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Abstract We investigated the epidemiology of different se-
rotypes of Klebsiella pneumoniae isolates causing bacteremic
liver abscess (LA) using multilocus sequence typing (MLST).
MLST and molecular typing were performed for 41 K1 (19
LA), 37 K2 (5 LA), and 33 non-K1/K2 (6 LA) isolates that
were derived from a previous one-year K. pneumoniae bac-
teremia cohort. Capsular serotypes and rmpA of these isolates
were determined by polymerase chain reaction (PCR)
methods. Among the 41 K1 isolates, 39 were ST23 and the
remaining two isolates were ST23 single-locus variant. There
were 11 STs among K2 isolates. ST65 was the most common
(n =10), followed by ST86, ST373, and ST375. Only ST65
(n =3), ST373 (n =1), and ST375 (n =1) caused LA, and ST65
was a three-locus variant of ST23. For non-K1/K2 isolates, the
ST types varied widely. ST218 (K57) was the most common
type (n =6, 18 %), and it was a single-locus variant of ST23
and caused two cases of LA. The existences of rmpA among
serotypes varied (100 % for K1, 89 % for K2, and 55 % for
non-K1/K2). For isolates causing LA, all of them were posi-
tive for rmpA. For non-K1/K2 isolates causing infections
other than LA, the positivity of rmpA ranged from 0 %
(biliary tree infection) to 67 % (pneumonia). In this one-year
cohort, all K1 isolates were ST23 or its single-locus variants,
but the composition of ST types among K2 isolates was quite
variable. ST23 and its one- (ST1005 and ST218) and three-
locus (ST65) variants comprised 80 % of isolates causing LA.

Introduction

Since the first report of Klebsiella pneumoniae causing liver
abscess (LA) in Taiwan [1], there have been many researches
focused on this special phenomenon [2–6]. Capsular serotype,
both K1 and K2, were found to be an important factor for LA;
however, there were some debates about the difference be-
tween K1 and K2, mainly the virulence of K2 [2, 4, 5, 7].
Some previous studies also group K1 and K2 together as
virulent strains [3–5]. However, in our previous one-year
prospective cohort for patients with K. pneumoniae bacter-
emia, we found that K1 was the predominant culprit for LA
[8]. K2, in spite of a higher percentage of causing LA com-
pared to non-K1/K2 isolates, the percentage is much lower
than K1 (K1 vs. K2 vs. non-K1/K2: 46 % vs. 13 % vs. 4 % in
causing LA).

Multiloczus sequence typing (MLST) is a tool for strain
phylogeny and large-scale epidemiology, and its application
for K. pneumoniae was introduced in 2005 for nosocomial
isolates [9]. The same group further analyzed K. pneumoniae
isolates collected from different sources and demonstrated that
two clones comprising isolates of capsular type K1, ST23 and
ST82, were strongly associated with LA and respiratory infec-
tion, respectively [10]. On the contrary, only ST65, one of the
two major disclosed K2 clones (ST14 and ST65), was highly
virulent to mice [10]. These findings correlate well with our
clinical observation that the clinical presentations of K2 isolates
were much more diverse than K1 [8].

Most of the applications of MLST for K. pneumoniae were
for drug-resistant strains and only a few reports were available
for applying MLST to K1 [9–12]. In one large-scale Asian
study, among K1 identified from LA and stool samples,
MLST revealed seven sequence types: 85.1 % (40 of 47
isolates) belonged to ST23, one isolate belonged to ST163
(a single-locus variant of ST23), and two isolates were ST249
(a three-locus variant of ST23) [12]. The fecal carriage of K1
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ST23 was also reported in Korea [13]. However, there was
limited information about K2 [10, 14].

The different presentations in K1 clones among different
regions are interesting [10]. Furthermore, the exact epidemi-
ology of K2 in Taiwan is also of interest. In order to delineate
the epidemiology of K1 and K2 and its correlated clinical
presentations, we performed MLST typing for all K1 (n =41)
and K2 (n =37) isolates from a one-year cohort of K.
pneumoniae bacteremia [15], and 33 non-K1/K2 isolates
causing different infections (including six isolates causing
LA) were also included for comparison.

Methods

Patients and setting

This study was conducted at the Far Eastern Memorial Hos-
pital (FEMH), a 1,040-bed tertiary care facility in northern
Taiwan. The identification of K. pneumoniae was based on
colony morphology and traditional biochemical reaction [16].
The primary sites of bacteremia were determined from informa-
tion supplied by the primary care physicians and medical re-
cords. The diagnosis of an infection focus of bacteremia was
based on clinical, bacteriological, and radiological criteria. LA
was defined as the coexistence of an intrahepatic abscess re-
vealed by ultrasonography or computed tomography. Pneumo-
nia was defined as a positive culture of K. pneumoniae in
purulent sputum samples and the presence of newly developed
lung infiltrates. Urinary tract infection (UTI) was defined as a
positive urine culture and pyuria. Biliary tract infection (BTI)
was defined as compatible clinical findings. If no infection focus
could be identified, the bacteremia was classified as primary.

Bacterial isolates

In our previous K. pneumoniae bacteremia study, among 225
isolates, 41 (18.2 %) were identified as K1 serotype, 37
(16.4 %) as K2, 15 (6.7 %) as K57, and 8 (3.6 %) as K54
[8]. A total of 111 blood isolates of K. pneumoniae were
included in this study. These included all K1 (n =41) and K2
(n =37) isolates and 33 non-K1/K2 isolates. All non-K1/K2
isolates (n =6) causing LA previously reported were included
in this study. The remaining 27 isolates causing pneumonia
(n =9), primary bacteremia (n =9), BTI (n =5), and UTI (n =4)
were randomly selected [8]. Capsular type was determined by
polymerase chain reaction (PCR) methods [17].

Molecular typing

All isolates were subjected to MLSTaccording to the protocol
described by Diancourt et al. [9]. Briefly, house-keeping
genes, including gapA, inf ,mdh , pgi , phoE, rpoB, and tonB,

were sequenced and compared to the MLST alleles profiles
available at http://www.pasteur.fr/mlst (Genotyping of
Pathogens and Public Health, Institut Pasteur, Paris, France).
The detection of magA and rmpA genes was performed
according to the protocol described by Yeh et al. [5].

Pulsed-field gel electrophoresis (PFGE) of XbaI-digested
genomic DNAs and random amplified polymorphic DNA
(RAPD) patterns of the isolates as determined by means of
arbitrarily primed PCR (APPCR) were performed as previ-
ously described [18]. For APPCR, a total of four primers were
used: A10, 5′-GTGATCGCAT-3′; R16, 5′-CTCTGCGCGT-
3′; F4, 5′-GGTATCAGG-3′; and N9, 5′-TGCCGGCTTG-3′.

Results

Among the 111 isolates of K. pneumoniae , a total of 39 STs
were identified (Tables 1, 2, and 3). The allelic profiles of 12
new STs ofK. pneumoniae isolates which were not previously
reported are shown in Table 4.

Of the 41 isolates with serotype K1, 39 (95.1 %) belonged
to ST23, and the remaining two isolates were ST23 single-
locus variants (ST1004 and ST1005). Eighteen (46 %) of the
ST23 isolates caused LA. There were 11 different STs among
the 37 serotype K2 isolates. ST65 (n =10, 27 %) was the most
common, followed by ST86 (n =8, 22 %) and ST373 (n =7,
19 %). Three isolates of ST65 and one each of ST373 and
ST375 caused LA. ST65 and ST364 were three-locus variants
of ST23. All K1 isolates were positive for magA and rmpA.
In addition, all K2 isolates were negative for magA, and 33
(89 %) of them were positive for rmpA (Table 1).

Table 1 Sequence types (ST) among bacteremic Klebsiella pneumoniae
isolates with K1 and K2 serotypes

Serotype
(no. of
isolates)

ST (no. of
isolates)

No. (%) of
isolates causing
liver abscess

No. (%) of
isolates with
magA gene

No. (%) of
isolates with
rmpA gene

K1 (41) 23 (39) 18 (46) 39 (100) 39 (100)

1004* (1) 0 (0) 1 (100) 1 (100)

1005* (1) 1 (100) 1 (100) 1 (100)

K2 (37) 65 (10) 3 (30) 0 10 (100)

86 (8) 0 (0) 0 7 (88)

373 (7) 1 (14) 0 7 (100)

375 (3) 1 (33) 0 3 (100)

76 (2) 0 (0) 0 2 (100)

814 (2) 0 (0) 0 2 (100)

15 (1) 0 (0) 0 0 (0)

337 (1) 0 (0) 0 0 (0)

364 (1) 0 (0) 0 0 (0)

1000* (1) 0 (0) 0 1 (100)

1002* (1) 0 (0) 0 1 (100)

*New ST
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There were 30 isolates associated with LA (19 K1, 5 K2, 6
non-K1/K2) (Table 2). For non-K1/K2 isolates causing LA,
there were 2 K57/ST218 and 2 K20/ST268. All of them were
positive for rmpA, regardless of the serotypes, but only K1
isolates were positive formagA. K1/ST23 is predominant and comprised 60 % of cases. K1/ST1005 and K57/ST218 were

one-locus variants and K2/ST65 was a three-locus variant of
ST23. Together, ST23 and its one- and three-locus variants
comprised 80 % of isolates causing LA.

MLSTwas performed for 31 non-K1/K2 isolates (Tables 2
and 3). Compared to K1 and K2, the ST types varied further.
K57/ST218 was the most common type (n =6, 18 %), causing
two cases of LA, three of pneumonia, and one of primary
bacteremia, followed by K20/ST268 (n =3), causing two
cases of LA and one of primary bacteremia. There were two
K54/ST29 isolates, associated with UTI and pneumonia. For
isolates causing primary bacteremia and bacteremic pneumo-
nia, there were seven ST types for both entities. All five
isolates associated with bacteremic BTI and four isolates
causing UTI belonged to different ST types. The existence
of rmpA varied widely among non-K1/K2 isolates (0 % for
BTI, 25% for UTI, 56% for primary bacteremia, and 67% for
pneumonia).

Among the 111 isolates, a total of 39 PFGE profiles were
identified. Isolates possessing the same PFGE profiles had the
same RAPD patterns generated by the four random primers.
The typing results generated by RAPD and PFGE analysis
among the isolates were compatible with those byMLST. The
PFGE profiles and RAPD patterns of the isolates exhibiting
different serotypes and different STs were different. Isolates
with the same ST possessed identical RAPD patterns and
pulsotypes.

Discussion

There are several major findings in this study. First, we found
that all the K1 isolates were ST23 or a single-locus variant of

Table 2 Sequence types (ST) of bacteremic Klebsiella pneumoniae
isolates associated with liver abscess

Type of infection
(no. of isolates)

Serotype ST (no. of
isolates)

rmpA
(%)

magA (%)

Liver abscess (30) K1 23 (18) 100 100

K1 1005* (1) 100 100

K2 65 (3) 100 0

K2 373 (1) 100 0

K2 375 (1) 100 0

K57 218 (2) 100 0

K20 268 (2) 100 0

Non-K1/K2 660 (1) 100 0

Non-K1/K2 1049* (1) 100 0

*New ST

Table 3 Sequence types (ST) of non-K1/K2 isolates associated with
different infection sites, including primary bacteremia (n=9), pneumonia
(n =9), biliary infection (n =5), and urinary tract infection (n=4) (liver
abscess isolates not included)

Type of infections (no. of isolates) ST (no. of isolates) rmpA (%)

Primary bacteremia (n =9) 48 (2) 0

660 (2) 100

14 (1) 0

218 (1) 100

268 (1) 100

420 (1) 100

994* (1) 0

Pneumonia (n=9) 218 (3) 100

29 (1) 100

35 (1) 0

36 (1) 100

364 (1) 0

592 (1) 100

1001* (1) 0

Biliary infection (n-=5) 36 (1) 0

239 (1) 0

485 (1) 0

998* (1) 0

999 *(1) 0

Urinary tract infection (n =4) 29 (1) 100

995* (1) 0

996* (1) 0

997* (1) 0

*New ST

Table 4 The allelic profiles of 12 new sequence types (ST) of Klebsiella
pneumoniae isolates reported in this study

Serotype ST Allelic profile

gapA inf mdh pgi phoE rpoB tonB

K1 1004 2 1 1 1 9 4 59

K1 1005 2 1 1 1 9 4 67

K2 1000 16 45 21 27 47 22 12

K2 1002 43 1 2 1 10 4 67

Non-K1/K2 994 0 2 6 1 1 10 4

Non-K1/K2 995 0 2 6 1 1 1 1

Non-K1/K2 996 0 3 1 2 1 10 4

Non-K1/K2 997 0 4 6 1 1 1 28

Non-K1/K2 998 0 2 1 1 1 12 1

Non-K1/K2 999 0 2 1 2 1 10 1

Non-K1/K2 1001 0 14 3 1 3 3 1

Non-K1/K2 1049 2 3 4 97 12 1 39
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ST23. No ST82 was found. In the study of Yeh et al., they
demonstrated that K1 strains from both Taiwan and Singapore
were of different pulsotypes by PFGE [5]. However, in spite
of the different pulsotypes, in this study, we showed that most
of the K1 isolates at our institute were of the same ST type. In
the report of Siu et al., 85.1 % K1 were ST23, but all LA
isolates were ST23 or its variant [12]. In one French report, all
the cases of LA were caused by K1/ST23 [14]. Moreover, a
US case report showed that K29/ST163 with negative rmpA
and aerobactin also caused LA. The allelic profile of ST163
was (2, 1, 1, 1, 9, 1, 12), which was a single-locus variant of
ST23 [19]. K57, another serotype linked to LA, is also a single-
locus variant of ST23 [17]. It is also interesting to find that the
virulent K2/ST65 is also a three-locus variant of K1/ST23.
These findings could correspond to the finding of Shu et al.,
showing that the genomic organizations are similar among
different pathogenic K. pneumoniae strains, in spite of the
genetic variation of the capsular polysaccharide [6].

In this study, serotype K2 isolates differed from K1 in
several aspects. First, the distribution of STs was quite diverse
among serotype K2 isolates. ST65 was the most common
sequence type; in contrast to the report by Brisse et al., no
ST14 types were found [10]. Interestingly, ST373 and ST375
were isolated from two patients with primary LAs. Both
patients had diabetes mellitus and one of them had stroke,
but none had known intra-abdominal predisposing factors
indicating secondary LA [2]. Decré et al. reported on five
patients with invasive infection caused by K2 (2 ST86 and 3
ST380) [14]. None of them had LA (all had positive blood
cultures, two had positive sputum cultures, and one had pos-
itive CSF culture). In our series, six patients had bacteremic
pneumonia caused by serotype K2, and the sequence types
were ST65 (n=2), ST86 (n=2), ST76 (n=1), and ST814 (n=1).
There were reports showing that the significance of K1/K2 on
pneumonia was less prominent, as expected, and K2 was more
prevalent than K1 for causing community-acquired extrahepatic
abscess [20, 21]. More information about the correlation be-
tween serotypes and types of infection is needed.

We still do not completely understand the phenomenon of
primary LA. Serotype K1 is a major factor, since it comprised
50–60 % of cases and a high prevalence of fecal carriage of
K1 was found in endemic Asian countries [2, 12, 13]. How-
ever, K1 accounts for only 50–60 % of cases of LA and the
role of K2 is under debate [2–8]. One explanation is that LAs
caused by isolates other than K1 are secondary LA [2]. The
other possibility is that ST23 and its variant with similar origin
might also be an important factor, as we demonstrated that
ST23 and its variants comprised 80 % of cases.

On the other hand, it is interesting that the prevalence of the
rmpA gene varied widely among isolates causing different
infections. It seems that rmpA, which is associated with a
hypermucoviscosity phenotype, is associated with invasive
infections, regardless of the serotype and sequence type [22].

Brisse et al. also showed that the virulence of K. pneumoniae
sequence types can be quite different, in spite of having the
same serotypes, and that the prevalence of rmpA among
isolates with different sequence types could be quite varied
[10]. In one Taiwanese report onK. pneumoniae causing UTI,
there was no predominant serotype and the number of isolates
harboring the rmpA gene was low [23], similar to this study.
There was no information about serotypes or the existence of
rmpA for K. pneumoniae isolates causing BTI in the litera-
ture, but we are surprised to find that no non-K1/K2 isolates
randomly selected carried rmpA, which was in strong contrast
to isolates causing LA (100 % positive for rmpA). Based on
the above-mentioned findings, we speculate that sequence
type and the existence of the rmpA gene might also play
significant roles in the pathogenesis of LA, and there is a
significant difference among K1/K2 isolates, so they should
not be grouped together for analysis.

Since K1/ST23 and K2/ST65 were both virulent and had
close ST types [10], we compared the three different loci that
they posses in MLST. For mdh , ST23 is mdh1 and ST65 is
mdh2 (nt429, ACC->ACT), and it is a silent mutation. For
phoE, ST23 is phoE9 and ST65 is phoE10. There are two
mutations and both of them were silent mutations (nt54
GCG->GCA; nt372 TAC->TAT). For tonB, there were seven
mutations; six of them were silent mutations and one was a
neutral mutation (nt95 GCG->GTG Ala->Val; nt222
GCA->GCT; nt288 AGT->AGC; nt297 ACC->ACA; nt327
CCG->CCA; nt393 GGG->GGT; nt399 GGC->GGT). We
can see that these two ST types were very similar among these
important genes. A whole-genome comparison might help
clarify the difference between these two virulent strains.

There are several limitations of this study. First, MLST
typing and rmpA screening were not performed for all isolates
of the one-year bacteremia cohort [15]. The major goal of this
study is to investigate the role of K1 and K2 causing LA using
MLSTanalysis. Thus, we focus on K1 and K2 and only screen
part of the non-K1/K2 isolates. Second, the clinical diagnosis
could be wrong or the diagnosis of LA could be missed, but we
think that the possibility of this is low, since the epidemic of K.
pneumoniae causing LA had been noted for years in Taiwan
and the awareness of physicians about this disease is high [24].
Third, this is a single-institute experience; whether it could
reflect the situation in Taiwan deserves further multicenter
surveillance studies. Furthermore, geographic differences in
K. pneumoniae epidemiology could be anticipated, as in one
Australian study, K54 was the most common serotype [25].

In summary, in this one-year bacteremic K. pneumoniae
cohort, all K1 isolates were ST23 or its single-locus variants,
but the composition of ST types among K2 was quite variable.
All isolates causing LAwere positive for rmpA, in contrast to
the low rmpA positivity among isolates causing UTI and BTI.
The molecular epidemiology of K. pneumoniae determined
with MLST is quite versatile and more information is needed.
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