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Abstract
Background: Klebsiella pneumoniae was rarely reported to
cause complicated skin and soft tissue infections (cSSTIs). Our
study was to delineate clinical characteristics and outcome of
cSSTIs involving extremities caused by K. pneumoniae.
Patients and Methods: Adult patients aged 16 years or more
with community-acquired cSSTIs, which involved the
extremities and were caused by four common aerobic
pathogens at a medical center in southern Taiwan during
a 54-month period, were reviewed.
Results: Of 76 cases enrolled, Staphylococcus aureus was the
most common pathogen (52 cases, 68%), followed by
K. pneumoniae (16, 21%), b-hemolytic streptococci (5, 7%),
and Escherichia coli (3, 4%). Forty-six (61%) had underlying
conditions, and diabetes mellitus was most common among
K. pneumoniae and non-K. pneumoniae groups (63% and 45%,
respectively). Compared to patients with cSSTIs caused by
other bacteria, those with K. pneumoniae cSSTIs were pre-
dominantly male, more often had liver cirrhosis, malignant
neoplasm and alcoholism. In addition, they were more likely
to have fever, shock, bacteremia, gas formation, pyomyositis,
metastatic infections, as well as longer durations of hospi-
talization. Using multivariate analysis, liver cirrhosis (ad-
justed odds ratio [aOR] 12.5, 95% confidence interval [CI]
2.0–79.1, p = 0.007) and male gender (aOR 11.5, 95% CI
1.1–116.8, p = 0.039) were significantly associated with
K. pneumoniae cSSTIs.
Conclusions: We highlight the role of K. pneumoniae in
Taiwanese patients with cSSTIs involving extremities, and its
potential for gas and pus formation, and metastatic infec-
tions. Empiric antimicrobial coverage of K. pneumoniae and
close monitoring of metastatic infections are mandatory for
patients with risk factors.
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Introduction
Complicated skin and soft tissue infection (cSSTI) of the
extremities is one of the reasons for the frequent visits to

health care providers. Most of the cases are caused by
Staphylococcus aureus and aerobic streptococci [1–3],
while facultative gram-negative bacilli, including Klebsiella
pneumoniae, are uncommon causes of community-acquired
cSSTIs of the extremities [1–4]. Irrespective of iliopsoas
abscess, by reviewing the literature on MEDLINE from
1970 to 2005, less than 30 cases of cSSTIs of the extremities
caused by monomicrobial K. pneumoniae were reported
[5–17].

In Taiwan, K. pneumoniae has been noted as a major
pathogen of liver abscess [18–20], endophthalmitis [21, 22],
gram-negative bacillary meningitis [23–25], brain abscess
[26, 27], lung abscess [28], thoracic empyema [29], pros-
tatic abscess [30], and deep neck infection [31, 32]. Our
previous study also found that K. pneumoniae is not an
uncommon pathogen of psoas muscle abscess [33]. Since
we have come across several cases of cSSTIs of the
extremities caused by K. pneumoniae, and since their
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characteristics have never been reported in the literature,
a retrospective study was conducted to delineate the
epidemiological features, clinical characteristics, and out-
come of cSSTIs of the extremities caused by K. pneumo-
niae, in comparison with those caused by pathogens other
than K. pneumoniae.

Patients and Methods
Patients

This retrospective study was conducted at National Cheng Kung
University Hospital (NCKUH), a 900-bed academic medical
center in southern Taiwan. We reviewed the records of the
microbiological laboratory from July 1995 to December 1999 for
K. pneumoniae, Staphylococcus species, Streptococcus species,
and Escherichia coli, which accounted for > 90% of aerobic
causes of cSSTIs of the extremities [1–3]. Patients aged
‡ 16 years with community-acquired cSSTIs of the extremities
were identified by chart reviews. The diagnoses of cSSTIs were
based on clinical, roentgenographic, surgical or histopathologic
findings. Infections of head and neck, trunk, psoas muscle, per-
ineum, and cutaneous inflammation overlying septic arthritis
were excluded because of the complex anatomic structures and
different predisposing factors. Polymicrobial infections were also
excluded. Community-acquired infection was defined as that,
which occurred before or within 48 h of hospital admission.
For patients with recurrent cSSTIs, only the first episode was
enrolled.

Data Collection
Clinical information of initial presentations, demographic
data, underlying diseases, laboratory findings on admission, and
treatment courses were retrieved. Follow-up information on
August 2004 was obtained from medical records for repetitive
infections and clinical outcomes. Pathogens must be isolated
from tissue/fluid specimens obtained by surgical debridement or
needle aspiration. The identification of microorganisms was
based on colonial morphology and biochemistry reactions.
Antimicrobial susceptibility was determined by disk diffusion
method, as described by the Clinical and Laboratory Standards
Institute [34].

Fever was defined as a tympanic temperature of 37.8 �C or
more. Shock was defined as a decrease in systolic blood pressure
to less than 90 mmHg or a decrease of more than 30 mmHg from
baseline. Diabetes mellitus was diagnosed according to the Ex-
pert Committee on the Diagnosis and Classification of Diabetes
Mellitus Criteria [35]. The diagnosis of liver cirrhosis was based
on sonographical, laboratory and clinical findings. Metastatic
infections were considered present, if the same microorganism
was isolated from other normally sterile body sites. A fatal case
was defined as the death of a patient within 14 days of admission.
A repetitive infection was defined as an infection by the same
organism in any normally sterile body site before or after the
study episode with a 2-month disease-free interval. If the infec-
tion recurred in the same site within 2 months, the case was
regarded as having a relapsing infection.

Statistical Analysis
To identify risk factors associated with K. pneumoniae infections,
we compared patients with cSSTIs of the extremities caused by
K. pneumoniae to those caused by other aerobic pathogens,
including Staphylococcus species, Streptococcus species, and E.
coli. Continuous data were expressed as mean value ± standard

deviation (SD), and were compared by Student’s t-test or Mann-
Whitney U-test. Categorical variables, expressed as numbers and
percentages, were compared by v2 test or Fisher’s exact test. The
level of significance was set at 0.05. For multivariate analysis,
variables that were significant in the univariate analysis, potential
confounders, and those regarded as risk factors in previous
studies of K. pneumoniae infections were included. We first
evaluated the collinearity among variables and selected variables
representing independent risks of disease severity. Stepwise
backward elimination of nonsignificant variables was then con-
ducted to arrive at the final model.

Results
During the 54-month period, 76 patients with pathogen-
verified cSSTIs of the extremities were enrolled in this
study. Among them, oxacillin-susceptible S. aureus was
the most common pathogen (52 cases, 68.4%), followed
by K. pneumoniae (16, 21.1%), b-hemolytic streptococci
(5, 6.6%), and E. coli (3, 3.9%). The patient population
comprised 50 men and 26 women, and their age ranged
between 17 and 85 years, with a mean age of 53.4 years.
The median interval between onset of symptoms and
diagnosis was 5 days, with a range from 1 to 30 days.
Fifty-four (71%) patients involved lower extremities. The
diagnoses of cSSTIs included subcutaneous abscess in 23
(30.3%) cases, cellulites in 20 (20.6%), pyomyositis in 17
(22.4%), and necrotizing fasciitis in 16 (21.1%).

The clinical characteristics of patients with cSSTIs of
the extremities caused by K. pneumoniae and pathogens
other than K. pneumoniae were compared in Table 1.
Patients with cSSTIs caused by K. pneumoniae were pre-
dominantly males (94% vs 58%, p = 0.008), had a higher
prevalence of liver cirrhosis (38% vs 7%, p = 0.005),
malignant neoplasm (31% vs 3%, p = 0.004), and alcohol-
ism (31% vs 8%, p = 0.03). The other factors, such as age,
nativity, trauma, diabetes mellitus, and other underlying
diseases were not significantly different between the two
groups.

To evaluate the host factors in association with K.
pneumoniae in patients with cSSTIs of the extremities, the
results of a multivariate analysis were shown in Table 2.
While assessing the variables, liver cirrhosis and malig-
nant neoplasm were found to have a correlation (Pearson
correlation = 0.375, p = 0.001), partially because three
patients have liver cirrhosis and hepatocellular carcinoma.
Therefore, only liver cirrhosis was selected to be included
into the multivariate analysis. After adjustment of the
variables significant in the univariate analysis, liver cir-
rhosis (adjusted odds ratio [aOR] 12.5, 95% confidence
interval [CI] 2.0–79.1, p = 0.007) and male gender (aOR
11.5, 95% CI 1.1–116.8, p = 0.039) were associated with
presence of K. pneumoniae cSSTIs. As for initial labora-
tory findings, there was no significant difference among
patients with cSSTIs caused by K. pneumoniae and those
by pathogens other than K. pneumoniae (Table 3).

The intervals between symptom onset and clinical
diagnosis were on average 7 days in patients with K.
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pneumoniae cSSTIs, and about 10 days in those with non-
K. pneumoniae cSSTIs. At initial presentation, more pa-
tients with K. pneumoniae cSSTIs had fever (88% vs 52%,
p = 0.01), shock (31% vs 7%, p = 0.017), focal gas for-
mation (38% vs 0%, p < 0.001), and concurrent bactere-
mia (43% vs 17%, p = 0.038) and development of
metastatic infections (25% vs 3%, p = 0.016). The pro-
portions of patients with focal bullae formation, under-
going surgical debridement, and repetitive infections after
discharge were similar. In addition, patients with K.
pneumoniae cSSTIs had longer durations of hospitaliza-
tion than those with cSSTIs caused by other pathogens
(45 ± 50 vs 17 ± 13 days, p = 0.039) (Table 4).

Of these 76 patients with cSSTIs of the extremities, all
six with gas formation noted on plain X-ray films or
computed tomography scans were infected by K. pneu-
moniae (Figure 1). All had underlying diseases, including
diabetes mellitus (four cases), alcoholic liver cirrhosis

(three, and one concurrent diabetes mellitus), and rectal
cancer (one with diabetes). Three of them had concurrent
bacteremia and shock.

The development of K. pneumoniae metastatic
infections, which were microbiologically verified, were
found in four patients, including liver abscess in a diabetic
patient, endophthalmitis in a patient with diabetes and
rectal cancer, urinary tract infection in a patient with liver
cirrhosis and hepatocellular carcinoma, and soft tissue
infection in the opposite limb in a patient with alcoholic
liver cirrhosis. Three of them had concurrent bacteremia.
Based on the radiological imaging, contiguous osteomy-
elitis was found in three (18.8%) patients. In the non-K.
pneumoniae group, a patient developed infection in the
left foot and buttock, and another patient in the right
hand and buttock. Both were diabetic and the infections
were caused by S. aureus.

All 16 patients with K. pneumoniae cSSTIs of the
extremities were hospitalized and were treated with
intravenous antibiotics. Fifteen patients underwent surgi-
cal debridement and one received needle aspiration of
focal abscess. Of note, cSSTIs by K. pneumoniae were
more likely to cause pyomyositis than those by other
pathogens (56.3% vs 13.3%, p < 0.001). No patient with
K. pneumoniae cSSTIs died during hospitalization.

In an average follow-up period of 43 months, two
patients had repetitive K. pneumoniae infections. One had
recurrent infection in the above-knee amputation stump
8 months later. The other patient developed liver abscess
1 year later. Moreover, a patient had orchitis due to K.
pneumoniae and Enterococcus 4 years prior to the index
episode. All the above three patients had diabetes melli-

Table 2
Multivariate analysis of host factors associated with K. pneumo-
niae infections in patients with complicated skin and soft tissue
infections involving the extremities.

Variables Adjusted odds
ratio

95% Confidence
interval

P-Value

Liver cirrhosis 12.5 2.0–79.1 0.007
Male gender 11.5 1.1–116.8 0.039
Diabetes mellitus 2.2 0.6–9.0 0.255
Alcoholism 2.3 0.4–12.1 0.320

Table 1
Comparison of clinical characteristics between patients with Klebsiella pneumoniae and non-K. pneumoniae complicated skin and soft
tissue infections of extremities.

Variablesa K. pneumoniae
(n = 16)

Non-K. pneumoniae
(n = 60)

p-Value

Age (years) 51.5 ± 14.0 53.8 ± 17.9 0.637
Male 15 (93.8) 35 (58.3) 0.008b

Nativity of Taiwan 15 (93.8) 59 (98.3) 0.379b

Underlying diseasesc

Diabetes mellitus 10 (62.5) 27 (45.0) 0.213
Liver cirrhosis 6 (37.5) 4 (6.7) 0.005b

Malignant neoplasm 5 (31.3) 2 (3.3) 0.004b

Nephrotic syndrome 1 (6.3) 1 (1.7) 0.379b

Glucorticosteroid therapyd 1 (6.3) 1 (1.7) 0.379b

Myelodysplastic syndrome 0 1 (1.7) > 0.99b

HIV infection 0 1 (1.7) > 0.99b

Alcoholism 5 (31.3) 5 (8.3) 0.03
Trauma 6 (37.5) 28 (46.7) 0.512
aData are presented with mean ± standard deviation or number of patients (%); bby Fisher’s exact test; csome patients had more than one
underlying diseases; dat least 10 mg prednisolone every day
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Table 3
Comparison of initial laboratory data between patients with complicated skin and soft tissue infections of the extremities caused by
K. pneumoniae and those by pathogens other than K. pneumoniae.

Variablesa K. pneumoniae
(n = 16)

Non-K. pneumoniae
(n = 60)

P-Value

Leukocyte (·103/mm3)
12.1 ± 6.3 15.0 ± 8.7

0.217

Total lymphocyte (per mm3)
917.8 ± 535.3 1,369.8 ± 1,120.1

0.123

Hemoglobin (g/dl)
11.8 ± 2.2 13.0 ± 2.3

0.074

Platelet (·103/mm3)
203.2 ± 193.0 240.8 ± 114.2

0.423

C-reactive protein (mg/dl)
175.8 ± 122.2 143.9 ± 143.2

0.440

Blood urea nitrogen (mg/dl)
23.1 ± 13.0 22.1 ± 19.6

0.845

Serum creatinine (mg/l)
1.3 ± 0.7 1.3 ± 1.0

0.862

Serum AST (IU/l)
62.6 ± 54.3 50.5 ± 49.6

0.400

Serum ALT (IU/l)
63.7 ± 39.0 62.9 ± 106.0

0.979

Serum fasting glucose (mg/dl)
287.6 ± 192.9 206.7 ± 166.6

0.103

AST: aspartate aminotransferase, ALT: alanine aminotransferase; aAll data are presented as mean value ± standard deviation

Table 4
Clinical manifestations and outcome of 76 patients with complicated skin and soft tissue infections of extremities caused by K. pneumoniae
and those by pathogens other than K. pneumoniae.

Variablesa K. pneumoniae (n = 16) Non-K. pneumoniae (n = 60) P-Value

Duration between onset and diagnosis (days) 7.6 ± 7.2 9.8 ± 13.7 0.540
Duration of hospital stay (days) 45.4 ± 50.4 16.7 ± 12.8 0.039
Right side infection 10 (62.5) 27 (45.0) 0.213
Fever (>37.8 �C) 14 (87.5) 31 (51.7) 0.010b

Shock 5 (31.3) 4 (6.7) 0.017b

Bullae formation 3 (18.8) 9 (15.0) 0.708b

Focal gas formation 6 (37.5) 0 < 0.001b

Bacteremia 6/14 (42.9) 9/53 (17.0) 0.038
Metastatic infections 4 (25.0) 2 (3.3) 0.016b

Category of soft tissue infections 0.001
Cellulitis 1 (6.3) 19 (31.7)
Subcutaneous abscess 2 (12.5) 21 (35.0)
Pyomyositis 9 (56.3) 8 (13.3)
Necrotizing fasciitis 4 (25.0) 12 (20.0)

Receipt of surgical debridement 15 (93.8) 41 (68.3) 0.055b

Repetitive infections 2 (12.5) 5 (8.3) 0.634b

Fatality 0 3 (5.0) > 0.99b

aData are presented with mean ± standard deviation or number of patients (%); bby Fisher’s exact test
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tus. In the non-K. pneumoniae group, the repetitive
infections in five patients were caused by S. aureus, and
four of them were diabetic. Except for one isolate resis-
tant to second generation cephalosporins and netilmycin
and two to chloramphenicol, all K. pneumoniae isolates
were resistant to ampicillin but susceptible to fluoro-
quinolones.

Discussion
In Taiwan, K. pneumoniae is well known as a common
cause of pyogenic infections. Our findings further high-
light the role of K. pneumoniae as an important pathogen
of cSSTIs of the extremities. Patients with K. pneumoniae
cSSTIs were predominantly male, more often had liver
cirrhosis, malignant neoplasm and alcoholism, and are
more likely to have fever, shock, concurrent bacteremia,
and focal gas formation at initial presentation, suggestive

of more severe and complicated infectious processes.
Besides, they needed longer durations of hospitalization,
and were more likely to develop metastatic infections. To
our knowledge, this is the first study focusing on K.
pneumoniae cSSTIs in the extremities.

It is unusual to note the association of liver cirrhosis
and K. pneumoniae cSSTIs. Though the high susceptibility
of cirrhotic patients to infection has been ascribable to the
impairment of hepatic reticuloendothelial function [36]
and cell-mediated and humoral immunity [37, 38], the
reason for their clinical interaction remains obscure.
However, the following scenario could be feasible. Upon
translocation from the gut, escape of enteric K. pneumo-
niae from phagocytosis by the impaired hepatic reticulo-
endothelial system, will result in the development of
transient bacteremia, followed by bacterial seeding at the
extremities.

Figure 1. Clinical pictures of
complicated skin and soft tissue
infections of extremities caused
by K. pneumoniae. A. Swelling of
right thigh (indicated by arrows)
in a patient with subcutaneous
abscess. B. Gas in left deltoid
muscle (arrow) on X-film. C. Gas in
right deltoid muscle and anterior
chest wall (arrows) in computed
tomography. D. Loculated
abscesses with gas (arrowhead)
and rim enhancement (arrow) on
contrasted computed
tomography.
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Diabetes mellitus has been closely associated with K.
pneumoniae infections in many studies [19,26–31,33,39].
Although K. pneumonia is a common pathogen of cSSTIs
in diabetic patients, such an association between diabetes
and K. pneumoniae SSTIs is not apparent in the present
study. It is probable that diabetes mellitus is a common
predisposing factor of cSSTIs of the extremities, irre-
spective of the causative pathogens.

Metastatic infection is an important complication in
K. pneumoniae liver abscess [20, 21, 40], and not surpris-
ingly, it was found in patients with K. pneumoniae cSSTIs
of the extremities. Since all four patients with K. pneu-
moniae cSSTIs and metastatic infections had underlying
medical illness (diabetic mellitus or liver cirrhosis) and
concurrent bacteremia, such conditions may predispose to
a higher probability of hematogenous seeding. Recently,
certain capsular serotypes and hypermucoviscosity phe-
notype of K. pneumoniae had been regarded to play a role
in the development of metastatic infections. The potential
role of K1 serotype was evidenced by a study that 12 of 14
K. pneumoniae isolates from Taiwanese patients with liver
abscess and endophthalmitis were K1 serotype [41].
Moreover, the presence of hypermucoviscosity phenotype
among K. pneumoniae isolates causing community-
acquired bacteremia has been independently associated
with a distinctive invasive syndrome, i.e., liver abscess,
meningitis, pleural empyema or endophthalmitis [42].
The hypermucoviscosity phenotype was correlated to
the presence of rmpA, and to destructive tissue abscess
syndrome [43, 44].

Antimicrobial susceptibility of K. pneumoniae isolates
in the present study showed uniform resistance to ampi-
cillin, and all but one of the strains were susceptible to all
cephalosporins. This is similar to the findings of published
reports of community-acquired K. pneumoniae infections
in Taiwan [19, 20, 31]. In other countries, there were more
cephalosporin-resistant strains of K. pneumoniae infec-
tions because most of them were nosocomial origin [39,
45]. Since the majority of causative pathogens of cSSTIs in
the community, including gram-positive cocci and K.
pneumoniae were susceptible to cephalosporins and am-
inoglycosides, such a combination regimen can be the
initial empiric therapy for patients with cSSTIs in Taiwan.

There were some limitations in the present study.
First, only patients with microbiologically documented
cSSTIs of the extremities were enrolled, while patients not
undergoing surgical debridement or needle aspiration, or
those with no bacterial growth in debrided tissues or
aspirated pus, were not enrolled. Potentially, those with
mild cSSTIs or prior antimicrobial therapy would be ex-
cluded. Second, we recruited patients with cSSTIs caused
only by four target microorganisms, and those caused by
other pathogens were arbitrarily ignored in the present
study. In addition, because of the retrospective nature,
clinical data in the medical records might be incomplete.

In conclusion, we highlight the role of K. pneumoniae
in invasive soft-tissue infections involving extremities
among individuals with underlying medical illnesses,
especially liver cirrhosis, as well as its potential for gas and
pus formation, and metastatic infections. Empiric anti-
microbial coverage of K. pneumoniae and close monitor-
ing of metastatic infections are mandatory in these
patients.

Acknowledgments
Financial support: None.

Conflicts of interests. The authors declare that they have
no conflicts of interests.

References

1. Christin L, Sarosi GA: Pyomyositis in North America: case reports
and review. Clin Infect Dis 1992; 15: 668–677.

2. Gomez-Reino JJ, Aznar JJ, Pablos JL, Diaz-Gonzalez F, Laffon A:
Nontropical pyomyositis in adults. Semin Arthritis Rheum 1994;
23: 396–405.

3. Chiedozi LC: Pyomyositis: review of 205 cases in 112 patients. Am
J Surg 1968; 137: 255–259.

4. Sarubbi FA, Gafford GD, Bishop DR: Gram-negative bacterial
pyomyositis: unique case and review. Rev Infect Dis 1989; 11:
789–792.

5. VanBeek A, Napgezek MR, Hall WH: Nonclostridial crepitant
cellulitis due to Klebsiella pneumoniae. Minn Med 1975; 58: 377–
378.

6. DiGioia RA, Kane JG, Parker RH: Crepitant cellulitis and myo-
necrosis caused by Klebsiella. JAMA 1977; 237: 2097–2098.

7. Bruno-Murtha LA, Sedghivaziri MA, Arbeit RD: Crepitant myo-
necrosis caused by Klebsiella pneumoniae in an immunocom-
promised diabetic patient. J Infect Dis 1990; 162: 1415–1416.

8. Clifford NJ, Katz I: Subcutaneous emphysema complicating re-
nal infection by gas-forming coliform bacteria. N Engl J Med
1962; 266: 4437–4439.

9. Corredoira JM, Ariza J, Pallarés R, Carratalá J, Viladrich PF, Rufí G,
Verdaguer R, Gudiol F: Gram-negative bacillary cellulitis in
patients with hepatic cirrhosis. Eur J Clin Microbiol Infect Dis
1994; 13: 19–24.

10. Andreou A, Karasavvidou A, Papadopoulou F, Koukoulidis A:
Ilio-psoas abscess in a neonate. Am J Perinatol 1997; 14: 519–521.

11. Dylewski JS, Dylewski I: Necrotizing fasciitis with Klebsiella liver
abscess. Clin Infect Dis 1998; 27: 1561–1562.

12. Hu BS, Lau YJ, Shi ZY, Lin YH: Necrotizing fasciitis associated
with Klebsiella pneumoniae liver abscess. Clin Infect Dis 1999;
29: 1360–1361.

13. Cone LA, Lamb RB, Graff-Radford A, Rudder J, Bach SA,
Hirschberg JA, Feller JF, Lynch RA: Pyomyositis of the anterior
tibial compartment. Clin Infect Dis 1997; 25: 146–148.

14. Wang TKF, Wong SSY, Woo PCY: Two cases of pyomyositis
caused by Klebsiella pneumoniae and review of the literature.
Eur J Clin Microbiol Infect Dis 2001; 20: 576–580.

15. Li CM, Chen PL, Ho YR: Nonclostridial gas gangrene caused by
Klebsiella pneumoniae: a case report. Scand J Infect Dis 2001; 33:
629–630.

C.-M. Chang et al. Klebsiella Pneumoniae Soft Tissue Infections

Infection 36 Æ 2008 Æ No. 4 � URBAN & VOGEL 333



16. Ho PL, Tang WM, Yuen KY: Klebsiella pneumoniae Necrotizing
fasciitis associated with diabetes and liver cirrhosis. Clin Infect
Dis 2000; 30: 989–990.

17. Liu YM, Chi CY, Ho MW, Chen CM, Liao WC, Ho CM, Lin PC, Wang
JH: Microbiology and factors affecting mortality in necrotizing
fasciitis. J Microbiol Immunol Infect 2005; 38: 430–435.

18. Yang CC, Chen CY, Lin XZ, Chang TT, Shin JS, Lin CY: Pyogenic
liver abscess in Taiwan: emphasis on gas-forming liver abscess
in diabetics. Am J Gastroenterol 1993; 88: 1911–1915.

19. Chang FY, Chou MY: Comparison of pyogenic liver abscesses
caused by Klebsiella pneumoniae and non-K. pneumoniae
pathogens. J Formos Med Assoc 1995; 94: 232–237.

20. Wang JH, Liu YC, Lee SS, Yen MY, Chen YS, Wang JH, Wann SR,
Lin HH: Primary liver abscess due to Klebsiella pneumoniae in
Taiwan. Clin Infect Dis 1998; 26: 1434–1438.

21. Liu YC, Cheng DL, Lin DL: Klebsiella pneumoniae liver abscess
associated with septic endophthalmitis. Arch Intern Med 1986;
146: 1913–1916.

22. Liao HR, Lee HW, Leu HS, Lin BJ, Juang CJ: Endogenous Klebsiella
pneumoniae endophthalmitis in diabetic patients. Can J Oph-
thalmol 1992; 27: 143–147.

23. Lu CH, Chang WN, Wu HS: Klebsiella pneumoniae meningitis:
analysis on clinical features of thirty-two adult patients. Chin
Med J (Taipei) 1997; 60: 296–302.

24. Jang TN, Wang FD, Wang LS, Yu KW, Liu CY: Gram-negative
bacillary meningitis in adults: a recent six-year experience. J
Formos Med Assoc 1993; 92: 540–546.

25. Tang LM, Chen ST, Hsu WC, Chen CM: Klebsiella meningitis in
Taiwan: an overview. Epidemiol Infect 1997; 119: 135–142.

26. Liliang PC, Lin YC, Su TM, Rau CS, Lu CH, Chang WN, Lee TC,
Chen HJ: Klebsiella brain abscess in adults. Infection 2001; 29:
81–86.

27. Ni YH, Yeh KM, Peng MY, Chou YY, Chang FY: Community-ac-
quired brain abscess in Taiwan: etiology and probable source of
infection. J Microbiol Immunol Infect 2004; 37: 231–235.

28. Wang JL, Chen KY, Fang CT, Hsueh PR, Yang PC, Chang SC:
Changing bacteriology of adult community-acquired lung ab-
scess in Taiwan: Klebsiella pneumoniae versus anaerobes. Clin
Infect Dis 2005; 40: 915–922.

29. Chen KY, Hsueh PR, Liaw YS, Yang PC, Luh KT: A 10-year expe-
rience with bacteriology of acute thoracic empyema emphasis
on Klebsiella pneumoniae in patients with diabetes mellitus.
Chest 2000; 117: 1685–1689.

30. Liu KH, Lee HC, Chuang YC, Tu CA, Chang K, Lee NY, Ko WC:
Prostatic abscess in southern Taiwan: another invasive infection
caused predominantly by Klebsiella pneumoniae. J Microbiol
Immunol Infect 2003; 36: 31–36.

31. Chang CM, Lu FH, Guo HR, Ko WC: Klebsiella pneumoniae fascial
space infections of the head and neck in Taiwan: emphasis on
diabetic patients and repetitive infections. J Infect 2005; 50: 34–40.

32. Hsiao JR, Chao WY: Space infection of head and neck—an
analysis of 80 consecutive cases. J Taiwan Otolaryngol Soc 1996;
31: 40–46.

33. Chang CM, Ko WC, Lee HC, Chen YM, Chuang YC: Klebsiella
pneumoniae psoas abscess: predominant in the diabetics and
grave prognosis in gas-forming patients. J Microbiol Immunol
Infect 2001; 34: 201–206.

34. National Committee for Clinical Laboratory Standards Perfor-
mance standards for antimicrobial susceptibility testing: Ninth
International Supplement, M100-S9. National Committee for
Clinical Laboratory Standards, Wayne, 1999.

35. Anonymous: Report of the Expert Committee on the Diagnosis
and Classification of Diabetes Mellitus. Diabetes Care 1997;
20:1183–1197.

36. Rimola A, Soto R, Bory F, Arroyo V, Piera C, Rodes J: Reticulo-
endothelial system phagocytic activity in cirrhosis and its rela-
tion to bacterial infection and prognosis. Hepatology 1984; 4:
53–58.

37. Berenyi MR, Straus B, Cruz D: In vitro and in vivo studies of
cellular immunity in alcoholic cirrhosis. Am J Digest Dis 1974; 19:
199–205.

38. Thomas HC: The immune response in hepatic cirrhosis: animal
and human studies. Proc R Soc Med 1977; 70: 521–525.

39. Ko WC, Paterson DL, Sagnimeni AJ, Hansen DS, Von Gottberg A,
Mohapatra S, Casellas JM, Goossens H, Mulazimoglu L, Tren-
holme G, Klugman KP, McCormack JG, Yu VL: Community-ac-
quired Klebsiella pneumoniae bacteremia: global differences in
clinical patterns. Emerg Infect Dis 2002; 8: 160–166.

40. Chen DL, Liu YC, Yen MY, Liu CY, Wang RS: Septic metastatic
lesions of pyogenic liver abscess. Arch Intern Med 1991; 151: 1557–
1560.

41. Fung C-P, Chang F-Y, Lee S-C, Hu B-S, Kuo B-I, Liu C-Y, Ho M, Siu
L-K: A global emerging disease of Klebsiella pneumoniae liver
abscess: is serotype K1 an important factor for complicated
endophthalmitis?. Gut 2002; 50: 420–424.

42. Lee H-C, Chuang Y-C, Yu W-L, Lee N-Y, Chang C-M, Ko N-Y, Wang
L-R, Ko W-C: Clinical implications of hypermucoviscosity phe-
notype in Klebsiella pneumoniae isolates: association with
invasive syndrome in patients with community-acquired bac-
teraemia. J Intern Med 2006; 259: 606–614.

43. Yu WL, Ko WC, Cheng KC, Lee HC, Ke DS, Lee CC, Fung CP,
Chuang YC: Association between rmpA and magA genes and
clinical syndromes caused by Klebsiella pneumoniae in Taiwan.
Clin Infect Dis 2006; 42: 1351–1358.

44. Kawai T: Hypermucoviscosity: an extremely sticky phenotype of
Klebsiella pneumoniae associated with emerging destructive
tissue abscess syndrome. Clin Infect Dis 2006; 42: 1359–1361.

45. de García la Torre M, Romero-Vivas J, Martínez-Beltrán J,
Guerrero A, Meseguer M, Bouza E: Klebsiella bacteremia: an
analysis of 100 episodes. Rev Infect Dis 1985; 7: 143–150.

C.-M. Chang et al. Klebsiella Pneumoniae Soft Tissue Infections

334 Infection 36 Æ 2008 Æ No. 4 � URBAN & VOGEL



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


