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Identification of Klebsiella pneumoniae K1 and K2 Capsular Types by PCR
and Quellung Test
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Background: Klebseilla pneumoniae causes urinary tract infections, nosocomial pneumonia and intra-abdominal infections. Capsular
antigens are considered to be the ultimate virulence determinants. Among 77 capsular serotypes of K. pneumoniae, serotypes K1 and K2 are
the most virulent ones in humans.
Objectives: We designed a PCR method for detection of capsular serotypes K1 and K2 of K. pneumoniae using genes cps cluster wzc and
orf10 which are required for biosynthesis of capsular polysaccharides in K1 and K2 types, respectively.
Materials and Methods: We collected 89 K. pneumoniae clinical isolates from the patients of Labafinejad Hospital located in Tehran.
Clinical isolates were mostly chosen from urine. We used PCR technique to detect isolates possessing K1 and K2 capsular polysaccharides
based on the wzc and orf10 genes which are required for biosynthesis of capsular polysaccharide in K1 and K2 types, respectively. The
results of PCR were compared with those obtained by capsular serotyping using Quellung test.
Results: Of 89 isolates of K. pneumoniae tested by both techniques, 10 (11.2%) belonged to K1 and 13 (14.6%) belonged to K2 serotypes,
respectively.
Conclusions: We found that these serotypes are probably important in clinical specimens. PCR was a simple and inexpensive tool for
identification of K. pneumoniae clinical isolates of K1 and K2 geno-serotypes.
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1. Background

Klebsiella pneumoniae subspecies pneumoniae is a common Gram-negative pathogen causing community and
nosocomial infections, including pneumonia, urinary
tract, septicaemia and wound infections (1, 2). Nosocomial infections developed by diverse K. pneumoniae
strains may be considered as opportunistic, rather than
true pathogens, since they mostly affect debilitated patients (3, 4). In addition, outbreak of multidrug resistant
of Klebsiella spp. especially extended-spectrum beta lactamase (ESBL) has led the treatment to limited options
in recent years (1). Although nosocomial infections of K.
pneumoniae have occurred worldwide, some manifestations of community-acquired infection (namely, liver abscess and community-acquired pneumonia, meningitis
and endophthalmitis) have been geographically restricted and occurred only in Taiwan and South Africa. There
are two explanations for this difference in clinical manifestations which include host (such as alcoholism, access

healthcare, etc.) and organism factors (the factors related
to the organism is capsular serotypes) (5).
Community-acquired K. pneumoniae strains that have
been reported along with bacteraemia and associated
with high mortality in Taiwan, Europe, North America
and Japan, possess Serotypes K1 and K2 (2-6). Capsular
serotypes K1 and K2 are considered as predominant virulent strains of K. pneumoniae (7). Several studies of bacterial pathogenesis have reported that serotype K1; magA is
the possible virulence factor for K. pneumoniae liver abscess (8, 9). Thus, PCR analysis of magA is a rapid and accurate method to detect capsular K1 strains (2-10). Moreover, prevalence of K2 isolates suggests a need for rapid
detection of K2 serotype in addition to K1 (11). Wzc Protein
was analyzed to be participating in reversible phosphorylation of tyrosine proteins. Most of these proteins are also
involved in production of exopolysaccharides. Because
exopolysaccharides are important virulence factors, a
possible relationship between tyrosine phosphorylation
and bacterial pathogenicity has been proposed (12).

Implication for health policy/practice/research/medical education:
This project is helpful in seroepidemiologic studies and identification of K. pneumoniae at urinary tract infection (UTI), pneumonia and wound infections.
This is the first report on the occurrence of serotypes K1 and K2 in the clinical specimens and shows the pathogenic potential of these isolates in different
organs.
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2. Objectives
In this study, we designed a PCR method for detection
of capsular serotypes K1 and K2 of K. pneumoniae using
highly specific cps genes cluster, wzc and orf10 which are
required for biosynthesis of capsular polysaccharide.

Figure 1. Result of the PCR Assay for Identification of K. pneumoniae
Capsular K1 and K2
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3. Materials and Methods
3.1. Bacterial Strains

We examined 89 K. pneumoniae clinical isolates from
Labafinejad hospital located in Tehran. Clinical isolates
were mostly from urine, some from pus, bile, mucus, trachea and wound. Prior to molecular-serotyping (PCR), all
clinical isolates were biochemically identified by conventional bacteriology tests as detailed previously (13). Reference strains of K. pneumoniae AY762939 and K. pneumoniae D21242 were used as positive controls for PCR reactions
of K1 and K2 serotypes respectively.

3.2. PCR Assay

PCR was used for detection of capsular K1 and K2 serotypes of K. pneumoniae. The DNA template was extracted
using phenol and chloroform method. Primer pairs
were designed from the specific sequence for the open
reading frame (ORF)-10 regions in the cps gene clusters
of K2 strains and wzc gene of K1 strains. Moreover, they
were analyzed for hair-pin loop and primer dimer formation using Gene Runner software (Hasting software,
Hastings Inc.). The specificities of these primer sets was
confirmed by BLAST search in GenBank. Primers are; wzc
forward, 5’-AGATAGAGGTGTATTGTCGC -3’ and wzc reverse,
5’- GAGCTCTATATGTTGGATGC -3’ for K1 strains and (ORF)10 forward, 5’- TCATACTTGACAGAGGGAGTAG 3’ and, (ORF)10 reverse, 5’- ACGATCGTTACAGTGACAAG -3’ for K2 strains.
PCRs were carried out in 25 μL volumes containing 5 μL
extracted DNA, with 1.5 U of Taq DNA polymerase (Fermentas Vilnius, Lithvania), 1X Mg-free PCR buffer, dNTP
(Mix) at a concentration of 0.2 mM, 3.0 mM MgCl 2 , 0.8
μM of each Primer. Conditions were: 94°C for 5 minutes,
followed by 35 cycles of 94°C for 45 seconds, 56°C for 45
seconds, 72°C for 45 seconds, and a final extension at 72°C
for 5 minutes. The 2% agarose gel in TBE buffer was used
for PCR products separation. Gels were run at a constant
voltage of 100 V for 1 hour, stained in 2 μg/mL ethidium
bromide for 10 minutes and photographed under UV by
Gel-Document. The expected PCR products of (ORF)-10
and wzc were 321 and 352 base pair (bp) in length, respectively (Figure 1).

2

352

500 bp
321 bp

M-DNA size ladder 100 bp (Fermentas), number 1: reference strain for
orf-10 (K2); number 2: clinical isolate for K2 positive; number 3: negative
control for orf-10 (K2 serotype); number 4: reference strain for wzc (K1);
number 5: negative control for wzc (K1)

3.3. Quellung Test

The antisera against capsular antigens K1 and K2 of K.
pneumoniae were purchased from Statens Serum Institu
(Statens seum institute, Copenhagen, Denmark). The
Quelling test was performed according to the instruction
given by Edmandson and Cook (14).

4. Results

A total of 89 clinical isolates of K. pneumoniae [urine (n
= 70), blood (n = 3), ulcer (n = 5), trachea (n = 6), sputum
(n = 2) and Stool (n = 3)] were included in the study which
had been obtained from Labafinejad hospital patients.
Among 10 positive K1 serotype isolates, nine were urine
samples and one was trachea. Also among 13 K2 serotypes
isolates, 11 were urine and two were trachea samples. We
developed a PCR technique to detect isolates possessing
K1 and K2 capsular polysaccharides using wzc and orf10
specific genes which are required for biosynthesis of capsular polysaccharide types K1 and K2. Two 352 bp and 321
bp bands were observed for K1 and K2 reference strains,
respectively. No band was observed in DNA-free negative
control. Moreover, the developed assay correctly identified 10 isolates (11.2%) as K1 and 13 isolates (14.6%) as K2
serotypes among 89 isolates of K. pneumoniae serotypes.
The results of PCR were confirmed by Quellung test.

5. Discussion

K. pneumoniae is an enterobacterial and opportunistic
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pathogen that causes urinary tract infection (UTI), pneumonia and wound infections. In this study, patients were
mostly infected by urinary K1 and K2 serotypes, but in
other studies patients were more likely to have liver abscesses and less likely to have UTIs or biliary tract infections (15). For the PCR assay, we selected wzc gene, encoding tyrosine-protein kinase and open reading frame 10
(orf-10) encoding putative inner membrane proteins for
K1 and K2 serotypes, respectively. There have been many
reports linking magA, rmpA and wcaG with virulence,
also wzc and orf-10 have been studied (16).
Wzc protein was analyzed to evaluate K1 and K2 serotypes capacity to participate in the reversible phosphorylation of proteins on tyrosine. Wzc was found in other
bacterial species which are all involved in the synthesis
or export of exopolysaccharides. Since these are considered as important virulence factors, it could be suggested
that reversible protein phosphorylation on tyrosine may
be part of the cascade of reactions that determine the
pathogenicity of bacteria (17). The open reading frames
(ORFs) of the complete cps regions suggested that this
region was responsible for capsular polysaccharide synthesis (16).
Our results suggest that PCR analysis is a rapid and reliable method for identification of both capsular K1 and
K2 serotypes of K. pneumoniae. However, the techniques
most commonly used for identification of K. pneumoniae
serotypes K1 and K2 (Quellung and counter-current immunoelectrophoresis) are limited, because of costs of
various antisera preparation. Thus, PCR assay may help to
operate K. pneumoniae capsular K1 and K2 type identification in routine diagnoses. Great advantage of molecular
serotyping is that it does not undergo cross-reactions
which sometimes render highly ambiguous results for
conventional serotyping (5). Therefore, PCR genotyping seems to be a more sensitive and specific way for
detecting these serotypes (16). Furthermore, molecular
serotyping is capable to determine a potential serotype
of capsule-deficient isolates (7, 18, 19). We recommend
that PCR analysis could be helpful in seroepidemiologic
studies and early-tracing of contingent metastatic infections in patients with liver abscess (7, 10, 11, 15-20). This
is the first report on the occurrence of serotypes K1 and
K2 in the clinical specimens and shows the pathogenic
potential of these isolates in different organs. Molecularserotyping with PCR for serotypes K1 and K2 had not been
previously studied in Iran. This may provide a new way
to “genotype” an unknown capsular type strain but will
require validation with several strains of each serotype to
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determine specificity and sensitivity.
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