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Occurrence and characterization of 
hyperviscous K1 and K2 serotype in 
Klebsiella pneumoniae
Poothakuzhiyil Remya, Mariappan Shanthi, Uma Sekar

Abstract:
BACKGROUND: Klebsiella pneumoniae causes both nosocomial and community‑associated 
infections. Hypervirulent K. pneumoniae (hvKP), new variant of K. pneumoniae, can cause invasive 
infections in young healthy individuals as well as in the immunocompromised population. Hypervirulent 
strains frequently belong to capsular serotypes K1 or K2. Emergence of antimicrobial resistance in 
hvKP is a cause for concern.
AIM AND OBJECTIVE: The present study was done to detect the K1 and K2 serotypes among 
clinical isolates of K. pneumoniae, spectrum of infections caused by them and presence of common 
beta‑lactamases encoding genes in them.
MATERIALS AND METHODS: A total of 370 isolates of K. pneumoniae, isolated from various clinical 
samples over a period of 1 year was included in this study. Antibiotic susceptibility testing to various 
classes of antimicrobials was done as per Clinical and Laboratory Standard Institute guidelines. 
The presence of K2A (specific to serotype K2), magA (specific to serotype K1), and rmpA genes 
was detected by multiplex polymerase chain reaction (PCR). Extended‑spectrum beta‑lactamases  
(TEM, SHV, and CTX‑M), plasmid‑mediated AmpCs (MOX, CIT, DHA, ACC, EBC, and FOX), and 
carbapenemase genes (IMP, VIM, NDM, KPC, and OXA‑48) were also determined by PCR.
RESULTS: Among the 370 isolates, 8 harbored K2A gene and one harbored magA. rmpA gene was 
detected in three isolates along with K1 or K2 serotypes. Seven K2A‑positive isolates were resistant 
to one or more classes of antimicrobials. The studied ESBL genes were present in four isolates. Two 
isolates harbored carbapenemase genes (NDM‑1, OXA‑48) along with ESBLs.
CONCLUSION: K2 serotype is more prevalent among hvKP isolates. They can harbor ESBLs 
and Carbapenemase genes. K1 serotype is rather uncommon in K. pneumoniae. Acquisition of 
multidrug‑resistant genes by these strains adds to their virulence and limits the treatment options.
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Introduction

Klebsiella pneumoniae is a well‑known 
human pathogen associated with both 

community‑acquired and nosocomial 
infections. Classic K.  pneumoniae  (cKP) is 
the term used for the commonly recognized 
strains of K.  pneumoniae, which cause 
bacteremia, pneumonia, urinary tract, and 

other infections. In 1986, hypervirulent 
K.  pneumoniae  (hvKP), a new variant of 
these bacteria, was first reported from 
Taiwan. Compared to cKP, hvKP strains 
produce hypermucoviscous colonies when 
grown on agar plates. They are capable of 
causing invasive and serious infections in 
immunocompromised as well as in healthy 
individuals.[1,2] Hypervirulent strains 
of K.  pneumoniae are now circulating 
worldwide.[3]
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There are a number of virulence factors that 
contribute to the pathogenicity of K.  pneumoniae. 
They include hypermucoviscosity‑specific capsular 
serotypes, especially K1 or K2, virulence gene FimH 
(fimbrial adhesion), rmpA  (regulator of mucoid 
phenotype) ,  uge   (UDP‑glucose  4‑epimerse) , 
kfu (an iron uptake system), and alls  (allantoin 
metabolism).[4,5]

K. pneumoniae is known to synthesize capsules, which are 
essential for its virulence. At least, 78 capsular serotypes 
exists in this bacteria. Among hvKP, eight capsular 
serotypes occur; of them K1 and K2 are the most virulent 
that have been described to date. The capsules of K1 
and K2 serotype essentially protect the bacteria from 
phagocytosis.[4,6]

K1 or K2 serotypes are more prevalent in invasive 
infections. [7] Serotype‑specific gene for K1 is 
magA  (mucoviscosity associated gene A), and for K2 
serotype, it is K2A  (K2 capsule‑associated gene A). 
magA gene was first described by Fang et al. in 2004 and 
Chuang et al. found that it is restricted to the gene cluster 
of capsular serotype  K1. Similarly, K2A gene, which 
corresponds to magA in K1 serotype, is highly specific to 
the cps gene cluster of capsular serotype K2. Detection of 
both magA and K2A is a rapid and accurate method for 
the detection of K1 and K2 serotypes of K. pneumoniae.[8,9] 
rmpA  (regulator of mucoid phenotype  A) gene is a 
plasmid‑mediated regulator of capsular polysaccharide 
synthesis. It is also associated with hypermucoviscosity 
phenotype and invasive disease.[2,8]

The past hypervirulent strains of K.  pneumoniae were 
susceptible to all antimicrobials except ampicillin.[6] 
However, the first report from China in 2014 described 
that the clonal complexes of hvKP can be MDR.[3]

This study was conducted to detect the K1 and K2 
serotypes among clinical isolates of K. pneumoniae, the 
spectrum of infections caused by them and the presence 
of common beta‑lactamases encoding genes in them.

Materials and Methods

Bacterial isolates
The study was conducted in a University teaching 
hospital in South India. A total number of 370 clinically 
significant, consecutive, nonduplicate isolates of 
K.  pneumoniae, collected from September 2014 to 
August 2015 were included in this study.

The source of isolates were urine (n = 170), exudative 
specimens  (n  =  132), respiratory secretions such 
as bronchial wash, endotracheal aspirate, pleural 
fluid (n = 38), and blood (n = 30).

The isolates were identified up to species level by 
automated system  (VITEK2 GN‑card; BioMerieux, 
Brussels, Belgium) and/or standard biochemical tests.[10]

The clinical significance of all isolates was determined 
by significant colony count, presence of bacteria in gram 
stain and correlating clinical history.

Phenotypic detection of hyperviscosity
Hyperviscosity of the isolates was tested by evaluating 
the formation of a mucoviscous string of >5 mm, when 
using an inoculation loop to stretch a colony grown on 
an agar plate.[1]

Antimicrobial susceptibility testing
Antibiotic susceptibility testing was done by Kirby–Bauer 
disc diffusion method for different classes of antibiotics 
such as cefotaxime  (30  µg), ceftazidime  (30  µg), 
cefoxitin (30 µg), amikacin (30 µg), and ciprofloxacin (5 µg), 
piperacill in/tazobactam  (100  µg/10  µg),  and 
imipenem  (10 µg)  (Himedia laboratories, Mumbai, 
Maharashtra, India) as per Clinical and Laboratory 
Standard Institute guidelines.[11] ATCC Escherichia coli 
25,922 was used as control strain.

The clinical history was sought for all the K1 and K2 
serotypes from the medical records.

Molecular methods
M u l t i p l e x  p o l y m e r a s e  c h a i n  r e a c t i o n  f o r 
virulence‑associated genes
Bacterial DNA was extracted by boiling method. 
Genomic DNA was used as the template and multiplex 
polymerase chain reaction  (PCR) was carried out 
to amplify magA  (specific for K1serotype), K2A 
(specific for K2 serotype), and rmpA genes as per 
earlier described methods.[5] PCR was performed 
with a final volume of 25 µl. Each reaction contained 
10 pmol of each primer  (Sigma‑Aldrich, India),10mM 
of dNTP mixture  (Takara, India), 5U Taq polymerase 
(Takara, India) in 2.5µl of 10X Taq polymerase 
buffer (Mg2+plus). A volume of 2 µl  of template DNA 
was added to 23 µl of the master mixture. Negative 
controls were PCR mixture with water  (instead of 
template DNA) and were included in every PCR run.

The PCR conditions were as follows: initial activation at 
95°C for 15 min, followed by 30 cycles at 94°C for 30 s, 
annealing at 60°C for 90 s, extension at 72°C for 60 s, and 
the final extension was at 72°C for 10 min. The amplicons 
were separated at 100 V in a 1.5% agarose gel containing 
ethidium bromide.

The primers used are summarized in Table 1. Previously, 
characterized strains were used as positive controls.
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Detection of beta‑lactamase encoding genes by 
polymerase chain reaction
For the study isolates, PCR was performed to detect 
the presence of common lactamase genes namely, 
ESBLs  (TEM, SHV, and CTX‑M), plasmid‑mediated 
AmpCs (MOX, CIT, DHA, ACC, EBC, and FOX), and 
Carbapenemase genes (IMP, VIM, NDM, and KPC and 
OXA‑48). The primers used for beta‑lactamase genes 
were selected based on the previous studies.[12‑14]

DNA sequencing
PCR positive amplicons were purified and sequenced 
by big dye 3.1  cycle sequencing kit using the Sanger 
AB13730XL DNA analyzing instrument  (Sci genome, 
India). The nucleotide sequences analyzed were 
compared with the sequence available at the National 
Centre for Biotechnology information website  (www.
ncbi.nIm.nih.gov).

The sequences were submitted to the genbank with 
the following accession numbers MF188922  (K2A), 
MF188924 (magA), and MF188921 (rmpA).

Results

Of the 370 isolates 9 (2.4%) carried one or more studied 
virulence genes, and all the nine isolates were positive 
for the string test. Six isolates of them carried only K2A. 
One isolate harbored magA along with rmpA. Genes for 
K2A and rmpA coexisted in two isolates. Gel picture of 
the amplified genes was showed in Figure 1.

Of the K1, K2 serotypes serotype positive isolates, 
two were susceptible to all classes of antibiotics tested 
while the others (n = 7) exhibited resistance to one or 
more classes of antibiotics. The resistance exhibited 

to various classes of antibiotics were as follows 
cefotaxime 100% (7/7), ceftazidime 100% (7/7), cefoxitin 
57% (4/7), amikacin 42.8% (3/7), ciprofloxacin 57% (4/7), 
piperacillin/tazobactam 71.4%  (5/7), and imipenem 
28.5%(2/7).

The occurrence of the studied beta‑lactamase genes along 
with virulence is shown in

Table 2. Notably, plasmid‑mediated AmpC genes were 
not detected in any of the K1 or K2 serotypes.

All three studied ESBL genes, TEM+SHV+CTX‑M 
together were detected along with K2A gene in 4 
isolates of K. pneumoniae, and one harbored two ESBL 
genes  (SHV+CTX‑M). SHV alone was found in one 
K2A‑positive isolate. Only one magA‑positive isolate in 
this study carried blaSHV.

Of the eight K2A positives, two isolates harbored NDM 
and OXA‑48 along with all three ESBL genes.

Clinical profile of the patients harboring K1, K2 serotypes 
and the beta‑lactamse genes detected in them are shown 
in Table 3.

Discussion

K.  pneumoniae  is a common nosocomial and a 
potential community‑acquired pathogen which can 
cause infections in all age groups, especially in the 

Table 1: Primers used for virulence genes detection
Gene Primer Amplicon
K2A F‑CAACCATGGTGGTCGATTAG

R‑TGGTAGCCATATCCCTTTGG
531

magA F‑GGTGCTCTTACATCATTGC
R‑GCAATGGCCATTTGCGTTAG

1283

rmpA F‑CATTAGAGTATTGGTTGACAG
R‑CTTGCATGAGCCATCTTTCA

461

Table 2: Coexistence of beta‑lactamase genes along 
with virulence genes
Beta‑lactamase genes Virulence genes

K2A 
alone (K2 
serotype)

magA (K1 
serotype) 
and rmpA

K2A 
and 

rmpA
ESBL genes

TEM + SHV + CTX‑M 4 Nil Nil
SHV alone Nil 1 1
SHV + CTX‑M Nil Nil 1

AmpC beta lactamases Nil Nil Nil
Carbapenemase encoding genes

IMP/VIM Nil Nil Nil
NDM + OXA‑48 
TEM + SHV + CTX‑M

2 Nil Nil

KPC Nil Nil Nil

Figure 1: Gel picture of the amplified genes. Lane 1‑magA test strain, Lane 
2 – magA‑positive control, Lane 3 ‑ Negative control, Lane 4 – 100 bp Ladder, Lane 

5‑K2A test strain, Lane 6 ‑ K2A positive control, Lane 7 ‑ Negative control, Lane 
8‑rmpA test strain, Lane 9 – rmpA‑positive control, and Lane 10 ‑ Negative control
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immunocompromised. The emergence of hypervirulent 
strains broadens the occurrence of infection among 
healthy and immunocompetent individuals also.[15,16] 
Several virulence factors are identified in K. pneumoniae 
including capsules, lipopolysaccharides, siderophores, 
and fimbriae. Of these, capsule is the most studied 
virulence factor. Among the capsular serotypes identified 
to date, K1 and K2 serotypes are mostly reported in 
invasive diseases and known to be hypervirulent or 
hypermucoviscous.[17]

In this study, 2.16% of the total isolates only harboured 
K2A gene  (specific to K2 serotype), and only one 
carried magA gene  (specific to K1 serotype). In the 
present study, K2 serotype is the most predominant 
among hyperviscous K. pneumoniae. This is in contrast 
to observations made in other countries. K1 is the 
most predominant serotype in a study from east 
China  (68.9%) followed by K2 serotype  (20%). They 
were isolated from liver abscess patients.[2] In Asia, K1 
is the main serotype followed by K2.[18] A study from 
Germany in 2014 reported one K1 and one K2 serotype 
in liver abscess patients.[18] In Taiwan, K1 serotype was 
detected in 63.4% of liver abscess, and K2 in 14.2%.[19] A 
publication from Japan in 2016, described K1 serotype in 
one and K2 serotype in two liver abscess patients.[20] The 
presence of K1 or K2 serotypes are also being reported 
from North America, Europe, Australia, Africa, and the 
Middle East.[6] Although K1/K2 serotypes are frequently 
associated with liver abscess, they have been isolated 
from extrahepatic abscess also.[2,4,18,21]

In this study, three isolates coharbored rmpA gene along 
with K1and K2 serotypes. Association of rmpA gene was 
found in 55% (16/29) of isolates elsewhere.[1] Occurrence 
of rmpA gene along with K2 serotypes has been reported 
from France and Japan also.[3,20]

In the past, hvKP were susceptible to all classes of 
antibiotics, except ampicillin.[6] In this study, only 
two isolates among the nine K1 or K2 serotypes were 
susceptible to all classes of antibiotics tested. The seven 
K2A positive isolates were resistant to one more classes 
of antimicrobials tested. A study from France reported 
resistance to third‑generation cephalosporins and to all 
aminoglycosides except Amikacin among K2 serotypes.[3] 
Another study by Zhang et al. reported resistance to all 
classes of antibiotics including carbapenems among K1 
and K2 serotypes.[22]

Antibiotic resistance is commonly associated with cKP, 
and till 2014, it was believed that hvKP is independent 
of multidrug resistance.[22,23] Only two isolates with 
SHV‑1 was detected from K1 and K2 serotypes in this 
study. This SHV‑1 is a chromosomal gene inherently 
found in all K. pneumoniae. The presence of ESBL genes, 
such as TEM, SHV, and CTX‑M, were detected in 4 
(4/8) of K2 serotypes. Surgers L et al (2016). observed 
CTX‑M3‑producing strain of K2 hvKP in a patient 
with liver abscess (n = 3).[3] Another study from China, 
detected 17% (5/29) of hvKP producing ESBLs.[1]

Carbapenemase genes were detected in two K2 serotypes 
in this study. In both the isolate, NDM 1 and OXA 48 
were present along with ESBL (TEM, SHVand CTX M) 
genes. To the best of our knowledge, no study has yet 
reported the presence of NDM and OXA‑48 together in a 
K2 serotype. The presence of NDM‑1 in K1 serotype was 
reported by Fabrice Compain et al. in a recent study.[24] 
Mei et al. in 2017 described the presence of NDM‑5 in K2 
serotype.[25] Another study from China highlighted the 
occurrence of KPC‑2 along with K1 hvKP.[22]

In this study, K1 serotype was detected in one patient with 
perianal abscess. In Korea, 4.9% of K. pneumoniae isolated 
from stool specimens were of K1 serotype.[26] Liu et al. 

Table 3: Clinical profile and beta‑lactamase genes detected in the patients harboring K1, K2 serotypes
Sample 
ID

Serotype Source of 
specimen

Diagnosis Underlying disease 
conditions

Beta‑lactamase 
genes detected

Outcome

E8097 K1 Pus Perianal abscess Diabetes mellitus SHV alone Recovered
MS6414 K2 Blood Cholangitis with 

sepsis
Chronic pancreatitis, diabetes 
mellitus, postwhipples surgery

TEM + SHV + CTX‑M 
NDM + OXA‑48

Death

MS7499 K2 Broncho 
alveolar lavage

Sepsis Diabetes mellitus TEM + SHV + CTX‑M Death

U29674 K2 Urine Urinary tract infection None TEM + SHV + CTX‑M Recovered
U29821 K2 Urine Urinary tract infection CA cervix TEM + SHV + CTX‑M 

NDM + OXA‑48
Recovered

U24755 K2 Urine Urinary tract Infection Chronic kidney disease, 
diabetes mellitus

TEM + SHV + CTX‑M Recovered

MS607 K2 Pus Chronic otitis media None TEM + SHV + CTX‑M Recovered
R2928 K2 Broncho 

alveolar lavage
Pneumonia Decompensated liver disease, 

diabetes mellitus
SHV alone Recovered

R3289 K2 Broncho 
alveolar lavage

Pneumonia Adenocarcinoma of lung SHV + CTX‑M Recovered
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opined that K. pneumoniae is one of the major causative 
agents for perianal abscess in diabetic patients.[27]

In the present study, fatal outcome was observed in two 
patients with K2 K. pneumoniae. One of them had sepsis 
due to cholangitis caused by K2 serotype harboring TEM, 
SHV, CTX‑M, NDM, and OXA 48.The other patient also 
had sepsis associated with pneumonia caused by K2 
serotype harboring TEM, SHV, and CTX‑M. Regard to 
underlying or comorbid condition, two patients in this 
study had no identifiable underlying disease. Five had 
diabetes mellitus. This is one of the well‑recognized risk 
factor for hvKP infections. Malignancy, chronic kidney 
disease, and chronic liver disease were the other risk 
factors identified in the study patients.

Conclusion

Acquisition of MDR genes by hvKP strains is worrisome 
and should be closely monitored. Management of 
infections caused by these will become extremely 
challenging because the outcome will be worse 
with inappropriate treatment. A  combination of 
multidrug resistance and hypervirulence will lead to 
poorer outcomes. Detection of genes determining the 
hyperviscosity is therefore important for anticipating 
severe infections with invasive spread. Molecular typing 
of the hvKP can help to determine clonal relatedness of 
the strains and give insights with their epidemiology.
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