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A global emerging disease of Klebsiella pneumoniae
liver abscess: is serotype K1 an important factor for
complicated endophthalmitis?
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Background and aims: Over the past two decades in Taiwan, pyogenic liver abscess has usually
been caused by a single microorganism, Klebsiella pneumoniae, and is frequently associated with the
serious complication of endophthalmitis, especially in diabetic patients. However, the relationship
between the clinical presentation and bacterial factors remains unclear. The aim of this study was to
investigate the clinical features of patients and the serotype and ribotype of K pneumoniae liver
abscess.
Methods: From July 1991 to June 1998, a total of 134 cases of K pneumoniae liver abscess with 248
K pneumoniae isolates from the same patients were collected from two large medical centres in north-
ern Taiwan. Clinical data were collected from medical records. Serotyping and ribotyping were per-
formed using the countercurrent immunoelectrophoresis method and automated Riboprinter.
Results: Serotyping revealed that the most common serotypes were K1 (63.4%) and K2 (14.2%). K1
isolates occurred at a significantly higher frequency (p<0.01) than all other serotypes. Among 134
patients, 105 (78.4%) had suffered from diabetes mellitus for 3–15 years. Fourteen patients (10.4%)
had metastatic infection to the eye causing septic endophthalmitis. Liver aspirates, and blood and vit-
reous pus cultures yielded the same serotype of K pneumoniae in all patients. Among patients with sep-
tic endophthalmitis, 92.3% (13/14) were diabetic, and 85.7% (12/14) of the isolates belonged to
serotype K1. For molecular typing, different degrees of genetic polymorphism among isolates with the
same K1 serotype suggested no particular prevalence of any one strain in K pneumoniae liver abscess.
Conclusion: K pneumoniae serotype K1 was significantly associated with liver abscess and the com-
plication of endophthalmitis, especially in diabetic patients. Physicians should request an immediate
report of serotyping and susceptibility test results simultaneously if a diagnosis of pyogenic liver abscess
has been made so that early and appropriate management for possible complications will not be
delayed. The use of ceftriaxone because of its higher concentration in the aqueous humor is suggested
to decrease the chance of septic endophthalmitis.

Pyogenic liver abscess is usually a polymicrobial infection
that has ascended from the gastrointestinal tract. In
Western countries, the most frequent aetiological agents

of pyogenic liver abscess were Escherichia coli, streptococci, and
anaerobic bacteria.1–3 However, over the past two decades in
Taiwan, liver abscess has usually been caused by a single
microorganism, Klebsiella pneumoniae, presenting in 50–88% of
pyogenic liver abscesses.4 5 Approximately 3–7.8% of cases
involving this organism have distant metastases to the eye via
the bloodstream causing septic endophthalmitis.4 6 7 An
extremely poor visual outcome seems unavoidable in septic K
pneumoniae endophthalmitis despite aggressive treatment.
Many victims develop permanent loss of visual acuity despite
systemic and intravitreal therapy, and several cases requiring
vitrectomy or enucleation of the affected eye for removal of the
infectious focus have been reported.8–10 Previous studies from
Taiwan demonstrated that diabetes mellitus is the most com-
mon underlying condition, with a prevalence ranging from
45% to 75% in patients with K pneumoniae liver abscess.4 5 11 12

The same findings were found in recent reports from Trinidad,
the USA, and Singapore.13–15 Furthermore, metastatic septic
endophthalmitis complicating pyogenic liver abscess caused
by K pneumoniae in diabetic patients has also been reported in
Australia, Granada, and the USA.16–18 The relationship of this
condition to race or environment, as well as its pathogenesis,
remains uncertain. It is undoubtedly becoming a global prob-
lem rather than being confined to Taiwan.

In this study we evaluated the frequency of capsular
serotypes and ribotypes among 134 Taiwanese patients with K
pneumoniae liver abscess using K pneumoniae isolates from dif-
ferent sites on the same patient, and compared the epidemio-
logical features and underlying diseases in these patients.

MATERIALS AND METHODS
Case definition
Consecutive patients with K pneumoniae liver abscess were
enrolled in the study if computed tomographic (CT) scanning
revealed one or more space occupying lesions, or ultrasonogra-
phy showed one or more areas of echolucency in the liver and
a culture of CT guided or ultrasonic guided percutaneous liver
aspirates revealed K pneumoniae. Patients with a positive blood
culture for K pneumoniae but lacking tissue culture (for exam-
ple, liver aspirates or eye aspirates) were excluded. Diabetes
mellitus was defined as a fasting blood glucose level >140
mg/dl, a random plasma glucose level >200 mg/dl, or a previ-
ous diagnosis of diabetes mellitus in a patient receiving oral
hypoglycaemic agents or insulin therapy. Other underlying
diseases and clinical data were collected from the medical
records.
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Bacterial isolates
Clinical isolates of K pneumoniae from liver aspirates, blood,
vitreous aspirates, or other sterile body areas from patients
with a diagnosis of K pneumoniae liver abscess were identified
in the hospital clinical microbiology laboratory using the API
20E system (Bio-Merieux, Marcy I’Etoile, France). Liver
isolates, blood, and other isolates from sterile body areas were
accepted only once during each episode of infection from the
same patient. All isolates were stored in brain-heart infusion
broth at −70° C until used.

Antimicrobial susceptibility testing
Susceptibility to antimicrobial agents was studied using the
disc diffusion method on Mueller-Hinton agar medium (BBL
Microbiological System, Cockeysville, Maryland, USA). The
antibiotics tested were ampicillin (10 µg), carbenicillin (100
µg), cefazolin (30 µg), cefonicid (30 µg), cefotaxime (30 µg),
ceftriaxone (30 µg), cefoperazone (75 µg), ceftazidime (30 µg),
gentamicin (10 µg), and amikacin (30 µg). All antibiotic con-
taining discs were purchased from Becton Dickinson (BBL
Microbiological System). Interpretations were performed
according to the guidelines of the National Committee for
Clinical Laboratory Standards.19

Serotyping
All isolates were serotyped by a countercurrent immunoelec-
trophoresis method.20 Antisera were kindly provided by the
Laboratory of Hospital Infection, Central Public Health Labo-
ratory (CPHL), London. K pneumoniae ATCC9997 (K2) was
used as a control strain.

Ribotyping
To study whether the K pneumoniae isolated from liver abscess
patients was caused by the spreading of a single strain, riboty-
ing was used because of its high discriminatory power.
Ribotyping was performed using the automated Riboprinter

microbial characterisation system (Qualicon, Wilmington,
Delaware, USA) according to the manufacturer’s instructions.
Colonies were picked and loaded into the Riboprinter
microbial characterisation unit (MCU). Within the MCU, total
DNA was digested with EcoRI enzyme, separated by electro-
phoresis, and transferred directly to nylon membranes.
Ribopatterns were expressed by hybridisation with a chemilu-
minescence labelled DNA probe containing an rRNA operon
(rrnB) from E coli. The patterns were automatically imaged
and stored in the MCU computer. The positions of standard
markers were used to correct for both lane to lane and mem-
brane to membrane variations in band position. The ribopat-
tern for each isolate was compared with other patterns in the
Riboprinter database. Assignment to a particular ribogroup
was based on differences in band numbers, band position, and
signal intensity at a given banding position.21

Statistical analysis
Statistical analysis was performed using the χ2 test with Yates’
correction; p<0.05 was considered to be statistically signifi-
cant.

RESULTS
Patients and bacterial culture
From July 1991 to June 1998, a total of 134 patients with K
pneumoniae liver abscess were treated in Taipei Veterans
General Hospital or Tri-Service General Hospital, and 248 K
pneumoniae isolates from different sites of infection in these
patients were collected from the clinical microbiology labora-
tories of these hospitals. All cases were community acquired.
The male to female ratio was 3.06 (101:33). Mean age was 56.4
years. Of the 248 K pneumoniae isolates, 134 were obtained
from liver aspirates, 96 from blood cultures, 14 from vitreous
pus cultures, two from cerebrospinal fluid, one from knee joint
fluid, and one from a lung abscess. Generally, cultures of blood
and liver aspirates were performed in the emergency room on
the first day when liver abscess was diagnosed, and vitreous
pus cultures were performed on the ward when the ocular
symptoms appeared and endophthalmitis was suspected by
an ophthalmologist, usually within 48–72 hours after the pyo-
genic liver abscess had been diagnosed (table 1).

Comparison of the serotype of K pneumoniae with
underlying conditions
Seroepidemiological study in this series identified a total of 14
of the 77 known capsular serotypes. Approximately 98.5% of
the strains were typeable. Serotypes K1 and K2 were predomi-
nant, accounting for 63.4% and 14.2% of all isolates,
respectively. K1 isolates occurred at a significantly higher fre-
quency than all other serotypes (p<0.01). The serotypes of
isolates from different specimens in the same patients were
uniformly identical.

Diabetes mellitus was the most common underlying disease
and was present in 78.4% (105/134) of patients. Most of these
patients (102) had suffered from diabetes mellitus for 3–15
years and had used oral hypoglycaemic agents or insulin
therapy during this period. The most common serotype of K

Table 1 Properties of patients and bacteria studied

Patients
Duration 1/7/1991–1/6/1998
Cases 134
M/F ratio 3.06/1
Age (y)

Range 34–78
Mean 56.4

Bacterial culture
No of culture

Liver aspirates 134
Blood 96
Eye 14
CSF 2
Knee joint fluid 1
Lung abscess 1

Location of specimen collection
Liver aspirates and blood Emergency room
Vitreous pus 48–72 h after admission

CSF, cerebrospinal fluid

Table 2 Serotype of Klebsiella pneumoniae liver abscess in relation to underlying diseases (n=134)

Underlying disease* No of cases (%) Serotype distribution of isolates (n)

Diabetis mellitus 105 (78.4) K1 (78), K2 (14), K5 (2), K16 (3), K21 (2), K28 (2), K29 (1), K38 (1), K54 (1), K57 (1)
Cholelithiasis 11 (8.2) K2 (8), K21 (2), K57 (1)
Neoplasms† 7 (5.2) K1 (4), K2 (2), K68 (1)
Steroid or chemotherapy 2 (1.5) K1 (1), K2 (1)
Cirrhosis of the liver 2 (1.5) K2 (2)

*Some patients had more than one underlying disease.
†Hepatoma three; colon cancer two; gall bladder cancer one; and breast cancer one.
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pneumoniae isolated from diabetic patients was K1 (78
isolates), followed by K2 (14 isolates), K16 (three isolates),
K21 (two isolates), K28 (two isolates), and K29, K38, K54, and
K57 (one isolate each). Interestingly, serotype K1 was not
found in any patient with the following underlying diseases:
gall stones, biliary tract stones, or cirrhosis of the liver. K2 was
the predominant type for these conditions (table 2).

Relation of K pneumoniae serotype to diabetes and the
incidence of bacteraemia, septic endophthalmitis, and
other distal site metastases
Ninety six patients (71.6%) with K pneumoniae liver abscess
had a positive blood culture for K pneumoniae. Only serotypes
K1 and K2 were found in patients with septic endophthalmi-
tis, in particular K1 which was found in 85.7% of all septic
endophthalmitis cases (12/14). Of the 14 patients with septic
endophthalmitis, 13 (93%) had a past history of diabetes mel-
litus (table 3).

Antimicrobial susceptibility pattern and clinical features
during treatment
The antimicrobial susceptibility pattern was the same in all
248 K pneumoniae isolates, with uniform resistance to ampicil-
lin and carbenicillin and susceptibility to all cephalosporins
and aminoglycosides. Patients without complications received
standard treatments including pigtail catheter drainage and
parenteral cefazolin plus gentamicin for two weeks, followed
by cefazolin treatment for 2–3 weeks and oral cephalosporin
for 2–3 months to prevent relapse. In patients with septic
endophthalmitis or other distal metastases, the regimen was
shifted to a third generation cephalosporin—for example,
ceftriaxone—or ceftazidime. The mortality rate of patients
with liver abscess was low (5.2%, 7/134). All patients with pri-
mary liver abscess survived except for four patients with sep-
tic endophthalmitis (two of whom had meningitis), two with
an underlying disease of hepatoma, and one with lung
abscess. Among the 10 patients with endophthalmitis who
survived, only two had recovered completely from early treat-
ment with ceftriaxone. The other patients had extremely poor
visual acuity or total blindness of the affected eyes.

Molecular epidemiology
Automated ribotyping identified 47 different ribotype profiles. A
high degree of genetic polymorphism between the serogroups
and ribotypes was observed. Sixty three of 85 isolates (74.1%) in
serotype K1 belonged to ribotypes 8, 9, and 10. Ribotype 9 was
identified in 40 of 85 (47.1%) seotype K1 isolates. Among the 47
ribotypes identified, most ribotypes were specific to particular

serotypes except for ribotypes 2, 3, 4, 12, 30, 34, and 36 (fig 1).
No clonal spreading of a particular serotype responsible for liver
abscess was observed based on the results of ribotyping.

DISCUSSION
Research on the pathogenesis of experimental infections with
K pneumoniae has shown capsular polysaccharide (CPS, K
antigen) to be a prime factor in the microorganism’s virulence.
Animal studies have shown that K pneumoniae isolates belong-
ing to serotypes K1 and K2 are the most virulent when
injected intraperitoneally.22 23 However, there have been no
data from human studies to show that serotypes K1 and K2
are the most virulent types. In this study, K pneumoniae liver
abscess caused by K1 and K2 comprised 78% of the total iso-
lates, which was significantly higher than for the other
serotypes identified (p<0.001). We previously reported a
21.7% prevalence of K1 in 1000 patients with non-selected K
pneumoniae.24 According to these data, the incidence of K1
serotype in liver abscess patients in the present series was sig-
nificantly higher than in patients from the same population
with non-selected K pneumoniae infections (χ2; p<0.001). Thus
a relatively high prevalence of K1 in the community could not
be the sole explanation for the greater than 63% prevalence of
K1 liver abscess in the present study. In patients with septic
endophthalmitis, 85.7% (12/14) of K pneumoniae isolates from
vitreous pus belonged to serotype K1 and 14.3% to serotype
K2; all of the involved organisms could be detected from liver
aspirates and blood simultaneously. In addition, isolates from
the eye were detected when ocular symptoms appeared, usu-
ally 48–72 hours after pyogenic liver abscess had been
diagnosed. This suggests that all of the septic endophthalmi-
tis cases from K pneumoniae liver abscess developed by ascend-
ing via the bloodstream. Also, the development of severe com-
plications could be a consequence of late drainage. Further
investigation of the consequences of late drainage of liver
abscess in patients with complicated septic endophthalmitis is
warranted. This study also provided evidence that K1 and K2
strains, which are known to be the most virulent strains in
animals, may also be the most virulent in humans.

It has been shown that certain CPS types could prompt the
binding of K pneumoniae to guinea pig alveolar macrophages in
serum free media followed by ingestion and killing of the bac-
teria. The molecular basis for this type of phagocytosis, termed
lectinophagocytosis,25 26 is involved in the macrophage mannose
receptor, which recognises sequences such as mannose-α2/3-
mannose and L-rhamnose-α2/3-rhamnose found in the CPS of
a number of capsular serotypes. Bacteria with a cps gene which
lack such sequences that interact with a macrophage lectin

Table 3 Occurrence of Klebseiella pneumoniae liver abscess with septic
endophthalmitis between 1991 and 1998

Serotype
(K)

No of
cases

No with diabetes
mellitus (%)

No with
bacteraemia (%)

No with septic
endophthalmitis (%)

No with other site
metastasis (%)

K1 85 78 (91.8) 72 (84.7) 12 (14.1) 3 (3.5)
K2 19 14 (73.7) 11 (57.9) 2 (10.5) 1 (5.3)
K16 6 3 3 0 0
K21 4 2 1 0 0
K28 4 2 2 0 0
K54 3 1 2 0 0
K5 2 2 2 0 0
K29 2 1 1 0 0
K38 2 1 0 0 0
K39 2 0 0 0 0
K57 2 1 1 0 0
K68 1 0 0 0 0
NT 2 0 0 0 0
Total 134 105 (78.3) 96 (71.6 ) 14 (10.4) 4 (3.0)

NT, not typeable.
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could display high resistance to phagocytosis.27 An intriguing
finding is that K1 and K2 specifically lack mannose-α2/3-
mannose and L-rhamnose-α2/3-rhamnose.25 This finding is in
line with the results of the present study that K1 and K2 were
the predominant serotypes of K pneumoniae in pyogenic liver
abscess, suggesting that they have a more invasive capsular
antigen. As for K pneumoniae liver abscess, no previous report
has focused on this possible pathogenic mechanism. However,
demonstration that blood clearance of the bacteria is mainly
due to sequestration of the bacteria into the liver and spleen,
which contain macrophages (Kupffer’s cells) that express the
mannose receptor, suggests a possible mechanism.28 29 If
Klebsiella strains are not recognised by the macrophage lectin,
they will be able to escape from lectinophagocytosis and prolif-
erate, and will then express other virulent factors.

A previous study showed that in a high proportion of
patients, liver abscess was caused by a cluster of clonal related
K pneumoniae.30 Among 134 isolates in the present study, 47
ribotypes were identified. Although a high proportion (40/85;
46.0%) of K1 were observed in ribotype 9 in the present study,
ribotyping provided no evidence to suggest that clonal spread
of a strain was a cause of disease due to the finding of differ-

ent degrees of genetic polymorphism. However, the predomi-
nance of serotypes K1 and K2 in pyogenic liver abscess
suggests that those serotypes have a more invasive capsular
antigen. Furthermore, no specific pattern for differentiation of
K pneumoniae K1 or K2 isolates from eye aspirates or liver aspi-
rates of diabetic or non-diabetic patients could be detected.
Pyogenic liver abscesses caused by K pneumoniae with distant
metastasis to the eye resulting in endophthalmitis may be due
to the virulent capsule or host factors which could not be
found by ribotyping in this study. Further analysis of the cps
gene and host factors may provide clues to understanding the
pathogenesis of K pneumoniae liver abscess.

In this study, diabetes mellitus was the most common
underlying condition associated with 78.4% of cases (105/
134). This result is compatible with the findings of previous
studies in Taiwan.4 5 12 Although diabetes is known to interfere
with neutrophil chemotaxis and phagocytosis, its influence on
the function of macrophages, including Kupffer’s cells, is still
unknown. Further study of the phagocytic function of
Kupffer’s cells may be another approach in the investigation of
liver abscess in diabetic patients.

Figure 1 Ribotypes and genetical
linkage calculated by the unweighted
pair group method using arithmetic
averages (UPGMA) among 134
Klebsiella pneumoniae isolates. NT,
non-typeable.
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K pneumoniae isolates obtained from patients with liver
abscess in this study were susceptible to all antibiotics tested,
except for ampicillin and carbenicillin. This observation is
consistent with the findings of Wang et al that K pneumoniae
which causes liver abscess is community acquired and is not a
naturally multiresistant strain.5 In fact, reports of this
phenomenon has been consistent for more than 15 years.4 31 32

However, it is worth noting that ampicillin and amoxicillin
have been widely used for the treatment of respiratory tract
infections and urinary tract infections for more than 20 years
in Taiwan, where no effective antibiotic control policy has been
instituted. Furthermore, a recent study in Taiwan found that
over half of all patients admitted to the emergency unit had
consumed antibiotics before admission, especially internal
medicine outpatients.33 Ampicillin or amoxicillin can be
purchased from local drug stores without prescription.
Treatment with oral antibiotics changes the ecology of the
bowel flora and may lead to overgrowth of already present
microorganisms with natural resistance. This may explain
why so many cases of K pneumoniae liver abscess arise in the
Taiwan population with resistance to ampicillin and carbeni-
cillin and with an especially high prevalence of serotypes K1
and K2.24

Pigtail catheter drainage plus cefazolin and gentamicin
parenteral therapy has been the standard treatment for
uncomplicated cases. In patients with ocular complications,
changing to third generation cephalosporins, especially ceftri-
axone, due to their higher concentrations in the human aque-
ous humor, is recommended.34 35 Unfortunately, it is generally
too late to prevent exacerbation of endophthalmitis if the
diagnosis has been delayed. Thus earlier detection of serotype
K1 for high risk patients is crucial for the treatment of ocular
symptoms, which usually occur 48–72 hours after admission.
Since bacterial culture and serotyping for K pneumoniae from
liver aspirates require 18 hours, physicians should request an
immediate report of serotyping and susceptibility test results
simultaneously if the diagnosis of pyogenic liver abscess has
been made. If K pneumoniae serotype K1 is identified, prompt
reporting of laboratory results is needed to allow modifica-
tions to the treatment regimen in order to decrease the chance
of developing septic endophthalmitis.

This study demonstrated that cases of pyogenic liver abscess
involving serotypes K1 and K2 of K pneumoniae in Taiwan are
the most virulent with regard to tissue invasion and dissemi-
nation, especially in diabetic patients because of their
immunocompromised status with impairment of phagocytic
function. Routine serotyping should be promptly reported so
that precautions against the development of ocular symptoms
can be taken whenever a diabetic patient presents with K
pneumoniae liver abscess.
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