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Characteristics of infection and its impact on
short-term outcome in patients with
acute-on-chronic liver failure
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Abstract
Bacterial infections are an important cause of mortality in liver failure. However, the type of infection, predictors of infection, and their
impact on outcomes in patients with acute-on-chronic liver failure (ACLF) are limited.
A total of 389 patients with ACLF were admitted in this retrospective, corhort study. Once admitted, clinical data including first

infection site, type (community-acquired, healthcare-associated, or nosocomial), and second infection occurrence during
hospitalization were collected. The outcome was mortality within 90 days. Multivariable logistic regression models were preformed to
predict second infection development and 90-daymortality. Survival probability curves were calculated by the Kaplan–Meier method.
Among 389 patients, 316 (81.2%) patients had infection. The 90-day mortality of patients with and without infection was 52.2%

and 16.4%, respectively (P<.001). The most common first infection was healthcare associated (51.3%), followed by nosocomial
(30.1%) and community-acquired infections (18.7%). Respiratory tract infection, spontaneous bacterial peritonitis, and urinary tract
infection were most prevalent. Gram-positive organism was more frequently seen than gram-negative organisms. Of note, fungi
accounted for 15.9% of the total infection cases. During hospitalization, 26.6% patients developed second infections. The 90-day
mortality of patients developed or did not develop a second infection were 67.9% and 46.6%, respectively (P<.001). Independent
predictors of 90-day mortality in infected patients with ACLF were age, white blood cell (WBC) count, model for end-stage liver
disease (MELD) score, hepatic encephalopathy (HE), and second infection.
Infections (regardless of first or second infection) can increase the 90-day mortality significantly in patients with ACLF. And age,

WBC count, MELD score, HE, and the presence of second infection are independent risk factors affecting 90-daymortality in patients
with ACLF showing infection.

Abbreviations: ACLF = acute-on-chronic liver failure, CA = community-acquired infection, HCA = healthcare-associated
infection, HE = hepatic encephalopathy, MELD =model for end-stage liver disease, SBP = spontaneous bacterial peritonitis, UTI =
urinary tract infection, WBC = white blood cells.
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1. Introduction

Infections are a common and very serious complication
associated with advanced liver disease. Reportedly, the rate of
bacterial infection is ∼7% in the general hospital population and
40% among patients hospitalized with cirrhosis.[1,2] Owing to
impaired immunity and bacterial translocation from the intestine,
patients with cirrhosis show an increased susceptibility to
infection.[3] An exaggerated inflammatory response triggered
by infection can cause multiorgan failure and death. Despite
advancements in critical care and prophylactic antibiotic use to
prevent the occurrence of infection, infected patients have a high
risk of death.[4,5] Patients diagnosed with cirrhosis with
concomitant infections demonstrate a 4-fold increase in mortality
rate; 30% of such patients die within a month following infection
and another 30% within a year.[6]

Infection distinctively determines prognosis of cirrhosis and
affects survival regardless of disease severity even after recovery
from the infective episode.[7] Infection leads to accelerated
deterioration of liver function and is the most common
identifiable extrahepatic trigger of acute-on-chronic liver
failure (ACLF), which is characterized by organ failure and
extremely poor survival (28-day mortality rate 30–40%).[8,9]

Systemic inflammation triggered by infection may cause ACLF
through complex mechanisms including an exaggerated
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inflammatory response and systemic oxidative stress via
pathogen-or danger/damage-associated molecular patterns
and/or alteration of tissue homeostasis as a consequence of
inflammation.[10] These features may induce tissue damage (cell
dysfunction, apoptosis, or necrosis), organ failure, and even
death. Thus, understanding characteristics of infection in
patients with ACLF is important.
Recently, several studies have shown that the manner in which

infections are acquired (community-acquired [CA] vs healthcare-
associated [HCA] vs nosocomial) affect morbidity and mortality
in patients with cirrhosis.[11] Second infections independently
increase mortality in patients hospitalized with cirrhosis.[12] The
rising prevalence of infections caused by multidrug-resistant
(MDR) bacteria is an increasing concern because the emergence
of such MDR strains of bacteria is associated with increased
failure rates of standard empirical antibiotic therapy used to treat
infections and a higher risk of death.[13,14] However, a potential
relationship between the infection site, type, predictors of
infection, and their impact on outcomes in patients with ACLF
remain poorly defined.
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2. Patients and methods

2.1. Patient selection

A flow chart explaining the patient selection process is presented
in Fig. 1. We retrospectively reviewed data obtained from 492
patients hospitalized with cirrhosis and diagnosed with ACLF
between March 2008 and July 2014 at Tianjin Third Central
Hospital. Among these, 389 patients were recruited in this study.
ACLF was defined as acute deterioration of liver function
manifesting as jaundice (total bilirubin [TBIL] ≥5mg/dL or ≥85
mmol/L) and coagulopathy with international normalized ratio of
prothrombin time ([INR] ≥1.5 or prothrombin activity [PTA]
�40%) complicated with ascites and/or hepatic encephalopathy
noted within 4 weeks in a patient diagnosed with cirrhosis.[15]

Cirrhosis was diagnosed based on a combination of biochemical,
radiological, and endoscopic findings if a liver biopsy confirma-
tion was not available. We excluded 103 patients based on the
following criteria: those who presented with hepatocellular
carcinoma and nonhepatic neoplasia; immunocompromised
patients with human immunodeficiency virus infection; those
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with severe chronic extra-hepatic disease; and those with a
hospital stay <48hours.
All patients were hospitalized and received standard supportive

treatment. Patients with infections were treated immediately with
empiric administrationofbroad-spectrumantibiotics, basedon the
site of infection, standard guidelines, and local epidemiology.
Antibiotic treatmentwas latermodifiedbased on results of cultures
(if available) and in cases showing treatment failure.
Following admission, data were obtained pertaining to patient

demographics, vital signs, baseline values of a complete blood
count, biochemistry, liver and renal function, and details
regarding the infection including medical treatment, type of first
infection as well as the development of a second infection. No
patients underwent liver transplantation, and no patients were
lost to follow-up within the 90-day follow-up period.

2.2. Definitions

Infections were defined as: spontaneous bacteremia: positive
blood cultures without a known source of infection; spontaneous
bacterial peritonitis (SBP): ascitic fluid showing polymorphonu-
clear cells >250/uL with/without a positive fluid culture; lower
respiratory tract infections: new pulmonary infiltrate in the
presence of: at least 1 respiratory symptom such as cough,
sputum production, dyspnea, or pleuritic pain with at least
1 finding on auscultation (rales or crepitations), or 1 sign of
infection (core body temperature>38°C or<36°Cwith shivering
or leukocyte count>10,000/mm3 or<4000/mm3) in the absence
of antibiotics use; infectious diarrhea: diarrhea with one of the
following features: a routine stool examination revealing white
blood cells; a stool culture positive for Salmonella, Shigella,
Yersinia, Campylobacter, or pathogenic Escherichia coli; a
positive Clostridium difficile assay; soft-tissue/skin infection:
fever with cellulitis; urinary tract infection (UTI): urine white
blood cells (WBC)>15/high power field with positive urine Gram
stain or culture in a symptomatic patient; intra-abdominal
infections: diverticulitis, appendicitis, cholangitis, among others.
Other infections: not mentioned above, and fungal infections:
classified as a special category.
First infections were defined as CA if they were diagnosed

within 48hours of admission without hospitalizations in the
previous 6 months; HCA if they were diagnosed within 48hours
of admission in patients requiring hospitalization for at least 2
days in the previous 6 months; and nosocomial if the infection
was diagnosed beyond 48hours of admission. Second infections
were defined as an infection separate from and following the first
infection during the same hospitalization.
Hyponatremia was defined as a serum sodium level <130

mmol/L.[16]

The model for end-stage liver disease (MELD) score was
calculated using theMalinchoc formula: MELD score=3.78� loge
[bilirubin (mg/dL)+11.2� loge (INR)+9.57� loge [creatinine (mg/
dL)]+6.43� (etiology: 0 if cholestatic or alcoholic, 1 otherwise). [17]

Organ failure was defined based on the chronic liver failure-
sequential organ failure assessment (CLIF-SOFA) score created
by the European Associated for the Study of the Liver-Chronic
Liver Failure (EASL-CLIF) Consortium which includes subscores
ranging from 0 to 4 for each of the 6 components (liver, kidney,
brain, coagulation, circulation, and lungs).[9]

2.3. Ethics statement

The study was performed through chart reviews in adherence
with the principle of the Declaration of Helsinki and approved by
3

the Institutional Ethical Committee of Tianjin Third Central
Hospital. Due to the retrospective nature of the study, written
informed consent could not be obtained from all patients. All
data were identified before analysis.

2.4. Statistical analysis

Normally distributed variables were expressed as mean±SD, and
non-normally distributed variables were expressed as a median
and interquartile range (IQR). Count and percentages were used
to describe categorical variables. Two independent groups were
compared using the t-test for continuous normally distributed
variables and the Mann–Whitney U test for non-normally
distributed variables. If more than 2 groups were compared, we
used the one-way analysis of variance and Kruskal–Wallis tests,
respectively. For categorical variables, comparisons among
groups were made using the x2 tests or Fisher test as appropriate.
The Kaplan–Meier method was used to calculate the 90-day
survival probability curves, which were compared with the log-
rank test. Multivariate logistic regression analyses, with
backward elimination, were used to arrive at a parsimonious
model to determine predictors of a second infection. Variables
analyzed were age, male, presence/absence of diabetes, use of
medications, etiology of cirrhosis, and various parameters
assessed at the time of admission including mean arterial
pressure, heart rate, INR, TBIL, WBC, platelets (PLT), serum
albumin (ALB), serum sodium, creatinine, the MELD score, and
complications associated with cirrhosis. The resulting model was
then pared down by eliminating, one by one, covariates that were
not significant at the .05 level, and a final model was obtained
where all covariates significant at the .05 level were identified.
Similarly, a multivariate logistic regression model, with back-
ward elimination, was used to arrive at a parsimonious model to
determine predictors of death. Variables analyzed were the same
as those used for prediction of second infection; however, length
of hospital stay and second infection were added.
Two-sided P values of <.05 were considered being statistically

significant. All statistical analyses were performed using SPSS
software, version 17.0 (SPSS Inc., Chicago, IL) and figures drawn
by GraphPad Prism 5.

3. Results

3.1. Patient characteristics

We analyzed 389 patients with ACLF among which 283 (73.8%)
were males, and the mean age of patients was 51.6±11.9 years.
The most common etiology of cirrhosis was hepatitis B (53.7%)
and alcohol-induced cirrhosis (24.7%). Of note, 24.2%, 44.2%,
64.0%, and 6.2% patients received antibiotics for SBP
prophylaxis, lactulose, proton pump inhibitors (PPIs), and
beta-blocker therapy, respectively. During hospitalization,
84.1% patients developed ascites, and 24.9%, 35.2%, 56.6%
patients had complications such as gastrointestinal bleeding,
hepatic encephalopathy, and hyponatremia, respectively
(Table 1).
Among 389 patients with ACLF, 316 (81.2%) patients

presented with infection. Characteristics of patients with and
without infection are shown in Table 1. Complications of
cirrhosis such as gastrointestinal bleeding and hepatic encepha-
lopathy were more frequently seen in patients with infection.
Additionally, patients with infection showed higher WBC, INR,
serum creatinine (Cr), serum sodium values, and a higher MELD
score than those without infection.
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Table 1

Baseline and characteristics of patients with and without infection.

Variable Total N=389 No infection N=73 Infection N=316 P-value

Age, y 51.6±11.9 50.5±11.3 51.8±12.0 .402
Male, n (%) 283 (73.8) 47 (64.4) 236 (74.7) .075
Diabetes, n (%) 70 (18.0) 11 (15.1) 59 (17.7) .470
Heart rate, beats/min 83.4±12.8 80±12 84±13 .027
MAP, mm Hg 89±14 92±10 88±15 .048
Etiology of cirrhosis, n (%)
Hepatitis B 209 (53.7) 51 (69.9) 158 (50.0) .002
Alcoholic 96 (24.7) 7 (9.6) 89 (28.2) .001
Hepatitis B plus alcoholic 19 (4.9) 8 (11.0) 11 (3.5) .008
Autoimmune liver disease 38 (9.8) 3 (4.1) 35 (11.1) .071
Others 27 (6.9) 4 (5.5) 23 (7.3) .586

Medications, n (%)
Lactulose 172 (44.2) 27 (37.0) 145 (45.9) .168
Proton pump inhibitors 249 (64.0) 36 (49.3) 213 (67.4) .004
Beta-blockers 24 (6.2) 1 (1.4) 23 (7.3) .059
On SBP prophylaxis (levofloxacin or ciprofloxacin) 94 (24.2) 10 (13.7) 84 (26.6) .020

Clinical parameters, n (%)
Ascites 327 (84.1) 59 (80.8) 268 (84.8) .401
Hepatic encephalopathy 137 (35.2) 8 (11.0) 129 (40.8) <.001
Variceal bleeding 97 (24.9) 9 (12.3) 88 (27.8) .006
Hyponatremia 187 (48.1) 13 (17.8) 174 (55.1) <.001

Laboratory parameters
WBC, �109/L 6.6 (4.6–10.2) 5.4 (4.4–6.8) 7.4 (4.7–10.7) <.001
PLT, �109/L 78.0 (52.0–125.0) 96.0 (58.0–136.0) 76.0 (47.3–119.8) .042
ALB, g/L 28.1±5.4 29.2±4.5 27.8±5.6 .043
TBIL, mmol/L 219.3 (125.8–320.6) 226.1 (139.7–299.7) 215.5 (114.7–331.2) .502
INR 2.1 (1.7–2.6) 1.9 (1.6–2.3) 2.1 (1.7–2.6) .002
Serum Cr, mmol/L 63.0 (49.0–93.5) 55.0 (47.0–66.0) 66.0 (50.3–103.0) <.001
Serum Na+, mmol/L 133.8 (129.1–137.0) 136.4 (133.6–138.1) 132.7 (128.5–136.1) <.001
MELD score 22.3±26.1 19.0±4.5 23.0±8.1 <.001

ALB= albumin, Cr= creatinine, INR= international normalized ratio, MAP=mean arterial pressure, MELD=model for end-stage liver disease, PLT=platelet, SBP= spontaneous bacterial peritonitis, TBIL= total
bilirubin, WBC=white blood cells.
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3.2. First infections

The most common first infection was observed to be respiratory
tract infection 156 (49.4%), followed by SBP 118 (37.3%), UTI
42 (13.3%), and infectious diarrhea 37 (11.7%). We found that
247 (78.2%) patients presented with infection at a single site,
whereas 69 (21.8%) patients showed >1 site of infection. It was
seen that 59 (18.7%) patients had CA, 162 (51.3%) had HCA,
and 95 (30.1%) had nosocomial infections. Thus, HCA and
nosocomial infection accounted for 81.4% of all cases of
infection. The most frequent nosocomial infection was respira-
tory tract infection (n=42), followed by SBP (n=30) and
infectious diarrhea (n=11).
Due to the retrospective nature of the study, culture results

were available for 167 (52.8%) patients, and 111/167 (66.5%)
patients showed a positive culture. In some cases, multiple sites of
infection were present, or multiple bacteria were isolated in the
same patient, thereby providing 132 positive cultures. The
majority of infectious isolates were gram-positive bacteria 79
(59.8%), followed by gram-negative bacteria 73 (55.3%), fungi
21 (15.9%), and others such as mycoplasma 17 (12.9%). Gram-
positive organisms were Staphylococcus (n=36), Enterococcus
(n=29), Streptococcus (n=14), and Crytococcus (n=1). Among
gram-negative infection-causing agents, E. coli (n=28) was the
most frequent organism, followed by Klebsiella (n=17),
Acinetobacter baumannii (n=14), Pseudomonas aeruginosa
(n=6), Enterobacter cloacae (n=6), Stenotrophomonas malto-
philia (n=1), and Pseudomonas fluorescens (n=1). Extended
4

spectrum beta-lactamase, (ESBL) resistant strain (n=23), was
the most frequently isolatedMDR strain, followed bymethicillin-
resistant Staphylococcus aureus, (MRSA) (n=19), and vanco-
mycin-resistant enterococcus, (VRE) (n=5). Among fungal
infections, 20 patients were candida-related (18 were pneumonia,
1 was UTI, 1 septicemia) and 1 patient developed pneumonia
induced by Trichosporon pullulans infection.
Polymicrobial infections were noted in 54 (48.6%) patients.

Prevalence of MDR strains was 52 (46.8%), and there was no
difference among CA, HCA, and nosocomial infections (n=6,
11.5%) versus (n=29, 55.8%) versus (n=17, 32.7%) (P= .353)
in this respect. There were no differences in type of organism and
organ failures in patients among CA, HCA, and nosocomial
infections (Table 2).
3.3. Second infections

Among 316 infected patients, 84 (26.6%) patients developed a
second infection during hospitalization. The majority of second
infections were SBP (n=31, 36.9%), followed by respiratory
tract infections (n=19, 22.6%), UTI (n=10, 11.9%), fungal (n=
9, 10.7%), skin/soft-tissue infections (n=5, 6.0%), and others
(n=10, 11.9%). There was no difference between those who
developed a second infection and those who did not in terms of
gender distribution and etiology of cirrhosis. However, second
infections were more frequent in patients in whom the first
infection was a nosocomial infection. Second infections were



Table 2

Clinical characteristics of the first infection.

Variable Community-acquired N=59 Healthcare-associated N=162 Nosocomial N=95 P-value

Age, y 47.2±11.1 52.9±12.1 52.9±11.7 .004
Male, n (%) 45 (76.3) 118 (72.8) 73 (76.8) .739
Diabetes, n (%) 11 (18.6) 26 (16.0) 22 (23.2) .369
MELD score 22.4±7.4 23.9±8.3 21.8±8.1 .188
Site of infection, n (%)
UTI 6 (10.2) 31 (19.1) 5 (5.3) .005
SBP 19 (32.2) 69 (42.6) 30 (31.6) .141
Respiratory tract infection 29 (49.2) 85 (52.5) 42 (44.2) .441
Spontaneous bacteremia 2 (3.4) 4 (2.5) 6 (6.3) .293
Skin/soft tissue 3 (5.1) 9 (5.6) 1 (1.1) .197
Infectious diarrhea 15 (25.4) 11 (6.8) 11 (11.6) .001
Intra-abdominal infection 5 (8.5) 4 (2.5) 1 (1.1) .029
Procedure related infection 0 0 4 (4.2) .009
Others 1 (1.7) 2 (1.2) 4 (4.2) .252
2 sites of infection 14 (23.7) 34 (21.0) 8 (8.4) .016
≥3 sites of infection 3 (5.1) 9 (5.6) 1 (1.1) .197

Positive culture results, n (%)
Isolation of polymicrobial 3 (5.1) 38 (23.5) 13 (13.7) .003
Isolation of MDR bacteria 6 (10.2) 29 (17.9) 17 (17.9) .353
Gram-positive organism 17 (28.8) 40 (24.7) 22 (23.2) .727
Gram-negative organism 12 (20.3) 44 (27.2) 17 (17.9) .201
Fungus 2 (3.4) 14 (8.6) 5 (5.3) .838
Other organism 6 (10.2) 8 (4.9) 3 (3.2) .034

Type of organ failure, n (%)
Liver 46 (78.0) 113 (69.8) 79 (83.2) .048
Coagulation 28 (47.5) 96 (59.3) 54 (56.8) .292
Cerebral 10 (16.9) 19 (11.7) 16 (16.8) .424
Kidney 12 (20.3) 55 (34.0) 28 (29.5) .147
Circulation 7 (11.9) 36 (22.2) 10 (10.5) .028
Lungs 10 (16.9) 37 (22.8) 14 (14.7) .249
2 organ failures 15 (25.4) 39 (24.1) 29 (30.5) .518
≥3 organ failures 17 (28.8) 63 (38.9) 33 (34.7) .373
Length of hospital stay, d 22.0 (14.0–32.0) 21.0 (12.0–32.0) 23.0 (17.0–33.0) .278
Number of deaths, n (%) 29 (49.2) 90 (55.6) 46 (48.4) .474

MDR = multidrug resistance, MELD=model for end-stage liver disease, SBP= spontaneous bacterial peritonitis, UTI=urinary tract infection.
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more common in patients with ascites and hyponatremia. There
was no significant increase in the rate of development of second
infections in patients who demonstrated gastrointestinal bleeding
and hepatic encephalopathy (HE) during hospitalization
(Table 3).
Among those who developed a second infection, 62 (73.8%)

patients showed a positive culture. A majority of infectious
isolates were gram-positive bacteria (n=29, 34.5%), followed
by gram-negative bacteria (n=21, 25.0%), fungal organisms
(n=9, 10.7%), and mycoplasma (n=3, 3.6%) (Table 4).
Among gram-positive organisms, Staphylococcus (n=12),
Enterococcus (n=13), and Streptococcus (n=4) were com-
monly isolated, whereas among gram-negative organisms,
Klebsiella (n=9), E. coli (n=7), A baumannii (n=3),
P. aeruginosa (n=1), and E cloacae (n=1) were commonly
found. VRE (n=8) was the most frequently isolated MDR
strain, followed by MRSA (n=7) and ESBL (n=4).
Multivariate logistic regression analysis was used to evaluate

independent factors associated with development of a second
infection. Based on univariate analysis of parameters presented in
Table 3, independent factors associated with the development of
a second infection were noted to be diabetes (odds ratio [OR]=
0.45, 95% confidence interval [CI] 0.20–0.99, P= .049),
hyponatremia (OR=2.70, 95%CI 1.51–4.87, P= .001), ascites
5

(OR=3.99, 95%CI 1.35–11.78, P= .012), and nosocomial first
infection (OR=0.41, 95%CI 0.21–0.78, P= .008) (Table 5).
3.4. Impact of infection on 90-day survival

Incidence of 90-day mortality in patients with and without
infection was 52.2% and 16.4%, respectively (P<.001). In
infected patients, mortality in cases of CA, HCA, and nosocomial
infections was 49.2%, 55.6%, and 48.4%, respectively
(P= .474). Based on different sites of first infection, mortality
rate was the highest in patients with only SBP (55.1%, 38/69)
followed by those with respiratory tract infection (53.1%, 60/
113), infectious diarrhea (50%, 8/16), other infections (41.7%,
10/24), and UTI (34.8%, 8/23) (P= .330). Mortality in patients
with 1, 2, and ≥3 sites of infections was 50.6%, 57.1%, and
61.5%, respectively (P= .378). Of note, multidrug resistance
(MDR) did not seem to affect mortality related to the first
infection. Mortality in patients with and without MDR infection
was 46.2% and 53.2%, respectively (P= .293). Additionally,
mortality in patients who did or did not develop a second
infection was 67.9% and 46.6%, respectively (P= .001) (Fig. 2).
Multivariate logistic regression analysis was used to evaluate

independent factors associated with 90-day mortality. Based
on univariate analysis of parameters presented in Table 6,

http://www.md-journal.com


Table 4

Types of second infection and culture results.

Variable Second infection N=84

Site of infection, n (%)
UTI 10 (11.9)
Respiratory tract infection 19 (22.6)
SBP 31 (36.9)
Infectious diarrhea 3 (3.6)
Spontaneous bacteremia 4 (4.8)
Skin/soft-tissue 5 (6.0)
Fungal 9 (10.7)
Others 3 (3.6)

Positive culture results, n (%)
Gram-positive organism 29 (34.5)
Gram-negative organism 21 (25.0)
Fungus 9 (10.7)
Mycoplasma 3 (3.6)

SBP= spontaneous bacterial peritonitis, UTI=urinary tract infection.

Table 3

Comparing characteristics of patients who did or did not develop a
second infection.

Variable

No second
infection
N=232

Second
infection
N=84 P-value

Age, y 51.5±12.2 52.6±11.4 .474
Diabetes, n (%) 49 (21.1) 10 (11.9) .063
MAP, mm Hg 89±14 87±11 .399
Medications, n (%)

Lactulose 102 (44.0) 43 (51.2) .255
Proton pump inhibitors 155 (66.8) 58 (69.0) .708
Beta-blockers 14 (6.0) 9 (10.7) .157
On SBP prophylaxis
(levofloxacin or ciprofloxacin)

63 (27.2) 21 (25.0) .702

Clinical parameters, n (%)
Ascites 189 (81.5) 79 (94.0) .006
Hepatic encephalopathy 91 (39.2) 38 (45.2) .337
Variceal bleeding 67 (28.9) 21 (25.0) .497
Hyponatremia 113 (48.7) 61 (72.6) <.001
Nosocomial first infection 79 (34.1) 16 (19.0) .010

Laboratory parameters
WBC, �109/L 7.0 (4.3–10.8) 8.2 (5.4–10.4) .309
PLT, �109/L 76.5 (46.3–120.8) 74.5 (52.0–118.0) .961
ALB, g/L 28.0±5.8 27.3±5.0 .355
TBIL, mmol/L 221.8 (118.7–333.3) 202.8 (113.0–315.5) .503
INR 2.1 (1.7–2.6) 2.2 (1.7–2.7) .595
Serum Cr, mmol/L 66.0 (50.0–96.5) 71.0 (51.3–119.5) .292
Serum Na+, mmol/L 133.3 (129.2–136.3) 130.7 (126.4–135.4) .011
MELD score 22.8±7.9 23.7±8.5 .377

ALB= albumin, Cr= creatinine, INR= international normalized ratio, MAP=mean arterial pressure,
MELD=model for end-stage liver disease, PLT=platelet, SBP= spontaneous bacterial peritonitis,
TBIL= total bilirubin, WBC=white blood cells .
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independent factors associated with 90-day mortality were age
(OR=1.04, 95%CI 1.02–1.07, P= .001),WBC (OR=1.12, 95%
CI 1.05–1.19, P= .001), MELD (OR=1.08, 95%CI 1.01–1.15,
P= .021), hepatic encephalopathy (OR=6.41, 95%CI
3.47–11.85, P<.001), and second infection (OR=2.37, 95%
CI 1.22–4.61, P= .003) (Table 7).
4. Discussion

Bacterial infections are a major cause of morbidity and
mortality among patients with liver failure. The rate of
bacterial infection ranges between 50% and 90% and has
been linked to worsening of liver function and increasing
mortality rate.[18,19] We studied 316 (81.2%) patients with
infections and a large majority of first infections were found to
be HCA and nosocomial in nature, which accounted for 81.4%
of all infected cases, a finding similar to other studies.[20,21] The
greater number of HCA and nosocomial infections observed in
ACLF patients is attributable to an increased use of invasive
procedures and intensive care unit admissions in such patients.
Moreover, HCA infection which is potentially preventable
accounts for the majority of infections acquired outside
Table 5

Risk factors for the development of second infection.

Effect Estimate OR (95%CI)

Diabetes �0.80 0.45 (0.20, 0.99)
Hyponatremia 1.00 2.70 (1.51, 4.87)
Ascites 1.38 3.99 (1.35, 11.78)
Nosocomial first infection �0.90 0.41 (0.21, 0.79)

CI = confidence interval, OR = odds ratio.
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hospital. It suggests that patient with a hospital stay over the
past 6 months should be followed up for infection. Infections
increase mortality>2-fold in patients with ACLF and 52.2% of
patients die within 3 months following infection. In infected
patients, bacterial are known to express molecular structures
called pathogen-associated molecular patterns (PAMPs).[22]-

Through combination with various pattern-recognition recep-
tors (PRRs), PAMPs are able to stimulate the innate immune
system and result in activation of signaling cascades that
activate transcription factors and subsequent lead to transcrip-
tional activation of hundreds of anti- and proinflammatory
cytokines genes.[10,23] The imbalance between anti- and
proinflammatory cytokines triggered by infection may induce
multiorgan failure and significantly increase the risk of death.
In our study, the 3 most common first infections were observed

to be respiratory tract infection in 156 (49.4%) patients, followed
by SBP in 118 (37.3%) and UTI in 42 (13.3%) patients. We
found that 247 (78.2%) patients had infection at a single site,
whereas 69 (21.8%) patients showed >1 site of infection. Thus,
in patients with ACLF, close attention to the detection of lung,
abdominal, and UTIs is warranted. A comprehensive physical
examination, chest imaging, regularly repeated ascites cultures,
and other assessment methods may help with early diagnosis of
infection. Moreover, clinicians should also pay close attention to
the presence/development of multisite infection.
Furthermore, we found that 90-day of mortality was the

highest in patients with SBP (55.1%), followed by those with
respiratory tract infection (53.1%), infectious diarrhea (50%),
and UTI (34.8%). There was no difference in mortality based on
different sites of infection (P= .330). Recent studies have shown
that epidemiological and microbiological characteristics of
Standard error Wald x2 P-value

0.41 3.87 .049
0.30 11.16 .001
0.55 6.27 .012
0.34 7.08 .008



Table 6

Comparison between patients with infection who died or survived.

Variables Survival N=151 Nonsurvival N=165 P-value

Age, y 49.7±11.6 53.7±12.1 .003
Male, n (%) 109 (72.2) 127 (77.0) .329
Diabetes, n (%) 28 (18.5) 31 (18.8) .956
MAP, mm Hg 84±24 84±23 .271
Laboratory parameters
WBC, �109/L 6.3 (4.1–9.8) 8.3 (5.6–12.1) <.001
PLT, �109/L 78.0 (51.0–127.0) 71.0 (46.0–112.5) .120
ALB, g/L 28.5±5.3 27.2±5.8 .046
TBIL, mmol/L 198.5 (108.9–286.7) 229.6 (125.7–370.0) .036
INR 2.0 (1.7–2.4) 2.3 (1.8–2.9) <.001
Serum Cr, mmol/L 59.0 (47.0–86.0) 78.0 (54.0–117.5) <.001
Serum Na+, mmol/L 134.0 (130.3–137.0) 132.0 (127.5–135.4) .005
MELD score 20.5±6.0 25.2±9.1 <.001
Nosocomial first infection-n (%) 49 (32.5) 46 (27.9) .376
Length-of-hospital stay, d 28.0 (20.0–37.0) 17.0 (9–27.0) <.001

Events during hospital stay, n (%)
Second infection 27 (17.9) 57 (34.5) .001
Transferred to intensive care unite 2 (1.3) 18 (10.9) <.001
Hepatic encephalopathy 30 (19.7) 99 (60.0) <.001
Variceal bleeding 34 (22.5) 54 (32.7) .043
Mechanical ventilation 2 (1.3) 17 (10.3) .001
Shock 4 (2.6) 32 (19.4) <.001
Hepatorenal syndrome 13 (8.6) 35 (21.2) .002
Renal replacement therapy 4 (2.6) 20 (12.1) <.001

ALB= albumin, Cr= creatinine, INR= international normalized ratio, MAP=mean arterial pressure, MELD=model for end-stage liver disease, PLT=platelet, TBIL= total bilirubin, WBC=white blood cells.
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infections differ widely. Gram-positive and MDR pathogens are
more prevalent, particularly in HCA and nosocomial set-
tings.[7,11] However, therapy measures did not revise with the
change of epidemiological and microbiological character. For
example, based on available guidelines, third-generation ceph-
alosporins are recommended as empirical antibiotic treatment for
SBP. [16,24] However, epidemiology of SBP in patients with
cirrhosis differs based on CA, HCA, or a nosocomial SBP
presentation. Patients with nosocomial SBP show a higher
prevalence of MDR bacteria and fail to respond to third-
generation cephalosporins in up to 33% to 75% of cases.
Notably, ineffective first-line empirical antibiotic treatment has
been associated with poor survival rates.[13,25] Thus, the choice of
antibiotic treatment in patients with cirrhosis based on
epidemiological class and local microbiological patterns should
be considered.
Figure 2. Kaplan–Meier survival curves in patients (A) with and without infection
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Despite use of guidelines to reduce in-patient infection,
nosocomial and potential preventable second infections continue
to occur in patients with ACLF. Nosocomial infections comprise
30.1% of all infection cases. Potentially preventable second
infections in patients with liver failure occur in 26.6% cases. The
majority of second infections were noted to be SBP (36.9%),
followed by respiratory tract infections (22.6%), UTI (11.9%),
fungal infections (10.7%), and skin/soft-tissue infections (6.0%).
A low threshold for institution of diagnostic paracentesis and
prompt initiation of antibiotics and albumin therapy may be
helpful to reduce the occurrence of SBP. Respiratory tract
infection remains a significant cause of second infection which
can be potentially prevented by careful airway monitoring in
patients with cirrhosis with altered mental status and those with
upper gastrointestinal bleeding. Effective management strategies
should be aimed at limiting the use of instrumentation and
(B) developed or did not develop a second infection during hospitalization.

http://www.md-journal.com


Table 7

Multivariate logistic regression analysis of independent predictors associated with 90-day mortality in patients with infection.

Effect Estimate OR (95%CI) Standard error Wald x2 P-value

Age 0.04 1.04 (1.02, 1.07) 0.01 10.66 .001
WBC 0.08 1.12 (1.05, 1.19) 0.04 4.58 .001
TBIL 0.01 1.00 (1.00, 1.01) 0.01 7.66 .028
HE 1.97 6.41 (3.47, 11.85) 0.34 35.09 <.001
MELD 0.05 1.08 (1.01, 1.15) 0.02 4.32 .021
Second infection 0.13 2.37 (1.22–4.61) 0.14 8.19 .003

CI = confidence interval, HE = hepatic encephalopathy, MELD = model for end-stage liver disease, OR = odds ratio, TBIL = total bilirubin, WBC = white blood cell.
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antibiotics and encouraging early mobilization and airway
protection to prevent aspiration. UTI can be prevented by
reducing unnecessary instrumentation in the urinary tract such as
catheterization, by cleaning the urethra, promoting urination and
correction of chronic diseases such as diabetes.
We found that the occurrence of hyponatremia (OR=2.7) and

ascites (OR=3.99) were independent predictors for the develop-
ment of second infection. Hyponatremia alters cell membrane
permeability, cell dysfunction, apoptosis or necrosis, tissue
damage, organ failure, and can cause various metabolic
disorders, especially influencing the cardiovascular and nervous
systems.[26] Previous studies have showed that this subgroup of
patients shows a significantly higher incidence of hepatic
encephalopathy (OR=3.40, 95%CI 2.35–4.92) and SBP (OR=
2.36, 95%CI 1.41–3.93).[27] Furthermore, the presence of ascites
indicates a deterioration of liver function and the presence of
portal hypertension in patients with cirrhosis. Ascites can reduce
the effective arterial volume and lead to progressive cirrhotic
cardiomyopathy, which in turn leads to sodium and water
retention and further ascites. Bacterial infection is an important
cause of circulatory dysfunction, which can increase cytokine
production, activation of coagulation pathways, reduced protein
C production, increased intestinal permeability, and intestinal
bacterial translocation by altering the structure of the intestinal
mucosa and predisposing to development of the infections in
patients with cirrhosis.[3] Thus, timely correction of hypona-
tremia and prevention of ascites may help to reduce the incidence
of second infections.
In this study, 111 (66.5%) patients showed a positive culture

result. Gram-positive organisms were the microorganisms most
frequently isolated, followed by gram-negative organisms and
fungi in cases of first infection. Detection rate of pathogens
(66.5%) did not correlate with the high incidence of infection
(81.2%) suggesting that conditions under which the culture was
performed and the widespread use of antibiotics could have
impacted the results. Therefore, a clinical diagnosis remains the
primary means to diagnose infection. Previous studies have
described bacterial infections in patients with cirrhosis being
primarily caused by gram-negative microorganisms. However,
in the past decade, infections induced by gram-positive micro-
organisms have increased owing to long-term antibiotic
prophylaxis using quinolones and other antibiotics, which
prevent gram-negative but not gram-positive bacterial infec-
tions.[28,29]

Recently, several studies have shown that antibiotic resistance
has increased among patients hospitalized with cirrhosis.[13,14]

Our study showed a high prevalence of MDR strains at 52
(46.8%), which might be related to the large numbers of HCA
(51.3%) and nosocomial infections (30.1%) diagnosed, because
patients with ACLF are frequently in need of hospitalization. It is
8

also reasonable to deduce that continuous administration of
antibiotics, for treatment or prophylaxis, may lead to the
development of greater number of resistant pathogens. Addi-
tionally, previous studies have shown that HCA and nosocomial
infection are caused more frequently by antibiotic-resistant
bacteria and are associated with a more severe clinical course
than CA infections.[11,20] Surprisingly, we found that in patients
with ACLF, there were no differences in the prevalence of
antibiotic-resistant pathogens, severe clinical course, and poor
outcome (90-day mortality was 49.2% in CA, 55.6% in HCA,
and 48.4% in nosocomial infections). This finding may be due to
the breadth size of our sample or because of the generally high use
of antibiotics.
There were also several limitations in our study. Firstly, it is

retrospective in nature. Thus, specimens were sent for culture
based on the clinical judgment of the team caring for the patients
enrolled. The proportion of culture-positive infections was found
to be lower than in previous prospective studies.[12,28] Therefore,
we cannot exclude the possibility that occurrence of antibiotic
resistance may have been under-or overestimated in our cohort.
Secondly, it was a single-center study performed on patients at
Tianjin Third Central Hospital with a small sample size. Finally,
diagnosis of infection could have been influenced by differences
between individual clinician skills and thus in some cases, it
may have been delayed, potentially affecting our findings. Thus,
more prospective randomized studies are needed for further
investigation.
In conclusion, infections (regardless of first or second

infection) can increase the 90-day mortality significantly in
patients with ACLF. Age, WBC, MELD score, HE, and the
presence of second infection are independent risk factors
affecting 90-day mortality in patients with ACLF showing
infection. Most first infections (HCA and nosocomial infection)
as well as second infections are potentially preventable. In
patients with ACLF, close attention to polymicrobial, multisite
infections, as well as the emergence of antibiotic-resistant
bacteria is warranted. Prevention of the occurrence of infections,
early diagnosis and timely treatment of infections is the key to
reducing/managing infections related to mortality in patients
diagnosed with liver failure.
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