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Abstract
Background and Aims The nature and outcomes of infection among patients with cirrhosis in safety-net hospitals are not 
well described. We aimed to characterize the rate of and risk factors for infection, both present on admission and nosocomial, 
in this unique population. We hypothesized that infections would be associated with adverse outcomes such as short-term 
mortality.
Methods We used descriptive statistics to characterize infections within a retrospective cohort characterized previously. We 
used multivariable logistic regression models to assess potential risk factors for infection and associations with key outcomes 
such as short-term mortality and length of stay.
Results The study cohort of 1112 patients included 33% women with a mean age of 56 ± 10 years. Infections were common 
(20%), with respiratory and urinary tract infections the most frequent. We did not observe a difference in the incidence of 
infection on admission based on patient demographic factors such as race/ethnicity or estimated household income. Infections 
on admission were associated with greater short-term mortality (12% vs 4% in-hospital and 14% vs 7% 30-day), longer length 
of stay (6 vs 3 days), intensive care unit admission (28% vs 18%), and acute-on-chronic liver failure (10% vs 2%) (p < 0.01 
for all). Nosocomial infections were relatively uncommon (4%), but more frequent among patients admitted to the intensive 
care unit. Antibiotic resistance was common (38%), but not associated with negative outcomes.
Conclusion We did not identify demographic risk factors for infection, but did confirm its morbid effect among patients 
with cirrhosis in safety-net hospitals.
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SBP  Spontaneous bacterial peritonitis
CCI  Charlson comorbidity index

ICU  Intensive care unit
NACSELD  North American Consortium for the Study 

of End-Stage Liver Disease
BMI  Body Mass Index
OR  Odds ratio
CI  Confidence interval
US  United States

Introduction

Infections are common among patients with cirrhosis and 
are associated with significant adverse clinical outcomes, 
including decompensation of cirrhosis, extrahepatic organ 
failure, and death [1–6]. Experience from other diseases 
shows that there may be racial and socioeconomic dispari-
ties in the frequency and consequences of common bacterial 
infections [7–9] and the risk of antibiotic resistance [4, 10] 
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between different racial and socioeconomic groups. Addi-
tionally, the risk of antibiotic resistance in patients with cir-
rhosis varies across continents and countries, demonstrating 
the need for tailored preventative and treatment strategies 
[4]. Urban safety-net hospitals provide care for many low-
income and uninsured patients and a disproportionate share 
of the care of minority patients and immigrants, particularly 
recent or undocumented immigrants [11–13]. Although the 
nature of infections among patients with cirrhosis in general 
is well described, specific differences in the nature of infec-
tions and associated outcomes among patients presenting to 
safety-net hospitals are largely unexplored.

Our primary aim was to determine the risk factors for 
infections, both pre-admission and nosocomial, among 
patients with cirrhosis admitted to urban safety-net hospi-
tals. Additionally, we sought to determine the association 
between infections and major adverse clinical outcomes 
including short-term mortality, length of stay (LOS), 30-day 
hospital readmission, and acute-on-chronic liver failure 
(ACLF).

Methods

We performed a retrospective review of data from the mul-
ticenter “Cirrhosis in Urban Safety-net Hospitals” study of 
patients with cirrhosis hospitalized at four urban safety-net 
hospitals in the USA [14]. Study sites were Baylor Univer-
sity Medical Center (BUMC), Boston Medical Center—
Boston University (BU), John H. Stroger Hospital of Cook 
County (JHS), and Sidney & Lois Eskenazi Hospital—Indi-
ana University (IU). We reviewed data from the first hospital 
admission in calendar year 2012 of all patients with cir-
rhosis admitted at each center. Patients with cirrhosis were 
identified by review of the electronic medical record at each 
institution using previously validated International Classi-
fication of Diseases-9 codes for cirrhosis or its complica-
tions [15, 16]. Manual review of the chart was performed 
by an author at each center [ZF (BU), VVPK (IU, JSH), SA 
(BUMC)] to confirm the diagnosis of cirrhosis based on 
the combination of all data available in the medical record, 
including liver histology, radiographic studies, serum assays 
for estimation of fibrosis, laboratory values (i.e., albumin, 
platelet count, international normalized ratio), endoscopic 
stigmata of portal hypertension, and provider assessments. 
Covariates of interest were chosen for evaluation based on 
their strong potential to influence risk of infection or adverse 
outcomes. We excluded patients admitted for surgery due to 
their unique risks for infection and adverse outcomes. Miss-
ing values for Model for End-Stage Liver Disease (MELD) 
class were imputed (see “Statistical Analyses” section), and 
MELD-Sodium (MELD–Na) scores were calculated [17]. 
The institutional review board of each participating center 

independently reviewed and approved participation in the 
study.

Definition of Infections

We identified infections by manual review of the medical 
record for each admission. Infections of interest included: 
cellulitis, Clostridium difficile colitis, isolated bacteremia, 
respiratory tract infection (pneumonia), spontaneous bacte-
rial peritonitis (SBP), and urinary tract infection. We also 
recorded other infections, including central-line-associated 
bloodstream infections, cholecystitis, other infectious ente-
ritides, and osteomyelitis. When available, we recorded 
confirmatory testing, e.g., infectious organism culture or 
polymerase chain reaction results. When available, we also 
documented the presence or absence of antibiotic resistance. 
We categorized infections as present on admission if they 
were identified during the initial hospital assessment or in 
the case of occult infections, if signs or symptoms at the time 
of admission were attributable in retrospect to an infection 
that was only identified later in the hospital course. We also 
recorded the incidence of nosocomial infections, i.e., those 
arising at least 48 h into the hospital stay and not believed 
to be present upon admission [18].

We defined cellulitis based on provider assessment and 
reported physical examination. We defined Clostridium diffi-
cile colitis based on positive stool testing results (polymerase 
chain reaction or toxin enzyme immunoassay) in a patient 
with diarrhea. We defined isolated bacteremia as positive 
blood culture for an infectious organism not attributable to 
another apparent primary infection site (e.g., central venous 
catheters). We defined pneumonia by provider assessment 
of the presence of a lower respiratory tract infection in the 
presence of radiographic findings consistent with pneumo-
nia or positive sputum culture or nasopharyngeal swab. We 
defined spontaneous bacterial peritonitis by provider assess-
ment and the presence of elevated (> 250/mm3) ascites poly-
morphonuclear cell count and/or positive culture results in 
the absence of another apparent cause of peritonitis. Lastly, 
we defined urinary tract infections by provider assessment 
and positive urine culture and/or elevated leukocyte count 
on microscopic urinary analysis.

We also recorded other infections, including central-line-
associated bloodstream infections (defined by bacteremia 
in the presence of a preexisting central venous catheter and 
provider assessment of the source of infection as catheter 
related), as well as osteomyelitis, enteritis, and cholecystitis 
defined by provider assessment and/or radiographic, culture, 
and other laboratory findings when available.
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Covariates

We abstracted demographic characteristics, including age, 
sex, race/ethnicity, and insurance provider (e.g., public, pri-
vate, none) from each record. We recorded each patient’s 
residential zip code and estimated median household income 
by zip code using national governmental survey data [19]. 
We collected additional covariates to characterize each 
patient’s medical history and pre-admission health status 
including: Charlson comorbidity index (CCI) [20], etiol-
ogy of liver disease, history of decompensations, and home 
medications. We categorized patient location prior to admis-
sion as home, skilled nursing facility, or other. We estimated 
pre-admission alcohol use history via review of the medical 
record as 0–2 drinks/day or > 2 drinks/day. We recorded 
admitting diagnoses and vital signs upon admission (height, 
weight, heart rate, and blood pressure) and throughout the 
hospital course. We recorded laboratory values upon hos-
pital admission and daily throughout the hospital stay, as 
well as the most recent creatinine value prior to admission. 
We also recorded hospital length of stay (LOS), invasive 
procedures during admission (endoscopy, paracentesis, or 
mechanical ventilation), and the interval since last known 
hospital admission. We calculated MELD–Na based on labo-
ratories within 24 h of hospital admission.

Descriptive Measures and Outcomes

We recorded the presence of infection upon hospital admis-
sion, nosocomial infection, and infection with an antibiotic-
resistant bacterium. We determined the association between 
infections in patients with cirrhosis and a number of clinical 
outcomes including: in-hospital mortality, LOS, intensive 
care unit (ICU) admission, presence of acute-on-chronic 
liver failure (ACLF), 30-day re-admission, and 30-day 
mortality. We defined acute-on-chronic liver failure (ACLF) 
based on a modification of the North American Consortium 
for the Study of End-Stage Liver Disease (NACSELD)-
ACLF criteria [6]. We considered an individual to have 
ACLF if two or more of the following were present: mechan-
ical ventilation, renal replacement therapy, vasopressors, or 
hepatic encephalopathy (West-Haven grade III or higher).

An overall description of the study protocol has been pre-
viously published [14].

Statistical Analyses

We used descriptive statistics to provide an overview of the 
cohort. We used mean and standard deviation or median 
and inter-quartile range to describe continuous variables that 
were normally distributed or skewed and frequencies and 
percentages for dichotomous variables. We tested for uni-
variable differences using the Chi-square or Fisher statistic 

for categorical parameters, Student’s t test for normally dis-
tributed continuous parameters, and Mann–Whitney test 
for non-normally distributed continuous parameters. For 
patients with missing admission MELD–Na that could not 
be thusly calculated, we imputed values using the random 
forest method [21].

For the primary analysis, we created multivariable logistic 
regression models to assess the association between poten-
tial risk factors and infection. The model of associations 
with infection on admission included the following poten-
tial covariates: age, sex, race/ethnicity, insurance provider, 
estimated household income, pre-admission location, body 
mass index (BMI), history of diabetes mellitus, CCI, etiol-
ogy of cirrhosis, alcohol use, history of SBP, home proton-
pump inhibitor use, home antibiotic use for prophylaxis of 
SBP or treatment of hepatic encephalopathy, and MELD–Na 
score. The model of associations with nosocomial infec-
tion included the following potential covariates: age, sex, 
BMI, CCI, MELD–Na, LOS, ICU admission, admission for 
upper gastrointestinal hemorrhage, endoscopy, paracente-
sis, or mechanical ventilation. The model of associations 
with antibiotic-resistant infections including the following 
potential covariates: age, sex, race/ethnicity, insurance pro-
vider, estimated household income, pre-admission location, 
interval since last hospital admission, home antibiotic use 
for prophylaxis of SBP or treatment of hepatic encephalopa-
thy, and LOS. Because the distribution of race/ethnicity was 
unequal across sites (with more Hispanic patients identified 
at BUMC), we repeated the multivariable logistic regression 
with a term for interaction of site and race/ethnicity. For 
the secondary analyses, we created a multivariable logistic 
regression model to assess the association between infection 
on admission and in-hospital mortality with adjustment for 
age, sex, CCI, MELD–Na, and ACLF. We also created a 
multivariable logistic regression model to assess the associa-
tion between nosocomial infection and in-hospital mortality 
with adjustment for age, sex, MELD–Na, ICU admission, 
and ACLF. We used forward stepwise logistic regression 
analysis for variable selection for all multivariable models.

Statistical significance was defined as α = 0.05 prior to 
analysis. Correction for multiple comparisons was done 
using the Benjamini and Hochberg [22] method with a false 
discovery rate of 0.05. Statistical analysis was performed 
using R (R Foundation for Statistical Computing, Vienna, 
Austria; http://www.r-proje ct.org/).

Results

Sample Characteristics

We identified 1212 patients with cirrhosis and admission to 
our centers in 2012. We excluded 100 patients admitted for 

http://www.r-project.org/
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surgery, yielding a study sample of 1112 patients. A total 
of 217 patients had missing laboratory values required for 
calculation of MELD–Na which were imputed, as above. 
Admissions were distributed relatively evenly across cent-
ers (BUMC 189, IU 234, BU 330, JSH 359). There was 
significant racial diversity; 43% of patients were white/Cau-
casian (non-Hispanic), 28% black/African-American, 17% 
Hispanic/Latino, 3% Asian, and 7% other/unknown. Most 
(74%) patients received public insurance, followed by self-
insured (16%), other (5%), and commercially insured (4%). 
Nearly all (91%) patients were admitted from home, with 6% 
from other locations and 3% from skilled nursing facilities.

We observed 239 infections upon admission present 
among 218/1112 (20%) unique patients. Respiratory and 
urinary tract infections were the most common (Fig. 1). Of 
infections on admission, 121/239 (51%) had antibiotic sen-
sitivity testing performed (or in the case of 7 Clostridium 
difficile infections, were assumed to have intrinsic antibi-
otic resistance) and 49/121 (40%) had documented antibiotic 
resistance.

We observed 56 nosocomial infections occurring among 
47 (4%) unique patients with anatomical distribution as 
shown in Fig. 1. Antibiotic sensitivity testing was performed 
in 29/56 (52%) (or in the case of 5 Clostridium difficile 
infections, were assumed to have intrinsic antibiotic resist-
ance) and 8/29 (28%) had documented bacterial growth and 
antibiotic resistance.

Overall (including 12 Clostridium difficile infections), 
57/150 (38%) of infections had documented antibiotic 
resistance. There was no difference between the rate of 
documented antibiotic resistance among infections present 

on admission and nosocomial infections (p = 0.5). Resist-
ant infections were present among 44/1112 (4%) patients 
with anatomical distribution as shown in Fig. 1.

Factors Associated with Infection

The characteristics of the study sample, by the presence 
of infection on admission, are listed in Table 1. After cor-
rection for multiple comparisons, MELD–Na, history of 
SBP, and insurance provider were found to be statistically 
significantly associated with infection on admission in uni-
variable analysis (Table 1). In a stepwise multivariable 
logistic regression model, MELD–Na (odds ratio (OR) 5.3 
per every 5-point greater MELD–Na, 95% CI 5.22–5.44, 
p < 0.001) and history of SBP (OR 3.2, 95% CI 1.41–6.86, 
p < 0.01) were significantly associated with infection on 
admission. We observed no evidence for interaction by 
site or race/ethnicity.

We defined covariates of interest and assessed for asso-
ciation with the incidence of nosocomial infection using 
stepwise multivariable logistic regression. We observed 
an association between both ICU admission (OR 6.7, 95% 
CI 3.03–14.61, p < 0.001) and use of mechanical ventila-
tion (OR 2.8, 95% CI 1.34–6.21, p < 0.01) and nosocomial 
infection.

No potential risk factors, including known previous 
antibiotic use and healthcare facility exposure, were asso-
ciated with antibiotic-resistant infection in univariable 
analysis. Thus, a multivariable model was not created.

Fig. 1  Infections by anatomical site. Number of infections by anatomical site among admission, nosocomial, and antibiotic-resistant infections
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Multivariable Regression Models for the Association 
with Infection and Clinical Outcomes

The presence of infection on hospital admission was 
strongly associated with several negative clinical out-
comes, including longer LOS, and greater incidence of 
ICU admission, ACLF, and in-hospital mortality (Table 2). 
These associations remained significant after correction 
for multiple comparisons.

We performed an additional analysis to assess the associ-
ation between infection on admission and in-hospital mortal-
ity after adjustment for covariates. In stepwise multivariable 
logistic regression, we found MELD–Na (OR 5.7 per every 
5-point greater MELD–Na, 95% CI (5.47–5.91, p < 0.001) 
and ACLF (OR 52.6, 95% CI 22.42–131.79, p < 0.001) to 
be associated with in-hospital mortality. Because knowledge 
of the development of ACLF required information about the 
hospital course not immediately available upon admission, 

Table 1  Characteristics of the study sample, by the presence of infection

Mean (standard deviation, SD) for normally distributed continuous parameters, median (interquartile range) for skewed continuous parameters, 
frequency (%) for categorical parameters
Bold values indicate statistically significant associations (p < 0.05 after adjustment for multiple comparisons via Benjamini–Hochberg method)

Exposure No infection on admission
(n = 894)

Infection on admission
(n = 218)

p value

Age (years) 56 (10.6) 55 (9.7) 0.66
Sex (women) 287 (32%) 78 (36%) 0.47
Race/ethnicity 0.05
 White/Caucasian (non-Hispanic) 373 (77%) 110 (23%)
 African-American/black 248 (81%) 60 (19%)
 Hispanic/Latino 176 (83%) 35 (17%)
 Asian 29 (94%) 2 (6%)
 Other/unknown 68 (86%) 11 (14%)

Household income in US Dollars $43,532 ($21,021) $42,298 ($29,826) 0.40
Insurance provider 0.008
 Public (Medicare/Medicaid/County) 647 (78%) 178 (22%)
 Commercial 38 (76%) 12 (24%)
 Self-insured 159 (88%) 22 (12%)
 Other 50 (89%) 6 (11%)

Charlson comorbidity index 3 (1) 4 (2) 0.018
Diabetes 202 (84%) 39 (16%) 0.14
Body mass index (kg/m2) 27.7 (7.4) 27.5 (7.9) 0.96
Location pre-admission 0.37
 Skilled nursing facility 21 (72%) 8 (28%)
 Home 821 (81%) 194 (19%)
 Other 52 (76%) 16 (24%)

Model for End-Stage Liver Disease score with sodium (MELD–Na) 15.8 (9.4) 19.6 (10.4) < 0.001
Etiology of liver disease 0.68
 Alcohol only 360 (81%) 83 (19%)
 Viral hepatitis only 161 (80%) 41 (20%)
 Alcohol and viral hepatitis 245 (79%) 66 (21%)
 Nonalcoholic fatty liver disease 32 (76%) 10 (24%)
 Other etiologies 96 (84%) 18 (16%)

History of spontaneous bacterial peritonitis (SBP) 16 (57%) 12 (43%) 0.004
Alcohol use within 3 months 0.19
 0–2 drinks/day 520 (79%) 140 (21%)

  > 2 drinks/day 291 (84%) 54 (16%)
Pre-admission proton-pump inhibitor 310 (80%) 78 (20%) 0.88
Pre-admission antibiotic use for SBP prophylaxis or hepatic encepha-

lopathy (excluding rifaximin)
21 (82%) 7 (18%) 0.86
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we repeated this analysis after excluding ACLF. In this 
model, the presence of an infection on admission was asso-
ciated with a greater chance of in-hospital mortality [OR 1.9 
(95% CI 1.10–3.36), p = 0.02].

The acquisition of a nosocomial infection was strongly 
associated with negative outcomes, including longer length 
of stay, and increased incidence of ICU admission, ACLF, 
and in-hospital mortality in univariable analyses (Table 2). 
Using stepwise multivariable logistic regression, we found 
nosocomial infection to be associated with an increased 
rate of in-hospital mortality (OR 6.0, 95% CI 2.38–14.68, 
p < 0.001). Additional adjustment for ICU admission attenu-
ated the strength and magnitude of this association some-
what, but nosocomial infection remained associated with 
in-hospital mortality (OR 3.1, 95% CI 1.21–7.58, p = 0.01).

The presence of an antibiotic-resistant infection compared 
to antibiotic susceptible infection was not associated with an 
increase in adverse outcomes (Table 2). There was a numeri-
cally greater incidence of ICU admission among patients 
with known antibiotic susceptible infections compared to 
patients with known antibiotic-resistant infections which 
was not statistically significant after correction for multiple 
comparisons.

Discussion

We retrospectively analyzed data collected from the admis-
sions of 1112 unique patients with cirrhosis to urban 
safety-net hospitals in the year 2012. Infections present on 
admission were much more common (20% of patients) than 
nosocomial infections (4%). We did not identify an asso-
ciation between patient demographic characteristics and 
infections. Overall, infections were strongly associated with 
multiple important adverse outcomes, including short-term 
mortality. Among specimens tested (and including Clostrid-
ium difficile infections), antibiotic resistance was common 
(38%); however, we did not observe a greater incidence of 
adverse outcomes among patients with resistant infections.

The overall prevalence of infection observed in our study 
is consistent with the US national data representing a diver-
sity of hospital types [1] as well as other studies from else-
where in the world [2, 3, 10]. This suggests that the rate of 
infection on admission among patients with cirrhosis is not 
dependent upon any unique characteristics of patients admit-
ted to safety-net hospitals. Consistent with this observation, 
we did not find differences in the presence of infection on 
admission based on demographic or socioeconomic factors 
that help to define the safety-net hospital patient popula-
tion, including race/ethnicity, estimated household income, 
or insurance provider.

This is in contrast to previously described infection-
related disparities across racial/ethnic groups from other 

specialties. For example, a higher incidence of hospital 
acquired infections [7, 23] and greater infection-related 
hospitalization and in-hospital mortality [8, 9] has been 
observed among some minority populations. Indeed, it also 
may be that socioeconomic status, especially poverty, affects 
the risk of infection, as is the case for pediatric ear infec-
tions [24]. It is possible that the lack of association with 
household income observed here reflects inaccuracy of geo-
graphic income estimates or incompletely captured data in 
the medical record. Alternatively, it may be that cirrhosis 
itself represents so great a risk of infection that it supersedes 
any minor difference in risk associated with demographic 
characteristics.

Pre-admission proton-pump inhibitor prescription was 
common in this cohort (35%). Contrary to a previous report 
[25], we did not identify an association between proton-
pump inhibitor prescription and infection on admission. The 
lack of association seen here may reflect the true absence of 
association, residual confounding from unmeasured covari-
ates, or uncertainty regarding consistency of use prior to 
admission. Our data do not permit confirmation of adher-
ence prior to admission, and thus must be interpreted with 
caution.

Sarcopenia and malnourishment are known to be associ-
ated with poor outcomes in patients with cirrhosis [26], and 
lower BMI has previously been shown to be associated with 
greater inpatient mortality [27]. However, we did not find an 
association between BMI and the presence of infection (on 
admission or nosocomial) or in-hospital mortality in univari-
able or multivariable analyses, suggesting that the detrimen-
tal effects of sarcopenia may not manifest directly through 
increased infection risk. Alternatively, this may reflect the 
limitations of BMI as a measure of a patient’s true nutri-
tional status and physiological reserve given the inability 
to distinguish between muscle, adipose, and fluid weight.

Consistent with prior studies [6, 28, 29], we found 
that both MELD–Na and the development of ACLF were 
strongly associated with in-hospital mortality. Due to the 
large effect of these associations, infection present on hos-
pital admission itself was not independently associated with 
mortality when adjusted for the development of ACLF. 
However, infections themselves are among the most com-
mon causes of ACLF [6]. Because of this relationship, and 
as our definition of ACLF required information about the 
entire hospital course, we assessed for the association of 
infection with in-hospital mortality after exclusion of ACLF 
from the model. While still maintaining adjustment for other 
covariates such as MELD–Na, this revealed that infection on 
admission was associated with a twofold increase in the odds 
of in-hospital mortality.

Given the consistent associations between infection and 
the overall severity of liver disease, as marked by greater 
MELD–Na [30], we expected to find a higher 30-day 
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readmission rate as well. Unlike the other major adverse 
outcomes recorded, however, we did not observe a dif-
ference in unadjusted 30-day readmission rates based on 
infection. It is possible that admissions to other local hos-
pitals not captured in the medical record could alter these 
results, although there is not a particular reason to suspect 
that use of outside hospitals varied based on the presence 
of infection. It is also possible that our sample was insuf-
ficient to confirm small absolute differences in readmission 
risk associated with infection. Alternatively, unmeasured 
covariates, such as limited health literacy, language bar-
rier, and the myriad other systemic challenges faced by 
patients at safety-net hospitals may have greater impact on 
readmission risk than the presence of infection.

Surprisingly, documented nosocomial infections were 
relatively rare in our cohort, occurring in only 4% of 
patients. Exposures associated with nosocomial infection 
were ICU admission and use of mechanical ventilation. 
These observed associations are presumed to be due to the 
general increased risk of infection in critical illness [31], 
as well as the increased risk of iatrogenic infection via 
central venous and urinary catheters [32] and ventilator-
associated pneumonia [33]. Nosocomial infections were 
associated with poor clinical outcomes, including longer 
length of stay, and more ICU admission, ACLF, and in-
hospital morality (after adjustment for multiple covari-
ates). This is in contrast to a previous multicenter report 
[28]. Due to the retrospective nature of our study, it is 
possible that more severe nosocomial infections were pref-
erentially identifiable in the record or that record-keeping 
varies by level of care (i.e., floor vs ICU). Such differ-
ences could explain the increased mortality associated 
with nosocomial infections we observed.

Overall, we found antibiotic resistance to be quite com-
mon, occurring in 38% of the infections with available sus-
ceptibility data. This high prevalence of resistance must be 
considered when choosing empiric antibiotic therapy for 
patients with cirrhosis [34, 35], especially as broader initial 
antibiotic coverage is associated with greater survival [4]. 
We did not observe major variation in the rate of antibiotic-
resistant infections by anatomical site, with most proportions 
approximately 30–40%. Similarly, there was no identified 
association with covariates anticipated to be associated 
with risk of antibiotic resistance, such as admission from a 
medical/nursing facility or the duration since the most recent 
known hospital admission.

Some prior studies suggest the prevalence of antibiotic-
resistant infection is increased among minority patients; for 
example, the incidence of methicillin-resistant staphylococ-
cus infection acquired in both the community and hospi-
tal setting is approximately twofold greater among black 
patients than among white patients [36]. We did not identify 
associations between antibiotic resistance and demographic 

or socioeconomic factors (i.e., race/ethnicity, insurance pro-
vider, or estimated household income).

Similarly, although we found antibiotic resistance to be 
common both among infections present on admission (40%) 
and nosocomial infections (28%), we did not identify a sta-
tistically significant difference between these proportions. 
Overall, these rates are much higher than the reported rate 
of multi-drug resistance observed at other centers [4]. Some 
of this is attributable to the expected greater prevalence of 
any degree of antibiotic resistance which we recorded in 
comparison to multi-drug resistance reported elsewhere [4]. 
In addition, it is possible that safety-net hospitals, serving 
diverse populations with a larger proportion of recent immi-
grant patients [13], may harbor antibiotic resistance rates 
more akin to those of the developing world (i.e., higher) 
than the overall US population. Contrary to our expectation, 
pre-admission prescription of antibiotics for prophylaxis of 
hepatic encephalopathy or SBP was not associated with 
documented antibiotic resistance. However, pre-admission 
prescription of (non-rifaximin) antibiotics was relatively rare 
in our cohort, resulting in reduced statistical power to con-
firm an underlying association, if present.

We anticipated that antibiotic-resistant infections would 
be associated with negative outcomes such as greater in-
hospital mortality, longer length of stay, and more ICU 
admission. These associations were not observed, which 
may reflect the availability of suitable alternative antibi-
otic regimens which preserved effectiveness. However, the 
relatively small sample size of infections with documented 
resistance testing limits inference here. Our results, how-
ever, are consistent with the previous evidence that com-
mon forms of antibiotic resistance, such as fluoroquinolone 
resistance are not associated with increased mortality [28]. 
This result should be considered when balancing the risk of 
antibiotic resistance against the potential benefit of prophy-
lactic antibiotics.

Strengths and Limitations

The primary strength of this study is the safety-net hospi-
tal patient population which is not as well studied as the 
general population. The moderately large sample size and 
multicenter nature increase generalizability to other similar 
populations. There are, however, limitations that should be 
considered in interpretation of our results. As with any ret-
rospective study, these data are subject to missingness and 
mischaracterization in the medical record. The absence of a 
prospective protocol requiring resistance testing or proactive 
patient follow-up, for example, could have caused underes-
timation of the rate of antibiotic resistance or 30-day read-
mission or mortality not occurring within a participating 
center. For a key covariate, i.e., MELD–Na, we have used a 
robust imputation method [21] to account for missing data 
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to help offset this limitation. The total number of identified 
antibiotic-resistant infections was low, which reduces statis-
tical power for identifying relevant associations.

Conclusion

We evaluated the nature and consequences of infections 
among 1112 patients with cirrhosis admitted to four large 
safety-net hospitals in the USA. Infections were quite com-
mon overall (20%), with respiratory and urinary tract infec-
tions the most common. We did not observe a difference in 
the incidence of infection on admission based on patient 
demographic factors. Infections on admission were associ-
ated with multiple key negative outcomes including greater 
short-term mortality (in-hospital and 30-day) and incidence 
of ICU admission and ACLF, as well as longer length of 
stay. Nosocomial infections were relatively uncommon 
overall (4%), but more common among patients admitted to 
the ICU. Antibiotic resistance was common (38%), but not 
clearly associated with an increase in key negative outcomes. 
Overall, our results demonstrate the critical role of infections 
in morbidity and mortality among patients with cirrhosis, 
as well as the need for increasing attention to the issue of 
antibiotic resistance.
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