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Clinical Characteristics and Prognostic Impact of Bacterial 
Infection in Hospitalized Patients with Alcoholic Liver Disease

Bacterial infection is an important cause of death in patients with liver cirrhosis. The aim 
of this study was to investigate the clinical characteristics and prognostic impact of 
bacterial infection in hospitalized patients with alcoholic liver disease (ALD). We 
retrospectively analyzed data from 409 patients consecutively admitted to a tertiary referral 
center with ALD diagnosis. Of a total of 544 admissions, 133 (24.4%) cases presented with 
bacterial infection, of which 116 were community-acquired whereas 17 were hospital-
acquired. The common types of infection were pneumonia (38%), biliary tract infection 
(17%), soft tissue infection (12%), and spontaneous bacterial peritonitis (9%). Diabetes, 
serum Na <135 mM/L, albumin <2.5 g/dL, C-reactive protein ≥20 mg/L, systemic 
inflammatory response syndrome (SIRS) positivity were independently associated with 
bacterial infection in patients with ALD. Overall 30-day and 90-day mortalities in patients 
with bacterial infection were significantly (P < 0.001) higher than those without infection 
(22.3% vs. 5.1% and 32.3% vs. 8.2%, respectively). Furthermore, bacterial infection (HR, 
2.2; 95% CI, 1.049-4.579, P = 0.037), SIRS positivity (HR, 2.5; 95% CI, 1.240-4.861, 
P = 0.010), Maddrey’s discriminant function score ≥32 (HR, 2.3; 95% CI, 1.036-5.222, 
P = 0.041), and hemoglobin <12 g/dL (HR, 2.4; 95% CI, 1.081-5.450, P = 0.032) were 
independent predictors of short-term mortality. In conclusion, bacterial infection and SIRS 
positivity predicted short-term prognosis in hospitalized patients with ALD. A thorough 
evaluation at admission or on clinical deterioration is required to detect possible infection 
with prompt management.
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INTRODUCTION

Alcohol abuse can lead to alcoholic liver disease (ALD) includ-
ing fatty liver, hepatitis, cirrhosis, and liver cancer (1). Alcohol is 
the second common cause of chronic liver disease, accounting 
for approximately 25%-30% cases of liver cirrhosis in Korea (2). 
Although fatty liver can be reversed after abstinence of alcohol, 
alcoholic hepatitis and cirrhosis are usually progressive and some-
times fatal. In a recent nation-wide study, the main causes of 
death in ALD were variceal bleeding (31.1%), liver failure (24.5%), 
and hepatorenal syndrome or sepsis (11.3%) (3).
  ALD is closely associated with significant development of 
endotoxemia (4). Alcohol abuse increases the permeability of 
intestinal mucosa which facilitates the absorption of endotoxin 
and decreases the bactericidal activity of phagocytic cells. These 
factors contribute to the development of endeotoxemia, result-
ing in hypotension, altered renal function, and coagulopathy. 
Furthermore, patients with cirrhosis have multifactorial immune 
dysfunction locally and systemically (5). Previous studies have 
reported that bacterial infections are frequent in patients with 
cirrhosis, therefore increasing mortality (6, 7). Mortality rate af-

ter infection in cirrhosis was approximately 30% in 1-month 
which was 4-fold of the mortality rate in the general population 
(6). These findings suggest that bacterial infections may be com-
mon which have significant impact on short-term mortality in 
patients with ALD. Therefore, bacterial infection in ALD should 
be considered as important prognostic factor. The objectives of 
this study were to determine the clinical characteristics of re-
cent bacterial infection in hospitalized patients with ALD and 
to investigate the prognostic impact of bacterial infection on 
short-term mortality in ALD patients.  

MATERIALS AND METHODS

Study population and data collection
We retrospectively analyzed data of a total of 544 admissions 
from 409 patients who were consecutively admitted to Chon-
buk National University Hospital and diagnosed with ALD be-
tween January 2010 and December 2012. The diagnosis of ALD 
in patients was based on the following: daily alcohol consump-
tion exceeding 40 g in men and 20 g in women, with clinical, 
laboratory, radiological, or histological evidence of liver disease 
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(2). Currently there was no definite diagnostic criteria for alco-
holic hepatitis. In this study, we diagnosed alcoholic hepatitis 
based on the elevation of serum aspartate aminotransferase 
(AST) or alanine aminotransferase (ALT) when their levels were 
>2 fold of the upper normal limit or with evidence of histologi-
cal findings compatible with alcoholic hepatitis. Alcoholic cir-
rhosis was diagnosed with clinical evidence, which included 
findings of portal hypertension (one of the followings: spleno-
megaly, varices, ascites, platelets count <100,000/μL) and ra-
diologic findings of cirrhosis, or histological findings compati-
ble with cirrhosis patients with ALD. Co-infections with other 
viruses including hepatitis A virus, hepatitis B virus, hepatitis D 
virus, human immunodeficiency virus, concomitant liver dis-
ease such as Wilson’s disease, autoimmune hepatitis, co-exist-
ing liver cancer or extrahepatic malignancy, and use of hepato-
toxic drugs were excluded from this study.
  The following data were collected from electronic data system 
and medical records: age, gender, body mass index, amount of 
alcohol consumption, presence of diabetes, previous history of 
bacterial infection, vital signs, symptoms and laboratory find-
ings at admission, clinical stages of ALD, presence of bacterial 
infection at admission or during hospitalization, total duration 
of hospitalization, and mortality at 30-day and 60-day. Child-
Pugh score, model for end-stage liver disease (MELD) score, 
and Maddrey’s discriminant function (DF) score were calculat-
ed from collected data. For patients with bacterial infections, 
types of infection, organisms isolated and their anti-microbial 
resistance profiles were determined.

Definitions and study endpoints
In this study, we divided study patients into the following two 
groups: bacterial infection group and non-infection group. We 
considered bacterial infection if patients presented with fever 
(>37.5°C) lasting more than 24 hr or leukocytosis (leukocyte 
count >10,000/μL) combining with one of the following crite-
ria of infection. Pneumonia was diagnosed in radiologic evi-
dence of pulmonary infiltration associated with purulent spu-
tum. Spontaneous bacterial peritonitis (SBP) was diagnosed 
when ascitic fluid examination showed polymorphonuclear 
count ≥250 cells/μL, irrespective of the culture result. Urinary 
tract infection was diagnosed through urinary leukocyte count 
>15 cells/high power field and isolation of >106 bacteria/μL. 
Skin and soft tissue infection was diagnosed when patient pre-
sented with fever (>37.5°C) and cellulitis associated with leuko-
cytosis. Spontaneous bacteremia was diagnosed when blood 
culture was positive but without any recognized source of in-
fection. Other infections were diagnosed based on clinical, ra-
diological and bacteriological data. Patients considered for bac-
terial infections but without positive culture or evidence of or-
gan involvements were considered as undetermined infection. 
Community-acquired infection was considered if it was already 

present upon hospitalization or diagnosed within the first 48 hr. 
Hospital-acquired infection was considered if it occurred dur-
ing hospitalization or diagnosed after 48 hr. Systemic inflamma-
tory response syndrome (SIRS) was considered if patients fulfill
ed at least two of the following criteria: body temperature <36°C 
or >38°C, heart rate >90 beats/min, respiratory rate >20 beats/ 
min, leukocyte count <4,000 or >12,000 cells/μL or the pres-
ence of greater than 10% immature neutrophils (band forms).
  Primary endpoints of this study were comparison of clinical 
features of the bacterial infection group versus the non-infec-
tion group and evaluation of 30-day and 90-day mortalities ac-
cording to the presence of bacterial infection in hospitalized 
patients with ALD. Secondary endpoints were investigation of 
factors associated with bacterial infection and short term (30-
day) mortality as well as cumulative survival rates according to 
prognostic factors in ALD patients.

Statistical analysis
Continuous variables were compared using the two-tailed Stu-
dent’s t-test. Categorical data were analyzed using the chi-square 
test or Fisher’s exact test. Factors associated with bacterial in-
fections were analyzed by binary linear regression models. Uni-
variate binary logistic regression analysis was done using the 
factors represented with nominal variables. Then, multivariate 
analysis was done with the significant factors in the univariate 
analysis. Factors associated with short-term mortalities were 
analyzed by univariate and multivariate Cox regression models. 
Cumulative survival rates according to prognostic factors were 
evaluated by Kaplan-Meier analysis. Results were reported as 
mean ± standard deviation (SD) or number (%). Data was col-
lected in Microsoft EXCEL (Microsoft Excel 2007; Microsoft Cor-
poration, Seattle, WA, USA) and analyzed using SPSS for Win-
dows version 15.0 (SPSS, Chicago, IL, USA). Statistical signifi-
cance was considered when P value was less than 0.05.

Ethics statement
This study was conducted in compliance with the World Medi-
cal Association Declaration of Helsinki and was approved by 
the institutional review board of Chonbuk National University 
Hospital (IRB number: 2013-05-003). Informed consent was 
waived by the board.  

RESULTS

Clinical features of bacterial infection in patients with ALD
Of 544 consecutive admissions, 505 (92.8%) were males, 134 
(24.6%) had diabetes, and 442 (81.3%) had pre-existing cirrho-
sis. The mean age of patients was 54.3 ± 11.3 yr (Table 1). A total 
of 133 (24.4%) cases presented with bacterial infection at ad-
mission or during hospitalization. Clinical features were com-
pared between the bacterial infection group and the non-infec-
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tion group (Table 1). Bacterial infection group was significantly 
associated with older age (P < 0.001), male sex (P = 0.033), dia-
betes (P = 0.032), previous bacterial infection (P = 0.003) at ad-
missions compared to the non-infection group. Meanwhile, non-
infection group was more frequently combined with ascites (P =  
0.006) and gastrointestinal bleeding (P < 0.001) compared to 
the infection group. In initial laboratory findings, compared to 
the non-infection group, the bacterial infection group had sig-
nificantly higher levels of leukocytes counts (P < 0.001), C-reac-
tive protein (CRP) (P < 0.001), and procalcitonin (P = 0.013), 
but significantly lower levels of hemoglobin (P = 0.003), serum 
Na (P < 0.001), and albumin (P = 0.012). In addition, the bacte-
rial infection group exhibited significantly higher MELD score 
(15.5 ± 9.8 vs. 13.2 ± 9.0, P = 0.015) and SIRS positivity (40.6% 
vs. 5.1%, P < 0.001) compared to the non-infection group. The 
duration of hospitalization was significantly longer in the infec-
tion group compared to the non-infection group (16.7 ± 14.1 vs. 
12.0 ± 10.7 days, P = 0.001). Furthermore, the bacterial infection 
group had significantly higher 30- and 90-day mortality rates 
compared to the non-infection group (22.3% vs. 5.1%, P < 0.001 
and 32.3% vs. 8.2%, P < 0.001, respectively) (Fig. 1). In multivar-

iate analysis by binary linear regression models, diabetes (odd 
ratio [OR], 1.9; 95% confidence interval [CI], 1.013-3.415, P =  
0.045), serum Na < 135 mM/L (OR, 2.6; 95% CI, 1.490-4.474, P =  
0.001), albumin < 2.5 g/dL (OR, 2.6; 95% CI, 1.356-5.040, P =  

Table 1. Comparison of clinical features between the bacterial infection group and the non-infection group

Characteristics Total (n = 544) Infection group (n = 133) Non-infection group (n = 411) P value

Age (yr) 54.4 ± 11.3 57.5 ± 11.6 53.3 ± 11.0 < 0.001
Male 505 (92.8%) 129 (97.0%) 376 (91.5%) 0.033
BMI (kg/m2) 22.8 ± 3.5 22.3 ± 3.5 23.0 ± 3.5 0.132
Diabetes mellitus 134 (24.6%) 42 (31.6%) 92 (22.4%) 0.032
Pre-existing cirrhosis 442 (81.3%) 110 (82.7%) 332 (80.8%) 0.620
Previous bacterial infection (%) 41 (7.5) 18 (13.5) 23 (5.6) 0.003
Sign and symptoms at admission
   Ascites
   Gastrointestinal bleeding
   Hepatic encephalopathy

65 (11.9%)
184 (33.8%)

33 (6.1%)

7 (5.3%)
10 (7.5%)
8 (6.0%)

58 (14.1%)
174 (42.3%)
25 (6.1%)

0.006
< 0.001

0.977
Laboratory findings at admission
   WBC ( × 103/μL)
   Hemoglobin (g/dL)
   Platelets ( × 103/μL)
   Prothrombin time (INR)
   Serum Na (mM/L)
   Serum AST (IU/L)
   Serum ALT (IU/L)
   GGT (IU/L)
   Total bilirubin (mg/dL)
   Albumin (g/dL)
   Creatinine (mg/dL)
   Glucose (mg/dL)
   Cholesterol (mg/dL)
   LDH (IU/L)
   CRP (mg/L)
   Procalcitonin (ng/mL)

8,887.5 ± 5,483.6
10.9 ± 2.8

116.6 ± 70.1
1.6 ± 4.3

134.8 ± 6.0
375.8 ± 1,522.2
150.0 ± 589.1
406.2 ± 556.6

4.5 ± 6.2
3.1 ± 0.7
1.6 ± 7.0

165.6 ± 93.7
137.6 ± 50.6
863.6 ± 1,117.5
25.9 ± 44.6

4.2 ± 11.1

10,711.0 ± 7,265.0
11.4 ± 2.3

115.0 ± 85.1
1.5 ± 0.5

132.9 ± 6.5
231.4 ± 716.4
121.6 ± 484.2
343.4 ± 514.6

4.3 ± 5.1
3.0 ± 0.7
1.6 ± 1.6

164.2 ± 125.5
141.4 ± 81.4
825.0 ± 654.2
67.5 ± 64.2
7.5 ± 15.1

8,297.5 ± 4,626.5
10.7 ± 2.9

117.2 ± 64.7
1.7 ± 4.9

135.5 ± 5.7
422.6 ± 1,701.8
159.2 ± 619.6
425.6 ± 568.2

4.6 ± 6.6
3.2 ± 0.7
1.6 ± 8.1

166.0 ± 80.9
136.3 ± 39.7
875.4 ± 1,225.8
12.5 ± 23.9
1.0 ± 1.4

< 0.001
0.003
0.783
0.681

< 0.001
0.068
0.469
0.165
0.628
0.012
0.995
0.897
0.850
0.730

< 0.001
0.013

SIRS positivity 75 (13.8%) 54 (40.6%) 21 (5.1%) < 0.001
Child-pugh score 8.2 ± 2.3 8.5 ± 2.4 8.1 ± 2.3 0.057
MELD score 13.7 ± 9.2 15.5 ± 9.8 13.2 ± 9.0 0.015
Maddrey’s DF score 36.4 ± 48.2 37.0 ± 40.7 36.3 ± 50.5 0.884
Hospitalization (days) 13.1 ± 11.8 16.7 ± 14.1 12.0 ± 10.7 0.001

Values are mean ± standard deviation or number (%). BMI, body mass index; GGT, gamma glutamyl peptidase; AST, aspartate aminotransferase; ALT, alanine aminotransfer-
ase; LDH, lactate dehydrogenase; CRP, C-reactive protein; MELD, model for end stage liver disease; DF, discriminant function; SIRS, systemic inflammatory response syndrome.

Fig. 1. Mortalities at 30- and 90-day according to bacterial infections in hospitalized 
patients with alcoholic liver disease (ALD). *P < 0.01 compared to non-infection group.
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0.004), CRP ≥ 20 mg/L (OR, 10.1; 95% CI, 5.748-17.624, P < 0.001), 
SIRS positivity (OR, 8.9; 95% CI, 4.294-18.542, P < 0.001) were 
independently associated with bacterial infection in ALD pa-
tients (Table 2).

Types of bacterial infection and profiles of isolated 
organisms
Of a total of 133 bacterial infections, 116 (87.2%) were commu-
nity-acquired, 17 (12.8%) were hospital-acquired. Common types 
of bacterial infection were pneumonia or pleurisy (35.3%), bili-
ary tract infection (17.3%), soft tissue infection (12.8%), SBP (9.8%), 
pulmonary tuberculosis (4.5%), urinary tract infection (3.8%), 
septic arthritis (3.8%), acute pancreatitis (3.8%), spontaneous 
bacteremia (3.8%), and others (9.8%) (Table 3).
  There were 65 microorganisms isolated from bacterial cul-
tures, including 45 (70.3%) Gram-negative and 18 (28.1%) Gram-
positive bacteria plus one Candida (Table 4). The most common 
Gram-negative organisms were: Escherichia coli, Klebsiella pneu­
moniae, Klebsiella oxytoca, Pseudomonas species, and Acineto­
bacter species. Antimicrobial resistance profiles of Gram-nega-
tive bacteria showed high rate of resistance to ampicillin or oxa-
cillin (90.2%), ciprofloxacin or levofloxacin (51.2%), and cefo-
taxime or ceftriaxone (53.7%). Extended-spectrum beta-lacta-
mase (ESBL) producing bacteria mainly Escherichia coli and 

Klebsiella species were detected in 22.0% of organisms. The com-
mon Gram-positive organisms were Staphylococcus and Enter­
ococcus species. Similarily, antimicorobial resistance profiles of 
Gram-positive organisms showed high rate of resistance to am-
picillin or oxacillin (78.2%) and ciprofloxacin or levofloxacin 
(69.6%). We investigated the history of previous hospitalization 
for the 65 bacterial culture positive cases. Fifty seven cases show
ed a resistance to one or more antimicrobials and 36 cases (63.2%) 
of them had a history of previous hospitalization with antimi-
crobial use.

Risk factors associated with short-term (30-day) mortality
We analyzed factors associated with short-term (30-day) mor-
tality in ALD patients. In univariate analysis, Child-Pugh class B 
or C (P = 0.016) , MELD score ≥21 (P < 0.001), Maddrey’s DF 
score ≥32 (P < 0.001), SIRS positivity (P < 0.001), bacterial in-
fection (P < 0.001), leukocyte count ≥10,000/μL (P < 0.001), 
hemoglobin level <12 g/dL (P = 0.016), serum albumin level 
<2.5 g/dL (P = 0.009), serum creatinine level ≥1.5 mg/dL (P <  
0.001), and serum CRP level ≥20 mg/L (P < 0.001) were signifi-
cant factors (Table 5). In multivariate analysis, bacterial infec-

Table 2. Factors associated with bacterial infection by binary linear regression analysis

Characteristics
Multivariate  
adjusted OR

95% CI P value

Diabetes mellitus 1.9 1.013-3.415 0.045
Initial laboratory findings
   Serum Na < 135 mM/L
   Serum Albumin < 2.5 g/dL
   CRP ≥ 20 mg/L

2.6
2.6

10.1

1.490-4.474
1.356-5.040
5.748-17.624

0.001
0.004

< 0.001
SIRS positivity 8.9 4.294-18.542 < 0.001

OR, odds ratio; CI, confidence interval; CRP, C-reactive protein; SIRS, systemic inflam-
matory response syndrome.

Table 3. Incidence of different types of bacterial infection

Types Total (n = 133)

Pneumonia or pleurisy 47 (35.3%)
Biliary tract infection 23 (17.3%)
Soft tissue infection 17 (12.8%)
Spontaneous bacterial peritonitis 13 (9.8%)
Pulmonary tuberculosis 6 (4.5%)
Urinary tract infection 5 (3.8%)
Septic arthritis 5 (3.8%)
Acute pancreatitis 5 (3.8%)
Spontaneous bacteremia 4 (3%)
Other infections* 13 (9.8%)

*Other infections; scrub typhus (n = 4), infective spondylitis (n = 1), colitis (n = 2), 
brain abscess (n = 1), catheter related infection (n = 1), undetermined (n = 4).

Table 4. Profiles of isolated organisms with antibiotic resistance in culture-positive infection

Organisms Total (n = 65) Ampicillin or oxacillin Ciprofloxacin or levofloxacin Ceftriaxone or cefotaxime ESBL Vancomycin

Gram negative organisms
Escherichia coli
Klebsiella pneumoniae
Klebsiella oxytoca
Pseudomonas species
Acinetobacter species
Aeromonas species
Enterobacter species
Others

41
11
10
  2
  7
  7
  2
  1
  1

37 (90.2)
8 (72.7)

10 (100.0)
2 (100.0)
7 (100.0)
7 (100.0)
2 (100.0)
1 (100.0)
 0 (0.0)

21 (51.2)
6 (54.5)
3 (30.0)
1 (50.0)
5 (71.4)
6 (85.7)
0 (0.0)
0 (0.0)
0 (0.0)

22 (53.7)
5 (45.5)
3 (30.0)
1 (50.0)
6 (85.7)
7 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)

9 (22.0)
5 (45.5)
3 (30.0)
1 (50.0)

-
-
-
-
-

-
-
-
-
-
-
-
-

Gram positive organisms
Staphylococcus species
Enterococcus species
Others

23
15
  7
  1

18 (78.2)
13 (86.7)
5 (71.4)

-

16 (69.6)
11 (73.3)
5 (71.4)

-

-
-
-
-

-
-
-
-

0 (0.0)
0 (0.0)
0 (0.0)

-
Candida species

Candida albicans
  1
  1 - - - - -

ESBL, Extended spectrum β-lactamase; Data are expresed as number (%).
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tion (HR, 2.2; 95% CI, 1.049, 4.579, P = 0.037), SIRS positivity 
(HR, 2.5; 95% CI,1.240-4.861, P = 0.010), Maddrey’s DF score 
≥ 32 (HR, 2.3; 95% CI, 1.036-5.222, P = 0.041), and hemoglobin 
level < 12 g/dL (HR, 2.4; 95% CI, 1.081-5.450, P = 0.032) were 
independent significant factors associated with short-term (30-
day) mortality (Table 6).

Cumulative survival rates according to each prognostic 
factor
We analyzed cumulative survival rates up to 90-day follow-up 
according to the presence of prognostic factors which were found 
to be significant in the multivariate analysis (Fig. 2). Patients 
with bacterial infections had significantly lower survival rates 
compared to those without bacterial infection (77.3% vs. 95.0%, 
75.3% vs. 93.4%, and 74.0% vs. 93.1% at 30-, 60-, and 90-day, re-
spectively, P < 0.001) (Fig. 2A). Patients with SIRS positive show
ed significantly lower survival rates compared to those with SIRS 

negative (70.8% vs. 93.8%, 69.0% vs. 92.2%, and 66.5% vs. 91.9% 
at 30-, 60-, and 90-day, respectively, P < 0.001) (Fig. 2B). Patients 
with Maddrey’s DF score ≥ 32 had significantly lower survival 
rates compared to those with Maddrey’s DF score < 32 (84.2% 
vs. 94.3%, 82.9% vs. 92.4%, and 81.4% vs. 92.4% at 30-, 60-, and 
90-day, respectively, P = 0.001) (Fig. 2C). In addition, patients 
with hemoglobin level <12 g/dL also showed significantly low-
er survival rates compared to those with hemoglobin level ≥ 12 
g/dL (88.5% vs. 95.1%, 86.7% vs. 93.6%, and 86.0% vs. 93.6% at 
30-, 60-, and 90-day, respectively, P = 0.005) (Fig. 2D).

DISCUSSION

In this study, 24.4% of hospitalized patients with ALD presented 
with bacterial infections (87.2% and 12.8% were community- 
and hospital-acquired, respectively). Diabetes, serum Na < 135 
mM/L, albumin < 2.5 g/dL, CRP ≥ 20 mg/L, and SIRS positivi-
ty were significantly associated with bacterial infections. Patients 
with bacterial infections showed significantly higher 30- and 
90-day mortalities compared to those without infection (22.3% 
vs. 5.1% and 32.3% vs. 8.2%, respectively, P < 0.001). In the mul-
tivariate analysis, bacterial infection (HR, 2.2, P = 0.037), SIRS 
positivity (HR, 2.5, P = 0.010), Maddrey’s discriminant score 
≥ 32 (HR, 2.3, P = 0.041), and hemoglobin < 12 g/dL (HR, 2.4, 
P = 0.032) were independently associated with short-term (30-
day) mortality.

Table 5. Factors associated with short-term (30-day) mortality in univariate analysis

Characteristics Survival group (n = 498) Non-survival group (n = 46) Univariate adjusted HR (95% CI) P value

Age ≥ 50 yr 321 (64.5%) 32 (69.6%) 1.3 (0.655-2.425) 0.487
Male sex 459 (92.2%) 46 (100.0%) 1.1 (1.070-1.131) 0.065
Alcohol consumption ( ≥ 60 g/day) 376 (75.7%) 39 (84.8%) 1.8 (0.782-4.113) 0.163
Diabetes mellitus 122 (24.5%) 12 (26.1%) 1.1 (0.546-2.167) 0.811
Previous bacterial infection 35 (7.0%) 6 (13.0%) 2.0 (0.787-5.001) 0.139
Sign and symptoms at admission
   Ascites 
   Gastrointestinal bleeding
   Hepatic encephalopathy

60 (12.0%)
173 (34.7%)
29 (5.8%)

5 (10.9%)
11 (23.9%)

4 (8.7%)

0.9 (0.339-2.341)
0.6 (0.293-1.192)
1.5 (0.517-4.590)

0.814
0.138
0.435

Child-Pugh class, B or C 352 (70.7%) 40 (87.0%) 2.8 (1.148-6.663) 0.016
MELD score ≥ 21 97 (19.5%) 22 (47.8%) 3.8 (2.039-7.041) < 0.001
Maddrey’s DF score ≥ 32 167 (33.5%) 28 (60.9%) 3.1 (1.657-5.735) < 0.001
SIRS positivity 55 (11.0%) 20 (43.5%) 6.2 (3.245-11.830) < 0.001
Bacterial infection 106 (21.3%) 27 (58.7%) 5.3 (2.813-9.817) < 0.001
Initial laboratory results

WBC ≥ 10,000/μL
Hemoglobin < 12 g/dL
Serum Na < 135 mM/L
Serum AST ≥ 80 IU/L
Serum ALT ≥ 80 IU/L
Total bilirubin ≥ 8 mg/dL
Albumin < 2.5 g/dL
Creatinine ≥ 1.5 mg/dL
 CRP ≥ 20 mg/L
 Procalcitonin ≥ 0.5 ng/mL

139 (27.9%)
324 (65.1%)
196 (39.4%)
282 (56.6%)
122 (24.5%)
67 (13.5%)
93 (18.7%)
94 (18.9%)

129 (25.9%)
30 (6.0%)

26 (56.5%)
38 (82.6%)
24 (52.2%)
31 (67.4%)
10 (21.7%)

9 (19.6%)
16 (34.8%)
19 (41.3%)
29 (63.0%)
13 (28.3%)

3.4 (1.815-6.210)
2.6 (1.164-5.589)
1.7 (0.863-3.172)
1.6 (0.834-3.006)
0.9 (0.413-1.776)
1.6 (0.723-3.388)
2.3 (1.216-4.437)
3.0 (1.613-5.669)
4.9 (2.595-9.175)
6.1 (2.931-12.885)

< 0.001
0.016
0.090
0.158
0.676
0.253
0.009

< 0.001
< 0.001
< 0.001

Values are represented by mean ± standard deviations or numbers (%). HR, hazard ratio; CI, confidence interval; MELD, model for end stage liver disease; DF, discriminant 
function; SIRS, systemic inflammatory response syndrome; WBC, white blood cells; Na, sodium; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CRP, C-reactive 
protein.

Table 6. Factors associated with short-term (30-day) mortality in multivariate analysis

Risk factors Multivariate adjusted HR 95% CI P value

Bacterial infection 2.2 1.049-4.579 0.037
SIRS positivity 2.5 1.240-4.861 0.010
Maddrey’s DF score ≥ 32 2.3 1.036-5.222 0.041
Hemoglobin < 12 g/dL 2.4 1.081-5.450 0.032

HR, hazard ratio; CI, confidence interval; DF, discriminant function; SIRS, systemic in-
flammatory response syndrome.
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  Patients with ALD are well known to be susceptible to bacte-
rial infections. Alcohol consumption has been reported to delay 
endotoxin clearance from the circulation, causing intestinal 
bacterial overgrowth and dysfunctional gut barrier or increased 
intestinal permeability, resulting in endotoxemia (4). Many pa-
tients with ALD encompass underlying liver cirrhosis at multi-
factorial immunodeficiency state (8). Liver dysfunction, porto-
systemic shunting, gut dysbiosis, increased bacterial transloca-
tion, cirrhosis-associated immune dysfunction and genetic fac-
tors are associated with the risk of bacterial infection in cirrho-
sis (9). Bacterial infections have been identified in approximate-
ly 15%-47% of hospitalized patients with cirrhosis (10-13). Rosa 
et al. (14) reported that the prevalence of bacterial infection was 

Fig. 2. Cumulative mortalities up to 90-day according to the prognostic factors including bacterial infection (A), SIRS positive (B), Maddrey’s DF score ≥ 32 (C), and hemoglobin 
level < 12 mg/dL (D). CR, cumulative rate.
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higher in alcoholic cirrhotics compared to nonalcoholic cirrhot-
ics. In the present study, of 544 patients with ALD including 442 
cirrhotics, 133 (24.4%) had bacterial infection upon or during 
hospitalization. The initial presentation of a bacterial infection 
in some patients with ALD may be obscure or not specific, which 
make it difficult for an early diagnosis. Poor liver function, vari-
ceal bleeding, low ascitic fluid protein levels, prior SBP and hos-
pitalization are known factors associated with increased risk of 
infection in cirrhosis (9). However, in this study, non-infection 
group presented ascites or gastrointestinal bleeding more fre-
quently compared to the infection group. This may be explained 
by that those patients are commonly treated with prophylactic 
antibiotics at admission. Our study demonstrated that diabetes 
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(OR, 1.9, P = 0.045), serum Na <135 mM/L (OR, 2.6, P = 0.001), 
albumin <2.5 g/dL (OR, 2.6, P = 0.004), CRP ≥20 mg/L (OR, 
10.1, P < 0.001), SIRS positivity (OR, 8.9, P < 0.001) were inde-
pendently associated with bacterial infections in ALD patients. 
  It is well known that bacterial infections can induce SIRS. In 
this study, the bacterial infection group was more likely to be 
SIRS positive compared to the non-infection group (40.6% vs. 
5.1%). However, SIRS may be presented in cirrhotic patients 
without bacterial infection because hyperdynamic circulation, 
hepatic encephalopathy, tense ascites and hypersplenism may 
affect vital signs and white-cell count (9). Indeed, patients with 
decompensated cirrhosis without bacterial infection might be 
SIRS positive in 10%-30% patients (15, 16). In addition, it is dif-
ficult to diagnose sepsis with conventional parameters of SIRS 
in these patients (15). 
  Recently, two acute phase serum proteins, serum CRP and 
procalcitonin have been suggested for the diagnosis and pre-
diction of bacterial infection in cirrhosis (17-20). A CRP value 
>10 ng/mL was independently associated with clinically signif-
icant bacterial infections in patients with cirrhosis without overt 
infections (18). For cut off values of 24.7 ng/mL of CRP and 0.49 
ng/mL of procalcitonin, the area under the ROC curve for pre-
dicting sepsis was 0.811 and 0.89, respectively, in patients with 
cirrhosis (20). Our study also revealed higher levels of CRP and 
procalcitonin in the bacterial infection group compared to the 
non-infection group. However, patients with cirrhosis may pres-
ent reduced CRP in response to infection and factors such as 
inflammation and bacterial translocation which might induce 
production of acute phase proteins without infection.
  In this study, the common types of infection in ALD patients 
were pneumonia (38%), biliary tract infection (17%), soft tissue 
infection (12%), and spontaneous bacterial peritonitis (9%). 
Main causative organisms of infections were Gram-negative 
bacteria (70.3%) from intestinal origin. However, Gram-positive 
bacteria (28.1%) were also frequent cause of infection in hospi-
talized patients with ALD. In recent years, infections caused by 
multidrug-resistant bacteria are becoming important clinical 
problems in many countries (13). Common treatment options 
for bacterial infections occurring in cirrhosis are quinolones 
and third-generation cephalosporins. However, our study show
ed high rates of antimicrobial resistance to quinolones (51.2%) 
and third-generation cephalosporins (53.7%). Even ESBL pro-
ducing organisms known as the most frequent multidrug-resis-
tant bacteria were also positive in 22.0%. These antimicrobial 
resistance profiles may differ in various hospital settings. How-
ever, the empirical antibiotic strategy should consider high re-
sistance rates for commonly used initial antimicrobials. This 
study also showed high rate (63.2%) of previous history of hos-
pitalization with prior antimicrobial use in the patients with an-
timicrobial resistance. Indeed, a recent prospective study sug-
gested that multiresistant infections in cirrhosis are frequently 

isolated in nosocomial origin of infection, long-term norfloxa-
cin prophylaxis, recent infection by multiresistant bacteria, and 
recent use of β-lactams (13). Therefore, the antibiotic strategy 
should be properly adapted according to local epidemiological 
data, specific conditions of patients, and treatment response.
  In patients with severe alcoholic hepatitis, Maddrey’s DF and 
MELD scores are useful to estimate short term prognosis and 
guide treatment decisions (2). Glasgow alcoholic hepatitis score 
and ABIC (Age, Bilirubin, INR, Creatinine) score also show pro
mise as prognosis predictive models for alcoholic hepatitis (2). 
A Korean study has demonstrated that the Maddrey’s DF score 
has superior prognosis prediction ability for alcoholic hepatitis, 
with comparable results to that from the MELD score (3). Mean-
while, despite recent improvements in prevention and man-
agement, bacterial infections are major cause of morbidity and 
mortality in patients with cirrhosis. In a recent prospective study, 
infection is the most common cause of mortality in patients 
with ‘acute-on-chronic liver failure’ characterized in a more ad-
vanced stage by liver failure associated with multiple other end-
organ failure (21). Positive SIRS criteria and ductular bilirubi-
nostasis are early markers of acute-on-chronic liver failure which 
might allow more rapid identification of high-risk patients. Con-
sistently, in this study, the 30- and 90-day mortality rates were 
significantly higher in the bacterial infection group compared 
to the non-infection group. Furthermore, bacterial infection 
and SIRS positivity as well as Maddrey’s DF score ≥ 32 were in-
dependently associated with short-term (30-day) mortality. 
Several recent studies also reported that high levels of serum 
CRP and procalcitonin were associated with poor short-term 
mortality in cirrhotic patients (17-20). However, in our study, 
high levels of serum CRP and procalcitonin were not significant 
in the multivariate analysis. On the other hand, low hemoglo-
bin level was significantly associated with poor short-term mor-
tality in our study. Alcohol is toxic to erythropoiesis in the bone 
marrow. Alcoholics often develop secondary malnutrition, a 
manifestation of which may be anemia caused by folic acid de-
ficiency. In addition, as ALD progresses, acute or chronic hem-
orrhage into gastrointestinal tract and impaired blood coagula-
tion due to deficiency of coagulation factors and/or thrombo-
cytopenia could exacerbate anemia, therefore affecting the prog-
nosis of patients (22).
  This study has several limitations. Firstly, this study was ret-
rospectively designed. Some data collection about treatment 
strategy were limited. Secondly, because this study was carried 
out in a single center, data about antimicrobial resistance and 
treatment of bacterial infection might be affected by specific 
circumstance of our institution. Therefore, future prospectively 
designed, multi-center studies including a larger number of pa-
tients should be performed to overcome these limitations.
  In conclusion, bacterial infection and SIRS positivity should 
be considered as important prognostic factor for short-term 
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mortality in hospitalized patients with ALD. Because untreated 
bacterial infection might lead to detrimental effect on survival, 
a thorough evaluation at admission or on clinical deterioration 
is required to detect possible infection with prompt manage-
ment. 
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