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ABSTRACT
The capsular polysaccharides in different serotypes of Klebsiella pneumoniae (KP) coded by the
(CPS) gene cluster are characterized by a conserved and a hyper-variable region. We performed
a virulence study by switching genes in the highly conserved region of the CPS cluster between
strains. Six genes in the CPS conserved region in serotype K20, including galF, acidPPc, wzi, wza,
wzb and wzc, were knocked out and replaced by the homologous genes from serotype K1.
Compared to the parental K20 strain, the mutants showed a decline in lethality (LD50) in mice
from 10-fold to > 105-fold and were categorized in terms of the effect on virulence as low (L)
for galF and acidPPC, moderate (M) for wzi, and high (H) for wza, wzb and wzc. Although
substituting the acidPPC gene from K1 for acidPPC in the K20 strain fully restored virulence,
substitution with the wzi, wza, wzb or wzc homologs from K1 did not. The restoration with wzi
from K1 led to a partial restoration of virulence, with the LD50 in mice changing from 104 to 103

CFU. For the wza, wzb and wzc genes, Complementation of K20 wza, wzb and wzc from K1
resulted in varied degrees of lethality in mice. Variable improvement in serum killing and
phagocytosis was observed when the knockout mutants were compared with the gene-
switched strains. In conclusion, homologous genes for capsule synthesis failed to exhibit the
same functionality when switched between serotypes and virulence was decreased in different
degree in according to the genes’ homology.
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Introduction

Klebsiella pneumoniae is an opportunistic pathogen that
causes both community and nosocomial infections.1

Recently, a new invasive syndrome has been defined in
community-acquired liver abscesses with or without
complications such as meningitis or endophthalmitis.2

This invasive syndrome has been mostly attributed to K.
pneumoniae with the capsular serotypes K1 or K2. Bacte-
rial cell surface polysaccharides, including both capsular-
(K antigen) and lipo-polysaccharides, have been well
documented as important virulent factors in the estab-
lishment of infection.3,4 Capsular polysaccharides (CPS)
are a major barrier to macrophage or neutrophil phago-
cytosis. More than 77 serotypes of K. pneumoniae have
been distinguished, and strains that produce CPS are

generally more virulent than non-capsulated strains.
Although serotypes K1 and K2 have been shown to be
highly virulent in general, strains that are equivalently
virulent have also been isolated from other serotypes. It
has been speculated that each structural gene in the cap-
sule synthesis gene cluster plays a different role in viru-
lence. Previous studies have shown that the capsule
synthesis gene cluster in the different serotypes has 2 dis-
tinct regions.5,6 One region consists of highly conserved
genes (>50% nucleotide sequence similarity) while the
other region is hypervariable. Each of these structural
genes is serotype specific, and may or may not be
replaceable with the homologous gene from another
serotype.6 Although previous study has transferred plas-
mid carrying whole CPS genes cluster of serotype K2
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into K21,7 homologous replacement of individual gene
has not been studied.

In this study, we have collected a serotype K20 strain
with a high lethality in mice with �102 colony forming
units (cfu) suggesting the CPS genes were responsible for
their hyper-virulence. We studied the contribution of
genes in the highly conserved region of the CPS cluster
to virulence. By using homologous gene exchange, we
substituted homologous genes from a serotype K1 isolate
into a serotype K20 isolate that had similar lethality in
mice and assessed whether the genetic background of
K20 would support CPS synthesis with homologous
genes from K1. Virulence was also assessed in these
gene-switched strains.

Methods and materials

Clinical isolation of serotypes K1 and K20 and
multi-locus sequence typing (MLST)

Serotypes K1 (NVT-1001) and K20 (NVT-20312) were
both isolated from liver abscess patients.8,9 The serotyp-
ing was performed as previously described.9 MLST was
performed according to the Institute Pasteur scheme.
Sequences of 7 housekeeping genes were obtained from
isolates from liver abscess patients and carriers. Sequence
information was compared with the information on the
MLST web site (http://bigsdb.web.pasteur.fr/klebsiella/
klebsiella.html). Alleles and sequence types (STs) were
assigned accordingly. Sequences of any alleles that were
not in the database were submitted to the curator, and
new allele numbers were obtained. Strains that had a
difference in 2 or more alleles were considered to be
unrelated.

Sequencing of the CPS gene cluster for
serotype K1 and K20 isolates

Primers were designed based on the nucleotide sequence
of the complete genome of K. pneumoniae serotype K1
NTUH-K2044 (GenBank accession number NC012731)
and serotype K20 KP NTUH-KP13 (GenBank accession
number AB289648) and used for PCR amplification of
the corresponding K1 strain NVT1001 and K20 strain
312 sequences using Phusion Flash High-Fidelity PCR
master mix (Finnzymes Oy, Espoo, Finland). The length
of CPS gene cluster including the flanking region ampli-
fied using the primer sets was designed within total
length CPS gene cluster which 20,611 bp for K1 and
19,503 bp for K20 (see Table S1 in the supplemental
material). All sequence analyses and protein homology
searches were conducted using the NCBI database
(http://www.ncbi.nlm.nih.gov/).

Detection of virulence determinants
for hypervirulent strain

Previously described virulence determinants including
hypermucoviscous phenotype, aerobactin (iucA), yersi-
niabactin (irp2), salmochelin (iroB), enterobactin (entB),
allantoin Metabolism (allS) and iron-uptake system (kfu)
were detected according to previously published
reports.2,10,11

Construction of in-frame deletion mutants in
Serotype K20 and CPS gene exchange from
serotype K1 to K20

Plasmid pUT-kmy consists of an R6K origin of replica-
tion, an mobRP4 origin of transfer, and a kanamycin
resistance cassette,9 and was ligated with a sacB gene to
generate plasmid pUT-KB to construct allelic exchange
mutants. Plasmid pUT-KB is a suicide vector containing
a counter-selection marker sacB that originates from
Bacillus subtilis.12 When this gene is expressed on an
integrated pUT-KB, it confers a sucrose-sensitive pheno-
type, which enables positive selection with sucrose to
detect the loss of the vector. To make in-frame deletion
mutants and exchange serotype K1 alleles into K20
homologous genes, an allelic exchange method was
performed as previously described.13 Briefly, DNA
fragments of the partial galF (UDP-Glucose pyrophos-
phorylase), acidPPc (acid phosphatase homolog), wzi
(surface assembly), wza (putative capsule polysaccharide
export protein), wzb (protein tyrosine phosphatase) or
wzc (tyrosine-protein kinase) genes and the flanking
regions were amplified from K20 using PCR with the pri-
mers sets listed in Table S1. The PCR fragments were
generated and cloned into pUT-KB, resulting in the plas-
mids p-galF, p-acidPPc, p-wzi, p-wza, p-wzb and p-wzc.
For homologous recombination, the plasmids p-galF,
p-acidPPc, p-wzi, p-wza, p-wzb and p-wzc were trans-
formed into E. coli S17-1 λpir using the heat shock
method and mobilized into the K20 strain via conjuga-
tion. Single-crossover strains were selected from brilliant
green containing inositol-nitrate-deoxycholate (BIND)
plates supplemented with kanamycin (50 mg/ml), while
the growth of non-K. pneumoniae strains was effectively
suppressed on the BIND plates.9 A kanamycin-resistant
transconjugant was selected, and the insertion of p-galF,
p-acidPPc, p-wzi, p-wza, p-wzb or p-wzc was verified via
PCR. After incubation in 20 ml BHI for 6 hours in the
absence of kanamycin at 37�C, the fully grown cultures
were spread onto LB plates supplemented with 10%
sucrose. After a double crossover occurred, sucrose-
resistant, kanamycin-sensitive colonies were selected,
and in-frame deletions were obtained.
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The procedures to obtain homologous recombinants
for the allelic exchange of acidPPc, wzi, and wza from K1
were similar to the procedures used to obtain in-frame
deletion mutants. An in-frame deletion, DacidPPc, Dwzi,
or Dwza, was selected for homologous recombination.
For the restoration with homologous acidPPc, wzi, or
wza genes from K1 (NVT 1001), DNA fragments of the
entire acidPPc, wzi, or wza genes with the flanking
regions were amplified from NVT1001. The PCR frag-
ments were then cloned into pUT-KB, resulting in plas-
mids containing pacidPPc, pwzi, or pwza. Homologous
recombination was performed as described above for the
in-frame deletions. K20 recombinants containing an
entire acidPPc, wzi, or wza gene from K1 NVT1001 were
confirmed via DNA sequencing.

Virulence assessment by neutrophil phagocytosis
and the serum resistance assay

A neutrophil phagocytosis assay was performed as previ-
ously described.14. Serum bactericidal activity was mea-
sured using the method of Podschun et al.,15 with a
slight modification. Isolation of neutrophils and serum
from healthy volunteers was ethically approved by a
human IRB committee (IRB-1-103-05-155). Briefly, a
serum bactericidal assay was performed by incubating
the bacteria in 75% normal human serum (NHS). The
survival rate in 75% NHS was measured by viable counts
after 30 min. of incubation. Each individual test was per-
formed 3 times to calculate the standard deviation
expressed with an error bar.

Serum agglutination test for K1 and K20

Parental isolates of K1 and K20 and mutants derived
from them were serotyped using a capsule swelling reac-
tion with antisera obtained from the Health Protection
Agency and assessed by serum agglutination as previ-
ously described.16

Determination of K. pneumoniae dose causing
50% lethal dose (LD50) in mice

To determine the LD50 in mice, 10 mice were used as a
sample population for each bacterial concentration. A
10-fold dilution series of colony forming unit (cfu) of K.
pneumoniae was made and BALB/c mice were injected
intraperitoneally with 0.1 ml of each dilution. The mice
used in this study were approved by the animal use com-
mittee (approval NHRI-IACUC-103014-A). Symptoms
and signs of infection were observed for 14 days. The
survival of the inoculated mice was recorded, and the
LD50 was calculated using SigmaPlot version 7.0 from
SPSS Inc. (Chicago, IL).

Results

Genetic structure of the K1 and K20 capsular
polysaccharide synthesis gene cluster

Comparison of the amino acid sequence of the K1 and
K20 capsular polysaccharide synthesis genes indicated a
conserved region with an amino acid sequence similarity
from 99–54% (Fig. 1). The hyper-variable region of
homologous genes had a nucleotides’ sequence similarity
with <32% between K1 and K20.

Characteristics of K1 and K20 isolates used for
knockout and switching of the capsular
homologous genes
PCR analysis of the 7 housekeeping genes studied
revealed that the K1 and K20 isolates belonged to MLST
23 and MLST 268 and had the gapA, infB, mdh, pgi,
phoE, rpoB, and tonB alleles 2, 1, 1, 1, 9, 4, 12 and 2, 1, 2,
1, 7, 1, 81, respectively (Table 1). Both K1 and K20 car-
ried chromosomal and plasmid regulators of the mucoid
phenotype A (rmpA) genes including c-rmpA, p-rmpA
and p-rmpA2 and had a similar lethality in mice by
intra-peritoneal (IP) injection, with LD50 values of 102

CFU (Table 1). Detection of virulence determinants
including hypermucoviscous phenotype, iucA, irp2, iroB,

Figure 1. Capsular polysaccharide synthesis gene cluster in serotypes K1 and K20 of K. pneumoniae
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entB, allS and kfu showed that both serotype K1 and K20
contained all detected determinants except K20 isolate
did not have hypermucoviscous phenotype and carry alls
gene (Table 2).

Virulence effects of knockout mutants of DgalF,
DacidPPc, Dwzi, or Dwza, Dwzb or Dwzc
Compared to the parental K20 strain, gene knockout
mutants showed a variable decline in lethality (LD50) in
mice, from 10-fold to > 105-fold and the effect on viru-
lence could be categorized into low (L), moderate (M),
or high (H) (Table 3). The galF and acidPPc genes
encoded polycistronic mRNAs driven by a P1 promoter,
and a low effect of these genes on virulence was observed
(Table 3). The remaining, wzi, wza, wzb or wzc gene was
driven by a P2 promoter. The lost of these genes showed
disruption of the capsule surface assembly. The mutant
Dwzi, had a moderate effect with a reduced lethality of
100-fold (Table 3). The deletion of the Dwza, Dwzb or
Dwzc genes that are involved in CPS polymerization
caused a significant decrease in virulence (LD50 >107)
indicating the importance of these genes in capsule syn-
thesis (Table 3).

Resistance to serum complement killing and
neutrophil phagocytosis in knockout mutants
and the complemented mutants

Compared to the parental K20 strain, the mutant DgalF
had no significant difference in survival in 75% normal
human serum (NHS), and no change in serum resis-
tance was observed. In contrast, the DacidPPc mutant
exhibited a significant increase in survival in 75% NHS
and became highly serum resistant, indicating the
importance of acidPPc in serum complement killing

(Table 3). Both the DgalF and DacidPPc mutants
showed a slight increase of phagocytic uptake in neu-
trophils, but their susceptibility to phagocytosis was not
significantly changed. In addition to the phagocytosis
results, K20 antibody agglutination assays showed that
the DgalF and DacidPPc mutants showed positive
agglutination with anti-K20 antibody, indicating that
the knockout of DgalF and DacidPPc did not greatly
affect CPS synthesis (Figure S2). A complemented
mutant of K20, DacidPPc::acidPPc, exhibited an identi-
cal LD50 and susceptibility of serum killing as the
parental K20 strain.

The Dwzi mutant showed a significantly decreased
survival rate in 75% NHS and a significantly increased
phagocytic uptake in neutrophils, indicating a loss of vir-
ulence (Table 3). The complemented K20 mutant Dwzi::
wzi showed restored phagocytic uptake in neutrophils
comparable to the K20 parent. A K20 antibody aggluti-
nation assay showed that Dwzi mutants showed positive
agglutination with anti-K20 antibody, indicating that the
knockout of wzi did not prevent CPS synthesis
(Figure S3).

Knockout mutants Dwza, Dwzb or Dwzc showed a
significant reduction in 75% NHS and an increase in
phagocytic uptake by neutrophils were observed for all 3
mutants. The complemented K20 mutant Dwza::wza
showed a restored survival rate in 75% NHS and phago-
cytic uptake in neutrophils similar to the K20 parent
(Table 3). Unlike DgalF, DacidPPc and Dwzi mutants,
the Dwza, Dwzb or Dwzc mutants did not agglutinate
with anti-K20 antibody, indicating that knock out of
Dwza, Dwzb or Dwzc completely prevented or greatly
reduced CPS synthesis (Figure S3). The complemented
mutant K20Dwza::wza showed positive agglutination
with K20 antibody.

Table 1. Characteristics of the serotype K1 and K20 strains for capsule-related genes switched in this study.

PCR Alleles

Strain LD50 (CFU) c-rmpA p-rmpA p-rmpA2 MLST gapA infB mdh pgi phoE rpoB tonB

K1 102 C C C ST23 2 1 1 1 9 4 12
K20 102 C C C ST268 2 1 2 1 7 1 81

Note. CFU: colony form unit; c-rmpA: chromosome regulator of mucoid phenotype A; p-rmpA: plasmid rmpA; p-rmpA2: plasmid rmpA2; LD50: Lethal Dose 50%;
MLST: Multi-locus sequence typing.

Table 2. Virulence characteristics of the serotype K1 and K20 strains.

Virulence determinant#

Strain
Hypermucoviscous

phenotype�
Aerobactin

(iucA)
Yersiniabactin

(irp2)
Salmochelin

(iroB)
Enterobactin

(entB)
Allantoin Metabolism

(allS)
Iron-uptake system

(kfu)

K1 C C C C C C C
K20 – C C C C – C

Note.�Identified by string test.2#Detected by PCR.10,11
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The characteristics and effects on virulence of
switching the genes acidPPc, wzi, wza, wzb
or wzc from K1 into K20

Because the similarity of the galF amino acid sequence
between K1 and K20 was 99%, switching K1-galF into
K20-galF was not done. Only the acidPPc genes were
exchanged to represent the effect of switching a K1
homologous gene into K20 in the low virulence effect
group. The switching of K1-acidPPc into K20 restored
virulence in terms of serum resistance, phagocytic resis-
tance and the LD50 compared to the K20 parent
(Table 3). Switching in the K20::K1-acidPPc mutant did
not result in anti-K1 serum agglutination and agglutina-
tion with an anti-K20 serum test was unchanged (Table 3
and Figure S4).

The Dwzi knockout mutant showed a moderate
impact on LD50 and had a 102-fold decreased in lethality
compared to K20 parent strain. The substitution of K1-
wzi into K20 caused a 10-fold decrease in LD50 com-
pared to the K20 parent strain. On the other hand, a 10-
fold increase LD50 of K1-wzi compared to a K20-Dwzi
knockout mutant had been demonstrated. The results
indicated a partial restoration of virulence after gene
exchange. No change in serum resistance and agglutina-
tion with anti-K20 serum was observed after switching
wzi from K1 into K20 (Table 3 and Figure S5) but an

increased phagocytic resistance was observed in a K20-
Dwzi.:K1-wzi complemented strain. The increased
phagocytic resistance K20-Dwzi.:K1-wzi did not contrib-
ute to a higher LD50 compared to the K20 parent.

All three exchange mutants, K20::K1-wza,-wzb and
-wzc, did not show restored virulence compared to the
K20 parent, and no change was noted in the anti-K20
agglutination assay. Switching K20::K1-wza,-wzb did not
restore phagocytic resistance, while switching K20::K1-
wzc completely restored phagocytic resistance. Switching
of ::K1-wza resulted in a similar LD50 and serum resis-
tance in the K20-Dwza knockout mutant (Table 3). An
increase in serum resistance and the LD50 was observed
in the ::K1-wzb exchange mutant compared to the
K20Dwzb knockout mutant (Table 3 and Figure. S6).
Compared to the K20 parental strain, the LD50 of the
K20Dwzb::K1-Dwzb exchange mutant was 104-fold less
than the K20 parent. A significant increase in the serum
resistance of the K20::K1-Dwzb exchange mutant was
also observed compared to the K20 parent strain
(Table 3). In the ::K1-Dwzc exchange mutant, the LD50

and serum resistance were partially restored. A 100-fold
difference in the LD50 was found compared to the parent
(Table 3). The exchange of conserved homologous genes
from K1 to K20 showed that homologous genes for cap-
sule synthesis from different serotypes of K. pneumoniae
did not have the same functionality as the original genes,

Table 3. Virulence effect on mice lethality (LD50), resistance to serum complement killing and neutrophil phagocytosis in knockout
mutants, switching conserved genes from serotype K1 into K20 and their complemented mutants: (1) DgalF, DacidPPc, K20D -acidPPc:
(K1)acidPPc and restoration of DacidPPc::acidPPc in mutant acidPPc, with low effect (L) in LD50; (2) Dwzi, K20D wzi::(K1)wzi and restora-
tion of wzi in mutant Dwzi, with moderate effect (M) in LD50; (3) Dwza, K20D wza::(K1)wza, Dwzb and Dwzb and restoration of K20D
wza:: wza.

Strain LD50 (cfu)
Survival rate in
75% NHS (%)

Relative serum
resistance�

Ingested
bacterial (%)

Relative phagocytosis
sensitivity#

K20 102 27.74 § 6.29 1 46.78 § 9.41 1
Low effect on virulence (L)
K20D galF 103 4.33 § 1.72 0.16 52.16§1.79 1.12
K20D acidPPc 103 8.15 § 2.08 0.29 49.69 § 1.81 1.06
K20D -acidPPc:(K1)acidPPc 102 32.16 § 6.57 1.16 52.24 § 4.70 1.12
K20D acidPPc:: acidPPc 102 24.46 § 10.98 0.88 50.94 § 4.26 1.09

Moderate effect on virulence (M)
K20D wzi 104 1.50 § 0.52 0.05 83.83§ 6.91 1.79
K20D wzi::(K1)wzi 103 28.03 § 4.55 1.01 29.12§ 4.77 0.62
K20D wzi::wzi 102 23.03 § 9.07 0.83 48.34 § 4.59 1.03

High effect on virulence (H)
K20D wza > 107 0 0.00 86.28§ 3.50 1.84
K20D wza::(K1)wza > 106 0.03 § 0.02 0.001 83.30§ 6.55 1.78
K20D wza:: wza 102 23.40 § 3.15 0.84 49.68 § 2.05 1.06
K20D wzb > 107 0 0.00 91.22§ 2.56 1.95
K20D wzb:: (K1)wzb 106 123.33 § 16.80 4.45 70.27§ 6.60 1.50
K20D wzb:: wzb 102 34.60 § 3.04 1.24 47.49 § 4.91 1.02
K20D wzc > 107 0 0.00 92.71§ 1.94 1.98
K20D wzc:: (K1)wzc 104 3.63 § 1.00 0.13 47.99 § 3.23 1.03
K20D wzc:: wzc 102 31.46 § 6.76 1.13 41.81 § 6.92 0.89

Note.�Relative serum sensitivity, survival rate in 75% NHS of parental K20 isolate/ survival rate in 75% NHS of mutant.<1 referred to decease resistant to serum
resistance and>1 referred to increase resistant to serum resistance. #Relative phagocytosis sensitivity, neutrophil phagocytosis rate measured after a 15-minute
incubation with FITC-labeled bacteria of isogenic mutants compared with parental K20. Bold: significant change of serum resistance with reference to parental
K20.
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except for acidPPc, a gene that had >97% nucleotide
similarity in the 2 strains. Even with a similarity as high
as 94% (wzi), an incomplete restoration of virulence was
observed among strains in which a homologous gene
exchange occurred.

Discussion

Serotype-specific K. pneumoniae capsular polysacchar-
ides are an important factor contributing to bacterial vir-
ulence.2,17,18 Specific capsular serotypes have been
documented with a high frequency to show hyper-viru-
lence in mouse and human infections.19 A cluster of
genes are involved in capsule synthesis and driven by 2
promotors.6 Previous studies have shown that 6 genes,
galF, acidPPc, wzi, wza, wzb and wzc, are conserved
among different capsular serotypes.5,6 These conserved
genes have also been proposed for the identification of
capsular serotypes, including wzi and wzc.5,20 In this
study, we have tried to elucidate the role of these con-
served genes in virulence and whether they can function
in a similar manner after exchanging a homologous gene
from one serotype to another. We found these genes can
be categorized into 3 types according to their different
effects on the degree of virulence.

Among the 6 conserved genes studied, each individual
gene made a different contribution to lethality in mice.
The genes galF and acidPPC, which are driven by the P1
promotor, showed less influence on lethality. The wzi
gene, which is responsible for surface assembly, showed
a relatively moderate effect on lethality. The genes,
Dwza, Dwzb or Dwzc, which are involved in CPS poly-
merization and CPS production,21 had a high effect on
virulence. Loss of these genes results in the loss of CPS
synthesis, conferring high susceptibility to neutrophilic
phagocytosis. In general, knockout mutants of genes
driven by the P2 promotor showed a loss of serum resis-
tance and became more susceptible to neutrophilic
phagocytosis (Table 3), but DgalF showed only greater
susceptibility to serum killing but no effect on phagocy-
tosis was evident, indicating normal CPS production.

Replacement with homologous genes wzi, wza, wzb or
wzc from serotype K1 was unable to fully restore viru-
lence, except for acidPPC. The restoration with acidPPC
from K1 resulted in an equivalent virulence to that of the
K20 parent for serum killing and phagocytosis, indicat-
ing that acidPPC from K1 can function as acidPPC in
K20. In the wzi knockout mutant in K20, wzi from the
serotype K1 isolate did not completely restore virulence
in terms of lethality. For comparison between K20::K1-
wzi and parental K20, K20::K1-wzi showed a significant
improvement in phagocytosis but not in serum resis-
tance indicating that K1-wzi gene can perform a partial

function as original K20-wzi on capsular polysaccharides
synthesis and complement synthesis (Table 3). The
increase in resistance to phagocytosis did not contribute
to virulence as determined by the lethality experiments
in mice. Whether replacement of K20 by K1-wzi is not
only affecting phagocytosis but other function contribut-
ing to virulence needs further study. For the wza, wzb
and wzc genes, the substitution of wza, wzb and wzc
from K1 into knockout mutants caused variable changes
in lethality. The restoration with wza from K1 improved
phagocytosis and serum resistance, and led to no change
in lethality. Thus, the restoration with wza from K1 does
not affect K20 capsular synthesis. The restoration with
wzb resulted in a significant increase in serum resistance
but no effect on phagocytosis, leading to a small change
in the LD50 compared to a wzb knockout mutant. In con-
trast, the restoration of wzc from K1 significantly
changed the phagocytosis rate compared to a wzc knock-
out mutant and led to a significant improvement in
lethality. The wzc from K1 partially contributes to cap-
sule synthesis in K20. This observation also indicates
that the anti-phagocytic function of the capsule is more
important than resistance to complement killing in terms
of virulence.

Since the present study was focused only on the effect
homologues genes switching, a serotype switching effect
after the whole cluster of capsular polysaccharides genes’
exchanging is of interest. Further study on serotype
switching between serotypes is warrant in order to see
the effect on virulence after serotype switched. In conclu-
sion, the homologous genes for capsule synthesis in dif-
ferent serotype of K. pneumoniae are unable to function
perfectly the same after switching. Overall, virulence
declined even if the amino acid homology between the
serotypes was very high.
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