation.

2 Methods and Materials
2.1 Sample collection

Three hundred specimens were collected from Nasiriya Teaching
Hospital and the veterinary hospital, and specimens included 150
nasal swabs from sheep and 150 sputum samples from humans.
Information was also collected from patient records. Then,
samples were taken and transferred to the laboratory in special
containers to culture them on MacConkey agar and incubate them
at 37°C for 24 hours. Gram staining was performed, and bacterial
isolates were identified using the Vitek-2 system. Biochemical
tests were subsequently employed to confirm the presence
of Klebsiella pneumoniae, as described by . Identification by
Molecular methods included PCR amplification of 16S rRNA
using universal primers for 16S rRNA of K. pneumoniae.

2.2 Specimen processing

Samples were collected from humans suffering from respiratory
infections, where the sample was sputum and samples were
collected from infected sheep by nasal swab. Then the samples
were cultured after a period not exceeding an hour using a loop,
the streaking method on MacConkey agar medium. After that,
the plates were incubated at 37 °C for 24 hrs. with pink color
mucoid colonies on MacConkey agar are indicative of K.
pneumoniae.

2.3 String test

This test is essential for identifying hypervirulent Klebsiella
pneumoniae. Bacteria were cultured on MacConkey agar and
incubated at 37°C for 24 hours. Hypermucoviscosity was
assessed by lifting a colony with a loop; the formation of a string
>5 mm indicated a positive result [1516],

2.4 Molecular assay

Extracted genomic DNA from Klebsiella pneumoniae isolates by
(Bromega/United States) according to the instructions and
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methodology of Gram-negative bacteria. Genomic DNA was
extracted from Klebsiella pneumoniae isolates using a standard
protocol for Gram-negative bacteria, followed by Conventional
PCR amplification was performed targeting the 16S rRNA gene,
along with the magA (K1) and K2 genes, using specific primers.
Primer sequences included AGAGTTTGATCCTGGCTCAG
(forward) and TACGGTTACCTTGTTACGACTT (reverse) for

16sRNA (1500 bp) 01, GGTGCTCTTTACATCATTGC
(forward) and GCAATGGCCATTTGCGTTTGCGTTAG
(reverse)  for  MagA-K1 (1283  bp) M8  and
GGATTATGACAGCCTCTCCT (forward) with

CGACTTGGTCCCAACAGTTT (reverse) for K2 (908 bp) [,
Amplification utilized a specialized thermal cycling program
comprising initial denaturation (94°C, 5 min), thirty-five to forty
cycles of denaturation at 94°C for 45 seconds, annealing at 53—
57°C for 35-45 seconds, extension at 72°C for 45 seconds, and a
final extension at 72°C for 7 minutes.

2.5 Animals used in the study

Forty adult male laboratory albino rats (Rattus norvegicus), aged
10-12 weeks and weighing 250-300 grams, were utilized in this
investigation. The animals were housed in standardized
polypropylene cages (25 x 40 x 15 cm) fitted with stainless steel
wire lids. Each cage contained autoclaved wood shavings as
bedding, which was replaced regularly to maintain hygiene. Rats
were provided ad libitum access to commercial rodent feed and
filtered water. Environmental conditions were maintained at 25 +
2°C with 55-60% relative humidity, 12-hour light/dark cycles,
and adequate ventilation. Before experimentation, all animals
underwent a 14-day acclimatization period under these conditions
to minimize stress-related variability.

Following acclimatization, the rats were randomly allocated into
four experimental groups (n = 10 per group) and inoculation
according to 20,

« Group 1 served as the control group and received phosphate-
buffered saline (PBS) via subcutaneous injection

» Group 2 served as the control group and received phosphate-
buffered saline (PBS) via intranasal injection.

« Group 3 was inoculated with 1X108 CFU/ mL (0.5 McFarland
turbidity) of viable hypervirulent Klebsiella pneumoniae
subcutaneous

« Group4 was Inoculated with 1X10% CFU/ mL (0.5 McFarland
turbidity) of viable hypervirulent Klebsiella pneumoniae
intranasal

The bacterial inoculum was prepared from a clinical isolate of
hvKlebsiella pneumoniae (ATCC® 43816), cultured and
quantified according to established protocols [2021, Al
procedures adhered to institutional guidelines for animal welfare
and were approved by the relevant ethics committee.
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2.6 Levels of cytokine in serum

Blood was drawn directly from the heart using a sterile syringe
then the samples were separated to obtain serum for measuring
IFN-y ng/ml and IL-10 ng/ml levels. This CLIA kit uses the
Sandwich-CLIA principle based on coating a micro CLIA plate
with an antibody specific for rat cytokines. The samples or
standard samples are combined into the wells of the micro CLIA
plate then a biotinylated antibody is added to detect cytokines.

3 Results

Of the three hundred samples, the results revealed 25 human
Klebsiella pneumoniae isolates and 17 sheep isolates. There were
no statistically significant differences between Klebsiella isolates
from sheep and humans. At level P<0.01. All isolates were
confirmed using Vitek and molecular methods through PCR
amplification of 16S rRNA using universal primers for 16S rRNA
of K. pneumoniae Table 1.

Hypermucoviscosity was identified by culturing bacteria on
MacConkey agar, incubating at 37°C for 24 hours, and assessing
the formation of a >5 mm string when a colony was lifted with a
loop. The study revealed that 8 of 42 (19.04%) Klebsiella
pneumoniae isolates exhibited hypermucoviscosity (Figure 1,
Table 1). These included five human-derived isolates and three
isolates obtained from sheep.

Figure 1: hypervirulent Klebsella pneuoniae on MacConkey agar where
the hypermucoviscosity by lifting the colony with the loop as it forms,
with a length of the string 5 mm.

Table 1: The number and percentage of classical K. pneumoniae (cKp)
and hypervirulent K. pneumoniae (hvKp) isolates from human and sheep
samples.

Sample Sggq-;’l‘; C.Kp. (%) | 1y kp. (%)
Human 150 20 (13.33) 5(3.33)
Sheep 150 14 (9.33) 3(2)
Total 300 34 (11.33) 8 (2.66)
X2 1.19 0.514
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P value

0.274 0.474

The capsular serotypes of K. pneumoniae isolated from different
samples (human and sheep) were detected by identifying the
presence of specific PCR amplified genes, including the results
showed that the k1 and k2 genes were present at approximately 8
/19.04 % of the K. pneumoniae strains isolated from human and
sheep sources as show in table 2, Figure 2,3.

Table 2: Detection of K1 and K2 genes in K.pneumoniae.

SemmEle K.pneumoniae maglgé et K2
0,
Total NO. NO./% NO./%
Human 25 5/20 5/20
Sheep 17 3/17.64 3/17.64
Total 42 8/19.04 8/19.04
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Figure 2: Electrophoresis of the polymerase chain reaction product of
the magA gene for K1 (1283 bp) of K. pneumoniae isolates. Lane L.:
lader (3000 bp), lanes (1-25): human samples and lanes (1-17) :
represent sheep samples.
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Figure 3: Electrophoresis of the polymerase chain reaction product of
the K2 gene (908 bp) of K. pneumoniae isolates. Lane L: lader (3000
bp), lanes (1-25): human samples and lanes (1-17) : represent sheep
samples.

The findings of the present study indicated that the levels of IFN-
v ng/ml as Pro-inflammatory cytokines in the serum of rats
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infected with hypervirulentKlebsiella pneumoniae bacteria
compared to the control group were high, as shown in Table 4
Intranasal method The results recorded in Table 3showed that
there was a significant difference in the level of IFN-y ng\ml
between experimental group and Control group using the
intranasal method. However, using the SC. Method, the results
showed a highly significant difference between the two groups at
the level P<0.01. also showed that there was no significant
difference between the two methods for the experimental group
at the level P<0.05, as well as the control group (horizontal
comparison). Which reached 0.531+0.18 ng/mL in the intranasal
and 0.380+0.19 ng/mL in the subcutaneous, comparison to . The
control group, the results indicated that the level of IFN-y ng/mL
in the intranasal was higher compared to the subcutaneous Table
3.

Table 3: Mean level of IFN-y ng\ml in the serum for the experimental
group compared with the control group.

Grouns Method Calculate | Calculate
P intranasal SC d T value | d P value
Control 0. 500+ 8' 2326:1; 0015 0.387
group 0.23ng/ml | ™ i g ' (NS)
. 1.89 +
Experiment 248 0.275
al group 0.47ng/ml O.lr:flng/ 117 (NS)
Calculated
T value 4.07 8.51
Calculated <0.000
P value 0.013(5) | 4 (Kg)

NS: No significant difference at P<0.05, S: Significant difference at
P<0.01: HS: Highly significant difference at P<0.01. SC: subcutaneous.

IL-10 levels measured at 10 ng/ml showed a slight increase in the
experimental group compared to controls, but this difference was
not statistically significant following intranasal administration.
Similarly, SC administration revealed no significant difference in
IL-10 levels between the experimental and control groups.
Furthermore, horizontal comparison (between administration
methods within each group) at p < 0.05 showed no significant
difference in IL-10 levels between the intranasal and SC routes
for either the experimental or control group (Table 4).

Table 4: Mean level of IL-10 ng\ml in the serum for the experimental
group compared with the control group.

Method Calcula | Calcula
Groups ted T ted P

intranasal SC value value
Control 0.677+0.17 | 0.926+0.16 | 1.03 0.331(N
group ng/ml ng/ml S)
Experim | 1.046+0.29 | 0.923+0.38 | 0.252 0.807(N
ental ng/ml ng/ml S)
group
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Calculate | 1.06 0.006

d T value

Calculate | 0.317(NS) 0.995(NS)
d P value

NS: No significant difference at P<0.05 SC: subcutaneous.
4 Discussion

These results showed that colonies of Klebsiella pneumoniae
isolated from a sample of patients with respiratory tract infection
expanded to form a thread of more than 5 mm in length . The
results of this study are similar to the results reached by in
Japan, which indicated that in order to distinguish between cK.
pneumoniae and hvK. pneumoniae certain relevant factors are
needed to confirm the presence of hvK. pneumoniae strains have
their virulence capabilities, such as serotypes (K1, K2), as it is
believed that the phenotypic appearance of mucus hyperviscosity
(thread test) is a definitive and accurate diagnosis of hvK.
Pneumoniae %31,

In these findings, PCR revealed capsular serotypes (K1, K2) of
Klebsiella pneumoniae, 19.04% respectively. This result
agreement with a study conducted by 4 in Al-Dewaniyah
Teaching Hospital. There is a study that has indicated that the K1
and K2 serotypes are closely associated with the Hv. Klebsiella
pneumoniae strain, while at the same time, there are studies to the
contrary that Hv. Klebsiella pneumoniae are associated with non-
K1/K2 capsular serotypes %31,

Many studies have indicated the immune response against
serotypes K1 and K2 of the Hv. Klebsiella pneumoniae.
Although some studies have not been conducted on experimental
animals, especially rats, they provide valuable comparative
insights into the host immune responses against these bacterial
serotypes.

IFN-y levels (ng/ml) differed significantly between the
experimental and control groups following intranasal
administration. A highly significant difference was observed
between the groups after SC administration. However, statistical
analysis revealed no significant difference in IFN-y levels
between the administration methods (intranasal vs. SC) for either
the experimental or control group. These findings align with®!in
Kufa, Irag. The current study findings validate the function of
IFN-y ng/ml in combating bacteria, particularly (hv) K.
pneumoniae, and protecting the body through a variety of ways.
There are study recorded by 281 which showed that inflammatory
monocytes rapidly accumulate in the lungs of infected animals
with K. pneumoniae and produce pro-inflammatory cytokines
and increasing frequency of innate lymphocytes, and promotes
the clearance of pneumonia. There is a study conducted by
Dentice et.al., " on rats infected with pneumonia due to K.
pneumoniae, and through an analysis of the gene transcription of
the lungs, they found an increase in cytokines and chemokines,
especially pro-inflammatory, in coordination with the active
ribosome.
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The results showed no significant difference in the level of
interleukin 10 between the experimental group and the control
group in the intranasal method of administration, as well as the
subcutaneous injection method between the two groups (the
experimental group and the control group). The results also
showed that at the same time no significant difference between
the two methods for the experimental group as well as the control
group (horizontal comparison). Consistent with findings by 27,
serum IL-10 levels increased significantly following respiratory
pathogen infection compared to controls. This regulatory
cytokine elevation was also associated with the presence of
commensal bacteria in the respiratory tract, suggesting a role for
IL-10 in differentially regulating inflammatory responses.
Furthermore [, demonstrated a statistically significant
difference in IL-10 mediated immune responses between groups,
specifically linking this effect to the 65.5 kDa pili protein of K.
pneumoniae. Researchers by ! have found that any defect in the
gene expression or cellular signaling of interleukin-10 leads to a
decrease in its levels. Some types of bacteria may also affect the
production of interleukin 10, which leads to impaired control of
inflammation

Conclusion

This study demonstrates that hypervirulent K. pneumoniae
serotypes K1 and K2 induce a pronounced Thl-driven immune
response in rats through elevated pro-inflammatory cytokines
level (IFN-y), particularly via the intranasal route. The slight,
non-significant rise in IL-10 implies a compensatory anti-
inflammatory mechanism, potentially moderating tissue damage.
The prevalence of K1/K2 serotypes in both human and animal
isolates underscores their zoonotic relevance and genetic
adaptability. Future research should focus on host-pathogen
interactions at mucosal sites and therapeutic modulation of
cytokine pathways to effectively combat HvK. pneumoniae
infection.
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