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ABSTRACT

Introduction: Spontaneous  fungal  ascites
infection is a rare but devastating complication
of cirrhosis. We aimed to analyse the clinical
features, short-term mortality, and treatment of
spontaneous fungal ascites infection in patients
with cirrhosis.

Methods: We retrospectively studied ten
patients with cirrhosis and spontaneous fungal
ascites infections, and the clinical characteris-
tics and outcomes were obtained.
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Result: The  patients’ mean age  was
64 + 13 years, and seven of the ten patients
were men. Cirrhosis was primarily caused by
infection with the hepatitis B virus. Candida
albicans was the most frequently isolated fungus
isolated from the ascites fluid. Three of the ten
patients fulfilled the criteria of acute-on-chronic
liver failure (ACLF) at baseline, and three of the
remaining seven patients developed ACLF dur-
ing hospitalisation. Of the ten patients, six had
acute kidney injury (AKI), and six died within
28 days. Three patients did not receive anti-
fungal treatment during hospitalisation because
they died undiagnosed because of delays in the
reporting of laboratory results.
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Conclusion: Patients with spontaneous fungal
ascites infection had high incidence of AKI and
28-day mortality. Fungal cultures of ascitic fluid
from patients with cirrhosis should be recom-
mended to ensure optimal clinical manage-
ment, especially in patients with severe liver
disease and who received inadequate empirical
antibacterial therapy. Hence, future studies
should focus on the early diagnosis of fungal
infection in patients with cirrhosis.

Keywords: Cirrhosis; Fungiascites;
Spontaneous fungal peritonitis; Treatment

Why carry out this study?

Spontaneous fungal ascites infection is a
rare but devastating complication in
patients with cirrhosis.

Few studies have been reported on this
topic.

What was learned from the study?

Patients with spontaneous fungal ascites
infection had high incidence of AKI and
28-day mortality.

Fungal cultures of ascitic fluid from
patients with cirrhosis should be
performed to ensure optimal clinical
management, especially from those with
critical liver disease and poorly
administered empirical antimicrobial
therapy.

The issue of delayed diagnosis is
prominent and new technology for early
pathogen detection is necessary.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features

for this article go to https://doi.org/10.6084/
m9.figshare.14054375.

INTRODUCTION

Patients with cirrhosis are at risk of developing
various types of infection and have a fourfold
higher risk of mortality [1]. Ascites infection is a
common complication in patients with cirrho-
sis. According to the type of pathogen, patients
with cirrhosis may develop two types of spon-
taneous peritonitis: spontaneous bacterial peri-
tonitis (SBP) and spontaneous fungal peritonitis
(SFP). SBP is the most common type of infection
and has been clearly described in international
guidelines [2, 3]. SFP is a rare, less-recognised
complication of cirrhosis, with an incidence of
less than 5% [4]. Furthermore, fungiascites is
another form of spontaneous fungal ascites
infection in patients with liver cirrhosis, which
is characterised by a positive fungal ascitic fluid
culture, but with an ascites neutrophil cell
count less than 250 cells/mm?.

Fungal infections often occur in hospitalised
patients with cirrhosis and critical liver disor-
ders, especially those with acute-on-chronic
liver failure (ACLF) [5, 6]. Patients with end-
stage liver disease, such as invasive pulmonary
aspergillosis, who developed common fungal
infections are at higher risk of short-term mor-
tality (73.4-100%) [7-10]. For patients with
refractory ascites, the ascitic fluid contains
agents with a low immune activity, providing a
good environment for pathogen growth,
including bacterial and fungus [11]. This can
result in ascitic fluid infection and other related
complications, especially acute kidney injury
(AKI) as well as progression of ACLF in decom-
pensated patients with cirrhosis. Bucsics et al.
reported that 14 patients with cirrhosis and
spontaneous fungal ascites infection had a poor
prognosis [12]. Only a few studies have inves-
tigated patients with SFP, and there are no
established guidelines regarding the manage-
ment of fungal infections in patients with cir-
rhosis. Thus, this study aimed to observe the
clinical features and prognosis of spontaneous
fungal ascites infection in ten patients.
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METHODS

We retrospectively studied ten patients with
cirrhosis and spontaneous fungal ascites infec-
tions who were hospitalised during 2013-2017
in Nanfang Hospital, Shanghai Public Health
Clinical Centre, Xiangya Hospital, and Ditan
Hospital. Diagnostic paracentesis was per-
formed, and ascitic fluid was inoculated in the
blood culture bottles at the bedside of patients
with cirrhosis. The demographic data, results of
routine laboratory tests, findings of microbio-
logical analyses, and treatment regimens were
recorded. The fungus was isolated from ascitic
fluid cultures. Identification and susceptibility
tests of the isolated fungus were performed
using the Vitek 2 automated system (bioMer-
ieux, Craponne, France). Drug sensitivity test-
ing was performed according to the guidelines
of the Clinical and Laboratory Standard Insti-
tute [13]. The antimicrobial susceptibility test
results were available within 48-72 h after the
ascitic fluid culture indicated positive results.

Cirrhosis was diagnosed on the basis of the
patients’ clinical manifestations, radiological
findings, and/or histological findings. The cri-
teria for diagnosing SFP were as follows: ascites
neutrophil cell count greater than 250 cells/
mm?® and isolation of fungi in ascitic fluid cul-
tures. Fungiascites was defined as an ascites
neutrophil cell count less than 250 cells/mm?®
and isolation of fungi from the ascitic fluid. AKI
and ACLF were defined according to the criteria
established by the International Club of Ascites
(ICA) [14] and the European Association for the
Study of Liver Failure (EASL-CLIF) [15], respec-
tively. Patients with fungal ascites infection
were diagnosed with sepsis if they fulfilled at
least two of the following criteria: body tem-
perature less than 36 °C or greater than 38 °C,
heart rate greater than 90 beats per minute,
respiratory rate greater than 20/min, white
blood cells less than 4000/uL or greater than
12,000/uL, or immature neutrophils greater
than 10%. Evaluations regarding the clinical
efficiency of antibiotic therapy were entrusted
to the attending physicians and were based on
the clinical, laboratory, and microbiological
analysis results [16].

Quantitative variables are expressed as
mean + standard deviation or median (in-
terquartile range), whereas categorical variables
are expressed as percentages. IBM SPSS Statistics
21.0 (IBM Corp., Armonk, NY, USA) was used to
perform all statistical analyses.

The study received ethics approval from the
ethics committee of all the participating medi-
cal centres (Nanfang Hospital, Shanghai Public
Health Clinical Centre, Xiangya Hospital and
Beijing Ditan Hospital). The ethics committees
waived the informed consent because the data
were de-identified and individual patient’s data
were not published. The study was performed in
accordance with the declaration of Helsinki
1964 and its later amendments.

RESULTS

Patients’ Characteristics

We retrospectively studied ten patients with
cirrhosis and spontaneous fungal ascites infec-
tions from four hospitals. The baseline charac-
teristics of the ten patients are presented in
Table 1. Hepatitis B virus (8/10) was the primary
agent causing cirrhosis. The patients’ mean age
was 64 + 13 years, and seven of the ten patients
were men. Eight patients were admitted because
of a larger volume of ascites, whereas two had
new-onset ascites during hospitalisation. The
median time interval between ascites diagnosis
and paracentesis was 2.5 days (range 1.8-4.2).
Candida albicans was the most commonly iso-
lated fungus in this study. The mean model for
end-stage liver disease (MELD) score among the
ten patients was 22 £+ 8. Three patients (30%)
who fulfilled the EASL-CLIF criteria were diag-
nosed with ACLF. Two patients were diagnosed
with sepsis at the time of ascites paracentesis. Of
the ten patients, six patients developed AKI. For
seven patients with acute decompensation who
did not fulfil the EASL-CLIF criteria for diag-
nosing ACLF, three were developed ACLF dur-
ing hospitalisation. Six patients died within
28 days. In this study, four (40%) patients with
cirrhosis were diagnosed with fungiascites,
whereas six (60%) were diagnosed with SFP. The
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Table 1 Baseline characteristics of the patients

Patients included (z = 10)

Male, 7 (%)
Age (years), mean (SD)
Etiology of cirrhosis, 7 (%)
HBV
HBV plus alcohol
Schistosomiasis
PBC
Exposed to antibacterial agents, 7 (%)
SFP, n (%)
ACLF diagnosis when paracentesis, 7 (%)
Non-ACLF
ACLEF-1
ACLF-2
Child-Pugh score, mean (SD)
MELD score, mean (SD)
SIRS, 7 (%)
Ascites WBC count, median (IQR)
Ascites PMN count, median (IQR)
Type of strain isolated, 7 (%)
Candida albicans
Candida glabrata

Triochosporon

7 (70)
64 (13)

22 (8)

2 (20)

751 (104-8740)
400 (66-7208)

8 (80)
1 (10)
1 (10)

HBV hepatitis B virus, PBC primary biliary cirrhosis, SFP spontaneous fungi peritonitis, ACLF acute-on chronic liver

failure, MELD model for end-stage liver disease, SIRS systemic inflammatory response syndrome, WBC white blood cell,

PMN absolute polymorphonuclear leukocyte

clinical characteristics and outcomes of fun-
giascites and SFP are shown in Table 2.

Antifungal Treatment

The drug sensitivity results were not available in
four patients since the test was not performed.
Meanwhile, results of the remaining six patients
showed that the fungus was susceptible to

antifungal drugs (5-fluorocytosine, ampho-
tericin B, fluconazole, itraconazole, and
voriconazole) (Table 3). Three (30%) of the
patients with spontaneous fungal infections did
not receive antifungal treatment during hospi-
talisation because they died undiagnosed
because of delays in the reporting of laboratory
results (Table 3). Eight of the ten patients
received empirical antibiotic treatment prior to
the administration of antifungal treatment. Of
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Table 2 Clinical characteristics between SFP and fungiascites groups

Fungiascites (N = SFP (N = 6)

Age (years), mean (SD) 65 (18) 63 (10)
Male, 7 (%) 4 (100) 3 (50)
Clinical symptoms, 7 (%)

Abdominal pain 2(50) 1 (167)

Fever - 3(50.0)

Insensitive to diuretics 2 (50) 2 (33.3)

New-onset/worsening HE - 1(16.7)
Concomitant infection, 7 (%)

Pneumonia, 7 (%) 1(25) 2 (33.3)

Bacteraemia (positive blood culture), 7 (%) - 1 (16.7)

Urinary tract infection, 7 (%) - -

Skin and soft tissue infection, 7 (%) - -
Ascites white blood cell (x 10° /L), median (IQR) 88 (16-406) 7420 (855-10,129)
Ascites neutrophil (x 10° /L), median (IQR) 12 (2-120) 4642 (382-9489)
Ascites total protein (g/L), mean (SD) 19.9 (6.5) 22,6 (7.2)

Laboratory measurements
Bilirubin (umol/L), median (IQR)
INR, median (IQR)
Serum creatinine (pmol/L), median (IQR)
Leukocytes (x 107 /L), median (IQR)
C-reactive protein (mg/L), median (IQR)
Serum sodium (mmol/L), mean (SD)
Albumin (g/L)

ACLE, 7 (%)

AKL 7 (%)

Sepsis diagnosis, 7 (%)

Child-Pugh score, mean (SD)

MELD score, mean (SD)

Hospital stay (days), median (IQR)

28-day mortality, 7 (%)

121.5 (53.3-408.5)
1.8 (1.3-22)
153.9 (96.2-366.3)
10.9 (7.5-16.9)
434 (26.7-60.0)
122.7 (20.1)

25.7 (5.2)

1 (25)
3 (75)
1 (25)
12 (1)
26 (7)

13 (3-23)
3 (75)

41.0 (29.1-151.7)
1.5 (1.3-1.8)
116.3 (63.5-355.5)
9.9 (5.3-18.7)
76.7 (66.9-119.3)
133.1 (8.5)

265 (7.1)

2 (33.3)

3 (50)

1 (167)

10 (2)

20 (9)

19 (10-56)

3 (50)

SFP spontancous fungal peritonitis, ACLF acute-on-chronic liver failure, 4KT acute kidney injury, HE hepatic
encephalopathy, MELD model for end-stage liver disease, JQR interquartile range

I\ Adis



Infect Dis Ther (2021) 10:1033-1043

1038

(S 7900 >)
9[0ZBUOILIOA

(s sT10 >)
S[ozeUOIEN! (S
‘T Vv s[ozeuoony

(s 0 >)
g upuoydure
(s % >) (1)
paaramg  asuodsay 0 surs014>010N]-G a[ozeuodn{ ¢ (8) wouadeqen BIWSLINIEY 61 suvng vpipuv’) J4s
()
poalamg  asuodsayy 70 —  J[0ZBUOOLIOA 0 (8) wouadeqren BIUOWNIU ] ST suvnqpy vpipuv) J4S
Aqrep
8 70 Jo asop
sdUBUNIUTEW
© £q pamof[oy
ssuodsax asop (9)
peaQ ON Supeoy 8 10 - s[ozeuodn]| 0 - ON 61 suvnqg vppuv) J4S
(S1>)
9[0ZEUODLIOA
s *sT10 >)
S[ozEUOENT (S
1 Vv s[ozeuodny @v
(S “5°0) wouadeqres
g upuooyduwe ‘(%) uroruad
asuodsax Am K% Vv Amv JUBISISAI
peaq ON 70 2U1s0145010N[{-G  I[OZEUOILIOA 9  -osewelde[-vlog ON ¢ suvng vppuv) J4S
(s “s1r0)
9[0ZEUODLIOA
(S ‘szro >)
a[ozeuodenr (s
‘I >) s[ozeuodony (L)
(S ‘50 >) wouadeqres
g upuaoyduwe s(o1)
s v >) unrodsofeydas
peaq - - aurs014>010N[-G SUON - uoneruad-pig BIUOWNAU ] 67 suvng vpipur))  sadseidung
(skep)
JudUIELIN
[eSunynue
Jo wxess pue  (sdep ‘voneinp)
JUdUIEINY (skep  sisojuadered JudUNEINY
jo  (8) yuouneon Amanrsuas ‘uoneInp) u2IMIdq reSunynue
fArpearowr  A>usniyd [eSunynue (Tur/Swr) DI s swl  230§2q 2imsodxd uondyuI 31008 3nsax
Aep-gz esrur) jo a8esoq Amanrsuas Snaq [eSunynuy JeAsa3u] snolquuy  JueNwoduo) (I Imamd s;apsy  sisouSerq

$a5€d ()] 92 Jo 1UdumIEaN [ESUnNUY € d[qe],

A\ Adis



1039

Infect Dis Ther (2021) 10:1033-1043

() Aransuas (]) 21erpawaIul AseasIp I2AT 2Zes-pud 10§ PpowW (7Y ‘UOHEIUDUOD AI03IqIyur wnwiurw Hrpy ‘suruoinad eduny snosueiuods .7

(S ‘7900 >)
9[0ZBUOILIOA

(s “szr0 >)
s[ozeuodent (g
T Vv s[ozeuodny

(6)

(S ‘50 >) wouadeqres
g upuooydure (%)
HO ) (6) urrodsoeydas
1= asuodsa 9% sursoafooron[-¢  urdunjodse L uonenusd-px o suvaqpy vpipuv
peed g o d JOdseD pic N 61 qv vpIpUr) dds 01
()
wouadeqres
‘)
sopndadoo4|3
‘9)
urtodsofeydas
peaq - - - SuoN - uoneruad-pig ON €T uosodsogrors]  sadsedung 6
(S *s70)
9[0ZEUOILIOA
(1 52°0)
s[ozeUOIENT
(I %) s[ozeuoony
(S50 >)
g upumoydure
(S % >) (1)
poalang  asuodsay 70 surso1f>010n(-G s[ozeuodn]y L - ON 61 vivaquis vpipur))  samoseidung 8
peoQ - - - SUON - (1) wouadeqre) ON B¢ suvonqpy vpipury)  sapseidung L
(S 2900 >)
D—ON&QOUTHO\V
(S ‘szro >)
S[ozeUOEN! (S
‘I >) s[ozeuoony
(s 60 >)
g upuooyduwe (€1)
(S % >) (s1) sopndadoo4|3
ﬁU\wwazm Umﬁommvm wo U—.—_mOu%UOhO—AHW\m UﬁONmCOU.ﬁ:m 0 .Avv EUCMQ.NﬂH.mU rruownou 01 w§§.ﬂN&NQ §~QN~§N&§U hﬁmm W
(skep)
juouneary
[eSunynue
Jo axess pue  (sdep ‘voneinp)
JUdUNEIN (skep  sisajuddered JUdUIEIN)
Jo  (8) qwounean Aanisuas ‘uoneInp) u23M19q [eSunynue
Arearowr  A>usnyd reSunynue (pu/Sw) DIW JudWILIN} swp  230§3q 2Insodxd uondyur 23038 3nsox al
Aep-g7 [edrur) jo 28esoq Amanrsuss Snxq eSunynuy [eAxa3UY spoiquuy  JueNwoduo)) (I 2Imnd s;dsy  sisouSerq  juaneg

penunuod ¢ IqeL,

I\ Adis



1040

Infect Dis Ther (2021) 10:1033-1043

the patients treated with antifungal agents,
three received empirical antifungal treatment
on the day of the paracentesis procedure. The
remaining four patients received antifungal
treatment after the ascites culture result was
returned. The most frequent antifungal agent
used was fluconazole, followed by voriconazole.
The dosages of antifungal agents administered
to patients are presented in Table 3. Approxi-
mately, 71.4% (5 of 7) of the patients responded
to antifungal therapy, and four of these patients
survived through 28 days. The median duration
of antifungal treatment was 9 days (range
5-16 days).

DISCUSSION

We retrospectively described the spontaneous
fungal ascites infection that developed in ten
patients with liver cirrhosis, and Candida albi-
cans was the most frequent aetiologic agent.
Patients with cirrhosis and spontaneous fungal
infection had non-negligible AKI and 28-day
mortality rates, which may be related to the
delayed diagnosis of ascites fungal infection.
SBP is a common complication in patients
with cirrhosis and ascites. A previous study
reported that the incidence of SBP ranged from
10% to 30% [17]. Currently, multidrug-resistant
bacterial infection in patients with end-stage
liver disease has become a global threat, leading
to empirical antibiotic treatment failure [16].
However, spontaneous fungal ascites infection
rarely occurs, with a rate of less than 5%, but
causes severe complications in patients with
cirrhosis. Recent descriptions of disturbed
intestinal fungome argue that translocation of
these microorganisms may be associated with
infection and progression as is seen with bac-
terial translocation in patients with cirrhosis
[18, 19]. This study showed that patients with
spontaneous fungal ascites infection had a high
incidence of AKI and 28-day mortality rate,
which is in line with the results of a previous
study [20]. In this study, three of four fun-
giascites patients (75%) did not receive any
antifungal treatment, indicating that the
potential impact of fungal infection may be
underestimated in routine clinical setting, since

these patients had poor outcomes. In the clini-
cal practice, the indication for initiating
empirical antimicrobial treatment is ascites
neutrophil greater than 250 cells/mm?®. Nerve-
less, current guidelines do not indicate the rec-
ommended treatment for fungiascites [4].
Hence, this study suggests that the threshold of
ascites neutrophil counts to initiate antifungal
treatment should be low, particularly in those
with severely advanced liver disease.

Patients with critical liver disorders have
higher risk of developing infection, including
fungal infection. In current clinical practice,
liver transplantation is the only treatment
method for end-stage liver disease. Active fun-
gal infection is a contraindication for trans-
plantation. For patients with SBP, the impatient
mortality decreased over past decades (19.1% to
16.1%) because of the effective use of empirical
antibiotics treatment. Our results show that
spontaneous fungal ascites infection that
occurred in patients with cirrhosis had non-
negligible complications, especially AKI and
progression to ACLF. We speculated that this
may attribute to the improper use of empirical
antibiotics which targeted bacteria and the
delay diagnosis of fungal infection. Hence, early
diagnosis of fungal infection is urgently needed.
However, the diagnosis of spontaneous fungal
ascites infection depends on the results of tra-
ditional ascites culture and usually takes a few
days (3-5 days), thus leading to delays in the
initiation of therapy in patients with cirrhosis.
Recently, metagenomics next-generation
sequencing (mNGS) has proved to be a
promising approach for the diagnosis of infec-
tious diseases covering a wide range of patho-
gens, including bacteria, fungi, and viruses [21],
and the results of mNGS can be obtained within
48 h. Thus, early identification of high-risk
patients who are prone to fungal infection and
early diagnosis are the key steps in improving
the patient’s clinical outcomes. Conducting
ascites mNGS in patients with cirrhosis may
lead to their timely treatment.

With regard to the treatment of spontaneous
fungal ascites infection, neither EASL nor Chi-
nese guidelines provide recommendations on
the management of ascites in patients with
cirrhosis [4, 22]. Different antifungal agents
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were used in this study: voriconazole, flucona-
zole, and caspofungin. The differences in the
antifungal regimen may relate to the severity of
liver and renal function and the clinical expe-
rience. A previous study showed that ascites
infections are the most common triggering
factors of AKI and strongly affect the outcome
of patients with cirrhosis and ascites [23]. In this
study, AKI was more prevalent in patients who
developed spontaneous fungal ascites infection.
For patients with SBP, current guidelines rec-
ommend that the transfusion of human serum
albumin (HSA) significantly reduces the inci-
dence of AKI [24]. However, the dosage of HSA
for patients with SFP and fungiascites remains
unclear. Therefore, the treatment of SFP and
fungiascites, including antifungal agents and
dosage of HSA, needs to be explored further in
future studies.

This study has several limitations. First, itis a
retrospective study, which possibly includes
information bias. Second, although our study
reported high AKI incidence and 28-day mor-
tality rate, the difference in these outcomes
between patients with SFP and those with fun-
giascites could not be clearly demonstrated
because of the small sample size. Hence, related
studies with a larger sample size should be
conducted to further evaluate the outcomes of
patients with fungal ascites infection. Finally,
the microbiological findings may be represen-
tative of primary or secondary fungal infections
since the blood cultures were not performed in
all patients with cirrhosis.

CONCLUSION

Patients with cirrhosis and spontaneous fungal
ascites infection had poor outcomes. Hence,
fungal cultures of ascitic fluid from patients
with cirrhosis should be performed to ensure
optimal clinical management, especially from
those with critical liver disease and poorly
administered empirical antimicrobial therapy.
Future studies should focus on the early diag-
nosis of fungal infection and optimise antifun-
gal treatment in patients with cirrhosis.
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