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Abstract

Background: Nosocomial infections (NI) can be a major cause of morbidity and mortality in
cirrhosis.

Aim: Define the determinants of NI development and 30-day outcomes among hospitalized
patients with cirrhosis.

Methods: NACSELD (North American Consortium for the Study of End-Stage Liver Disease)
enrolled cirrhotics admitted non-electively. Admission variables and 30-day outcomes were
compared between patients with/without NI. These were also compared based on whether there
was an isolated admission infection, NI or both. Models were created for NI development using
admission variables and for 30-day mortality.

Results: 2864 patients were included, of which 15% (n=436) developed NI. NI vs no-NI: 1866
patients were infection-free, 562 had admission infections only, 228 had only NI while 208 had
both infections. At admission, NI patients were more likely to be infected and have advanced
cirrhosis. NlIs were associated with higher rates of ACLF, death and transplant regardless of
admission infections. Infection details: NI patients had higher respiratory, UTI, C.dlifficile, fungal
infections and vancomycin-resistant Enterococci compared to patients without NI. NI
development: Risk factors for NI were admission infections, MELD>20, SIRS criteria, PP,
rifaximin and lactulose use but the regression model (sensitivity 0.67, specificity 0.63) was not
robust. Mortality: Age, alcohol etiology, admission MELD, lactulose use, ACLF, AKI, ICU and NI
increased the risk while rifaximin decreased the risk of death.

Conclusions: Nosocomial infections are prevalent in hospitalized cirrhotic patients and are
associated with poor outcomes. Although higher MELD and SIRS are associated with NI, all
hospitalized cirrhotic patients require vigilance and preventive strategies.

Introduction:

Infections are a major cause of morbidity and mortality in cirrhosis(1, 2). In addition to
precipitating complications such as hepatic encephalopathy (HE), infections are often
responsible for the development of acute kidney injury (AKI) and acute-on-chronic liver
failure (ACLF), can increase the risk of delisting for liver transplant and hasten death(3, 4).
An important aspect in hospitalized patients with cirrhosis is the development of nosocomial
infections, which may potentially be a preventable cause of organ failure, ACLF, and
death(5, 6). Prior smaller and single-center studies have shown that nosocomial infections
are common in cirrhosis and can negatively impact short-term outcomes(7-9). However, a
larger multi-center approach focused on North America with models to predict the
development of, and outcomes from nosocomial infections is required.

Therefore, our aim was to define the determinants of developing a nosocomial infection and
to evaluate their influence on 30-day outcomes in a large prospective, multi-center, inpatient
cohort with cirrhosis.
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The data of unique patients with cirrhosis enrolled in the North American Consortium for
the Study of End-Stage Liver Disease (NACSELD) were analyzed for this study. NACSELD
consists of 14 tertiary-care hepatology centers across North America, which prospectively
recruited patients with cirrhosis hospitalized for non-elective reasons from April 2013 to
February 2017. We excluded subjects who were post-transplant, had HIV infection, had non-
hepatocellular carcinoma malignancies, and were unable to provide consent or did not have
a representative who could give consent. All consented patients had data recorded securely
in a REDCAP database(10). The data collected was demographic variables, details of
cirrhosis and severity, admission medications and reasons for the hospitalization and hospital
course. Admissions were divided into those due or not due to an infection. Infections first
diagnosed within the first 48 hours after admission were considered non-nosocomial, and
those diagnosed 48 hours or greater after admission were considered nosocomial. In patients
admitted with an admission infection, a subsequent nosocomial infection was only
diagnosed if the PI and team were satisfied that this was not an unresolved prior infection.

Data collected on admission pertained to demographics, prior hospitalizations, diabetes,
concomitant medications (beta-blockers, rifaximin, lactulose, SBP prophylaxis, PPI), prior
cirrhosis complications, laboratory values for MELD score and Child class, SIRS criteria,
WBC count, platelet count, serum albumin and serum sodium.

Specific data regarding the site of infection, causative organism and resistance patterns of
the admission infection and nosocomial infections were analyzed. Infections were defined as
follows(8, 11) a) spontaneous bacteremia: positive blood cultures without a source of
infection, (b) SBP: ascitic fluid polymorphonuclear cells >250/uL with/without a positive
fluid culture, (c) lower respiratory tract infections: new pulmonary infiltrate in the presence
of: (i) at least one respiratory symptom (cough, sputum production, dyspnea, pleuritic pain)
with (ii) at least one finding on auscultation (rales or crepitation) or one sign of infection
(core body temperature >38°C or < 36 °C, shivering or leucocyte count >10,000/mm3 or
<4,000/mma3) in the absence of antibiotics, (d) Clostridium difficile: diarrhea with a positive
C. difficile assay (e) bacterial entero-colitis: diarrhea or dysentery with a positive stool
culture for Salmonella, Shigella, Yersinia, Campylobacter, or pathogenic E. coli, (f) skin
Infection: fever with cellulitis, (g) urinary tract infection (UTI): urine WBC >15/high power
field with either positive urine gram stain or culture in a symptomatic patient, (h) intra-
abdominal infections: diverticulitis, appendicitis, cholangitis, etc., (i) secondary bacterial
peritonitis: >250 polymorphonuclear cells/uL of ascitic fluid in the presence of an intra-
abdominal source of peritonitis and multiple organisms cultured from ascitic fluid. In
addition, we recorded all instrumentations and procedures that occurred throughout the
hospitalization. The timing of procedures and instrumentation vis-a-vis NI were also
recorded. Hospital course data collected in aggregate pertained to individual extra-hepatic
organ failures, ACLF according to NACSELD criteria, transfer to the intensive care unit
(ICU), length of stay (LOS), development of acute kidney injury (AKI according to
International Ascites Club consensus criteria(12)), liver transplant and 30-day mortality.
NACSELD-ACLF is defined as 2 or more of the following, brain failure: grade 3 / 4 hepatic
encephalopathy, respiratory failure: mechanical ventilation or BiPAP, renal failure: renal
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replacement therapy and circulatory failure: shock(13) any time during the admission. These
outcomes were compared between those with and without NI using appropriate parametric
(unpaired t-tests) or non-parametric tests (Chi-square test).

In addition, the group was also divided into 1) patients who never had an infection on
admission and did not develop an NI, 2) those who only had an admission infection without
a NI, 3) those without an admission infection but who developed a NI and 4) those with both
types of infections. Outcomes were compared between these four groups as well, using
appropriate parametric (ANOVA) and non-parametric (Kruskal-Wallis) tests.

Determinants of nosocomial infection development were studied using binary logistic
regression with variables on admission. Specific variables considered were age, gender, race,
alcoholic etiology, diabetes, admitted with infection, refractory ascites on admission,
hospitalized in the last 6 months, admission medications (PPI, non-selective beta-blockers,
lactulose, rifaximin), admission laboratory values (albumin, WBC, serum sodium, MELD),
SIRS criteria on admission, admission mean arterial pressure and being on dialysis at
admission for the admission models. Lactulose and rifaximin were used as surrogates for
hepatic encephalopathy. Variables significant at p<0.10 on univariate analysis were included
in the final models created using backwards elimination procedures. The final models were
tested using ROC curves for AUC, sensitivity and specificity for the development of a
nosocomial infection. We also studied differences in rate of NI between centers using
random effects for center in the models.

Separate models for variables independently associated with nosocomial infection using
admission values were also created for patients who were admitted with infection and for
those who were not admitted with infection. We also performed analyses of odd ratios of
variables that were significantly different between patients who ultimately developed NI vs
others. Determinants of 30-day mortality were also analyzed using multi-variable logistic
regression. In addition to NI, variables included were again admission variables related to
liver disease, medications, demographics, and inpatient. Models were also created using
nosocomial infection as a yes/no variable and using the ordinal variable of: no infections,
admission yes but no nosocomial infection, no admission infection but nosocomial infection
and both infection types). Variables significant at p<0.10 on univariate analysis were
included in the final models created using backwards elimination procedures. The final
models were tested using ROC curves for AUC, sensitivity and specificity for 30-day
mortality. We also then performed bootstrap analysis to determine the robustness of the
models.

We included 2864 patients, of whom 436 (15%) developed a nosocomial infection during
hospitalization. As shown in figure 1, 208 of the 436 (48%) were not infected on admission,
while the remaining 208 (52%) had also been diagnosed with an infection at admission.
1866 patients had no infection during the entire hospitalization, while 562 patients had
infections only on admission without having developed a nosocomial infection. Since all our
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2,864 patients with cirrhosis had contact with the health system within 6 months, all non-
nosocomial infections were healthcare-associated.

Comparison of patients with and without nosocomial infections:

As shown in Table 1, patients with and without a nosocomial infection has similar
demographics, prevalence of diabetes and cirrhosis etiology, with the exception of more
women in the NI group. A higher number of patients with NI were admitted with an
infection, had more advanced liver diseases defined as a higher MELD score, were more
likely to be on PPI, SBP prophylaxis and lactulose and were more likley to have been
hospitalized in the prior 6-months. The major non-infectious reasons for admission were
similar between groups with liver-related being the major cause [anasarca (21%), hepatic
encephalopathy (17%), renal insufficiency (12%), Gl bleeding (6%) and other (3%)]
followed by liver unrelated [cardiovascular (6%), pulmonary (5%) and others (3%)].

Instrumentations and interventions occurred at higher rates in NI patients compared to those
without NI and these were comparable before or after the NI development (Supplementary
table 1). The hospital course for patients with NI was associated with a greater probability of
developing AKI, organ failures and ACLF. Patients with nosocomial infections had a longer
hospital length of stay (LOS) and had a lower 30-day survival. Patients with NI received a
liver transplant at a higher rate than patients without a NI.

Infection details:

Between groups with and without NI, the relative rates of SBP, spontaneous bacteremia and
skin/soft-tissue infections were similar. In contrast, more NIs tended to be respiratory,
urinary, procedure-related, fungal and C.difficile. There was also a greater culture positivity
rate across all types, especially for gram-positive organisms and vancomycin-resistant
Enterococci in patients with NI (Table 3).

Comparison of patients according to admission infections and nosocomial infections
(Table 2):

The groups were not different with respect to demographics, including gender. A higher
proportion of patients with infection regardless of NI or admission, had ascites and
refractory ascites compared to uninfected patients. Patients with both admission and
nosocomial infections had a higher probability of prior hospitalization compared to the rest.

The outcomes of patients with NI, regardless of whether they had an admission infection or
not, were worse than uninfected patients and those with only admission infections. There
was a longer LOS, higher rate of ICU transfer, more individual organ failures and more
frequent ACLF in patients with NI compared to those without infections or with admission
infections only. This resulted in a lower 30-day survival and higher liver transplant rate in
patients with any NI compared to the non-NI groups.

Comparison of NI alone compared to those with both admission and NI (table 2):

Demographics, etiology, diabetes, ascites/refractory ascites and medication use were similar.
Patients with both admission and NI had higher rates of hospitalization in prior 6 moths and
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presented with SIRS, higher WBC count, lower albumin and higher Child score. Remaining
laboratory values on admission, including creatinine, sodium and MELD score were similar.
Comparing outcomes, patients with both infections had a significantly lower survival than
those with a single NI but other outcomes, including liver transplant, LOS, individual organ
failures, NACSELD-ACLF, ICU transfer and AKI episodes were statistically similar
regardless of whether the NI was associated with an admission infection or not.

Specific infection details:

Between the three infected groups, there was a lower SBP and skin/soft-tissue infection rate
in those with only NI compared to the rest, while spontaneous bacteremia rates were similar.
Respiratory, urinary, C.difficile and fungal infections were significantly higher in both NI
groups compared to the rest. The NI patients had more gram-positive and fungal organisms
and vancomycin-resistant Enterococci compared to those without NI. When patients with
only NI vs those with admission and NI were compared, there were higher rates of SBP,
skin/soft-tissue infections with higher isolation of gram-negative organisms or no growth on
cultures. When specific organisms were studied, patients with both infection types had
higher fluoroquinolone resistance than those with only NI (Table 3).

Models for nosocomial infection development:

Using the admission variables found that diabetes, admission lactulose use, WBC count,
MELD score, and admission with infection were associated with development of NI (Table
4). However, the model was relatively poor with an AUC of 0.70 and sensitivity and
specificity in the 60% range even at the Youden index. Similar patterns were seen even when
groups with and without admission infection were studied independently (Supplementary
tables 2-3).

There were significant differences in the rate of NI between the centers (X2 =72.91, d.f. =
16, p<0.0001). To accommaodate this difference, we fit the model for NI including a random
effect for center, which despite having a significant difference in the rate of NI between
centers, the overall model is not substantially different when we take the random center
effect into account (Table S4).

Odds ratios: We found that specific factors related to MELD >20 and SIRS on admission
were independently associated with NI development. The addition of PPI, rifaximin and
lactulose use increased the odds ratios (Figure 2) for NI development. The greatest OR was
for patients with MELD>20 +Lactulose +Rifaximin+PPI+SIRS of 4.08 (95%Cl 2.44-6.79,
Supplementary table 5). Of note, medications individually without MELD>20 or SIRS did
not significantly affect NI development.

Models for 30-day mortality:

As shown in table 5, the first model demonstrated that any nosocomial infection was
associated with higher 30-day mortality independent of age, admission MELD, rifaximin
and lactulose use, AKI episodes and ACLF development. The AUC was 0.84 with 83%
sensitivity and 72% specificity. The second model showed that any nosocomial infection
(regardless of whether there was an admission infection or not), was associated with
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increased 30-day mortality independent of age, alcoholic etiology, admission MELD, PPI,
lactulose and rifaximin use, and episodes of AKI, ACLF and ICU admission during the
hospitalization. The AUC was again 0.84 with 73% sensitivity and 83% specificity at the
Youden Index. Using 2,500 bootstrap samples, for Model 1(NI yes/no) the mean AUC was
0.83 with a 95% Bootstrap CI of (0.80, 0.85) and for Model 2(Ordinal Infection Variable)
the mean AUC was 0.83 with a 95% Bootstrap CI of (0.79, 0.85)

Discussion:

The results of this large multi-center study underline the high prevalence and prognostic
importance of nosocomial infections in hospitalized patients with cirrhosis. These infections
were more likely to be procedure related, associated with organ failures, death and were
more likely to be gram-positive and fungal in origin than infections present on admission.
Importantly, the occurrence of NIs was independently associated with admission MELD
score, SIRS and medication use but the multi-variable models for NI development are not
robust enough to accurately define who will develop NI. Therefore, all inpatients with
cirrhosis are potentially at risk. Therefore, nosocomial infections are common, are hard to
predict and negatively affect outcomes. Screening for these infections any time there is a
significant clinical change could potentially improve outcome in hospitalized patients with
cirrhosis.

Our large cohort found NIs were common and found in 15% of included patients. Moreover,
the patients who already have one infection on admission are at high risk for NI
development since almost half developed an NI. These infections were associated with poor
outcomes in the form of greater AKI, extra-hepatic organ failures, ACLF and poorer
survival. This was even more striking when patients with any NI (either alone or with an
infection on admission) were compared to patients who only had an admission infection.
The findings also demonstrate that ACLF in the North American cohort is not only
influenced by fungal and bacterial infections but is found more so with NI than admission
infections(14). Nosocomial infections, despite being caused to a greater extent by fungi and
C.difficile that are typically associated with inferior transplant free survival because of the
increased risk for delisting and higher rate of liver transplant(4). However, the overall
transplant rate remained low at <10% of the included cohort(15). This high prevalence of NI
and their negative impact on outcomes follows prior smaller observations and is now
validated in a large North American multi-center study (5, 7-9).

With these negative outcomes, it would be ideal to define on admission the group(s) of
patients likely to develop NI. While patients with admission infections were clearly at risk,
the models generated for NI development were not robust. However, MELD >20 with SIRS
criteria and use of PPI, lactulose and rifaximin emerged as risk factors. These medications,
apart from PPI use, are corollaries of worsening liver disease that is not measurable by the
MELD score and importantly were only contributory when linked with the MELD score and
SIRS(16). This points towards a combined impact of inflammation, liver disease and
potential alteration in gut microbiota leading to NI and ACLF(17-20).
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Unlike infections on admission, NIs were more likely to be urinary, respiratory, C.difficile,
skin/soft-tissue infections, SBP and procedure-related with greater fungi and infection with
VRE. The pattern of differentiation of the site and causative organism also differed between
patients with NI versus admission infections. The evolving resistance pattern of bacterial and
recently, fungal infections in cirrhosis, has sparked keen debate about the appropriate use of
antibiotics and antifungal measures in this population(21, 22). The higher proportion of
patients with fungal and culture-negative infections in patients with NI suggests difficulties
in culturing the NI organisms in the background of antibiotic therapy for the admission
infection. This is challenging because the lack of appropriate therapy can worsen the impact
of infections on organ failures and worsen survival. Studies with a priori use of advanced
spectrum antibiotics have demonstrated better outcomes compared to traditional antibiotic
measures(23). The current observations reinforce the challenges that inpatients with
cirrhosis face with changing bacteriology and mycology that require a dedicated inpatient
monitoring strategy.

Prevention of these NI could be performed by more aggressive monitoring of inpatients
admitted with infections and following guidelines for NI prevention. These could be related
to less frequent use of PPIs, urinary catheterization, use of stricter measures to prevent
aspiration during HE and upper gastrointestinal bleeding episodes, local site antiseptic
measures to prevent central line associated blood stream infections, and strict adherence to
guidelines on SBP prophylaxis(6). Many of these are procedure-related and are listed by the
Centers for Medicare and Medicaid services as preventable using evidence-based
guidelines(24). NI were associated with mortality independent of other relevant clinical
variables and it is possible that prevention of NI could also reduce ACLF development and
subsequent mortality(6).

Experiencing more than one infection, i.e. admission and NI, culminated in a lower survival
in this group despite a similar LOS, AKI rate, ACLF rate and ICU transfer to patients with
only a NI. The mechanisms behind this higher rate of death without the antecedent changes
in organ failures in patients with two infections compared to those with only NI is unclear
but could be related to higher inflammation and potential delays in recognizing and
addressing these infections in the background of the already treated admission infection.
Therefore, any change in clinical status of patients with cirrhosis should prompt
investigation for NI, which could reduce the delay in management of these infections.

The current study is limited by including a convenience sample of patients who provided
informed consent. We also performed a retrospective analysis of a prospectively collected
dataset but the analysis of NI was an a prioriaim of this consortium. Also, patients included
were in tertiary-care centers and may not be generalizable. We only performed analyses of
NI based on admission variables but not at other time points. There was a significantly
longer LOS in patients who developed NI compared to the rest, and NI therefore could be a
marker of prolongation of hospitalization. Given the data, it is also difficult to separate
whether sicker patients developed more NI or NI made patients sicker over the course of the
hospitalization. Mechanical ventilation could make it difficult to diagnose HE in the same
patient, which remains a limitation of our data set. The procedures and instrumentation vis-
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a-vis NI were similar pre and post-NI development. However, despite this, NI emerged as an
independent predictor of mortality.

We conclude that nosocomial infections are prevalent, potentially preventable, and
independently associated with ACLF and mortality in a large prospective multi-center cohort
of inpatients with cirrhosis. Models based on admission variables are not robust to be
associated with the development of nosocomial infections. However, patients with infections
are the reason for admission, with a MELD score>20, positive SIRS criteria and PPI use on
admission may be a higher risk. Therefore, all hospitalized patients with cirrhosis, especially
those already admitted with an infection, should be considered at risk for NI development
and changes to their underlying status should prompt timely investigation for NIs. Novel and
cirrhosis-specific monitoring strategies are needed to prevent these infections that may have
a bearing on costs, additional morbidity, and mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT IS KNOWN

. Infections are one of the leading causes of morbidity and mortality in
cirrhosis
. Nosocomial infections have been found to affect prognosis in smaller studies

outside of North America

. A large multi-center prospective approach towards the predictors of
development of nosocomial infections and their impact on prognosis is
needed

WHAT IS NEW HERE

. Using the North American Consortium for the study of end-stage Liver
Disease (NACSELD), we found that 15% of the 2864 patients had evidence
of nosocomial infections

. Nosocomial infections were associated with higher mortality independent of
ACLF, ICU, admission infections and were more likely to be respiratory,
urinary, C.difficile and fungal infections with higher Vancomycin resistant
Enterococci and gram-positive infections.

. The occurrence of nosocomial infections in this large dataset was higher in
those with admission infections, MELD>20 and SIRS criteria on admission
but the multi-variable analysis was not robust, indicating that every
hospitalized patient with cirrhosis should be treated as at risk.
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|

2428 without 436 with
nosocomial nosocomial
infections infections
1866 without 228 without admission

infection but with

any infection

562 with

nosocomial infection

208 with nosocomial

admission
infection only

Figure 1:

and admission
infections

Flowchart of patients with and without admission and nosocomial infections
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Odds Ratio Estimates for Nosocomial Infection
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Figure 2:
Odds ratio estimates for development of nosocomial infections based on values on hospital

admission. PPI: proton pump inhibitor, SIRS: systemic inflammatory response syndrome
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