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M A J O R A R T I C L E

Pyogenic Liver Abscess: Recent Trends in Etiology
and Mortality

Joseph Rahimian,1 Tina Wilson,2 Valerie Oram,1 and Robert S. Holzman1

1School of Medicine and 2Downtown Hospital, New York University, New York

Background. Pyogenic liver abscess, a potentially life-threatening disease, has undergone significant changes
in epidemiology, management, and mortality over the past several decades.

Methods. We reviewed the data for patients admitted to Bellevue Hospital and New York University Downtown
Hospital (New York, New York) over a 10-year period.

Results. Of 79 cases reviewed, 43% occurred in patients with underlying biliary disease. The most common
symptoms were fever, chills, and right upper quadrant pain or tenderness. The most common laboratory abnor-
malities were an elevated white blood cell count (in 68% of cases), temperature �38.1�C (90%), a low albumin
level (70.2%), and an elevated alkaline phosphatase level (67%). Seventy percent of the abscesses were in the right
lobe, and 77% were solitary. Klebsiella pneumoniae was identified in 41% of cases in which a pathogen was recovered.
Eighteen (50%) of 36 Asian patients had K. pneumoniae isolated, in contrast to 6 (27.3%) of 22 non-Asian patients
(not statistically significant). Fifty-six percent of cases involved treatment with percutaneous drainage. Although
prior reports noted mortality of 11%–31%, we observed only 2 deaths (mortality, 2.5%).

Conclusions. The data suggest that K. pneumoniae has become the predominant etiology of pyogenic liver
abscess and that mortality from this disease has decreased substantially.

Pyogenic liver abscess (PLA) was reported in the writ-

ings of Hippocrates, who based prognosis on the type

of fluid recovered from the abscess [1]. In 1938, Ochs-

ner and DeBakey [2] described the treatment and mor-

tality of patients with PLA and recommended surgical

treatment as the primary treatment modality. At that

time, PLA was most commonly a complication of acute

appendicitis, occurred predominantly in young men,

and was associated with high mortality. Surgery re-

mained the therapy of choice until the mid 1980s, when

percutaneous drainage was shown to be a safer alter-

native in many cases [3–6].

Mortality rates have decreased substantially over the

past several decades, with recent studies reporting rates

of 11%–31%. The mean age of patients with PLA has

increased, and the most common cause reported in

recent series has shifted to biliary disease [5–10].
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In reports from the United States, the most common

organism recovered from patients in the United States

has been Escherichia coli [4–6, 11], although one study

found Klebsiella pneumoniae to be predominant [7, 12].

Recent reports from Taiwan have described an increase

in the rate of PLA due to K. pneumoniae, which, in one

series, was recovered from 82% of patients [13]. Be-

cause such experiences have not yet been reported in

the United States, we reviewed the cases of PLA seen

at our institutions over the past decade.

METHODS

Bellevue Hospital is a 900-bed municipal hospital in

Manhattan (New York). New York University (NYU)

Downtown Hospital is a 140-bed community hospital,

also located in Manhattan (New York), near to New

York’s Chinatown district. This study was approved by

the institutional review boards of the participating

hospitals.

All 171 cases involving inpatients who received a

discharge diagnosis of PLA from January 1993 through

December 2003 from either Bellevue Hospital or NYU

Downtown Hospital were eligible for inclusion. Cases

were included if the abscess was confirmed by imaging

as well as by either documentation of an organism re-
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Table. 1. Clinical characteristic and initial laboratory values for patients with
pyogenic liver abscesses.

Characteristic Mean (range)

Cases with
abnormal

values,a %

Age, years (n p 79) 56.4 (25–90) …
Duration of fever after admission, days (n p 74) 4.6 (0–21) …
Duration of hospitalization, days

All treatments (n p 76) 19.6 (1–58) …
Open surgery (n p 20) 20.8 (4–58) …
Percutaneous drainage (n p 43) 19.4 (4–48) …
Medical management (n p 13) 18.7 (1–52) …

Duration of antibiotic therapy, days
Intravenous therapy (n p 73) 17.5 (0–45) …
Oral therapy (n p 73) 13.6 (0–56) …

Initial laboratory value
Albumin level (n p 74) 3.1 (1.3–4.9) 70.2
WBC count (n p 75) 15.4 (3.8–65.3) 68.0
Alkaline phosphatase level (n p 78) 206.8 (57–1271) 66.7

Alanine aminotransferase level (n p 78) 93.4 (8–1215) 53.8
Direct bilirubin (n p 66) 0.8 (0.0–5.6) 53.0
Aspartate aminotransferase level (n p 78) 86.1 (13 –1237) 46.2
Total bilirubin level (n p 77) 1.9 (0.2–15.8) 41.6
Lactic dehydrogenase level (n p 29) 249.2 (33–551) 17.2
Lipase level (n p 32) 26.7 (4–193) 6.3
Amylase level (n p 52) 52.1 (14–446) 5.8

a For all laboratory values except albumin level, the value shown is the percentage of cases
with values above normal. For albumin level, the value shown is the percentage of cases with
values below normal.

covered from the abscess site or resolution of symptoms and

signs after antibiotic treatment. Of the 171 patients, 66 had

miscoded charts. The most common diseases among patients

with miscoded charts were amebic liver abscess (13 cases) and

tuberculosis of the liver (13 cases). Twenty-one charts could

not be retrieved, and 5 charts had incomplete data. The charts

for the remaining 79 cases were reviewed.

Charts were abstracted to a data collection form. Information

recorded included age, sex, ethnicity, year of admission, country

of origin, and underlying medical conditions (including biliary

disease, inflammatory bowel disease, appendicitis, diverticulitis,

cholecystitis, diabetes, other intra-abdominal infection, malig-

nancy, hypertension, alcohol abuse, cardiovascular disease, ab-

dominal trauma, and cirrhosis). The presence of these condi-

tions was determined on the basis of their documentation in

the medical history from the first admission for PLA. Presenting

signs and symptoms were recorded, including decreased ap-

petite, fever, chills, right upper quadrant pain, nausea, vomiting,

weight loss, myalgias, headache, diarrhea, jaundice, hepato-

megaly, and abnormal chest radiograph findings. Initial labo-

ratory values were recorded, including WBC count, presence

of an elevated platelet count, lactose dehydrogenase level, liver

function test results, amylase level, and lipase level. Initial values

were considered to be the first value obtained within the first

24 h after the presentation of PLA. Microbiological results of

blood and abscess cavity cultures were assessed. Cultures were

isolated for aerobic and anaerobic organisms using the standard

diagnostic techniques of the institutions’ clinical laboratories.

Organisms recovered from the abscess were assumed to be the

etiologic organisms. Charts were reviewed for evidence of se-

rological testing for HIV infection, hepatitis A, hepatitis B, hep-

atitis C, and amebic disease, and they were reviewed for exam-

ination of stool for fecal occult blood and parasites. The cause

of PLA was ascribed to the process that, in the opinion of the

reviewer, was most likely to account for the abscess. If no clear

cause was identified, the case was described as cryptogenic.

Radiographic reports were reviewed to determine the loca-

tion and number of abscesses. Charts were also reviewed for

evidence that other forms of imaging and visualization were

performed, such as upper gastrointestinal series, colonoscopy,

and endoscopic retrograde cholangiopancreatography (ERCP).

The primary therapeutic modality was defined by whether

percutaneous drainage or open surgery was first therapeutic

procedure done. If neither of these procedures were performed,

cases were classified as medically managed. All patients received

antibiotic therapy for their abscesses, and the name, duration,
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Figure 1. Presenting symptoms in cases of pyogenic liver abscess.
RUQ, right upper quadrant.

Figure 2. Number of bacterial isolates recovered per case in patients
with pyogenic liver abscesses.

and mode of administration were recorded for each case. Mor-

tality and recurrence were assessed on the basis of documen-

tation in the chart, including any available information on

subsequent admissions or outpatient visits. Time to deferves-

cence and duration of hospitalization were also recorded.

All collected data were transcribed into an Microsoft Excel

spreadsheet and analyzed using SPSS software, version 11

(SPSS). Continuous variables were compared using analysis of

variance, and categorical variables were compared with the x2

test, applying Yates correction when dichotomous variables

were tested.

RESULTS

Forty-seven patients from Bellevue Hospital and 32 from NYU

Downtown Hospital were included in our study. The mean age

was 56.4 years. Fifty-five (69.6%) of the patients were male.

Forty-five patients (56.9%) were Asian, 15 (18.9%) were white,

11 (13.9%) were Hispanic, and 6 (7.6%) were black. Two pa-

tients (2.5%) had unspecified ethnicity. Asian patients repre-

sented 25 (78.1%) of the 32 patients from NYU Downtown

Hospital but only 20 (36.4%) of the 55 Bellevue patients

( ; ; ). Compared with the proportion2x p 12.51 df p 1 P ! .001c

of Asian patients admitted for all causes, Asian patients were

overrepresented among cases of PLA at both institutions. The

overrepresentation was statistically significant at Bellevue,

where 44.1% of PLA admissions were Asian patients, in contrast

with 12.8% of all admissions ( ; ; ).2x p 16.2 df p 1 P ! .001

The mean duration of fever was 4.6 days (table 1). Twenty-

two patients (28.6%) were febrile for �7 days, and 4 patients

(5.2%) were febrile for 114 days. All 4 patients survived. The

mean duration of hospitalization was 19.6 days, and there was

no significant difference in length of stay between patients who

received different treatment modalities (1-way analysis of var-

iance, F2,75 !1; P, not significant).

The most common laboratory abnormalities noted were de-

creased albumin levels, increased WBC counts, and elevated

alkaline phosphatase levels (table 1). Chest radiographs were

obtained for 65 patients, and 24 (36.9%) had abnormal find-

ings. Fourteen patients (21.5%) had radiographs that showed

abnormalities in the right lower lung field, of which 7 were

pleural effusions, 5 were atelectasis or infiltrates, and 1 was an

elevated right hemidiaphragm.

The most frequent presenting symptoms and signs are shown

in figure 1. Fever (oral temperature, 138.1�C) was seen in 89.6%

of patients, chills in 69.0%, and right upper quadrant pain or

tenderness in 72.2%. The triad of fever, right upper quadrant

pain or tenderness, and an elevated alkaline phosphatase level

was present in 32 (43%) of 74 patients who had data recorded

for all 3 findings, and 86% had �2 of these symptoms and

signs on initial evaluation.

Sixty (77%) of 78 evaluable abscesses were solitary. Fifty-

four (70.5%) were right sided, 11 (14.1%) were left sided, and

4 (5.1%) were bilateral. In 9 patients, the location of the abscess

was not documented.

The most common underlying or concomitant conditions

were biliary disease (in 34 [43%] of the patients), hypertension

(14 [17.7%]), intra-abdominal infection (14 [17.7%]), and di-

abetes (12 [15.2%]). Other underlying diseases included ma-

lignancy (12.7%), cardiovascular disease (12.7%), alcohol abuse

(2.5%), and cirrhosis, diverticulitis, and inflammatory disease

(1.3% each).

Fifty-four patients had �1 organism recovered from the ab-

scess. Eighteen (33.3%) of the infections were polymicrobial;

6 of these included anaerobes. In 2 cases, anerobes were the
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Figure 3. Identity of organisms recovered from patients with pyogenic
liver abscesses.

Figure 4. Isolation of Klebsiella species from pyogenic liver abscesses,
by ethnic group.

only bacterial isolate. The number of bacterial species isolated

from the abscess cavity for each case is shown in figure 2. Most

often, only a single organism was identified (44.2% of cases).

The species of bacteria that were isolated are summarized in

figure 3. K. pneumoniae was the species most commonly iso-

lated and was found in 41% of the 54 cases in which an or-

ganism was recovered. E. coli and Enterococcus species were tied

as the second most commonly isolated organisms (11 cases

each). Klebsiella isolates were more common among Asian pa-

tients than other patients, and they were only isolated from

Asian and Hispanic patients (figure 4). Eighteen (50%) of 36

Asian patients had K. pneumoniae isolated, in contrast with 6

(27%) of 22 non-Asian patients, a difference that was not sta-

tistically significant ( ).P p .075

In the 23 cases in which K. pneumoniae was recovered, it

was most often the only pathogen. Only 5 of the 23 infections

were polymicrobial. K. pneumoniae was recovered in 22 (46.8%)

of 47 cases in which there was no extrahepatic intra-abdominal

infection, but it was recovered in only 1 of 11 cases in which

such an infection was present. The percentage of K. pneumoniae

isolates recovered was similar in cases from Bellevue Hospital

and NYU Downtown Hospital (42.4% and 40.0%, respectively).

Twenty-one of the 23 K. pneumoniae isolates were tested for

antimicrobial susceptibility. Almost all of the isolates were

highly susceptible, with only 3 isolates showing resistance to

any drug tested other than ampicillin. Only 1 isolate was an

extended-spectrum b-lactamase (ESBL) producer.

There was no significant difference in the number of febrile

days or days hospitalized between patients with and patients

without K. pneumoniae isolates, nor was there any significant

difference between K. pneumoniae and non–K. pneumoniae

cases in terms of the initial laboratory parameters. Only 1 pa-

tient was noted to have a Klebsiella species isolated other than

K. pneumoniae (Klebsiella oxytoca), but it was found in con-

junction with K. pneumoniae.

Twenty-nine patients had bacteremia. Of these patients, 17

(58.6%) had concordant results of blood and abscess cultures,

6 had additional organisms isolated from the abscess, 6 had

an entirely different organism or organisms isolated from the

abscess, and 6 had bacteremia in the absence of any bacteria

isolated from the abscess. One patient had more organisms

recovered from blood samples than from the abscess. There

were 10 patients with K. pneumoniae bacteremia. In all 10

cases, K. pneumoniae was the only organism recovered in the

blood samples, and in 7 patients, K. pneumoniae was also

isolated from the abscess. None of these infections were po-

lymicrobial. There was no significant difference between the

frequency of bacteremia among patients with abscesses due

to K. pneumoniae (34.8%) and its frequency among patients

with abscesses caused by other bacteria (48.4%). Most cases

were considered cryptogenic in origin (38 patients). The most

commonly identified underlying cause was biliary disease (in

23 cases), followed by cancer (8), surgery (6), pancreatitis (2),

diverticulitis (1), and appendicitis (1). Only 4 patients were

tested for HIV infection, all of whom were HIV negative.

There were no patients admitted with a prior diagnosis of

HIV infection. The most common method of diagnosis was

CT, which was used in 78 cases. Twenty-one patients had an

abdominal ultrasound examination.

The most common primary treatment modality was percu-

taneous drainage, which was done in 44 patients (55.7%). Twenty

patients (25.3%) were treated surgically, and 14 (17.7%) were

treated medically. Treatment patterns differed significantly be-

tween the 2 hospitals. At Bellevue Hospital, 67.4% of the patients

were treated primarily with percutaneous drainage, 19.6% re-

ceived medical management, and 13.0% received surgical man-

agement. At NYU Downtown Hospital, 43.8% were treated

surgically, 40.6% were treated with percutaneous drainage, and

15.6% received medical management ( ; ;2x p 9.50 df p 2 P p

). This difference was attributed to the lack of on-site in-.009

terventional radiology at NYU Downtown Hospital.
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Four patients (5.0%) required surgery after an initial treat-

ment modality failed (3 had initial percutaneous drainage, and

1 had initial surgery). All patients were afebrile at the time of

discharge. There were only 2 documented cases of recurrence

after discharge (2.5%). In both cases, the primary treatment

modality had been percutaneous drainage.

The antibiotics most commonly used were ESBLs (29 cases),

followed by cephalosporins with or without metronidazole

(27), fluoroquinolones with or without metronidazole (14),

ampicillin and gentamicin (4), carbapenems (2), and vanco-

mycin and gentamicin (2). The overall mortality rate was 2.5%.

Two patients died, both of whom had been treated surgically.

However, assessment of mortality is limited in that the mean

duration of follow-up after discharge was 11.7 days, and 51

patients (65.4%) had no documented follow-up once dis-

charged from the hospital.

DISCUSSION

The epidemiology, treatment, and mortality rate for cases of

PLA have changed remarkably from the initial case descriptions.

The average age of patients has increased substantially. In our

study, the mean age was 56.4 years, and most recent studies

have also reported mean ages of 55–60 years [5–10, 12–17].

Our finding of a predominance of right-side abscesses (in 70%

of cases) is also consistent with prior reports, in which right-

side lesions occurred in 56%–71% of patients [5–9, 12, 13, 17].

Most studies have also been consistent in finding either a slight

predominance of male patients or an equal ratio of male to

female patients [5, 6, 9, 10, 12, 15, 17]. These observations

contrast with the findings of Ochsner and DeBakey [2], in

which there was a far larger percentage of male patients.

These changes are likely to be caused by changes in the

prevailing causes of PLA. Recent studies have noted an increase

in the proportion of cases with underlying biliary disease, which

is more prevalent in women. In our study, as in other recent

reports [5–8, 10, 14], biliary disease was the most common

identifiable cause of PLA. Most of our cases were considered

cryptogenic, although colonoscopy and ERCP were only done

in 3.8% and 8.9% of our patients, respectively. Therefore, some

cases of colonic or biliary disease may have gone undetected.

Our observations are also consistent with prior reports in

several other ways. We noted similar frequencies of low albumin

levels, elevated alkaline phosphatase levels, elevated WBC

counts, and bacteremia [6, 8–10, 18, 19].

One important new finding in this study is that 41% of our

cases were due to K. pneumoniae. In contrast, the recovery rates

in other reports from the United States have previously been

noted to be 7%–27% [4–7, 10–12, 17, 18]. One report from

the United States showed a higher rate of K. pneumoniae re-

covery, but unlike our experience, most of the cases from that

report were polymicrobial [9]. The higher rate of K. pneumoniae

monomicrobial cases that we observed may reflect an evolution

in the United States of changes in the etiology of liver abscess

noted over the past 15 years in reports from Taiwan. In that

country, K. pneumoniae has become by far the most common

organism recovered (in up to 82.1% of cases) [13, 14, 19, 20].

The reason for the increase in cases of Klebsiella infection may

simply be a reflection of the increase in the Asian population

at our institutions, or it may suggest that a different strain of

K. pneumoniae with an increased propensity for causing liver

abscesses is now being seen in the United States. It is also

possible that the relative increase is a result of as-yet-uniden-

tified risk factors in an older patient population. It remains to

be seen whether this epidemiological change is also occurring

at other institutions and whether this trend will continue.

In our study, we did not note endophthalmitis, meningitis,

or other serious metastatic infections associated with K. pneu-

moniae, as has been reported from Taiwan [14, 21, 22]. A

majority of the reported cases from Taiwan (up to 67.5%) have

occurred in patients with diabetes. In contrast, the prevalence

of diabetes was only 15.2% in our study. Our rate is similar to

that noted in prior US reports, in which the prevalence ranged

from 10% to 27% [6, 9–11]. However, this number may be an

underestimation, because it reflects only patients with a doc-

umented history of diabetes on the chart and does not include

patients who may have had undiagnosed disease or abnormal

glucose tolerance.

Only 1 patient was found to have an ESBL-producing K.

pneumoniae isolate. This is consistent with reports from Taiwan,

where isolates of K. pneumoniae causing PLA have all been

highly susceptible [19]. The cases from Taiwan involving Kleb-

siella species were also mostly monomicrobial, which agrees

with the findings of our report.

Our study has one of the lowest reported mortality rates for

PLA. Other studies have also demonstrated a progressive de-

crease in mortality rates [6, 9, 12]. This may be due in part to

improved imaging and diagnostic techniques, as well as to in-

creased use of percutaneous drainage. Also, the high degree of

antimicrobial susceptibility of the K. pneumoniae strains cur-

rently associated with PLA may account for the reported de-

crease in mortality. A similar phenomenon has been noted in

Taiwan [14].

Twelve (41%) of the patients with bacteremia had organisms

recovered from abscess cultures that were different from or in

addition to those recovered in blood cultures. Therefore, blood

culture alone does not accurately reflect the microbiology of

PLA in many cases. Although there did not appear to be a

higher rate of mortality in those cases that were managed med-

ically, only 14 patients had cases that were in this category.

Medical management has previously been noted to be associ-

ated with a higher mortality rate, compared with invasive ther-

apy [5].
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Percutaneous drainage has been shown to be safe in multiple

prior studies and is now considered by many to be the standard

treatment modality, along with antibiotics. Several prior studies

show a similar or decreased mortality rate, compared with open

surgery, without significant differences in recurrence rates [5–

7, 17]. We did not distinguish between cases involving per-

cutaneous insertion of an indwelling drainage catheter and

those involving percutaneous aspiration, which has also been

reported to be a reasonable option for treatment [4].

Although few have treated PLA with !2 weeks of intravenous

antibiotic therapy, the optimal duration intravenous therapy—

as well as the duration of subsequent oral therapy—remains

unclear. In Taiwan, therapy has become somewhat standard-

ized, with 3 weeks of intravenous therapy followed by 1 or 2

months of oral therapy [14]. Some US studies have also used

a longer period of intravenous therapy [6]. Our mean durations

of intravenous therapy (17.5 days) and oral therapy (13.6 days)

were shorter than those in some prior reports. This shorter

course was associated with extremely low mortality, suggesting

that longer courses of antibiotic therapy may be unnecessary.

There was no significant difference in the duration of antibiotic

use or time to defervescence among patients who were treated

with medical management, compared with those who were

treated with percutaneous drainage or surgery.

A recent report from Taiwan has demonstrated a novel vir-

ulence gene in K. pneumoniae strains causing PLA [23]. Or-

ganisms with the magA gene were highly resistant to killing by

human serum or phagocytosis. The presence of this gene in

US isolates has not yet been assessed.

In summary, PLA was once considered to be a highly fatal

disease but has recently been associated with low mortality. K.

pneumoniae appears to be becoming a more common cause of

PLA in New York City, paralleling changes in etiology seen in

Taiwan over the past 15 years.

Acknowledgment

Potential conflicts of interest. All authors: no conflicts.

References

1. Adams F. The genuine works of Hippocrates. New York: W. Wood,
1886.

2. Ochsner A, DeBakey M, Murray S. Pyogenic abscess of the liver. Am
J Surg 1938; 40:292–314.

3. Civardi G, Filice C, Caremani M, Giorgio A. Hepatic abscesses in
immunocompromised patients: ultrasonically guided percutaneous
drainage. Gastrointest Radiol 1992; 17:175–8.

4. Giorgio A, Tarantino L, Mariniello N, et al. Pyogenic liver abscesses:
13 years of experience in percutaneous needle aspiration with US guid-
ance. Radiology 1995; 195:122–4.

5. Alvarez Perez JA, Gonzalez JJ, Baldonedo RF, et al. Clinical course,
treatment, and multivariate analysis of risk factors for pyogenic liver
abscess. Am J Surg 2001; 181:177–86.

6. Seeto RK, Rockey DC. Pyogenic liver abscess: changes in etiology,
management, and outcome. Medicine (Baltimore) 1996; 75:99–113.

7. Bertel CK, van Heerden JA, Sheedy PF 2nd. Treatment of pyogenic
hepatic abscesses: surgical vs. percutaneous drainage. Arch Surg
1986; 121:554–8.

8. Bissada AA, Bateman J. Pyogenic liver abscess: a 7-year experience in
a large community hospital. Hepatogastroenterology 1991; 38:317–20.

9. Huang CJ, Pitt HA, Lipsett PA, et al. Pyogenic hepatic abscess: changing
trends over 42 years. Ann Surg 1996; 223:600–7; discussion, 607–9.

10. Branum GD, Tyson GS, Branum MA, Meyers WC. Hepatic abscess:
changes in etiology, diagnosis, and management. Ann Surg 1990; 212:
655–62.

11. Barnes PF, De Cock KM, Reynolds TN, Ralls PW. A comparison of
amebic and pyogenic abscess of the liver. Medicine (Baltimore)
1987; 66:472–83.

12. Greenstein AJ, Lowenthal D, Hammer GS, Schaffner F, Aufses AH Jr.
Continuing changing patterns of disease in pyogenic liver abscess: a
study of 38 patients. Am J Gastroenterol 1984; 79:217–26.

13. 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; 88:1911–5.

14. Wang JH, Liu YC, Lee SS, et al. Primary liver abscess due to Klebsiella
pneumoniae in Taiwan. Clin Infect Dis 1998; 26:1434–8.

15. Neoptolemos JP, Macpherson DS, Holm J, Fossard DP. Pyogenic liver
abscess: a study of forty-four cases in two centres. Acta Chir Scand
1982; 148:415–21.

16. Molle I, Thulstrup AM, Vilstrup H, Sorensen HT. Increased risk and
case fatality rate of pyogenic liver abscess in patients with liver cirrhosis:
a nationwide study in Denmark. Gut 2001; 48:260–3.

17. Yinnon AM, Hadas-Halpern I, Shapiro M, Hershko C. The changing
clinical spectrum of liver abscess: the Jerusalem experience. Postgrad
Med J 1994; 70:436–9.

18. Land MA, Moinuddin M, Bisno AL. Pyogenic liver abscess: changing
epidemiology and prognosis. South Med J 1985; 78:1426–30.

19. Chang SC, Fang CT, Hsueh PR, Chen YC, Luh KT. Klebsiella pneu-
moniae isolates causing liver abscess in Taiwan. Diagn Microbiol Infect
Dis 2000; 37:279–84.

20. Lau YJ, Hu BS, Wu WL, Lin YH, Chang HY, Shi ZY. Identification of
a major cluster of Klebsiella pneumoniae isolates from patients with
liver abscess in Taiwan. J Clin Microbiol 2000; 38:412–4.

21. Liu YC, Cheng DL, Lin CL. Klebsiella pneumoniae liver abscess asso-
ciated with septic endophthalmitis. Arch Intern Med 1986; 146:1913–6.

22. Cheng DL, Liu YC, Yen MY, Liu CY, Wang RS. Septic metastatic lesions
of pyogenic liver abscess: their association with Klebsiella pneumoniae
bacteremia in diabetic patients. Arch Intern Med 1991; 151:1557–9.

23. Fang CT, Chuang YP, Shun CT, Chang SC Wang JT. A novel virulence
gene in Klebsiella pneumoniae strains causing primary liver abscess and
septic metastatic complications. J Exp Med 2004; 199:697–705.


