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Abstract Patients with liver cirrhosis (LC) have impaired
immunity and thus are predisposed to infections. Few stud-
ies have attempted to evaluate Staphylococcus aureus bac-
teremia (SAB) in LC patients. Therefore, this study
prospectively evaluated the clinical characteristics and out-
comes of 642 episodes of SAB from August 1, 2008 to
September 31, 2010. Of 642 patients with SAB, 109
(17.0 %) were classified as LC patients whereas the remain-
ing 533 (83.0 %) were classified as non-LC patients. The
30-day mortality rate of LC patients was significantly higher
than that of patients with other diseases (32 % vs. 22 %,
respectively; P=0.047). The 30-day mortality rates of
patients with MSSA bacteremia and MRSA bacteremia
were not significantly different among LC patients (35.1 %
with MSSA vs. 26.9 % with MRSA; P=0.41). A univariate
analysis of the 30-day mortality rate of LC patients with
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SAB for survivors and non-survivors showed that rapidly
fatal or ultimately fatal according to the criteria of McCabe
and Jackson (OR 5.0; 95 % CI 1.60-15.65), septic shock at
initial presentation (OR 3.5; 95 % CI 1.18-10.39) and
Child-Pugh class C (OR 2.8; 95 % CI 1.20-6.59) were
associated with increased mortality. In contrast, the removal
of the eradicable focus was associated with decreased mor-
tality (OR 0.14; 95 % CI 0.04-0.52). Disease severity and
liver dysfunction may be useful for predicting the prognosis
of SAB in LC patients.

Background

Cirrhosis of the liver is the terminal point of many multi-
factorial processes that lead to hepatic destruction and even-
tual death [1]. Patients with liver cirrhosis (LC) have
impaired immunity and are predisposed to infections. A
wide range of infections can decompensate hepatic status
and drive LC patients toward death. S. aureus is accepted
increasingly as an important pathogen in LC patients [2, 3].
Cirrhosis-specific scores such as the Model of End-Stage
Liver Disease (MELD) and the Child-Pugh score (CP) have
been reported to be good predictors of the short-term and
long-term mortality of cirrhotic patients, even in patients
with infections [4—6]. Consequently, the disease severity
prediction for LC patients may need to be based on specific
parameters that are different from those used for the general
population [7]. Few studies have attempted to evaluate S.
aureus bacteremia (SAB) in LC patients [8—10]. Therefore,
the present study evaluated the clinical characteristics and
outcomes of SAB in LC patients.
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Materials and methods
Study design and population

A prospective SAB surveillance study has been performed
since August 2008 at Asan Medical Center, which is a
2,700-bed tertiary affiliated hospital in Seoul, Republic of
Korea. Daily active surveillance of blood cultures detected
patients whose blood cultures were positive for S. aureus.
This study included all SAB patients who were aged
16 years or older whereas it excluded patients who had
already been enrolled within three months. Data from the
surveillance study were collected prospectively from August
1, 2008 until September 31, 2010. A prospective cohort
study was conducted to evaluate the clinical features and
outcomes of SAB in LC patients. LC patients with any
causes were identified during the SAB surveillance study
and data on LC patients with SAB were collected.

The information collected from cases included baseline
demographic information, underlying diseases, severity of
diseases, LC etiology, degree of LC severity according to
the CP class score and MELD score, underlying comorbid
conditions, and the primary foci of bacteremia. Outcomes
such as the 30-day mortality rate were assessed.

Definitions

SAB was defined by the isolation of S. aureus from at
least one set of blood cultures obtained from patients
with clinical signs of infection. Isolation of S. aureus
from multiple cultures obtained from an individual pa-
tient was treated as a single episode of bacteremia. Based
on the information found in medical records, isolates
were classified as “community,” “nosocomial,” and
“healthcare-associated” depending on where they were
acquired [11]. Catheter-related infections (CRI) were con-
sidered the source of bacteremia if the catheter had been
in place for at least 72 h and there was no other attrib-
utable source of bacteremia, and if one of the following
criteria was met: (1) the culture of a specimen of puru-
lent drainage from the insertion site grew S. aureus that
had the same resistance pattern as the culture strain from
the peripheral blood; (2) the semiquantitative culture of
the removed catheter tip revealed >15 colony-forming
units by the roll pate technique; (3) indicative differential
time to positivity (i.e., the blood culture obtained through
intravascular catheter became positive at least 2 h earlier
than a positive simultaneous blood culture obtained from
a peripheral vein) [12]. Persistent SAB was defined as
the isolation of S. aureus in blood cultures obtained from
peripheral veins or central lines on >7 consecutive days
despite appropriate antibiotic administration for >5 days
[13].
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An LC diagnosis was established by histological cri-
teria or based on clinical, analytical, and imaging find-
ings. The primary focus of infection was based on
evident clinical signs and/or symptoms [2]. The initial
manifestation at the time of bacteremia was classified
according to the International Sepsis Definitions, which
include fever (body temperature>38.0°C), hypothermia
(body temperature<36°C), tachycardia (heart rate>90
beats per min), tachypnea (respiratory rate>20 breaths
per min), leukopenia (peripheral white blood cells
counts<4000/mm?), leukocytosis (peripheral white blood
cells counts>12000/mm?), and bandemia (bands>10 %).
Sepsis was defined as specific inflammatory response
syndrome (SIRS) in response to a confirmed infectious
process, and severe sepsis was defined as sepsis with
organ dysfunction, hypoperfusion, or hypotension. Sep-
tic shock was defined as sepsis-induced hypotension
(systolic blood pressure<90 mm Hg or a drop in the
mean arterial pressure>40 mm Hg from the baseline)
that was nonresponsive to an intravenous fluid chal-
lenge, with signs of peripheral hypoperfusion [14].

The MELD score and CP score were used to compare the
outcomes of LC patients with SAB according to the degree
of LC severity. The MELD scores were computed using the
online calculator available at http://www.mayoclinic.org/
meld/mayomodel8.html. The high risk group was defined
as a MELD score range of 21-40, or as a CP score class C.
The mild to moderate risk group was defined as a MELD
score range of 620, or as CP score classes A or B.

Blood culture, species identification, and susceptibility
testing

Throughout the test period, all blood cultures were pro-
cessed by the hospital microbiology laboratory using a
standard blood culture system (BACTEC 730 or BACTEC
9240; Becton Dickinson, Franklin Lakes, NJ). Antibiotic
susceptibilities were determined using a MicroScan (Dade
Behring, West Sacramento, CA) or VITEK 2 (BioMérieux,
Maray I’Etoile, France) system, according to the standard
criteria described by the Clinical and Laboratory Standards
Institute.

Statistical analysis

All results were analyzed using SPSS version 18.0 for
Windows (SPSS Inc., Chicago, IL). The categorical
variables were compared with Fisher’s exact tests or
Pearson Y tests, whereas the continuous variables were
compared using the Mann—Whitney U-test or the Stu-
dent’s #-test. All tests of significance were two-tailed
and a P-value 0f<0.05 was considered to be statistically
significant.
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Results
Clinical characteristics of patients with SAB

From August 1, 2008 until September 31, 2010, a total of
726 episodes of SAB were recorded. Eighty-four patients
were excluded because they were younger than 16 years,
outpatients, or patients who had already been enrolled with-
in three months. A total of 642 patients with SAB were used
to evaluate the clinical features and outcomes of SAB. Of
the 642 SAB patients, 109 (17.0 %) were classified as LC
patients whereas the remaining 533 (83.0 %) were classified
as non-LC patients.

Table 1 shows a comparison of the baseline clinical
characteristics for the 642 patients with and without LC.
LC patients were more frequently male (75.2 %) and solid
organ transplant recipients (17.4 %), while they also had a
higher incidence of alcoholism (22.0 %) and solid cancers
(55.0 %), most of which were hepatocellular carcinomas
(93.3 %, 56/60). Patients without LC had a greater incidence
of hypertension (43.2 %), cardiovascular diseases (18.8 %)
including myocardial infarction (MI) and chronic heart fail-
ure (CHF), and hematological malignancy (10.5 %).
According to the McCabe and Jackson criteria, LC patients
were more rapidly fatal or ultimately fatal (67.9 %). In terms
of their underlying conditions, LC patients received more
immunosuppressive therapy (18.3 %). However, the other
underlying conditions at the time of SAB were not signifi-
cantly different between LC patients and non-LC patients.
As for primary focus of SAB, the most frequent sites of
origin were CRI, although there was no difference of pro-
portion on CRI between LC patients and non-LC patients
(32.1 % vs. 33.2 %; P=0.91, respectively). In a subset of
212 patients with catheter related SAB, there was no signif-
icant difference in the 30-day mortality based on the pres-
ence or absence of LC (28.6 % vs. 20.0 %; P=0.26,
respectively). The 30-day mortality rate (32.0 %) of LC
patients was significantly higher than that of patients with-
out LC (22.0 %).

Clinical characteristics of LC patients with SAB

Table 2 shows the clinical characteristics of LC patients with
SAB. The most common cause of LC was hepatitis B virus
(50.5 %). Alcohol (21.1 %) and hepatitis C virus (17.4 %)
were the next most common causes. In terms of the CP
classes, 50.5 % of cases were grade C and 32.1 % of cases
were grade B. The median value for the CP class score was
9 (IQR, 7-11) and the median value of the MELD score was
14 (IQR, 10.0-20.5). Twenty-two patients (20.2 %) were in
the ICU at the time of bacteremia. The primary foci of SAB
were determined as the place of bacteremia acquisition. The
most frequent sites of origin were catheter-related infection

(32.1 %), unknown origin (20.2 %), skin and soft tissue
infection (9.2 %), surgical site infection, and bone and joint
infection (5.5 %).

In 57 patients (52.3 %), bacteremia was due to
methicillin-susceptible S. aureus (MSSA), whereas it was
attributable to methicillin-resistant S. aureus (MRSA) in 52
patients (47.7 %). Table 2 shows a comparison of the clin-
ical characteristics with MRSA and MSSA. Patients with
MRSA bacteremia experienced greater chronic renal insuf-
ficiency (9.6 %, P=0.02) and organ transplant operation
(26.9 %, P=0.02). Other underlying diseases were not sig-
nificantly different between MRSA and MSSA. The
McCabe and Jackson criteria and APACHE II score were
not significantly different. The LC etiology, proportion of
CP class grades, and the median MELD scores were not
significantly different. However, the median CP class score,
10 (IQR 7-12, P=0.04), was higher with MRSA than
MSSA. In terms of the underlying conditions, recent surgery
within 1 month, prior ICU care within 3 days, mechanical
ventilation within 3 days, and indwelling catheter, includ-
ing, central venous catheter, urinary catheter, and biliary
drainage catheter, were significantly more common in
patients with MRSA bacteremia than those with MSSA
bacteremia. In terms of the SAB primary focus, catheter-
related infection was significantly more common with
MRSA bacteremia than MSSA bacteremia (50.0 % vs.
15.8 %, P<0.001). Pneumonia and surgical site infection
were more common with MRSA bacteremia, although there
was no significant difference. Bone and joint infections
were significantly more common in patients with MSSA
bacteremia than MRSA bacteremia (10.5 % vs. 0 %, P=
0.03). Skin and soft tissue infection, infective endocarditis,
and urinary tract infection were more common in patients
with MRSA bacteremia, although there was no significant
difference. An eradicable focus was significantly more com-
mon in patients with MRSA bacteremia (59.6 %, P=0.01),
although removal of the eradicable focus was not signifi-
cantly different between the two groups. There was no
significant difference between MRSA and MSSA in terms
of persistent SAB (19.2 % vs. 7.0 %, P=0.08), the 10-day
mortality (13.5 % vs. 14.0 %, P> 0.99), the 20-day mortality
(23.1 % vs. 28.1 %, P=0.66), and the 30-day mortality rate
(26.9 % vs. 35.1 %, P=0.41).

Factors associated with the 30-day mortality of LC patients
with SAB

Table 3 shows the clinical characteristics and factors asso-
ciated with the 30-day mortality rate of LC patients with
SAB in terms of survivors and non-survivors. Non-
survivors had more severe initial presentation than survi-
vors. Rapidly fatal or ultimately fatal according to the crite-
ria of McCabe and Jackson (88.2 % vs. 60.0 %; P=0.003),
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Table 1 Clinical characteristics
of liver cirrhosis (LC) patients
with S. aureus bacteremia

SOT solid organ transplant,
HSCT hematopoietic stem cell
transplantation, PBSCT periph-
eral blood stem cell transplant,
BMT bone marrow transplant,
COPD chronic obstructive pul-
monary disease, MI myocardial
infarction, HF heart failure, /OR
interquartile range, ANC abso-
lute neutrophil count, /ICU
intensive care unit, SAB

S. aureus bacteremia, SD
standard deviation

Data indicate numbers (%) of
patients, unless otherwise
indicated

# Some patients had>1 underly-
ing disease or condition

P Receipt of steroid therapy for>
10 days or use of other immuno-
suppressant for>1 week within
the previous month

septic shock at initial presentation (26.5 % vs. 9.3 %; P=
0.02), and infective endocarditis (8.8 % vs. 0 %; P=0.03)
were significantly more common in non-survivors than sur-
vivors. The groups did not differ in the eradicable focus.
However, the eradicable focus was removed significantly
more from survivors than from non-survivors (42.7 % vs.
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Characteristic

Patients with LC

(n=109) No. (%)

Patients without LC P
(n=533) No. (%)

Age, mean+SD

Male sex

Underlying disease®

Solid cancer

Hematologic malignancy

Biliary disease

Hypertension

Diabetes mellitus

Alcoholism

End-stage renal disease on dialysis
SOT

HSCT (PBSCT, BMT)

COPD

Autoimmune disease

Cardiovascular disease (MI, HF)
Severity of disease

McCabe and Jackson criteria
Non-fatal

Rapidly fatal or ultimately fatal
APACHE II score, median (IQR)
Septic shock at initial presentation
Underlying condition®

Neutropenia (ANC<500, within 3 days)
Recent surgery (within 1 month)
Cancer chemotherapy (within 1 month)
Immunosuppressive therapy®

Prior ICU care (within 3 days)
Mechanical ventilation (within 3 days)
Central venous catheter (within 3 days)
Urinary catheter (within 3 days)
Biliary drainage catheter (within 3 days)
Primary focus of SAB

Catheter-related infection (CVC)
Unknown origin

Skin & soft tissue infection

Surgical site infection

Bone & joint infection

Pneumonia

Infective endocarditis

Urinary tract infection

30-day mortality

574104
82 (75.2)

60 (55.0)
3(2.8)
4(3.7)
17 (15.6)
35 (32.1)
24 (22.0)
5 (4.6)
19 (17.4)
1(0.9)
2(1.8)
2(1.8)
5 (4.6)

35 (32.1)
74 (67.9)
16 (12.0-21.0)
16 (14.7)

3(2.8)
19 (17.4)
18 (16.5)
20 (18.3)
22(20.2)
10 (9.2)
42 (38.5)
34 (31.2)
9 (8.3)

35 (32.1)
22 (20.2)
8 (7.3)
6 (5.5)
6 (5.5)
3(2.8)
3(2.8)
1(0.9)
34 (32.0)

65+15.2 0.21
338 (63.4) 0.02
201 (37.7) 0.001
56 (10.5) 0.01
17 (3.2) >0.999
230 (43.2) <0.001
156 (29.3) 0.57
16 (2.4) <0.001
55 (10.3) 0.07
12 (2.3) <0.001
9(1.7) 0.71
23 (4.3) 0.29
21 (3.9) 0.40
100 (18.8) <0.001
<0.001
308 (57.8)
221 (41.4)
16 (12.0-22.0) 031
101 (18.9) 0.07
34 (6.4) 0.18
122 (22.9) 021
76 (14.3) 0.72
26 (4.9) <0.001
109 (20.5) >0.999
69 (12.9) 0.27
248 (46.5) 0.27
190 (35.6) 0.38
37 (6.9) 0.68
177 33.2) 0.91
67 (12.6) 0.047
41 (1.7) >0.999
40 (7.5) 0.55
41 (1.7) 0.55
47 (8.8) 0.047
21 (3.9) 0.60
10 (1.9) 0.70
117 (22.0) 0.047

14.7 %; P=0.003). In terms of the high risk group of CP
class C or MELD score (range 21-40), CP class C was
significantly more common in non-survivors than survivors
(67.6 % vs. 42.7 %; P=0.02), whereas the high risk MELD
score (range 21-40) was not related to the 30-day mortality.
In the univariate analysis of the 30-day mortality rate of LC
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Table 2 Clinical characteristics of liver cirrhosis (LC) patients with S. aureus bacteremia
Characteristic Total (n=109) No. (%) MRSA (n=52) No. (%) MSSA (n=57) No. (%) P
Age, mean+SD 57.6+10.4 56.7£10.4 58.5+10.3 0.07
Male sex 87 (79.8) 41 (78.8) 46 (80.7) 0.82
Underlying disease®
Solid cancer 60 (55.0) 28 (53.8) 32 (56.1) 0.85
Hematologic malignancy 4 (3.7) 2 (3.8) 2 (3.5) >0.99
Biliary disease 5 (4.6) 4 (7.7) 1(1.8) 0.19
Hypertension 17 (15.6) 11 (21.2) 6 (10.5) 0.19
Diabetes mellitus 35(32.1) 19 (36.5) 16 (28.1) 0.41
Alcoholism 24 (22.0) 11 (21.2) 13 (22.8) >0.99
Chronic renal failure without dialysis 5(4.6) 5(9.6) 0 0.02
End-stage renal disease on dialysis 5(4.6) 4.(7.7) 1(1.8) 0.19
SOT 19 (17.4) 14 (26.9) 5(8.8) 0.02
HSCT (PBSCT, BMT) 1(0.9) 1(1.9) 0 0.48
COPD 2 (1.8) 0 2 (3.5) 0.50
Autoimmune disease 2 (1.8) 2 (3.8) 0 0.22
Cardiovascular disease (M1, HF) 4 (3.7) 2 (3.8) 2 (3.9 >0.99
Severity of disease
McCabe and Jackson criteria 0.92
Non-fatal 34 (31.2) 17 (32.7) 17 (29.8)
Rapidly fatal or ultimately fatal 75 (68.8) 35 (67.3) 40 (70.2)
APACHE 1I score, median (IQR) 16.0 (12.0-21.0) 17.0 (13.5-23.0) 15.0 (12.0-19.3) 0.14
Etiology of liver cirrhosis 0.52
Hepatitis B virus 55 (50.5) 27 (51.9) 28 (49.1)
Hepatitis C virus 19 (17.4) 7 (13.5) 12 (21.1)
Alcohol 23 (21.1) 10 (19.2) 13 22.8)
Others 12 (11.0) 8 (15.4) 4(7.0)
Concomitant hepatocellular carcinoma 56 (51.4) 23 (44.2) 33 (57.9) 0.18
Child-Pugh class 0.62
Class A 19 (17.4) 8 (15.4) 11 (19.3)
Class B 35 (32.1) 15 (28.8) 20 (35.1)
Class C 55 (50.5) 29 (55.8) 26 (45.6)
Child-Pugh class score, median (IQR) 9.0 (7.0-11.0) 10.0 (7.0-12.0) 9.0 (7.0-10.0) 0.04
MELD score, median (IQR) 14.0 (10.0-20.5) 13.5 (10.0-23.8) 14.0 (9.0-18.0) 0.67
Underlying condition®
Neutropenia (ANC<500, within 3 days) 3(2.8) 2 (3.8) 1(1.8) 0.61
Recent surgery (within 1 month) 18 (16.5) 15 (28.8) 3(5.3) 0.001
Cancer chemotherapy (within 1 month) 18 (16.5) 6 (11.5) 12 (21.1) 0.21
Immunosuppressive therapy® 25 (22.9) 15 (28.8) 10 (17.5) 0.18
Prior ICU care (within 3 days) 22 (20.2) 18 (34.6) 4(7.0) <0.001
Mechanical ventilation (within 3 days) 10 (9.2) 8 (15.4) 2 (3.5) 0.045
Central venous catheter (within 3 days) 42 (38.5) 32 (61.5) 10 (17.5) <0.001
Urinary catheter (within 3 days) 34 (31.2) 27 (51.9) 7(2.3) <0.001
Biliary drainage catheter (within 3 days) 9(8.3) 8 (15.4) 1(1.8) 0.01
Primary focus of SAB
Catheter-related infection (CVC) 35 (32.1) 26 (50.0) 9 (15.8) <0.001
Unknown origin 22 (20.2) 8 (15.4) 14 (24.6) 0.34
Skin & soft tissue infection 10 (9.2) 2 (3.8) 8 (14.0) 0.10
Surgical site infection 6 (5.5 4(7.7) 2 (3.5) 0.42
Bone & joint infection 6 (5.5 0 6 (10.5) 0.03
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Table 2 (continued)

Characteristic Total (n=109) No. (%) MRSA (n=52) No. (%) MSSA (n=57) No. (%) P
Pneumonia 3(2.8) 3(5.8) 0 0.11
Infective endocarditis 3(2.8) 0 3(5.3) 0.25
Urinary tract infection 2 (1.8) 0 2 (3.5) 0.50

Metastatic infection 13 (11.9) 5(9.6) 8 (14.0) 0.77

Eradicable focus 50 (45.9) 31 (59.6) 19 (33.3) 0.01

Removal of eradicable focus 37 (33.9) 25 (48.0) 12 (21.1) 0.38

Community-onset SAB 31 (28.4) 8 (15.4) 23 (40.4) 0.01

Persistent SAB 14 (12.8) 10 (19.2) 4 (7.0) 0.08

10-day mortality 15 (13.8) 7 (13.5) 8 (14.0) >0.99

20-day mortality 28 (25.7) 12 (23.1) 16 (28.1) 0.66

30-day mortality 34 (31.2) 14 (26.9) 20 (35.1) 0.41

SOT solid organ transplant, HSCT hematopoietic stem cell transplantation, PBSCT peripheral blood stem cell transplant, BMT bone marrow
transplant, COPD chronic obstructive pulmonary disease, M/ myocardial infarction, HF heart failure, /OR interquartile range, ANC absolute
neutrophil count, /CU intensive care unit, SAB S. aureus bacteremia, SD standard deviation, MELD Model of End-Stage Liver Disease, MRSA

methicillin-resistant S. aureus, MSSA methicillin-susceptible S. aureus
Data are numbers (%) of patients, unless otherwise indicated

#Some patients had>1 underlying disease or condition

® Receipt of steroid therapy for>10 days or use of other immunosuppressant for>1 week within the previous month

patients with SAB for survivors and non-survivors, it was
shown that rapidly fatal or ultimately fatal according to the
criteria of McCabe and Jackson, septic shock at initial
presentation, and CP class C were associated with increased
mortality. In contrast, removal of the eradicable focus was
associated with decreased mortality (OR 0.14; 95 % CI
0.04-0.52).

Discussion

The current study evaluated the epidemiology, clinical fea-
tures, and outcomes of SAB in 109 LC patients. The main
findings were as follows: (1) LC patients had distinct clin-
ical features and more severe SAB at admission compared
with patients with other diseases; (2) the mortality rate of
LC patients was significantly higher than those of patients
with other diseases; (3) the mortality rates with MRSA
bacteremia and MSSA bacteremia were not significantly
different in LC patients; (4) the severity of diseases and
liver dysfunction were associated with increased mortality;
(5) cirrhosis-specific scores such as the CP class were par-
ticularly useful for predicting the prognosis.

Cirrhosis of the liver is the terminal point of multifacto-
rial processes that lead to hepatic destruction and eventual
death [1]. It is well-known that cirrhotic patients are predis-
posed to infectious diseases and have a poor prognosis, and
that a wide range of bacterial infections can decompensate
hepatic status and lead to the death of such patients [1]. In
the present study, LC patients were more often male
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(75.2 %) and solid organ transplant recipients (17.4 %),
and they had a higher incidence of alcoholism (22.0 %)
and solid cancers (55.0 %). Viral hepatitis (68 %) was the
main cause of LC rather than alcohol use (21 %), which is
consistent with a previous study of an Asian population
[15]. They were more rapidly fatal or ultimately fatal
(67.9 %) according to the McCabe and Jackson criteria.
The mortality rate was higher in LC patients than patients
with other diseases, as observed in other studies of high risk
groups with LC [1, 2, 16, 17]. The 30-day mortality rate
(32.0 %) of LC patients was significantly higher compared
with patients with other diseases, which agrees with the
results of previous studies [15, 16].

The etiologies of hospital-acquired infections have un-
dergone changes and Gram-positive bacteria have emerged
as the main causes of infections in hospitalized patients [18].
S. aureus is recognized as an important pathogen in cirrhotic
patients [18]. In the present study, MSSA bacteremia
accounted for 52.3 % of cases (57/109), while MRSA bac-
teremia accounted for 47.7 % (52/109). Previous studies
assumed that patients with MRSA bacteremia had higher
mortality and adverse outcomes than patients with MSSA
bacteremia [19-21]. However, the 30-day mortality rate in
the present study was not significantly different between
MRSA bacteremia and MSSA bacteremia in LC patients
(35.1 % with MSSA vs 26.9 % with MRSA, P=0.41). To
strengthen the present study, we assessed additionally the
10-day mortality and the 20-day mortality. However, they
were not also significantly different between two groups.
This result is supported by a recent study of S. aureus
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Table 3 Factors associated with 30-day mortality in patients with liver cirrhosis and SAB

Characteristic Survivors Non-survivors Univariate analysis
(n=175) (n=34) P OR (95 % CI)

Age, mean+SD 56.0+9.7 59.0+11.6 0.91
Male sex 60 (80.0) 27 (79.4) >0.99
Solid cancer 38 (50.7) 22 (64.7) 0.21
Hematologic malignancy 2(2.7) 2(5.9) 0.59
Hypertension 11 (14.7) 6 (17.6) 0.78
Diabetes mellitus 25 (33.3) 10 (29.4) 0.83
Alcoholism 17 (22.7) 7 (20.6) >0.99
ESRD 3 (4.0) 2(5.9) >0.99
COPD 1(1.3) 1(2.9) >0.99
Rapidly fatal or ultimately fatal 45 (60.0) 30 (88.2) 0.003 5.0 (1.60-15.65)
Septic shock at presentation 7(9.3) 9 (26.5) 0.02 3.50 (1.18-10.39)
Recent surgery (within 1 month) 15 (20.0) 3 (8.8) 0.17
Chemotherapy (within 1 month) 15 (20.0) 3(8.8) 0.17
Immunosuppressive therapy” 20 (26.7) 5(14.7) 0.22
Prior ICU care (within 3 days) 17 (22.7) 5(14.7) 0.44
Mechanical ventilation (within 3 days) 7(9.3) 3(8.8) >0.99
Primary focus of SAB

Catheter related infection 25 (33.3) 10 (29.4) 0.83

Unknown origin 14 (18.7) 8(23.5) 0.61

Skin & soft tissue infection 9 (12.0) 1(2.9) 0.17

Surgical site infection 227 4 (11.8) 0.37

Bone & joint infection 2(2.7) 4 (11.8) 0.08

Pneumonia 227 1(2.9) >0.99

Infective endocarditis 0 3 (8.8) 0.03 3.91 x 10°
Eradicable focus 36 (48.0) 14 (41.2) 0.54
Removal of eradicable focus 32 (42.7) 5(14.7) 0.003 0.14 (0.04-0.52)
Child-Pugh class C 32 (42.7) 23 (67.6) 0.02 2.81 (1.20-6.59)
MELD score, high-risk class 16 (21.3) 11 (32.4) 0.24

OR odds ratio, CI confidence interval, ESRD end stage renal disease, COPD chronic obstructive pulmonary disease, /CU intensive care unit, MELD

Model of End-Stage Liver Disease

Data are numbers (%) of patients, unless otherwise indicated

infection in chronic liver disease, where the mortality rate of
the MRSA group was not significantly different from that of
the MSSA group in patients with liver disease [16]. This
previous study suggested that methicillin resistance was not
the main factor involved in poor prognosis in a population
of patients with chronic liver diseases, whereas old age,
underlying conditions, and concomitant bacteremia were
independently associated with a higher mortality rate in
patients [16]. In another previous study including 238
patients with SAB, the difference in mortality between
MRSA and MSSA bacteremia in patients with eradicable
foci was not significant [17]. In the present study, LC
patients with MRSA bacteremia had more eradicable foci,
and removed eradicable foci more than those with MSSA
bacteremia.

The univariate analysis conducted in the present study
showed that factors associated with mortality in LC patients
with SAB were rapidly fatal or ultimately fatal according to
the criteria of McCabe and Jackson, septic shock at initial
presentation, and CP class C. Inversely, removal of the erad-
icable focus was associated with decreased mortality in LC
patients with SAB. It was not possible to perform a multivar-
iate logistic regression analysis because of the small number
of patients who died. Bacteremia, CP score, and MELD score
have been previously reported as risk factors for mortality in
LC patients with infection [1, 5, 6, 22]. In the present study,
patients with a high risk class MELD score were more likely
to be non-survivors, although there was no significant differ-
ence. Patients with CP class C were significantly more likely
to be non-survivors. In a recent study, the MELD score was
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found to be a good predictor of death and ICU admission in
patients with LC and community-acquired pneumonia (CAP)
[7]. Therefore, the severity of liver dysfunction and removal of
the eradicable focus in LC patients with SAB might be an
important predictor of prognosis.

This study had several limitations. First, our study was per-
formed with patients in a single, large tertiary care center and the
results may be different from those in other hospitals. Second,
this study had a limited number of patients and a relatively short
duration. A longer period and a greater number of patients may
make it possible to reach more concrete conclusions. Finally,
this study was a non-blinded, prospective observational study.
Therefore, unmeasured confounding factors and hidden bias
might have affected our results. Despite these limitations, this
study provides a greater understanding of SAB in LC patients,
which may provide a basis for future studies.

Conclusion

In this study, the mortality rates of LC patients with SAB were
significantly higher than those of patients with other diseases.
The severity of diseases and liver dysfunction were also
associated with increased mortality. In contrast, removal of
the eradicable focus was associated with decreased mortality.
Cirrhosis-specific scores such as the CP class and whether or
not the eradicable focus was removed may be particularly
useful for predicting the prognosis of SAB in LC patients.

Funding This work was supported by grants 2008—131, 2007131,
and 2001-131 from the Asan Institute for Life Sciences, Seoul, Korea.

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Christou L, Pappas G, Falagas ME (2007) Bacterial infection-
related morbidity and mortality in cirrhosis. Am J Gastroenterol
102(7):1510-1517

2. Campillo B, Richardet JP, Kheo T, Dupeyron C (2002) Nosoco-
mial spontaneous bacterial peritonitis and bacteremia in cirrhotic
patients: impact of isolate type on prognosis and characteristics of
infection. Clin Infect Dis 35(1):1-10

3. Chang FY, Singh N, Gayowski T, Wagener MM, Marino IR (1998)
Staphylococcus aureus nasal colonization in patients with cirrho-
sis: prospective assessment of association with infection. Infect
Control Hosp Epidemiol 19(5):328-332

4. Durand F, Valla D (2008) Assessment of prognosis of cirrhosis.
Semin Liver Dis 28(1):110-122

5. Khan R, Abid S, Jafri W, Awan S, Hamid S, Shah H, Pervez S
(2009) Model for end-stage liver disease (MELD) score as a useful
prognostic marker in cirrhotic patients with infection. J Coll Physi-
cians Surg Pak 19(11):694—698

@ Springer

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Terra C, Guevara M, Torre A, Gilabert R, Fernandez J, Martin-

Llahi M, Baccaro ME, Navasa M, Bru C, Arroyo V, Rodes J, Gines
P (2005) Renal failure in patients with cirrhosis and sepsis unre-
lated to spontaneous bacterial peritonitis: value of MELD score.
Gastroenterology 129(6):1944—-1953

. Viasus D, Garcia-Vidal C, Castellote J, Adamuz J, Verdaguer R,

Dorca J, Manresa F, Gudiol F, Carratala J (2011) Community-
acquired pneumonia in patients with liver cirrhosis: clinical fea-
tures, outcomes, and usefulness of severity scores. Medicine
(Baltimore) 90(2):110-118

. Kuo CH, Changchien CS, Yang CY, Sheen IS, Liaw YF (1991)

Bacteremia in patients with cirrhosis of the liver. Liver 11(6):334-339

. Dupeyron C, Campillo SB, Mangeney N, Richardet JP, Leluan G

(2001) Carriage of Staphylococcus aureus and of gram-negative
bacilli resistant to third-generation cephalosporins in cirrhotic
patients: a prospective assessment of hospital-acquired infections.
Infect Control Hosp Epidemiol 22(7):427-432

Garcia-Tsao G (2004) Bacterial infections in cirrhosis. Can J
Gastroenterol 18(6):405-406

Friedman ND, Kaye KS, Stout JE, McGarry SA, Trivette SL,
Briggs JP, Lamm W, Clark C, MacFarquhar J, Walton AL, Reller
LB, Sexton DJ (2002) Health care—associated bloodstream infec-
tions in adults: a reason to change the accepted definition of
community-acquired infections. Ann Intern Med 137(10):791-797

. Raad I, Hanna HA, Alakech B, Chatzinikolaou I, Johnson MM,

Tarrand J (2004) Differential time to positivity: a useful method for
diagnosing catheter-related bloodstream infections. Ann Intern
Med 140(1):18-25

Libman HAR (1984) Complications associated with Staphylococ-
cus aureus bacteremia. Arch Intern Med 144(3):541-545

Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D,
Cohen J, Opal SM, Vincent JL, Ramsay G (2003) 2001 SCCM/
ESICM/ACCP/ATS/SIS International Sepsis Definitions Confer-
ence. Crit Care Med 31(4):1250-1256

Chen SY, Tsai CL, Lin CH, Lee CC, Chiang WC, Wang JL, Ma
MH, Chen SC, Chen WIJ, Chang SC (2009) Impact of liver
cirrhosis on mortality in patients with community-acquired bacter-
emia. Diagn Microbiol Infect Dis 64(2):124-130

Kang CI, Song JH, Ko KS, Chung DR, Peck KR (2010) Clinical
significance of Staphylococcus aureus infection in patients with
chronic liver diseases. Liver Int 30(9):1333-1338

Kim SH, Park WB, Lee KD, Kang CI, Kim HB, Oh MD, Kim EC,
Choe KW (2003) Outcome of Staphylococcus aureus bacteremia
in patients with eradicable foci versus noneradicable foci. Clin
Infect Dis 37(6):794-799

Singh N, Paterson DL, Chang FY, Gayowski T, Squier C, Wagener
MM, Marino IR (2000) Methicillin-resistant Staphylococcus aure-
us: the other emerging resistant gram-positive coccus among liver
transplant recipients. Clin Infect Dis 30(2):322-327

Blot SI, Vandewoude KH, Hoste EA, Colardyn FA (2002) Out-
come and attributable mortality in critically Ill patients with bac-
teremia involving methicillin-susceptible and methicillin-resistant
Staphylococcus aureus. Arch Intern Med 162(19):2229-2235
Cosgrove SE, Qi Y, Kaye KS, Harbarth S, Karchmer AW, Carmeli Y
(2005) The impact of methicillin resistance in Staphylococcus aureus
bacteremia on patient outcomes: mortality, length of stay, and hospi-
tal charges. Infect Control Hosp Epidemiol 26(2):166—174
Cosgrove SE, Sakoulas G, Perencevich EN, Schwaber MJ,
Karchmer AW, Carmeli Y (2003) Comparison of mortality asso-
ciated with methicillin-resistant and methicillin-susceptible Staph-
ylococcus aureus bacteremia: a meta-analysis. Clin Infect Dis 36
(1):53-59

Cho JH, Park KH, Kim SH, Bang JH, Park WB, Kim HB, Kim NJ,
Oh MD, Lee HS, Choe KW (2007) Bacteremia is a prognostic
factor for poor outcome in spontaneous bacterial peritonitis. Scand
J Infect Dis 39(8):697-702



	Clinical significance of Staphylococcus aureus bacteremia in patients with liver cirrhosis
	Abstract
	Background
	Materials and methods
	Study design and population
	Definitions
	Blood culture, species identification, and susceptibility testing
	Statistical analysis

	Results
	Clinical characteristics of patients with SAB
	Clinical characteristics of LC patients with SAB
	Factors associated with the 30-day mortality of LC patients with SAB

	Discussion
	Conclusion
	References


