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Introduction
Advanced liver disease is a concern in developed countries, representing the 14th most
frequent cause of death globally and even the fourth in regions such central Europe.1
One of the most important reasons of hepatic decompensation in cirrhotic patients
is bacterial infections, which currently are deemed as a distinct prognostic stage of
liver disease, worsening the outcome regardless of illness severity.2 Unfortunately,
in cirrhotic patients the diagnosis of bacterial infections is often very difficult. At any
rate, they are the main inciting factor of the so-called acute-on-chronic liver failure, a
clinical entity associated with organ failures and notable short-term mortality.3
Spontaneous peritonitis (SP) is an infection of ascites in cirrhotic patients without an alternative intra-abdominal focus of infection; when a cultural examination
is performed on ascites, the growth of bacteria leads to a diagnosis of spontaneous
bacterial peritonitis (SBP) and the growth of fungi leads to a diagnosis of spontaneous
fungal peritonitis (SFP).4 SP is the most common infection responsible for sepsisinduced acute-on-chronic liver failure.5 Moreover, SP and urinary tract infections are
the most common infections among decompensated end-stage liver disease (ESLD)
patients.6 Bacterial infections are a common complication in patients with ESLD,
and they occur either upon hospital admission or during the course of hospitalization.
Up to three-fifths of hospitalized ESLD patients present with an infection. SBP is the
most frequent bacterial infection in ESLD patients, accounting for one-third of all
reported bacterial infections in hospitalized ESLD patients.7 SP diagnosis relies on
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Abstract: Spontaneous peritonitis (SP) is the most common infection among decompensated
end-stage liver disease patients. SP is the infection of ascitic fluid (neutrophil ascitic
count $250/mL) without an alternative focus of abdominal infection. According to the causative
agent, clinicians can make the diagnosis of spontaneous bacterial peritonitis or spontaneous
fungal peritonitis. The mortality rate is very high, ranging from one-fifth of the patients with
spontaneous bacterial peritonitis to four-fifths of the patients with spontaneous fungal peritonitis.
An immediate and accurate diagnosis can improve the outcome in end-stage liver disease
patients. The aim of this work is to provide physicians with a practical diagnostic guidance for
SP diagnosis according to current evidence, in order to improve the management of cirrhotic
patients with infected ascitic fluid.
Keywords: cirrhosis, spontaneous bacterial peritonitis, spontaneous fungal peritonitis,
bacteriascites, fungal ascites
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ascitic fluid cell analysis (polymorphonuclear [PMN] cell
count $250/mm3). Microbiological culture (either from
ascitic fluid or, as recently proposed, from bloodstream)
enables identification of the etiological agent.8
Conventional diagnostic methods based on the use of
culture remain the mainstay of diagnosis of SP. According to
the identification of bacteria or fungi, physicians can make the
diagnosis of SBP or SFP.9 However, the positivity of ascitic
fluid culture is not constant, generally lower than 50%,10 and
blood culture is not performed in most cases; thereby, many
cases are classified as culture-negative SP.
The presence of microbes in the ascites fluid and/or blood
is the result of the fundamental pathogenic mechanism underlying SP consisting in the microbial translocation, from the
gut to systemic circulation through the mesenteric nodes.11
SP mortality is high, ranging from more than one-fifth of
ESLD patients for SBP10 to approximately four fifth of ESLD
patients for SFP.9
Unfortunately, SBP mortality has not diminished in
recent years, probably due to the changing microbiological
profile.12
Timely diagnosis is crucial for the survival of critically
ill cirrhotic patients because, as recently stated by the Cooperative Antimicrobial Therapy of Septic Shock Group, each
hour of delay in appropriate treatment is associated with a
two-fold increase in hospital mortality.8
The purpose of this work is to give clinicians an easy
diagnostic guidance in the SP diagnosis according to current
evidence in order to improve the survival of cirrhotic patients
with infected ascitic fluid.

Current evidence
The diagnosis of SP is based on a PMN leukocyte count
(PMN $250/mm3).6 However, manual microscopic PMN
counting is a time-consuming procedure, even demanding
the necessary expertise in order to reduce both the intraand interobserver variability.13 As a result, manual count
sometimes is not carried out in general hospitals, particularly outside office hours.13 This can imply an unacceptable
diagnostic and therapeutic delay, doubling the mortality rate
of involved patients.8
Other strategies have been developed to perform a simple
and rapid bedside SP diagnosis, especially for ESLD patients
treated in an ambulatory setting. The most promising is
the Periscreen strip, which is a test assessing the leukocyte
esterase activity based on four different chemical pads
which react (color change) when immersed in an ascitic
fluid sample. The colorimetric gradation varies from white,
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light yellow, to purple as “negative”, “trace”, “small”, or
“large”. Periscreen strip for SP using the “trace” (ie, white
vs colored) threshold is remarkable (sensitivity 100% and
negative-predictive value 100%) in outpatients, but also in
inpatients (sensitivity 89.5% and negative-predictive value
97.9%).13 The Periscreen strip has been validated in a large
population of decompensated ESLD patients.13 In addition,
it should be performed in “symptomatic” ESLD outpatients when at least one or more of the following criteria
compatible with peritonitis is present: abdominal tenderness, fever (.38°C) or low body temperature (,36.5°C),
shiver, new onset or worsening of a preexisting encephalopathy, recent history of gastrointestinal bleeding, and/or
hypotension.14 Therefore, if the Periscreen strip is positive,
indicating significant leukocyte esterase activity, the patient
requires early empiric antibiotic therapy (EAT), with the
comparison of this result with cytology, and immediate
microbiological culture.
Irrespective of the first diagnostic approach (manual
microscopic PMN counting versus Periscreen strip), microbiological examination through the culture of ascitic fluid
and blood is a fundamental step,8,15 although the results are
not constantly positive.16 It should be systematically carried
out at the bedside by inoculation of 10 mL of blood as well
as ascitic fluid in both aerobic and anaerobic blood culture
vials.15 Obtaining ascitic fluid for diagnostic/therapeutic
purposes in ESLD patients hospitalized for evaluation and
management of symptoms related to ascites is associated
with increased short-term survival, although in the United
States ESLD patients hospitalized for ascites or encephalopathy often do not receive a paracentesis.17 On the other
hand, delayed paracentesis is associated with increased
mortality in SBP. As shown by Kim et al,18 every hour
of delay in paracentesis is associated with 3% increase in
mortality. Moreover, paracentesis must be repeated after
48 hours of treatment in patients who do not show significant
improvement,15,19 and treatment failure is believed to occur if
the absolute PMN count has decreased by ,25% on 48-hour
repeat paracentesis. Therapy failure is to be suspected if PMN
count in ascitic fluid does not show a decrease of at least
25% compared with the pretreatment value after 48 hours
of antimicrobial treatment.15
Follow-up paracentesis should not be mandatory if the
patient properly responds to the antibiotic therapy. After
48 hours treatment without any effects, the clinician is able to
suspect an SFP since hospitalization is linked to an increased
risk of contracting SFP.9,20 Therefore, a new culture (for bacteria
and fungi) of ascitic fluid and blood should be performed.
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The algorithm
The algorithm we propose (Figure 1) is exclusively for adults
in whom cirrhosis is documented and the clinical suspicion
of SP is high. The aim of this algorithm is to standardize
antimicrobial or non-antimicrobial management of SP, and
not to provide a complete data-supported approach to manage
ascites. This approach may be helpful in order to anticipate
SP diagnosis, help propose an appropriate antimicrobials
therapy, and, finally, lead to a reduction of mortality and
antimicrobial resistance. The first step in the suspicion of
SP consists of the execution of the Periscreen strip test. This
strategy allows limiting the use of antibiotics and starting a
timely EAT. Microbiology culture from blood and ascitic
fluid are, according to the current evidence, the gold standard
to diagnose bacterial/fungal infections, but the results are
sometimes available only after more than 48 hours, often
resulting in either a therapeutic delay or overtreatment with
a broad-spectrum empirical regimen.21 The high negativepredictive value of the Periscreen strip test permits to rule
out SP in the short-term.13 In the case of positivity, further
examinations are, at any rate, mandatory, especially the
PMN leukocyte count of ascitic fluid and microbiological
cultures of ascitic fluid and blood, in order to try to identify
the causative agent of the infection. Up to 45% of patients
with SBP have infections by bacteria resistant to first-line
antibiotics.22 Furthermore, fungal infections in cirrhotic
patients (SFP in this particular case) are a matter of concern.23
Recently, a meta-analysis showed that the risk of SFP in
nosocomial SP was 5% (95% confidence interval 1%–10%)

3HULVFUHHQVWULS

3RVLWLYH

1HJDWLYH

with a significant heterogeneity among studies (p,0.001,
I=78%); the risk of SFP in non-nosocomial SP was 1% (95%
confidence interval 0.1%–3%).20 In a German study, SFP was
seen in about two-fifths of critically ill patients with ESLD
and SP, either nosocomial or not-nosocomial, with a positive
ascitic fluid culture.24
The choice of the EAT is crucial, and equally important
is the decision regarding the escalation or the de-escalation
of the initial regimen prescribed, making the development
of new, better, and faster diagnostic techniques of utmost
importance.21 It is important to establish the setting wherein
the infection occurs: nosocomial or health care-related infections are more likely to be induced by multidrug-resistant
organisms than community-acquired infections.25 Nevertheless, the local epidemiology is always to be taken into account,
so as to avoid empiric use of broad-spectrum agents in contexts with a very low prevalence of resistant pathogens.26

Areas of uncertainty
This paper focuses on the diagnosis of SP (based on a
PMN $250/mm3) and does not take into account bacteriascites, which is a variant of SP where a single bacterial
organism grows in ascitic fluid but the number of PMN
is ,250/mm3. While three decades ago bacterascites was
considered a pathologically benign condition not requiring
antimicrobial treatment,27 currently it seems to be associated
with a high mortality rate. Indeed, Piroth et al28 observed, in
patients with bacterascites, a mortality rate close to one-fifth
of patients.
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Figure 1 The algorithm.
Abbreviations: EAT, empiric antibiotic therapy; IDS, International Diagnostic Solutions; PMN, polymorphonuclear.
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Fungal ascites (a fungus growing in ascitic fluid but with
total patient PMN PMN ,250/mm3) has a higher mortality
rate than bacteriascites.9 The mortality rate of fungal ascites is
close to 50% of infected patients within 1 year after hospital
discharge.29 These considerations raise questions about the
current definition of SP.
Consequently, future studies are needed to understand if
bacteriascites/fungal ascites antimicrobial treatment improves
survival in this clinical setting.

Future perspectives
Host response-based serum biomarkers such as procalcitonin
(PCT) and c-reactive protein are the most frequently used
serum markers for the early detection (as well as to test
the severity) of bacterial infection, to complement direct
pathogen detection.30 Unfortunately, their sensitivity and
specificity in cirrhotic patients is impaired by a wide array of
factors, among them the stimulus represented by the bacterial
translocation through the gut, which, irrespective of real
infection, stands out.6
Recently, new markers have been proposed for the early
diagnosis of peritonitis, including lactoferrin, expression of
CD64 on neutrophils (CD64 index), serum PCT, and ascitic
calprotectin.30–35
Lactoferrin may be useful to diagnose SBP in ESLD
patients; the limit of this method is that elevated ascitic
fluid lactoferrin level may also be related to hepatocellular
carcinoma in ESLD patients without SBP.31
Another potential marker of SBP in cirrhotic patients is
the CD64 index, and this could be used as a more effective
marker of PMN counts to modulate antimicrobial therapy.32
The aforementioned PCT is a valid test to diagnose SBP, but, as
shown by a recent meta-analysis, it cannot serve as a standalone
examination and needs further clinical or laboratory findings.33
Ascitic calprotectin is an accurate marker for SP,34 especially
when it is combined with serum procalcitonin,35 and the combined use of these two markers is very promising.
Notwithstanding, these tools present an important limitation: they do not permit the etiological diagnosis of SP.
On the other hand, methods able to detect a few bacteria
per milliliter might potentially serve as a game-changer in
the microbiological field: for instance, label-free bimodal
waveguide immunosensor demonstrates this property, and
in the future could possibly become a very user-friendly tool
for clinical microbiologists.36
Meanwhile, the objective of rapid diagnostic platforms
is to provide a (near) point-of-care system to yield microbiological results within 1–2 hours: potential pitfalls could be
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the clinical significance of detected bacteria in the context
of massive gut bacterial translocation (when no clear signs
and/or symptoms of infection are present) and the limited
number of the pathogens identified by the panels.37,38

Conclusion
A timely diagnosis is fundamental to guarantee the best
management of patients presenting with SP, which is usually
caused by bacteria, but, in a not-negligible percentage, also
by fungi. Unfortunately, it can take hours to obtain results of
PMN cell number from the ascitic fluid; even more time is
necessary to have information related to microbiological tests.
Therefore, a correct diagnostic algorithm of SP needs to be
implemented so as to avoid a potentially fatal delay in starting
a course of antibiotic therapy. This algorithm should include
a fast and easy diagnostic method such as the Periscreen test.
Of course, the Periscreen cannot serve as a standalone test,
but it can be the first step of a diagnostic workup for a newly
hospitalized patient aimed at identifying the etiologic cause
of the infection. The choice of empiric antimicrobials should
rely on local epidemiological data; in areas with high rates
of multidrug-resistant organisms, broad-spectrum therapy
is appropriate, which then has to be converted to a targeted
treatment in case of specific bacterial or fungal isolation.
The algorithm per se does not change the choice of the
empirical antibiotic treatment; its purpose is to limit the use
of antibiotics and encourage narrowing of the antibiotic spectrum as soon as possible in order to decrease antimicrobial
expose and lead to substantial cost savings.39
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