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Abstract

BACKGROUND

Due to development of an immune-dysregulated phenotype, advanced liver
disease in all forms predisposes patients to sepsis acquisition, including by
opportunistic pathogens such as fungi. Little data exists on fungal infection within
a medical intensive liver unit (MILU), particularly in relation to acute on chronic
liver failure.

AIM

To investigate the impact of fungal infections among critically ill patients with
advanced liver disease, and compare outcomes to those of patients with bacterial
infections.

METHODS
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From our prospective registry of MILU patients from 2018-2022, we included 27 patients with culture-positive
fungal infections and 183 with bacterial infections. We compared outcomes between patients admitted to the MILU
with fungal infections to bacterial counterparts. Data was extracted through chart review.

RESULTS

All fungal infections were due to Candida species, and were most frequently blood isolates. Mortality among
patients with fungal infections was significantly worse relative to the bacterial cohort (93% vs 52%, P < 0.001). The
majority of the fungal cohort developed grade 2 or 3 acute on chronic liver failure (ACLF) (90% vs 64%, P = 0.02).
Patients in the fungal cohort had increased use of vasopressors (96% vs 70%, P = 0.04), mechanical ventilation (96%
v5 65%, P < 0.001), and dialysis due to acute kidney injury (78% vs 52%, P = 0.014). On MILU admission, the fungal
cohort had significantly higher Acute Physiology and Chronic Health Evaluation (108 vs 91, P = 0.003), Acute
Physiology Score (86 vs 65, P = 0.003), and Model for End-Stage Liver Disease-Sodium scores (86 vs 65, P = 0.041).
There was no significant difference in the rate of central line use preceding culture (52% vs 40%, P = 0.2). Patients
with fungal infection had higher rate of transplant hold placement, and lower rates of transplant; however,
differences did not achieve statistical significance.

CONCLUSION

Mortality was worse among patients with fungal infections, likely attributable to severe ACLF development.
Prospective studies examining empiric antifungals in severe ACLF and associations between fungal infections and
transplant outcomes are critical.

Key Words: Fungal; Infection; Sepsis; Acute on chronic liver failure; Intensive care

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In the critical care setting, patients with advanced liver disease who develop fungal infections have significantly
higher mortality than those who develop bacterial infections. These patients require greater support with vasopressors,
mechanical ventilation, and dialysis than their counterparts with bacterial infections. Patients who developed fungal
infections appeared more acutely ill on admission to the intensive care unit, with higher Acute Physiology and Chronic
Health Evaluation, Acute Physiology Score, and Model for End-Stage Liver Disease scores. In such patients, fungal
infection development is closely associated with development of severe acute-on-chronic liver failure. Further work
elucidating this relationship will allow for better prognostication and development of predictors for acute on chronic liver
failure in this population.

Citation: Khan S, Hong H, Bass S, Wang Y, Wang XF, Sims OT, Koval CE, Kapoor A, Lindenmeyer CC. Comparison of fungal vs
bacterial infections in the medical intensive liver unit: Cause or corollary for high mortality? World J Hepatol 2024; 16(3): 379-392
URL: https://www.wjgnet.com/1948-5182/full/v16/i3/379.htm

DOI: https://dx.doi.org/10.4254/wjh.v16.i3.379

INTRODUCTION

Advanced liver disease predisposes patients to acquisition of infections. This vulnerability is best described in cirrhosis,
through development of a cirrhosis-associated immune dysfunction (CAID). Intestinal dysbiosis and disruption of the gut
barrier leads to gut inflammation, causing portal and systemic inflammation in cirrhosis patients[1]. Despite persistent
immune activation[2-5], converse immunodeficiency develops due to immune exhaustion and senescence in advanced
cirrhosis[6]. Immune dysfunction through impaired phagocytosis, complement deficiency, and Kupffer cell disruption
mediates this vulnerability to invasive fungal infections[7-9]. Vulnerability due to immune dysfunction is further com-
pounded by management practices that heighten the risk of infections, such as need for invasive monitoring, use of
proton-pump inhibitors, frequent procedures such as paracenteses, cardiopulmonary support, and use of corticosteroids
[10]. This model of CAID has been extrapolated to other forms of advanced liver disease, including acute states such as
acute liver failure and severe alcohol-associated hepatitis[11,12]. This innate immunodeficiency predisposes patients to
infections and increased mortality[13,14]. Infections have been shown to be the most common cause of acute on chronic
liver failure (ACLF), and development of ACLF in patients with cirrhosis contributes significantly to infection-related
mortality[14-16]. Further, infection-triggered ACLF is associated with higher mortality than that triggered by non-
infectious causes[17].

This theorized immunodeficient phenotype also predisposes patients to other types of opportunistic pathogens[14,16],
including fungal infections. The existing literature on ACLF has predominantly focused on bacterial infections due to
their prevalence as the primary triggers of ACLF in Western countries[18]. Invasive fungal infections, however, are
emerging as under-recognized significant causes of mortality, particularly in the critical care setting[7,11,16,19]. Recent
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studies have demonstrated an association between fungal infections with the development of severe ACLF, increased rate
of intensive care admission among infected patients, and higher mortality[15,19], when compared with bacterial
infections.

Due to this significant impact, there has been a growing interest in further characterizing the impact of fungal in-
fections in cirrhosis[19]. There is limited data comparing outcomes between patients with fungal and bacterial infections
among patients with advanced liver disease in the critical care setting, though studies have characterized these for
general hospitalizations[20,21]. We aimed to compare mortality and clinical characteristics including laboratory markers,
illness severity indices and degree of shock, between patients with fungal and bacterial infections within our Medical
Intensive Liver Unit (MILU). Furthermore, we characterized epidemiology of such infections within our MILU.

MATERIALS AND METHODS
Study design and definitions

The Cleveland Clinic MILU is a multi-disciplinary care setting designed for daily co-management of patients by
hepatology and critical care teams, with a special focus on bridging critically ill patients to transplant. We designed a
cohort study comparing patients with fungal and bacterial infections, who were admitted to our MILU between January
2018 to September 2022. To identify a study sample of patients with culture-confirmed infections, we queried our
prospectively-curated, longitudinal MILU database for patients with positive cultures. Diagnostic criteria for infections
were: positive blood cultures/cultures from sterile sites in combination with clinical symptoms of infection, which were
usually treated with antimicrobials in consultation with our infectious disease department[22]. Fungal infections were
deemed present if fungi were isolated from blood (candidemia) or other sterile sites (peritoneal fluid), or urine in certain
cases. Positive cultures from urinary sources were included as infection if there were clinically associated symptoms and
were treated with targeted antifungal agents. One case of tracheitis was included following isolation from tracheal biopsy
due to complicated wound infection at a tracheostomy site. For patients with multiple positive sites of fungal culture
including blood and non-sterile sites, infection was classified as fungemia. Among patients with bacterial isolates, 15
patients had 2 separate culture-positive instances of infection within the same MILU stay. In such cases, the second
instance of infection was used in the mortality analysis. All infection parameters were defined in consultation with our
transplant infectious disease department. Multi-drug resistant organisms (MDRO) were defined using previously
established guidelines for each isolated organism: resistance to two or more classes of antibiotics for the majority of
bacterial pathogens; and resistance to two or more classes of antifungals for fungal pathogens[23-27].

Furthermore, patients were included if they had clinically significant advanced liver disease, as defined by the
presence of cirrhosis, acute liver failure, severe alcohol-associated hepatitis, or severe acute liver injury. Cirrhosis was
defined either as biopsy-proven bridging fibrosis of the liver or as a composite of clinical signs, laboratory tests, endo-
scopy and radiologic imaging. Acute liver failure and severe alcohol-associated hepatitis were defined in accordance with
the American Association for the Study of Liver Diseases guidelines[28,29]. Severe acute liver injury was taken as
clinically significant hepatic impairment with composite radiologic and laboratory abnormalities not meeting criteria for
acute liver failure or alcohol-associated hepatitis. ACLF and organ failures were defined by the European Foundation for
the Study of Chronic Liver Failure (CLIF) Consortium[30]. Exclusion criteria included culture from contaminants or
clinically mild liver disease, such as transient liver injury. The Cleveland Clinic Foundation’s institutional review board
approved the study protocol as a non-interventional, anonymized study waiving the need for informed consent.

Outcomes
The primary outcome of interest for this study was mortality from time of onset of infection, which was determined by
the date of a positive culture. Mortality was compared between patients with fungal and bacterial infections in the MILU.
Secondary outcomes of interest included need for cardiopulmonary support, development of acute kidney injury
requiring dialysis, transplant evaluation endpoints and length of stay. Three separate lengths of stay were compared:
total stay from hospital admission to discharge/death, time from intensive care unit (ICU) admission to ICU discharge
and time from hospital admission to ICU discharge. Outcomes were compared between fungal and bacterial cohorts.
Comparisons were also conducted on characteristics of acute illness including labs at infection, illness severity scoring
and severity of ACLF, if applicable, at the time of culture. Finally, pre-infection predisposing variables were analyzed for
differences between bacterial and fungal cohorts, including circulatory failure requiring hemodynamic support, prior
antimicrobial use, and admission scores of illness severity.

Variables and definitions

All variables and outcomes were collected through chart extraction. Patients were identified from our longitudinal,
prospective registry of all admissions to the MILU, and eligible cases were extracted from the electronic medical record
based on culture positivity. ACLF was defined as suggested by the chronic liver failure consortium (CLIF-C OFs), graded
by the number and severity of organ failures after an initial insult[30,31]. Infections were considered to have precipitated
ACLF if the date of culture was prior to or on the day of syndrome development. Furthermore, grading of ACLF was
done at the time of positive culture. Labs of interest at time points of infection were taken within 3 d prior to or after the
date of culture, if unavailable at the date of culture. Stress dose steroid use preceding infection was defined as steroid
dosing equivalent to 50 mg of hydrocortisone every 8 h, used for at least 3 d in the preceding 3 months from date of
positive culture. MDROs were defined using pre-established criteria by an international expert proposal for interim
standard definitions for acquired resistance[23,24,26,27]. Elucidation of epidemiology of fungal infection and colonization
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within our unit to inform antimicrobial protocols was done using individual culture data.

Statistical analysis

Measures of central tendency (means and standard deviations for normally distributed continuous variables, medians
and quartiles for non-normally distributed continuous variables) and frequency distributions were used to characterize
the sample. Comparisons between fungal and bacterial cohorts were done using Wilcoxon rank sum and Welch's two-
sample t-tests for continuous variables. Pearson’s chi-square and Fischer’s exact tests were used for comparison of
categorical variables. A Kaplan-Meier curve was constructed to compare survival from ICU admission. All statistical
analyses were conducted using R 4.0.5. Core Team (R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria, 2018. URL http://www.R-project.org/). P values < 0.05 were
considered statistically significant. All statistical analyses were conducted in partnership with biostatisticians from our
institution’s department of quantitative health sciences.

RESULTS

Study sample and population characteristics

From 2018-2022, 1136 individual patients were treated in the MILU, accounting for 1698 admissions. Of these, we isolated
214 unique patients with positive microbial cultures. Of this population, we further excluded 3 cases with positive
cultures as these were clinically treated as contaminants (Figure 1).

Twenty-seven patients with positive fungal cultures, and 183 with bacterial infections were included in our analysis.
Ten patients in the fungal cohort had bacterial co-infections. Of the bacterial cohort, 15 patients had 2 instances of
separate infections within the same MILU stay. The last infection prior to discharge or death was utilized for analysis in
these cases.

There were no differences in baseline demographics of age, race, or sex between the 2 cohorts (Table 1). Both cohorts
also had similar Charlson Comorbidity Scores. The fungal and bacterial cohorts had similar proportions of patients
admitted with cirrhosis, alcohol associated hepatitis, acute liver failure and severe acute liver injury. Viral hepatitis due to
hepatitis B and C infection was more commonly the etiology of liver disease among patients with fungal infections, but
other etiologies were similar between cohorts. Patients with fungal infections had higher rates of hepatorenal syndrome.
One case of alcohol-associated hepatitis occurred without underlying cirrhosis in the bacterial cohort, while all other cases
occurred with comorbid cirrhosis.

Among the fungal cohort, 33% of patients also suffered surgical illnesses including small bowel obstruction,
cholecystitis, colitis and abdominal fistula, during their ICU stay. Of those with isolated fungal infection, 71% received 5 d
of antibiotic therapy prior to initiation of antifungal treatment.

Infection types and epidemiology

All isolated fungal infections were Candida infections (Table 2). Candida glabrata was the most common isolated fungus,
followed by Candida albicans. Isolates were most frequently from blood, followed by ascites and urine. We isolated one
case of secondary peritonitis and one case of tracheitis.

Among 183 patients with bacterial infections, 45 (24.5%) had co-infections with multiple bacterial isolates and 15 (8.1%)
patients had 2 separate instances of bacterial infection during their MILU stay. Blood was the most frequently isolated
source (Appendix). Spontaneous bacterial peritonitis, and respiratory and urinary tract infections were the most common
sources of gram-positive infections following bacteremia. There were 117 g-positive cultures, of which the most common
organism was Enterococcus faecium, followed by methicillin-resistant Staphylococcus aureus. There were 126 g-negative
isolates, and the majority were caused by Escherichia coli, followed by Klebsiella species.

Mortality, intensive care resource utilization, and transplant outcomes
The mortality rate among patients with fungal infections was significantly higher than those with bacterial infections
(93% vs 52%, P < 0.001, Figure 2). Median survival among the fungal cohort was 12 d relative to 31 d in the bacterial
cohort (Figure 2). The majority of patients with fungal infections had severe ACLF, defined as ACLF grade 2 or higher
(90% vs 64%, P = 0.02, Table 3), and either died or transitioned to hospice during their MILU stay (93% vs 52%, P <
0.0001). One patient with fungal infection had decompensated cirrhosis without ACLF, while 34 patients in the bacterial
cohort had decompensated cirrhosis alone. Significantly higher proportions of those in the fungal cohort required
vasopressor support (96% vs 70%, P = 0.04), mechanical ventilation (96% vs 65%, P < 0.001), and dialysis initiation due to
acute kidney injury (78% vs 52%, P = 0.014). There were no differences in indication for intubation, MILU length of stay
(LOS) or overall hospital LOS. However, those in the fungal cohort had longer hospital LOS prior to MILU admission (8 d
vs0d, P =0.046).

There were no differences between fungal and bacterial cohorts in rate of transplant evaluation initiation (48% vs 58%,
P =0.3) or rate of listing (31% vs 51%, P = 0.13). Of those patients who were listed, all patients with fungal infection were
subsequently placed on hold, and no patients with fungal infections received a transplant. Patients with fungal infection
had higher rate of hold placement (100% vs 57%, P = 0.14), and lower rates of transplant compared to bacterial
counterparts (0% vs 50%, 0 = 0.056); however, these differences did not achieve statistical significance.
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Table 1 Baseline cohort characteristics between liver intensive care unit patients with fungal and bacterial infections

Characteristic Bacteria, n = 183’ Fungal, n = 27" P value’
Age 60 (50, 66) 58 (46, 66) 0.3
Sex

Female 73 (40) 12 (44)

Male 110 (60) 15 (56)

Race

American Indian/ Alaska Native 1(0.5) 0(0)

Asian 1(05) 0(0)

Black 27 (15) 6(22)

Declined 1(0.5) 2(7.4)

Multiracial/ cultural 7 (3.8) 1(3.7)

Unavailable 7 (3.8) 1(3.7)

White 139 (76) 17 (63)

Charlson Comorbidity Score 6.00 (5.00, 7.00) 6.00 (4.00, 7.00) 0.3
Hepatocellular carcinoma 18 (9.8) 1(3.7) 0.5

Principal liver diagnosis

Acute liver failure 10 (5) 2(7.4) >0.9
Cirrhosis 141 (78) 21 (78) >09
Alcohol-associated hepatitis (comorbid®) 16 (9.3) 6(22) 0.093
Acute severe liver injury/other* 34 (17) 4 (14.6) >09

Etiology of viral disease

Viral hepatitis 24 (13) 9 (33) 0.016
Alcohol-associated 75 (41) 13 (48) 0.6
Autoimmune 8 (44) 1(3.7) >0.9
NASH 44 (24) 5(19) 0.7
Primary biliary cholangitis 4(22) 1(3.7) >0.9
Primary sclerosing cholangitis 17 (9.3) 1(3.7) 0.5
Other 34 (19) 6(22) 0.9
Toxins 4(22) 0(0) >09
Ischemic injury 5(2.7) 13.7) >09
Cryptogenic 16 (8.7) 1(3.7) 0.6

Decompensation defining events

Ascites 144 (79) 23 (85) 0.6
Hepatic encephalopathy 138 (75) 25 (93) 0.08
Hepatorenal syndrome 63 (34) 16 (59) 0.023
EV history/variceal bleeding 106 (58) 16 (59) >0.9
HPS 2 (1.1) 0(0) >0.9
PoPHTN 6(3.3) 0(0) 0.7
Hepatic hydrothorax 27 (15) 3(11) 0.8
SBP 45 (25) 12 (44) 0.053
Coagulopathy 122 (67) 21 (78) 0.3
Thrombocytopenia 107 (58) 20 (74) 0.2
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Median (IQR); 1 (%).

2Welch Two Sample t-test; Standardized Mean Difference; Two sample test for equality of proportions.
30nly 1 case of alcohol-associated hepatitis occurred without comorbid cirrhosis in bacterial cohort, not included in proportion shown.
#Other etiologies include chronic post-transplant patients with liver injury/recurrent portal hypertension, portal vein thrombosis, non-hepatitis viral

infection and Caroli disease in conjunction with severe liver injury.

HPS: Hepatopulmonary syndrome; POPTHN: Portopulmonary hypertension; SBP: Spontaneous bacterial peritonitis.

Table 2 Epidemiology of Candida isolates among patients with fungal patients in the intensive care unit

Organism Urinary source Bacteremia Spontaneous peritonitis  Secondary peritonitis ~ Tracheitis Total per organism
Candida glabrata - 6 2 1 = 9

Candida albicans 1 4 2 - 1 8

Candida krusei - 2 - - - 2

Candida dubliniensis 1 3 2 - - 6

Candida (other) 2 2 - = = 4

Total per source 4 17 6 1 1

Table 3 Transplant and intensive care outcomes comparison between fungal and bacterial cohorts

Characteristic Bacteria, n = 183’ Fungal, n = 27" P value’
Intensive care outcomes

ACLF grade 0.017
<2 50 (36) 2(9.5)

22 90 (64) 19 (90)

Death during admission or hospice 95 (52) 25 (93) <0.001
Vasopressor requirement 129 (70) 26 (96) 0.004
Mechanical ventilation 118 (65) 26 (96) <0.001
Indication for intubation

Airway protection 93 (79) 22 (85) 0.6
Respiratory failure 25 (21) 4 (15)

Dialysis due to acute kidney injury 95 (52) 21 (78) 0.014
ICU LOS (d) 5(2,10) 6 (4,16) 0.063
Hospital LOS (d) 16 (7, 28) 17 (12, 30) 0.3
Hosp admit to ICU (d) 0(0, 6) 8(0,13) 0.046
Transplant-related outcomes

Evaluated for transplant 107 (58) 13 (48) 0.3
Listed 57 (53) 4(31) 0.13
Organ listed 0.3
Liver 44 (79) 3 (60)

Liver and kidney 12 (21) 2 (40)

Hold placed 32 (57) 4 (100) 0.14
Transplant occurred 28 (50) 0(0) 0.056

111 (%); Range; Median (IQR).

%Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's exact test.

ACLF: Acute on chronic liver failure; ICU: Intensive care unit; LOS: Length of stay.
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Characteristics of acute infection and predisposing variables

At the time of positive culture, fungal and bacterial cohorts had similar rates of infection with MDROs (37% vs 50%, P =
0.2) and Child-Pugh scores (11 vs 11, P = 0.064) (Table 4). Patients in the fungal cohort had higher Model for End-Stage
Liver Disease-Sodium (MELD-Na) (33 vs 28, P = 0.017) and CLIF scores (13 vs 11, P < 0.001). Albumin, lactate, leukocyte
count, and C-reactive protein were not significantly different between cohorts.

At the time of MILU admission, patients with fungal infection had significantly higher Acute Physiology and Chronic
Health Evaluation (108 vs 91, P = 0.003), Acute Physiology Score (86 vs 65, P = 0.003), and MELD-Na scores (86 vs 65, P =
0.041) (Table 5). There was no significant difference in the rate of central line use in 48 h preceding positive culture in
fungal patients (52% vs 40%, P = 0.2). Prior infection or colonization with MDRO was more common in the fungal cohort
(41% vs 21%, P = 0.027). Foley catheter use within 48 h preceding infection was less common among the fungal cohort
relative to the bacterial cohort (19% vs 44%, P = 0.013). There were no significant differences in preceding stress dose
steroid use, screening MRSA nasal swab, regular large volume paracentesis requirement prior to admission (defined as at
least monthly paracenteses within the preceding six months of admission), outpatient immunosuppression use, prior
antibiotic exposure, prior antifungal exposure, or SARS-CoV-2 infection within preceding 30 d (Table 5).

DISCUSSION

While bacterial infections have been recognized as a major cause of mortality among patients with advanced liver disease,
especially as the most common trigger for ACLF, outcomes of fungal infections have not been as well studied. Our study
is among the few to examine survival in this population and is among the first to compare outcomes of fungal and
bacterial infections in the intensive care setting. Our findings demonstrate survival reductions are associated with fungal
infections among patients with advanced liver disease who are receiving care in intensive care units such as the MILU.
Further, our findings suggest the need for future work, such as exploration of predictors of poor outcomes to elucidate
indications for palliative care, and implications for transplant.

The stark difference in mortality among fungal and bacterial cohorts is the most notable finding of our study. As
bacterial infections are common and confer a 4-fold increase in mortality, several studies have examined factors
associated with infection acquisition, outcomes, and prevention strategies[13,32-35]. Our findings highlight, comparative
to bacterial infections that fungal infections are associated with worse survival, as 93% of patients in our fungal cohort
died or transitioned to hospice care. This may be attributable in part to development of ACLF, as the majority of patients
with fungal infections had severe ACLF relative to bacterial counterparts. It is clear from our results that fungal infection
is likely associated with ACLF severity; however, we were unable to run predictive models given the respective aspect of
our study design. Our findings affirm the need for future work to further elucidate associations, and the potential benefits
of empiric or prophylactic fungal coverage.

Furthermore, patients with fungal infection had severely reduced rates of transplant. Half of listed patients with
bacterial infections received liver transplantation, whereas no patients with fungal infections received liver tran-
splantation. Other studies have shown that in ACLF grades 2-3, non-transplant 90-d mortality ranged from 52.3-79.1%
[30]. Transplant is the only ultimate standard therapy for severe ACLF that does not rely on liver regeneration for clinical
improvement; 1-year post-transplant survival has been shown to be over 80% regardless of ACLF grade, and is better
among transplant recipients compared to non-recipients[36,37]. However, patient selection is crucial given the narrow
window for transplant[38,39]. Several studies have examined pre-transplant predictors to prognosticate post-transplant
survival in ACLF[39,40]. Certain factors associated with poor post-transplant prognosis, including age > 53 years and
mechanical ventilation for respiratory failure, were seen among the majority of our fungal cohort. Serum INR has also
been shown to be predictive of short-term post-transplant mortality, and was significantly elevated among the fungal
cohort relative to bacterial counterparts[41]. Post-transplant, fungal infection has been found to be the second most
common cause of mortality and significantly more common among patients with pre-transplant ACLF[42]. The role of
fungal infection as a peri-transplant prognostic factor and whether positive fungal culture is a true contraindication to
transplant remains to be seen.

While prior studies have reported relatively lower rates of fungal infection, our study found prevalence of fungal
infection among all culture-positive patients in the ICU to be 12.9%, or 10.9% when including only sterile source isolates.
This is higher than previously postulated estimates ranging between 2%-7% among hospitalized patients with cirrhosis
[15,43], suggesting that fungal infection may be more common specifically in the intensive care setting. The incidence of
invasive candidiasis in non-selected patients in the ICU has been reported to be between 1%-2%, and on the rise[44]. Our
estimation of prevalence may be subject to bias, however, due to the limited size of our fungal cohort. Nevertheless,
underestimation of prevalence of invasive fungal infections has been suggested in the past due to dependence of prior
estimates on performance of specific fungal cultures. To enable early recognition, interest in non-culture based diagnostic
tools is growing, though current clinical use remains limited[45]. Additionally, similar to our findings, Candida infection
has been associated with prolonged antibiotic administration prior to diagnosis of Candidemia™, potentially leading to
under-diagnosis. Further epidemiologic characterizations of patients with advanced liver disease is thus crucial, as
inadequate antimicrobial coverage is associated with increased mortality[15,34]. Our findings demonstrate this, as
Candida glabrata was the most commonly isolated species, in keeping with recent trends towards the rising prevalence of
non-albicans species[44]. While echinocandins have been recommended by the Infectious Disease Society of America for
empiric antifungal therapy[47], recommendations differ for C. glabrata depending on susceptibility due to resistance.
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Table 4 Comparison of infection

aracteristics among liver patients in intensive care unit between fungal and bacterial cohorts

Characteristic Bacteria, n = 183’ Fungal, n = 27" P value’
MDRO 90 (50) 10 (37) 0.2
MELD-Na (time of positive culture) 28 (22, 33) 33 (25, 38) 0.017
Child-Pugh score (time of positive culture) 11.00 (9.00, 12.00) 11.00 (10.00, 13.00) 0.064
CLIF-C score (time of positive culture) 11.00 (9.00, 13.00) 13.00 (12.00, 14.50) <0.001
Lab values of interest at time of culture

Leukocyte count 13 (7,19) 16 (11, 18) >0.9
C-reactive protein 6(3,12) 5(4,8) 0.057
Albumin 2.70 (2.20, 3.30) 3.10 (2.70, 3.40) 0.086
Bilirubin 6(2,13) 13 (4, 23) 0.035
Lactate 2.9 (1.9,5.2) 44(2.2,7.3) 0.3
International normalized ratio 1.80 (1.40, 2.10) 2.05 (1.78, 3.00) 0.046

11 (%); Median (IQR).
2Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's exact test; Welch Two Sample test.
MDRO: Multi-drug resistant organism; MELD-Na: Model for End Stage Liver Disease-Sodium; CLIF: Chronic liver failure consortium organ failure score.

Table 5 Comparison of pre-infection variables between liver patients in intensive care unit with fungal and bacterial cohorts

Characteristic Bacteria, n = 183’ Fungal, n = 27" P value?
APACHE III Score 91 (71, 112) 108 (96, 121) 0.003
Acute Physiology Score 65 (50, 90) 86 (75, 108) 0.003
MELD-Na (admission) 29 (23, 35) 32 (28, 38) 0.041
Stress dose steroid use in past 3 months 29 (16) 6 (22) 0.4
Foley in past 48 h 80 (44) 5(19) 0.013
Central line in past 48 h 73 (40) 14 (52) 0.2
Positive MRSA nasal swab 15 (8.2) 5(19) 0.15
Prior MDRO infection/ colonization 39 (21) 11 (41) 0.027
Regular LVP 72 (39) 14 (52) 0.2
Immunosuppressive medications (at time of admission) 40 (22) 6 (22) >0.9
Charlson Comorbidity Score 6.00 (5.00, 7.00) 6.00 (4.00, 7.00) 0.5
Prior antibiotic classes exposed 4.00 (3.00, 5.00) 4.00 (3.00, 5.00) 0.9
Prior antifungal classes exposed 0.11
0 104 (57) 10 (37)

1 58 (32) 14 (52)

2 16 (8.8) 2(74)

3 3(1.7) 1(3.7)

COVID within 30 d prior 9(4.9) 2(7.4) 0.6

111 (%); Median (IQR).

2Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's exact test.

MRSA: Methicillin-resistant Staphylococcus aureus; MDRO: Multi-drug resistant organism; LVP: Large-volume paracentesis; MELD-Na: Model for End
Stage Liver Disease-Sodium; APACHE: Acute Physiology and Chronic Health Evaluation.
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Total patients admitted to MILU January 2018-September 2022: n = 1136
Total admission: 7 = 1698

Excluded:
992 patients without positive cultures

Total admissions with positive culture
n =214

Excluded:
Contaminants: 3

Total patients included

n =211
! l
Bacterial infection only Fungal infections
n =183 n =27
Bacterial co-infection Fungal infection only
n=15 n=12

Figure 1 Study population and inclusion criteria. MILU: Medical intensive liver unit.
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Figure 2 Comparison of survival from intensive care unit admission between fungal and bacterial cohorts. ICU: Intensive care unit.

In addition to empiric therapy, the severe mortality associated with fungal infections raises the importance of early risk
stratification for potential prophylactic therapy. Markers of utility may be MELD-Na or ACLF grade cutoffs; MELD-Na
has previously been shown to be predictive of fungal infection development[48]. In our study, MELD-Na was higher both
at MILU admission and at time of infection among the fungal cohort. A prior study has also raised the possibility of
prophylaxis in waitlisted patients with severe ACLF[49]. Our findings on pre-infection variables of interest may represent
useful targets of future work to identify appropriate indications for prophylactic antifungals. In our cohort, fungal
infections were associated with a higher rate of prior multi-drug resistant colonization and infection. Prior bacterial
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infection has been established as a risk factor for subsequent fungal infection development[19,43,50], and may represent
an important indication to explore for prophylactic antifungal therapy in critically-ill liver patients. Additionally,
bilirubin and INR were significantly higher among patients with fungal infections, though this may represent collinearity
with the MELD-Na score. Further studies investigating these markers for independent inclusion in predictive models
would be valuable. A prolonged hospital stay prior to ICU admission in the fungal cohort compared to the bacterial
cohort may also suggest an increased rate of nosocomial infections in this population. Invasive fungal infections have
been reported as important causes of healthcare-acquired infections, and may warrant further study in this setting[46].

Parallel to the need for early aggressive treatment among patients with fungal infections is also the need to develop
prognostication tools to guide goals of care. The concepts of futility and palliative care in severe ACLF are rising due to
the associated reductions in quality of life beyond that associated with decompensated cirrhosis alone. In our study,
despite their poor survival, the fungal cohort had similar lengths of stay in the intensive care unit compared to bacterial
counterparts, with higher rates of vasopressor support, mechanical intubation, and dialysis initiation. Furthermore, prior
work has shown that survival with Candida infection despite timely administration of antifungals is poor[51]. Our
findings suggest the importance of exploring the potential prognostic role of positive fungal culture in severe ACLF, to
better inform advanced care planning, improve end of life quality, and reduce psychosocial patient and family burden.

Several factors set our study apart from others. We provide data from a large population of unique MILU patients and
used data from a prospectively maintained database over the course of four years. Within the unit, all patients are daily
co-managed by hepatologists and intensivists, ensuring multi-disciplinary comprehensive care. We report on a critically
ill, unique population of patients with complex pathologies seeking care at a quaternary center. We are also one of few
studies to provide granular data on fungal infections in the critical care setting, and to comment on interplay with ACLF.
An important limitation of some prior studies has been the use of population-based databases[37].

With these strengths, our study had some notable limitations. Despite data extracted from a prospective registry, our
population had a limited sample size, and for this reason our study was limited in its ability to construct predictive
models. Though being a quaternary referral center provides complexity and allows study of a critically ill population,
data on patients’ pre-care from prior hospital admissions is at times unavailable; this may have impacted our comparison
of pre-infection variables. Finally, due to our requirement for culture positivity, our study did not include patients who
may otherwise meet criteria for infection despite lack of microbiological isolation. Selection by culture may allow bias
towards selection of a population with higher illness severity; however, our study aimed to investigate infections in this
cohort of critically ill patients, and culture positivity is crucial for differentiating infection from other acute states of
decompensation/inflammation.

CONCLUSION

Our findings demonstrate that fungal infection is associated with severe ACLF and marked increase in mortality among
critically ill patients with advanced liver disease. We highlight the poor outcomes in this population despite aggressive
supportive care and efforts towards stabilization for transplant evaluation. Future multi-center prospective studies are
necessary to predict infection and prognosticate trajectory of care.

ARTICLE HIGHLIGHTS

Research background

Advanced liver disease predisposes critically ill patients to the development of fungal infections. While bacterial
infections have been well-studied as the most common cause of acute-on-chronic liver failure and associated mortality,
fungal infections have been relatively under-studied in the intensive care setting.

Research motivation
Infections increase mortality four-fold among critically ill liver patients, but few studies have compared predictors and
outcomes of fungal infections to bacterial infections in this population.

Research objectives

We compared outcomes of fungal and bacterial infections among critically ill patients who were admitted to our unique
medical intensive liver unit (MILU) from 2018-2022. We also conducted a comprehensive comparison of predictors and
illness severity scores between these cohorts. Finally, we characterized microbiologic epidemiology of infections within
our unit.

Research methods

Patients were identified for inclusion from a prospectively-curated database of all admissions to our MILU during the
study period. Infections were defined based on culture positivity and clinical presentation. Data on outcomes and
predictors of interest were collected manually through chart review.
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Research results

We found that fungal infections among our patients were all caused by Candida species and were most frequently blood
isolates. Mortality was significantly worse among the fungal cohort relative to patients with bacterial infections, as the
majority of these patients died or transitioned to hospice during the intensive care unit (ICU) stay. The majority of
patients in the fungal cohort developed severe acute on chronic liver failure, and they had higher need for vasopressors,
mechanical ventilation and acute kidney injury. Further, patients who developed fungal infections were sicker on
admission to the unit. Patients with fungal infection had higher rate of transplant hold placement, and lower rates of
transplant; however, differences did not achieve statistical significance.

Research conclusions

Fungal infection is a poor prognostic marker for patients with advanced liver disease in the critical care setting, and it is
associated with significantly worse mortality than bacterial infection. This may be in large part due to development of
severe acute on chronic liver failure. Patients who developed fungal infections had higher Model for End-Stage Liver
Disease-Sodium, Acute Physiology and Chronic Health Evaluation, and Acute Physiology Score scores on admission to
the ICU.

Research perspectives

We believe our work highlights the importance of a need for future studies to investigate associations between fungal
infections and acute on chronic liver failure. Furthermore, research efforts examining prognostic markers, potential
indications for prophylactic/empiric antifungal use, and transplant outcomes would be equally important and
informative for clinical practice.
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