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Abstract

Background: Spontaneous bacterial peritonitis (SBP) is an ascitic fluid infection in patients with liver cirrhosis in the
absence of surgical causes. The drop of the ascitic fluid polymorphonuclear leukocyte count (AFPC) ≥25% of
baseline 48h post-start of antibiotics is a predictor of antibiotic response. This study was designed to compare the
diagnostic accuracy of AFPC 24h of antibiotic to the standard 48h. Three hundred ninety-nine SBP patients were
classified into 2 groups. Group I (31.1%) are patients that lacked ≥25% drop and group II (68.9%) the opposite.

Results: The average age was 51.99 ±11.21 years. Most patients were males (70.9%), normotensive (75.8%), non-
diabetics (50.8%), and without recent intake history of proton pump inhibitors (75.8%) and B-blockers (77%). Group
II patients had statistically significant (p <0.05) serum sodium 129 (7) vs. 128 (8) and history of diabetes mellitus
60.3% vs. 39.7%. The baseline AFPC did not differ statistically between groups I and II (p>0.05). Group II patients
compared to group I had statistically (p =0.001) lower AFPC 24h [800 (970) vs. 1100 (1700) cell/mm3], higher
percent drop of the AFPC 24h [28.09 (24) vs. −10.17 (35)], and ≥25% drop [154 (90.6%) vs. 16 (9.4%)]. The 24h AFPC
>980 cell/mm3 was associated with AFPC 48h non-response (AUROC =0.634, p =0.001, 58.87% sensitivity, 64.36%
specificity). The 24-h AFPC percent drop >8% was associated with AFPC 48h response (AUROC =0.849, p=0.001,
85.82% sensitivity, 80.49% specificity).

Conclusion: Concordance of 24- and 48-h diagnostic follow-up ascitic fluid polymorphonuclear leukocyte count in
the guidance of the antibiotic therapy.
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Key points

� SBP is a common complication in ascite patients.
� AFPC 48 h of the start of antibiotic therapy guides

the therapy [≥25% drop].
� Etiology of SBP became different with increased

incidence of multi-resistant bacteria and failure of
therapy.

� Changing the time point of follow-up AFPC from 48
to 24 h may be more helpful in the guidance of
treatment.

Background
Liver cirrhosis and portal hypertension may be complicated
by ascites, esophageal varices, hepatorenal syndrome, and
encephalopathy [1, 2]. Within 10 years of cirrhosis diagno-
sis, 60% of the patients develop ascites [3].
Spontaneous bacterial peritonitis (SBP) is an ascitic

fluid infection in patients with liver cirrhosis in the
absence of surgical causes [4]. It develops in up to 30%
of ascite patients [5] alone or in association with spontan-
eous bacterial empyema [6]. Cirrhosis-related immune
dysfunction as decreased complement and opsonic activity,
small intestinal bacterial overgrowth and bacterial trans-
location, systemic inflammatory response, and circulatory
dysfunction, all are incriminated in SBP pathogenesis [5].
It might be asymptomatic, otherwise should be

suspected in patients with liver cirrhosis presenting with
abdominal pain, fever, ileus, acute kidney injury, and
hepatic encephalopathy [3].
SBP is associated with poor prognosis and hospital

mortality up to 10–50%. Accordingly, patients with SBP
should be listed for liver transplantation. Antibiotics as
IV cefotaxime should be started immediately till culture
results. After 48h of antibiotic therapy, ascitic fluid poly-
morphonuclear leukocyte count (AFPC) should be taken.
If AFPC decreases by ≥25% of baseline, continue the
same antibiotic regimen. If not, change to another anti-
biotic till culture results [3].
This study aimed to compare diagnostic AFPC 24h

after starting antibiotic to the standard time after 48h.

Methods
This observational hospital-based study was conducted
at National Liver Institute Hospitals, Menoufia University,
from June 2016 to June 2017. An informed written
consent was obtained from all enrolled patients after prior
institutional review board approval.
Three hundred ninety-nine (399) patients diagnosed to

have SBP were included. SBP was defined as AFPC ≥250
cell/mm3 without obvious surgical cause [7].
The exclusion criteria were patients less than 18 years

and patients with mixed or non-portal hypertension-
related ascites as with tuberculosis or local malignancy,

secondary peritonitis, and hepatocellular carcinoma. Also,
patients with prior antibiotic intake and other sources
of infection as otitis media and upper respiratory tract
infection all were excluded.
On admission, all patients had underwent baseline

ascitic fluid analysis for chemistry, liver function tests,
kidney function tests, CBC, INR, and abdominal
ultrasonography.
On the diagnosis, empirical cefotaxime 2g IV/8h was

started after taking bedside blood cultures. On 24 and
48h of starting antibiotics, follow-up diagnostic AFPC
were done. According to the 48-h results, if the AFPC
drop was ≥25% of the baseline value, continue to the
same antibiotic therapy. If not change to another group,
mostly levofloxacin 500 mg IV/24 or meropenem 0.5g
IV/8h till the culture results [3].
The endpoint of the study was at 48h of treatment.

Accordingly, patients were classified into two groups.
Group I (31.1%) are patients that lacked ≥25% drop of
48-h AFPC, defined as non-responders, and group II
(68.9%) with a fair reduction in 48-h AFPC (more than
or equal to 25% of baseline readings).
Data was statistically analyzed using IBM® SPSS®

Statistics® version 21 for Windows (IBM Corporation,
Armonk, NY, USA) and MedCalc® version 18.2.1 (Seoul,
Republic of Korea). Data are expressed as mean ±stand-
ard deviation for normally distributed data, number with
row percentage for nominal data, and the median ±
interquartile range for non-normally distributed data. All
p values are 2-tailed, with values <0.05 considered statis-
tically significant. Comparisons between the two groups
were performed using Student’s t test for normally dis-
tributed data, the Mann-Whitney test for non-normally
distributed data, and the chi-squared test (χ2) and Fisher
exact test for categorical data analysis. The receiver
operating characteristic (ROC) curve analysis was used
for the detection of the cutoff value. The area under
ROC (AUROC) <0.79 is poorly discriminative.

Results
This study included 399 patients with SBP. The average
age was 51.99 ±11.21 years. Most patients were males
(70.9% with a ratio of 2.4:1 females), normotensive
(75.8%), non-diabetics (50.8%), and without recent intake
history of proton pump inhibitors (75.8%) and B-blockers
(77%). Hepatitis C virus was the etiology of cirrhosis in
79.5%, and the rest was due to hepatitis B virus.
The clinical presentations of SBP were as follows: fever

(n=187, 46.75%), abdominal pain (165, 41.25%), upper
gastrointestinal bleeding (49, 12.25%), hepatic encephal-
opathy (89, 22.5%), and hypotension (66, 16.5%). They
are comparable statistically between groups I and II
(p >0.05). Only 10% of the patients had positive ascitic
fluid culture, and 90% had negative culture.
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As shown in Table 1, both groups I and II were com-
parable (p >0.05) as regards the age, sex, history of dia-
betes mellitus, proton pump inhibitors, B-blockers, liver
function tests, CBC, kidney functions, and the Child-
Pugh score.
Group II patients had statistically significant (p <0.05)

serum sodium 129 ±7 vs. 128 ±8 and history of diabetes
mellitus 60.3% vs. 39.7%.
The baseline AFPC did not differ statistically between

groups I and II (p >0.05). Group II patients compared to
group I (Table 1, Fig. 1) had statistically (p =0.001) lower
AFPC 24h [800 (970) vs. 1100 (1700) cell/mm3], higher
percent drop of the AFPC 24h [28.09 (24) vs. −10.17
(35)], and ≥25% drop [154 (90.6%) vs. 16 (9.4%)].
On studying the change of AFPC from baseline to 24h

post-start of antibiotics, 27.8% had increased count and
72% of the patients had decreased AFPC (42.6% ≥25%
decreased AFPC and 29.6% were the rest).
Group II patients compared to group I (Fig. 2) had

statistically (p =0.001) lower percent of increased 24h

AFPC [28 (25.2%) vs. 83 (74.8%)] and higher percent of
24h AFPC drop ≥25% [154 (90.6%) vs. 16 (9.4%)].
The receiver operating characteristic curve analysis

(Table 2, Fig. 3) revealed that 24-h AFPC >980 cell/mm3

was associated with AFPC 48h non-response (AUROC =
0.634, p =0.001, 58.87% sensitivity, 64.36% specificity).
The 24-h AFPC percent drop >8% was associated with

AFPC 48h response (AUROC =0.849, p =0.001, 85.82%
sensitivity, 80.49% specificity). If the cutoff was changed
>25%, the sensitivity decreased to 52.73% and specificity
increased to 88.62%. Statistically, the AFPC percent drop
was better than the 24-h AFPC (AUROC 0.849 vs. 0.634,
p =0.001).

Discussion
The development of SBP in patients with ascites is asso-
ciated with a poor prognosis. It may be complicated with
acute kidney injury and hepatorenal syndrome, so
prophylactic albumin infusion is useful [3]. One of the
main pillars in pathogenesis is bacterial translocation, so

Table 1 Comparative demographic, clinical, and laboratory data
of both groups

Group I Group II p

N=124 (31.1%) N=275 (68.9%)

Age, years 52.65 ±10.60 51.57 ±11.82 0.432

Males 87 (30.7%) 196 (69.3%) 0.821

Hypertension 18 (25%) 54 (75%) 0.163

Diabetes mellitus 58 (39.7%) 88 (60.3%) 0.003

Proton pump inhibitors 18 (25%) 54 (75%) 0.163

B-blockers 22 (32.4%) 46 (67.6%) 0.904

Total bilirubin, mg/dL 2.61 ±2.4 2.40 ±3.6 0.386

Albumin, g/dL 2.46 ±0.49 2.52 ±0.52 0.237

AST, U/L 89.30 ±72.62 79.24 ±67.94 0.181

ALT, U/L 53.04 ±40.65 51.73 ±42.17 0.772

Urea, mg/dL 109.78 ±72.02 102.94 ±78.10 0.408

Creatinine, mg/dL 1.88 ±1.51 1.60 ±1.5 0.065

Sodium, mmol/L 128 ±8 129 ±7 0.030

Hemoglobin, g/dL 10.10 ±2.75 10.50 ±2.3 0.597

WBCs, ×103/μL 9.55 ±5.85 9.20 ±5.6 0.300

Platelets, ×103/μL 101.50 ±55 102.00 ±69 0.955

CTP score 9.7±2.5 9.6±2.2 0.630

AFPC baseline, cell/mm3 975 ±1445 1000 ±1380 0.419

AFPC 24h, cell/mm3 1100 ±1700 800 ±970 0.001

AFPC 24h percent drop −10.17 ±35 −28.09 ±24 0.001

AFPC 24h ≥25% drop 16 (9.4%) 154 (90.6%) 0.001

AFPC 48h, cell/mm3 900 ±1590 500 ±630 0.001

AFPC ascitic fluid polymorphonuclear leukocyte count, AST aspartate
aminotransferase, ALT alanine aminotransferase, WBCs white blood cells, CTP
Child-Pugh Score

Fig. 1 Serial AFPC in both groups

Fig. 2 Patterns of the 24-h AFPC in both groups
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proton pump inhibitors were accused of precipitating
SBP [8] While early reports mentioned that B-blockers
are protective of SBP [9], recent studies recommended
strict monitoring or stopping them in patients with
SBP [4].
The success of the antibiotic therapy can be suspected

by improvement of the clinical condition and improving
the abdominal pain (3). Being a subjective measurement
for treatment judging, added to the fact that many
patients are asymptomatic, so reliance on diagnostic
follow-up 48-h AFPC of treatment was a good alterna-
tive to adjudicate the antibiotic therapy (3).
In 1986, Runyon and Hoefs [10] in a small number

study (n=24) were the first to use AFPC to follow-up the
response to antibiotics in SBP patients. In fact, they
measured serial AFPC to try to differentiate primary
from non-perforation secondary peritonitis. After the
initiation of the antibiotics, the AFPC had decreased

exponentially. The total mean AFPC half-life (t½) was 34
±35 h (t½ was 36 ±9h for the survivors and 38 ±40 h for
patients who died, p >0.05). Based on the t½, the 48-h
follow-up AFPC was adopted. The SBP patients who
survived had 48-h AFPC <50% of the baseline.
In 1989, Fong et al. [11] in a small number study (n=33)

tried to validate 48-h follow-up AFPC. The mean percent
drop of AFPC was 92% in the survivors compared to 67%
in the non-survivors (p = 0.001). The endpoint of
treatment was AFPC <250 cell/mm3.
In 2000, based on the above studies, the first consen-

sus for the diagnosis and management of SBP [12] sug-
gested that 48-h AFPC should be done and considered
arbitrary a cutoff of ≥25% decrease to define response to
antibiotics.
AASLD guidelines 2009 [7] suggested on-demand

follow-up AFPC if suspecting non-response to therapy.
In 2012, the AASLD guidelines [13] suggested follow-up
AFPC with nosocomial setting, culture of atypical organ-
ism, or recent B-lactam antibiotic exposure. The British
guidelines [14] did not mention the follow-up AFPC in
its recommendations.
The EASL guidelines 2010 [3] suggested 48-h AFPC to

guide the antibiotic therapy but did not mention the
cutoff in the recommendations. The case is the same
with the most recent one [4].
What is new in this study? In fact, knowledge is

increasing and the advance in sciences urges revisions of
definitions that were considered as a taboo. For example,
the definition of cure from HCV by antivirals was
defined for years by negative HCV RNA measured 24
weeks from end of antiviral treatment as seen in AASLD
guidelines 2009 [15]. By the progression of knowledge,
the duration was recently shortened to 12 weeks [16].
Do we really need to change the time of follow- up

AFPC from 48 to 24h? In the past, SBP was diagnosed
clinically and by diagnostic AFPC. Treatment was
continued till improvement of the clinical symptoms
only. This approach was problematic in patients with
asymptomatic SBP, so follow-up AFPC approach adopted

Table 2 Relation between 24-h AFPC and type of treatment response in SBP patients

24-h AFPC and non-response 24-h AFPC percent drop and response

Cutoff >980 cell/mm3 >8% >980 cell/mm3 >8%

AUROC 0.634 0.849 0.634 0.849

p value 0.001 0.001 0.001 0.001

95% CI 0.584–0.681 0.810–0.883 0.584–0.681 0.810–0.883

Sensitivity 58.87% 85.82% 58.87% 85.82%

Specificity 64.36% 80.49% 64.36% 80.49%

PPV 42.7% 90.8% 42.7% 90.8%

NPP 77.6% 71.7% 77.6% 71.7%

AFPC ascitic fluid polymorphonuclear leukocyte count, AUROC area under the receiver operating characteristic, CI confidence interval, PPV positive predictive
value, NPV negative predictive value

Fig. 3 The receiver operating characteristic curve of the 24-h AFPC
percent drop
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by Runyon and Hoefs [10] was very helpful. Few years
ago, SBP was caused mainly by gram-negative bacteria,
and some guidelines suggested on-demand follow-up 48-h
AFPC [7, 13] and some recommended it [3, 4].
Nowadays, SBP may be of three types community-

acquired, healthcare-associated, and nosocomial type.
The latter 2 are caused by usually gram-positive bacteria
and have an aggressive course especially if multi-drug
resistant and may progress to sepsis. They have less
response to conventional therapy and need strong
antibiotic therapy from the start as carbapenem, vanco-
mycin, or linezolid [4].
With the recent aggressive change of the SBP map,

early prediction of antibiotic treatment failure is
warranted to avoid progression to sepsis and ominous
outcome. The second point that waiting till culture
results may be not helpful in critical cases especially
those with high baseline AFPC and immunosuppressed
state where time saving is mandatory and a lot of cases
the culture is negative. As a result, changing the time
point of follow-up AFPC from 48 to 24 h may be
helpful.
In the current study, 399 patients with SBP were in-

cluded with a baseline AFPC that range was 250–12,000
cell/mm3. Responders to antibiotics who had ≥25%
decreased 48-h AFPC compared to non-responders, who
had reported increased 24h AFPC.
We tried to have a cutoff predicting non-response to

antibiotic therapy. The 24-h AFPC >980 cell/mm3 was
associated with AFPC 48h non-response, but the
AUROC is small and statistically poor. In contrast, the
24h AFNC percent drop >8% was associated with AFPC
48h response with statistically good AUROC (0.849, p =
0.001, 85.82% sensitivity, 80.49% specificity). On choos-
ing another cutoff (>25%), the sensitivity decreased
(52.73%), while the specificity increased (88.62%).

Conclusion
Reliance on reduction in 24-h AFPC more than 8% as a
prognostic test of treatment response in SBP patients
might be of value rather than waiting for 48-h readings.
The saved costs of antibiotics and hospital stay, along
with the reduction of patient sufferings, esteemed
enough to change a settled prognostic concept.
The limitations of this study are the relatively low

number of patients, single-center experience, and lack of
longitudinal follow-up and the survival assessment.
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