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Abstract

Objective: Although patients with liver cirrhosis (LC) have a high risk of developing bacterial and fungal
infections, few studies have evaluated spontaneous fungal peritonitis (SFP) or fungiascites in this population.
Accordingly, we conducted a retrospective comparative study of spontaneous peritonitis associated with fungal (SFP
and fungiascites) or bacterial culture-positive ascites [spontaneous bacterial peritonitis (SBP) and bacterascites] in
patients with LC.

Methods: This study enrolled 73 patients with LC and ascitic culture-positive spontaneous peritonitis, including
four, three, 35, and 31 patients with SFP, fungiascites, culture-positive SBP, and bacterascites, respectively. We
compared the laboratory findings, Child—Pugh scores, and 1-month mortality rates between patients with fungal
disease, i.e., spontaneous peritonitis associated with fungal culture-positive ascites (SFP and fungiascites), and
those with bacterial disease, i.e., spontaneous peritonitis associated with bacterial culture-positive ascites (culture-
positive SBP and bacterascites).

Results: We observed no significant differences in the severity of underlying liver dysfunction and renal
impairment between patients with fungal and bacterial disease. However, the 1-month mortality rate was significantly
higher in patients with fungal disease than in those with bacterial disease (71.4%, 5/7 vs. 25.8%, 17/66; p= 0.038).

Conclusion: In our retrospective study population, spontaneous peritonitis caused by fungi (SFP and
fungiascites) was associated with a significantly higher short-term mortality rate compared with that of spontaneous
peritonitis caused by bacteria (culture-positive SBP and bacterascites).

Further studies are required to investigate the underlying mechanisms and determine the effects of antifungal

therapy on mortality.

Keywords Spontaneous fungal peritonitis; Fungiascites; Spontaneous
bacterial peritonitis; Bacterascites, Ascites

Abbreviations: CNNA: Culture-Negative Neutrocytic Ascites; Cr:
Creatinine; HRS: Hepatorenal Syndrome; LC: Liver Cirrhosis; MELD:
Model For End-Stage Liver Disease; PMN: Polymorphonuclear Cell;
PT: Prothrombin Time; SBP: Spontaneous Bacterial Peritonitis; SFP:
Spontaneous Fungal Peritonitis

Introduction

Patients with liver cirrhosis (LC) are at a high risk of developing
bacterial [1] and fungal infections [2] such as spontaneous bacterial
peritonitis (SBP) or spontaneous fungal peritonitis (SFP), which can be
life-threatening in this population [3]. The clinical features and
prognosis of SBP, the most common type of bacterial infectious disease
affecting patients with LC [4], have been well documented [3,5].
Furthermore, in bacterascites, a subtype of SBP, bacteria may be
cleared naturally from ascitic fluid. Accordingly, the need for
antibacterial therapies in such cases remains uncertain [6,7]. In
contrast, the features of SFP (or fungiascites) in patients with LC
remain less well-known, and few studies have compared SFP and SBP

[8-11] or, more generally, spontaneous peritonitis caused by fungi (SFP
or fungiascites) with those caused by bacteria (SBP or bacterascites)
[12]. To address this lack of evidence, we conducted a retrospective
comparative study of spontaneous peritonitis caused by fungi vs. that
caused by bacteria in a cohort of Japanese patients with LC according
to the laboratory findings and short-term prognoses.

Materials and Methods

For this study, we enrolled 801 patients with LC and ascites who had
undergone 1998 paracentesis procedures using standard techniques
between 1996 and 2017. Of these procedures, 1608 were associated
with both laboratory examinations and ascitic fluid cultures; these
procedures could be further classified as 1496 hospitalizations and 112
outpatient procedures at three hospitals (Tokyo Womens Medical
College, Nagashio Hospital, and International University of Health and
Welfare Hospital) located in the Kanto district of Japan.

We excluded 10 cases involving primary or secondary prophylaxis
for SBP prevention and 14 cases involving a diagnosis of SBP and
follow-up paracentesis to predict early responses to initial treatment
(usually performed 48 hours after the administration of antimicrobial
agents against SBP) [3]. Following these exclusions, 781 patients with
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LC and 1584 paracentesis procedures were included in the study (1474
were hospitalized, 110 were treated as outpatients). Of these 781
subjects, 483 (61.8%) were male and 298 (38.2%) were female, with a
mean age of 64.3 (range, 36-87) years at the time of paracentesis. The
hepatitis B surface antigen and hepatitis C virus antibody positivity
rates were 10.4% (81/781) and 63.5% (496/781), respectively.

Diagnosis of spontaneous peritonitis

Cases of infectious pleural effusion, peritonitis carcinomatosa, and
hemorrhagic ascites were excluded from the diagnosis of spontaneous
peritonitis (SBP, bacterascites, SFP, and fungiascites). We additionally
excluded secondary bacterial peritonitis, which comprised ascitic fluid
infection attributed to an intraabdominal infection (e.g., perforation of
the gastrointestinal tract).

Culture-positive SBP and bacterascites were classified as
spontaneous peritonitis with a bacteria-positive ascitic culture. SBP
was diagnosed if the polymorphonuclear cell (PMN) count in the
ascitic fluid was >250/mm?, regardless of the presence of bacteria in
the ascitic fluid [13]. However, culture-negative neutrocytic ascites
(CNNA) was excluded from the category of spontaneous peritonitis
with bacteria-positive ascitic culture in this study. Bacterascites was
diagnosed when the PMN cell count was <250/mm? and bacteria were
isolated from the ascitic fluid [13].

SEP and fungiascites were classified as spontaneous peritonitis with
a fungus-positive ascitic culture. SFP was diagnosed if the PMN count
in the ascitic fluid was > 250 cells/mm?> and a fungal culture was
positive, regardless of bacterial co-colonization [3,9]. Fungiascites (i.e.,
fungal ascites) was defined as a fungus-positive ascites culture
(regardless of bacterial co-colonization) and a PMN count of <250
cells/mm?3 [3,9].

Laboratory analyses of sera and ascites fluid

We retrospectively examined various serum laboratory findings
[ prothrombin time (PT%), albumin levels, total bilirubin levels,
creatinine (Cr) levels ], the Child-Pugh scores, and total protein levels
in the ascitic fluid at the time of paracentesis and compared these
findings between patients with fungal disease, i.e., spontaneous
peritonitis associated with fungal culture-positive ascites (SFP and
fungiascites), and those with bacterial disease, ie., spontaneous
peritonitis associated with bacterial culture-positive ascites (culture-
positive SBP and bacterascites).

Comparison of Short-Term Prognosis

We retrospectively examined the short-term mortality (up to 1
month after paracentesis) between patients with fungal disease and
those with bacterial disease.

Statistical Analysis

The data were analyzed using the Statistical Package for Social
Sciences, version 20 (SPSS, Inc., Chicago, IL, USA). A chi-square test
was used to compare the 1-month mortality rates between patients
with fungal disease and those with bacterial disease. The unpaired t-
test was used to compare the serological and ascitic laboratory findings
and Child-Pugh scores between the groups. All values were presented
as mean + standard deviations, and p<0.05 was considered statistically
significant.

Results

Incidence of spontaneous peritonitis

Among 86 cases of SBP in our sample, 40.7% (35/86) had culture-
positive SBP and 59.3% (51/86) had CNNA. The frequencies of
culture-positive SBP and bacterascites were 47.9% (35/73) and 42.5%
(31/73), respectively, among all cases of ascitic culture-positive
spontaneous peritonitis. Regarding fungal disease, the frequencies of
SEP and fungiascites were 5.5% (4/73) and 4.1% (3/73), respectively,
among all cases of ascitic culture-positive spontaneous peritonitis.

Comparison of serological and ascitic laboratory findings

Table 1 shows the comparison of the serological laboratory findings,
Child-Pugh scores, and total protein levels in the ascitic fluid between
subjects with fungal spontaneous peritonitis and those with ascitic
culture-positive bacterial spontaneous peritonitis. There were no
significant differences in the PT, serum albumin levels, total bilirubin
levels, Cr levels, Child-Pugh scores, and total protein levels in the
ascitic fluid between the two groups.

Prognosis of spontaneous peritonitis

One-month mortality rates of 31.4% (11/35), 19.4% (6/31), 100%
(4/4), and 33.3% (1/3) were observed for culture-positive SBP,
bacterascites, SFP, and fungiascites, respectively. Furthermore, three of
four SFP patients died before receiving a diagnosis of SFP, and all died
within 2 weeks after paracenteses. The 1-month mortality rate of
ascites culture-positive fungal spontaneous peritonitis was significantly
higher than that of ascites culture-positive bacterial spontaneous
peritonitis (71.4%, 5/7 vs. 25.8%, 17/66; p=0.038) (Table 1).

Bacterial
Fungal spontaneous
eritonitis (n=7) spontaneous p-value
Variables p peritonitis (n=66)
Child-Pugh class
A 0/7 (0.0%) 0/66 (0.0%)
B 0/7 (0.0%) 4/66 (6.1%)
(e} 7/7 (100.0%) 62/66 (93.9%)
Child-Pugh score | 12.7 £ 1.30 12.1+1.28 0.185
Serum  albumin
(g/dL) 2.30 £0.32 2.45 +0.32 0.245
Serum total
bilirubin (mg/dL) | 3.7+ 1.3 34+19 0.689
Serum creatinine
(mg/dL) 1.27 £ 0.36 1.09 £ 0.36 0.225
Prothrombin time
(%) 42.4+6.1 46.0+5.9 0.137
Total protein in
the ascitic fluid
(g/dL) 1.31+0.24 1.25+0.25 0.488
One-month
mortality rate 71.4% (5/7) 25.8% (17/66) 0.038

Table 1: Comparison between fungal spontaneous peritonitis and
bacterial spontaneous peritonitis in patients with liver cirrhosis.
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Discussion

Fungal infections are usually observed in immune compromised
conditions such as in transplant patients and those with malignancies,
and it is well-known that patients with LC are also susceptible to
microbial infection including fungal disease [2]. A recent large-scale
multi-center study of patients with LC and concomitant infection
found that 12.7% (134/1052) of such cases involved fungal infection
[2], indicating that fungal infections are not uncommon in these
patients. Factors such as nosocomial infection, a low protein
concentration in the ascitic fluid, higher Model for End-Stage Liver
Disease (MELD) score, and occurrence of hepatorenal syndrome
(HRS) have been associated with the incidence of fungal infection in
patients with LC [2,14]. Moreover, the use of prophylactic antibiotics
or antibiotics for bacterial infections such as SBP has been estimated to
be a risk factor for fungal infections such as SFP [2]. A recent study by
Bajaj et al. [15] indicated that the use of antibiotics induced a
significant change of fungal dysbiosis in patients with LC, and
excessive growth of Candida species was observed after antibiotics use
in these patients, indicating that antibiotic use may induce creation of
ideal conditions for these subsequent fungal infections. Incidence of
fungal infections may also be associated with an immunosuppressed
state including intestinal environment in patients with advanced LC
that is exacerbated by prior bacterial infections [2,16]. Impairment of
intestinal barrier function such as high intestinal permeability, which is
more common in advanced LC, may also facilitate fungal translocation
across the gut mucosa and incidence of fungal infections [9,17].
Immunosuppression and malnutrition in LC patients also promote this
fungal translocation [18]. Similarly, Bajaj et al. [2] identified age,
complications of acute kidney injury, and a high MELD score as
independent risk factors for mortality in patients with LC and fungal
infections and observed a high rate of mortality in this population
despite treatment with antifungal agents after diagnosis [2]. Consistent
with our findings, Alexopoulou et al. [11] reported significantly higher
1-and 6-month mortalities among patients with LC and concomitant
fungal infections compared with those among patients with LC and
bacterial infections.

Spontaneous peritonitis caused by fungi includes SFP and
fungiascites. Bajaj et al. [2] further reported that 6.0% (8/134) of fungal
infections in patients with LC involved spontaneous peritonitis [2].
The increased risk of fungal peritonitis among patients with LC may be
partly attributed to the use of antibiotics against SBP. These
abovementioned drugs can adversely allow excessive fungal growth in
the intestinal flora, and the subsequent translocation of fungi into the
peritoneal cavity can induce SFP or fungiascites [18].

The early diagnosis of such cases is challenging, partially because
the extended time required for fungal growth in a conventional
microbial culture slows the diagnostic process [19]. Moreover, the
usefulness of modalities, such as polymerase chain reaction or assays
for the fungal biomarker 1,3-beta-d-glucan in the ascitic fluid for the
diagnosis of SFP or fungiascites, has not been well established [10,19],
although a previous report of a case of SFP described elevated levels of
1,3-beta-d-glucan in the ascitic fluid [20].

To date, few studies have focused on fungiascites. For example, in a
series of nine cases of fungiascites, Bucsics et al. [12] reported that
seven cases and two cases exhibited a Child-Pugh liver dysfunction
class of B and C, respectively; furthermore, four cases (44%) harbored
bacterial co-infections, and the in-hospital mortality was 33% (3/9).
Park et al. [21] evaluated 16 cases of spontaneous peritonitis wherein
Cryptococcus was identified in the ascitic fluid, among which 13 cases

(81%) were reported to be involved fungiascites (PMN count in the
ascitic fluid <250/mm?). They also reported that 69% (11/16) of
patients with spontaneous peritonitis cases involving Cryptococcus
died within 1 week after paracentesis [21].

Despite a recent increase in research interest, few studies have
targeted SFP. Of these, several have identified high Child-Pugh and
MELD scores [9,17,18], invasive procedures [8], a longer hospital stay
[8,22], and nosocomial infection [9,22] as risk factors for the incidence
of SFP. Similarly, studies have identified severe underlying liver disease
[9], a high Child-Pugh [10] or MELD score [19], use of antibacterial
prophylaxis [18], the incidence of HRS [18], a low protein
concentration in the ascitic fluid [18], high Acute Physiology And
Chronic Health Evaluation (APACHE) II score [19], and incidence of
septic shock as risk factors associated with SFP-related hospital
mortality in SFP [8]. Furthermore, several studies have identified
Candida albicans as the most frequent isolate among SFP cases
[8-10,12,17-19,22] and reported polymicrobial infection (e.g., bacterial
co-colonization) in 32-74% of cases [8,9,12,19,22].

In our study, we observed no significant differences in various
laboratory values or Child-Pugh scores between patients with
spontaneous peritonitis associated with fungal culture-positive ascites
(SFP and fungiascites) and those with spontaneous peritonitis
associated with bacterial culture-positive ascites (culture-positive SBP
and bacterascites). As noted, few previous studies have directly
compared the serum and ascitic findings between these groups of
patients [12] or the conditions of SFP and SBP [8-11]. Consistent with
our findings, previous comparative studies reported no significant
differences in PT (or the International Normalized Ratio; INR) or the
albumin and bilirubin levels between cases of spontaneous peritonitis
caused by fungi and those caused by bacteria [12], between cases of
SFP and SBP [8], or between cases of SFP and CNNA [10]. The data
concerning serum Cr levels have been less consistent; although some
studies reported no significant differences in serum Cr levels between
spontaneous peritonitis caused by fungi and those caused by bacteria
[12] or between SFP and SBP [8,9], Elkhateeb et al. [10] reported that
the serum Cr levels were significantly higher in SFP than in CNNA.
Regarding underlying disease severity, Gravito-Soares et al. [8]
reported no significant differences in Child-Pugh and MELD scores
between SFP and SBP, and Bucsics et al. [12] reported no significant
differences in Child-Pugh scores between spontaneous peritonitis
caused by fungi and that caused by bacteria, which was consistent with
our findings. In contrast, Hwang et al. [9] reported that the Child-
Pugh scores were significantly higher in SFP than in SBP. Regarding
ascitic findings, previous comparative studies observed no significant
differences in total protein or albumin between SFP and SBP [8,11] or
between SFP and CNNA [10], which was consistent with our study.

Previous studies reported worse rates of SFP mortality relative to
our findings, with estimates of 56-90% [3,8,9,17,19]. SFP is only
diagnosed after fungal species have been identified in an ascitic fluid
culture. This delay in diagnosis contributes to the increased mortality
associated with this condition, although a lack of suspicion of SFP and
delay in administration of antifungal therapy are also factors
[9,10,17,18,22]. In previous studies, Gravito-Soares et al. [8] reported a
significantly higher 30-day mortality among SFP cases (50%, 4/8)
relative to SBP cases (24.4%, 29/119), and Hwang et al. [9] reported
significantly higher 1- and 6-month mortalities of SFP (73.3%, 11/15
and 93.3%, 14/15, respectively) compared with those of SBP (28.7%,
115/401 and 56.1%, 225/401, respectively), which was consistent with
our findings. In contrast, Bucsics et al. [12] reported no significant
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differences in the in-hospital mortality between patients with
spontaneous peritonitis caused by fungi (SFP or fungiascites) (35.7%,
5/14) and those with spontaneous peritonitis caused by bacteria
(culture-positive SBP or bacterascites) (25.9%, 29/112). However, in
our study, the short-term mortality was higher for spontaneous
peritonitis caused by fungi (SFP and fungiascites) than that for
spontaneous peritonitis caused by bacteria (culture-positive SBP and
bacterascites). These discrepancies in mortality outcomes may be
partly attributable to the ratio of SFP among all cases of spontaneous
peritonitis caused by fungi. The frequency of SFP was 35.7% (5/14) in a
previous study by Bucsics et al. [12] and 71.4% (5/7) in our study.
Furthermore, all four patients with SFP in our study died within 2
weeks after paracenteses.

It remains uncertain whether antifungal therapy would decrease the
mortality rate associated with spontaneous peritonitis caused by fungi
[23]. Previous studies suggest that directed antifungal therapy may not
improve the outcomes of some patients with SFP [19,22], and this is
partly attributed to the previous administration of empirical treatment
for SBP and delays in initiating antifungal therapy [22]. Therefore,
further research is needed to determine the efficacy of treatments for
SEP or fungiascites.

Conclusion

In our sample of patients with LC, spontaneous peritonitis caused
by fungi (SFP and fungiascites) was associated with a significantly
higher 1-month mortality rate compared with that of spontaneous
peritonitis caused by bacteria (culture-positive SBP and bacterascites).
However, further research is needed to clarify the features of SFP and
fungiascites and determine the best treatment options.
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