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a b s t r a c t

Ninety-four episodes of Klebsiella pneumoniae bloodstream infection were identified at a university
hospital in Japan. After excluding extended-spectrum beta lactamase-producing strains, 83 blood isolates
from these patients were assayed in terms of their bacterial phenotypes such as the mucoid and
hypermucoviscosity phenotypes. Bacterial phenotypes were correlated with the patients' clinical man-
ifestations. The hypermucoviscosity phenotype was significantly associated with septic shock at the
onset of infections (odds ratio, 15.92; 95% confidence interval, 1.27e468.12), but was not associated with
liver abscess formation. Mortality was determined by the presence of septic shock. RmpA gene was
associated with the induction of the hypermucoviscosity phenotype. These results reveal unique roles of
bacterial phenotypes on the patient's clinical condition in K. pneumoniae bacteremia.

© 2015, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.

1. Introduction

Klebsiella pneumoniae is one of the most common pathogenic
bacteria. It has been known to be a common hospital-acquired
pathogen, causing diseases such as pneumonia, urinary tract
infection, and intra-abdominal infection in patients whose immu-
nity is compromised by underlying diseases such as diabetes mel-
litus [1]. It has also been recognized as a possible pulmonary
pathogen causing community-acquired pneumonia with symp-
toms such as high fever, hemoptysis, and lung abscess formation
[2]. However, the incidence of community-acquired Klebsiella
pneumonia has substantially declined over the decades in devel-
oped countries [3].

A distinctive invasive syndrome with pyogenic liver abscess
formation has started to be described in literature from Taiwan in

1980s [4,5]. Extrahepatic complications resulting from bacteremic
dissemination, including endophthalmitis [5], meningitis [6], and
necrotizing fasciitis [7] have also been reported. The invasive syn-
drome was subsequently reported in many Southeast Asian coun-
tries, including Singapore [8], Hong Kong [9], and Korea [10].

The pathogenesis of this invasive syndrome has been exten-
sively investigated. Expression of capsular serotypes K1 and K2 are
considered to be the predominant virulence factors of
K. pneumoniae infections [11]. Furthermore, K1 has been shown to
be the most common serotype isolated from patients with
K. pneumoniae liver abscess and endophthalmitis [12]. Mucovis-
cosity has also been documented as a virulence factor of K. pneu-
moniae [11,13], and magA gene is shown to be involved in the
hypermucoviscosity phenotype [14]. A high prevalence of magA
gene has been found among pyogenic liver abscess-associated
K. pneumoniae strains [14,15]. Furthermore, it has been demon-
strated thatmagA gene is responsible for the expression of capsular
serotype K1 [16], which determines the hypermucoviscosity
phenotype of bacterial strain and is strongly associated with pyo-
genic liver abscess formation in K. pneumonae patients [17].
Another report also demonstrated that serotype K1 was associated
with septic ocular or central nervous system complications from
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pyogenic liver abscess independent of underlying diseases in the
host [18].

Analysis of 455 episodes of K. pneumoniae bloodstream in-
fections from seven countries, which did not include Japanese pa-
tients, revealed a divergent trend of virulence characteristics and
clinical manifestations among countries [19,20]. Among 204 bac-
terial strains isolated, hypermucoviscosity phenotype was detected
in 37% of blood isolates. Interestingly, 52% and 50% of blood isolates
from Taiwan and South Africa, respectively, were positive for this
phenotype, whereas only 5% of those from the rest of theworld was
positive. This phenotype was detected in 68% and 100% of patients
with community-acquired pneumonia and invasive syndrome
including liver abscess, endophthalmitis, and meningitis in Taiwan
and South Africa, respectively. RmpA gene, which is also associated
with the presence of hypermucoviscosity phenotype, was positive
in 86% of hypermucoviscous blood isolates, but only in 7% of non-
hypermucoviscous blood isolates.

Since Japanese patients were not involved in this study, the
precise virulence factor of K. pneumoniae bacteremia and its rela-
tionship with the presence of invasive syndrome in cases from
Japanwere not described. Similar study involving Japanese patients
was hard to find, except some case reports [21]. In this report, we
analyzed 73 episodes of non-ESBL producing K. pneumoniae
bloodstream infections to elucidate the clinical manifestations of
K. pneumoniae bacteremia in Japanese population.

2. Methods

2.1. Study design

A retrospective study of patients with K. pneumoniae bacteremia
was conducted in a university hospital in Fukuoka, Japan. The study
period was from January 1, 2009, to August 31, 2013. All patients
were of Japanese ethnicity. Bacterial phenotypes were investigated
and genetic analyses were performed in microbiology laboratories
of two universities. Clinical manifestations were determined from
medical charts. The study was observational in that administration
of antimicrobial agents and other therapeutic management were
controlled by the patient's physicians, not by the investigators,
except in cases when intervention by infectious disease physician
was performed.

2.2. Definitions

Terms were defined before the study was started. Type of in-
fections was defined as community-acquired and hospital-
acquired, in which bacteremia was detected within 48 h of
admission in the former type of infection. Septic shock was defined
as septic syndrome with lowered blood pressure, i.e. systolic blood
pressure <90 mmHg. Liver abscess was defined by evidence of
intrahepatic abscess formation by computed tomography or mag-
netic resonance imaging scan. Diabetes mellitus was defined by
evidence of elevated blood glucose and/or HbA1c as reported pre-
viously [22]. Site of infections accompanying the bacteremia was
determined as urinary tract infection, biliary tract infection, and
pneumonia. Cholecystitis and/or cholangitis were included in
biliary tract infection, excluding liver abscess. Mortality was
defined by death of any cause within 30 days from the onset of
symptoms.

2.3. Microbiology

Each blood isolate was identified as K. pneumoniae by using
Vitek II system (SYSMEX bioMerieux, Tokyo, Japan). The isolates
were frozen at �80 �C until analysis.

The isolates were initially classified phenotypically as mucoid or
non-mucoid. When isolates were plated on deoxycholate hydrogen
sulfide lactose (DHL) agar, isolates with mucoid phenotype showed
greasy colonies with no apparent boundary formation between
colonies, whereas isolates with non-mucoid phenotype showed
less greasy colonies with visible boundary between colonies
(Fig. 1). On isolates with mucoid phenotype, string test was per-
formed accordingly to determine the presence of hyper-
mucoviscosity phenotypes [14]. String test was not performed on
nonmucoid isolates because these isolates did not possess hyper-
mucoviscosity (unpublished data). A standard bacteriologic loop
was used to stretch a mucoviscous string from the colony. Hyper-
mucoviscosity was defined by the formation of viscous strings
>5 mm in length when a loop was used to stretch the colony on
agar plate (positive string test). Presence of magA and rmpA genes
was determined by using bacterial DNAs with polymerase chain
reaction. The primer sequences for PCR reactions were as follows:
for the amplification of magA gene, [GGTGCTCTTTACATCATTGC]
and [GCAATGGCCATTTGCGTTAG], yielding 1283bp DNA fragments;
for the amplification of rmpA gene, [ACTGGGCTACCTCTGCTTCA]
and [CTTGCATGAGCCATCTTTCA], yielding 536bp DNA fragments.
The thermal cycle condition was 94 �C for 120 s, then 35 cycles of
94 �C for 60sec, 55 �C for 60sec, and 72 �C for 60 s, with the final
step of 72 �C for 7 min. Amplified samples were kept at 4 �C until
analysis.

2.4. Statistics

Patient demographics and laboratory data were processed by
JMP software ver. 10 (SAS Institute Japan, Tokyo, Japan). The Pear-
son c2 test was used to compare categorical variables. Logistic
regression analyses were used to determinewhich risk factors were
statistically significant for each clinical manifestation.

3. Results

During the study period, a total of 94 K. pneumoniae blood iso-
lates were identified, of which 11 isolates were further determined
to be extended-spectrum beta-lactamase (ESBL) -producing strains.
ESBL-producing isolates were excluded from the study since their
virulence factors and clinical manifestations might be different
from non-ESBL-producing isolates. The remaining 83 non-ESBL-
producing blood isolates were classified by the type of infections.
Thirty-two blood isolates were determined as community-

Fig. 1. Morphology of non-mucoid and mucoid K. pneumonia blood isolates on DHL
agar. Blood isolates were cultured on DHL agar for three days and photographed. Blood
isolates with non-mucoid phenotype (a) showed greasy appearance with visible
boundary in smaller colonies, whereas those with mucoid phenotype (b) completely
lack boundary between colonies.
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