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Abstract

AIM: To investigate the value of adenosine deaminase
(ADA) for early detection of tuberculous peritonitis (TBP)
among cirrhotic patients.

METHODS: We retrospectively analyzed 22 patients
with TBP from July 1990 to June 2010. Twenty-five
cirrhotic patients with uninfected ascites were prospec-
tively enrolled as the cirrhosis control group from July
2010 to June 2011. An additional group of 217 patients
whose ascites ADA levels were checked in various clini-
cal conditions were reviewed from July 2008 to June
2010 as the validation group.

RESULTS: The mean ascites ADA value of cirrhotic
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patients with TBP (cirrhotic TBP group, 7 = 8) was not
significantly different from that of non-cirrhotic patients
(non-cirrhotic TBP group, n = 14; 58.1 + 18.8 U/L vs
70.6 £ 29.8 U/L, P = 0.29), but the mean ascites ADA
value of the cirrhotic TBP group was significantly higher
than that of the cirrhosis control group (58.1 + 18.8
U/Lvs 7.0 £ 3.7 U/L, P < 0.001). ADA values were cor-
related with total protein values (» = 0.909, £ < 0.001).
Using 27 U/L as the cut-off value of ADA, the sensitivity
and specificity were 100% and 93.3%, respectively, for
detecting TBP in the validation group.

CONCLUSION: Even with lower ADA activity in ascites
among cirrhotic patients, ADA values were significantly
elevated during TBP, indicating that ADA can still be a
valuable diagnostic tool.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Tuberculous peritonitis (IBP) is one of the most fre-
quent extra-pulmonary locations of tuberculosis, and the

mortality rate may exceed 50% without prompt treat-
ment", The gold standard for diagnosing TBP is culture
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of Mpycobacterinm in ascites fluid or petitoneal biopsy, but
the cultures are time-consuming and have low positivity
rates, with a mean sensitivity of 43%-83% depending on
the quality of samples cultured and methods utilized"”.
In addition, caseous granulomas of peritoneal biopsies
obtained by either laparoscopy or laparotomy are alterna-
tive methods for rapid primitive diagnosis, but the pro-
cedures are invasive and may increase rates of morbidity
and mortality™*. The high mortality rate in untreated
patients warrants a quick and noninvasive test for di-
agnosing TBP"*" and adenosine deaminase (ADA) in
ascites is an available test that has been proposed to be
useful for rapid diagnosis[1’4’6’8’9]. By analyzing ADA level
in ascites, the sensitivity and specificity for diagnosing
TBP have been reported to be as high as 100% and 97%,
respectively ™%,

The risk of TBP is increased in patients with underly-
ing liver cirrhosis™” | and the percentage of underlying
cirrhosis among patients with TBP could be as high as
50% in the United States' . However, concerns regard-
ing the sensitivity of ascites ADA in detecting TBP have
been raised among patients with underlying liver cir-
thosis™", and the low sensitivity is thought to be caused
by the concomitant immunocompromised status and
dilutional phenomenon in advanced liver disease™. In ad-
dition, cirrhotic patients always have a low protein level
in ascites, and the correlation between total protein and
ADA activity has been discussed in previous studies™ """\
However, the laboratory analysis of ascites might be
confounded by heterogenous clinical conditions in the
control groups, and previous studies show conflicting
results for cirrhotic patients with TBP". Therefore, in the
present study, we employed a prospectively-enrolled cir-
rhosis control group in order to investigate the laboratory
changes in ascites and the clinical utility of measuring
ADA activity in cirrhotic patients with TBP.

MATERIALS AND METHODS

Retrospective tuberculous peritonitis cohort

All patients diagnosed with TBP at Taichung Veterans
General Hospital, a tertiary referral center in central Tai-
wan, from July 1990 to June 2010 were retrospectively
analyzed and formed the TBP group. The patients’ medi-
cal records were reviewed and demographic, laboratory,
microbiological, histological and laparoscopic features
were collected. A definite diagnosis of TBP was based on
one or more of the following: (1) positive TB cultures of
ascites or peritoneal biopsy; (2) characteristic finding of
caseous granulomas on histology of peritoneal biopsy;
and (3) clinical judgment of TBP by a physician based on
ascites data followed by a good response to anti-tubercu-
lous treatment. A good response to therapy was defined
as complete resolution or clinical improvement during
the follow-up period. Exclusion criteria included (1) asci-
tes ADA data unavailable; (2) ascites ADA analyzed after
anti-tuberculous treatment; and (3) patients with con-
comitant end-stage renal disease under continuous ambu-
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latory peritoneal dialysis, whose ascites might be diluted
by dialysate. In addition, for further analysis of the role
of liver cirrhosis, patients were evaluated to determine
whether or not they had concurrent liver cirrhosis. Liver
cirrhosis was defined as typical morphologic change such
as blunted edge of liver, irregular liver surface and highly
coarse liver parenchyma[mj, with or without evidence of
portal hypertension, such as previous history of ascites
before TBP, splenomegaly or esophageal/gastric varices
recognized by imaging techniques or endoscopy.

Prospective control cohort of cirrhosis

Patients with liver cirrhosis and uninfected ascites were
prospectively enrolled as the cirrhosis control group
from July 2010 to June 2011, and medical history, etiol-
ogy of cirrhosis, and Child-Pugh’s classification, as well
as imaging features were recorded. Patients with primary
or metastatic liver malignancy, peritoneal carcinomatosis,
congestive heart failure, spontaneous bacterial peritonitis,
nephritic syndrome, renal failure under dialysis, or evi-
dence of peritonitis were excluded. Ascites was obtained
and analyzed with regard to parameters including ADA,
albumin, total protein, lactate dehydrogenase, glucose, cell
counts, cytology, ordinary and anaerobic culture, acid-fast
stain, bacteria and tuberculosis cultures.

Validation cohort

Patients whose ascites ADA levels were detected by a
clinical need for differential diagnosis from July 2008 to
June 2010 comprised the validation group and their med-
ical records were retrospectively reviewed. The patients in
the cirrhosis control group were not included in the vali-
dation cohort. Further analysis of subgroups according
to etiology of ascites was performed.

Method of adenosine deaminase determination

ADA activity was determined using a method similar
to that described by Slaats 7 al'™ with an autoanalyzer
(Hitachi 7170, Japan) and ADA-N kit (Denka Seiken Co.
Ltd, Japan). The kinetic method estimated ADA activity
by coupling the liberated NHs to oxoglutarate with gluta-
mate dehydrogenase, which leads to a decrease in the re-
duced form of nicotinamide adenine dinucleotide phos-
phate absorbance at 340 nm™". The ratio of decreased
absorbance reflects the activity of ADA.

Ethics

This work has been carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical
Association. This study was approved ethically by the In-
stitutional Review Board of Taichung Veterans General

Hospital (C10124).

Statistical analysis

The discrete variables are presented with number and
percentage; continuous variables are presented with mean
1 SD. The continuous variables were compared by Mann-
Whitney U test. The discrete variables were compared by
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Table 1 Comparisons between the tuberculous peritonitis

without and with cirrhosis group

Table 2 Comparisons between the tuberculous peritonitis
with cirrhosis group and the cirrhosis control group

Demographic data TBP without cirrhosis TBP with cirrhosis P Demographic data TBP with cirrhosis Cirrhosis control P
(n =14) (n =8) value (n = 8) (n = 25) value
Age (yr) 63.3+22.8 66.5+9.7 0.65 Age (yr) 66.5+9.7 59.8+13.5 0.65
Sex 0.64 Sex 1.00
Male 10 (71.4) 5 (62.5) Male 5 (62.5) 15 (60.0)
Female 4 (28.6) 3(37.5 Female 3 (37.5) 10 (40.0)
Ascites data Child’s classification 0.99
ADA (U/L) 70.6 £29.8 58.1+18.8 0.29 A 1(12.5) 3 (12.0)
SAAG (g/dL) 09+0.3 13+0.6 0.10 B 4 (50.0) 12 (48.0)
Total protein (mg/dL)  4781.8 +1645.5 3400.0 +1000.0 0.04 C 3 (37.5) 10 (40.0)
WBC (/mm’) 14111412912 1489.9+7593 042 Ascites data
Lymphocytes (/mm’) ~ 1078.3 + 935.6 1135.0 + 696.1 0.71 ADA (U/L) 58.1+18.8 7.0+3.7 <0.001
SAAG (g/dL) 1.3+0.6 21+05 0.01
Data are presented as mean * SD or 1 (%). TBP: Tuberculous peritonitis; g prOteiI; g/l e2UlD=saEnoy WlfalesEeal =0
ADA: Adenosine deaminase; SAAG: Serum ascites albumin gradient; WBC (/mm) 5 1489.9 £759.3 1747 £159.6 <0.001
Lymphocytes (/mm’) 1135.0 + 696.1 1133 +127.1 <0.001

WBC: White blood cells.

y” test and Fisher’s exact test. Diagnostic utility of ADA
for TBP was evaluated at various cutoff values by the
sensitivity and specificity. These were assessed based on
comparisons of relative operating characteristic curves.
Spearman’s linear regression was used to evaluate the cot-
relation between total protein of ascites and serum. P <
0.05 was considered to be statistically significant.

RESULTS

A computerized database search identified 29 consecutive
patients who were diagnosed with TBP from July 1988 to
June 2010 and who met the inclusion criteria. Seven pa-
tients (6 patients without ADA data and 1 patient under
continuous ambulatory peritoneal dialysis) were excluded
according to the exclusion criteria of this study, and no-
ne had concurrent liver cirrhosis. A total of 22 patients
with TBP were included in the final analysis and formed
the TBP group, which was further divided into two sub-
groups: (1) cirrhotic TBP group: concomitant cirrhosis
was diagnosed in 8 of 22 patients; and (2) non-cirthotic
TBP group: no evidence of cirrhosis among the other 14
of 22 patients. The demographic and ascites data of the
two TBP subgroups were compared (Table 1), and there
were no significant differences in ascites ADA, white
blood cell (WBC) count and lymphocyte count between
the two subgroups. However, the mean total protein con-
centration of ascites in the non-cirrhotic TBP group was
significantly greater than that in the cirrhotic TBP group
(P < 0.05).

The demographic and ascites data of the cirrhotic
TBP group and the cirrhosis control group were com-
pared (Table 2), and there were no significant differences
in demographic data between the two groups. However,
the mean values of ADA, total protein, WBC counts and
lymphocyte counts in ascites of the cirrhotic TBP group
were significantly higher than those of the cirrhosis con-
trol group (P < 0.05).

The distribution of ascites ADA values among the
patient groups were compared (Figure 1), and the values
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Data are presented as mean + SD or 1 (%). TBP: Tuberculous peritonitis;
ADA: Adenosine deaminase; SAAG: Serum ascites albumin gradient;
WBC: White blood cells.

of ascites ADA in the cirrhosis control group were mark-
edly different from those of the other two groups with
no ovetlapping area. Using 27 U/L as a cut-off value of
ADA in ascites (the lowest value in the TBP group), no
patient in the cirrhosis control group was found to have
an ascites ADA concentration higher than this value.

The validation group included 217 patients, and sub-
group analysis was performed according to the different
etiologies of ascites (Figure 2). Using 27 U/L as a cut-
off value of ascites ADA in the validation group, the
sensitivity in detecting TBP was 100% and specificity was
93.3%. There were fifteen (6.9%) patients (one hepato-
cellular carcinoma, four malignancy other than hepatoma,
five intra-abdominal infection, three nephrogenic ascites,
one cardiogenic ascites and one hepatocellular carcinoma
mixed with spontaneous bacterial peritonitis) who had
ascites ADA levels higher than 27 U/L but did not have
TBP.

Spearman’s correlation analysis revealed that ascites
ADA levels of all patients were strongly correlated with as-
cites total protein amounts (» = 0.909, P < 0.001) (Figure 3).

DISCUSSION

The utility of ascites ADA in the differential diagnosis of
TBP for patients with underlying liver cirrhosis remains
controversial due to conflicting results in previous stud-
ies. This is the first study to investigate cirrhotic patients
with TBP involving a prospectively-enrolled cirrhosis
control group, which was included to avoid the potential
confounding effects of heterogencous clinical conditions.
In this study, even though lower levels of ascites ADA
were found in the cirrhotic TBP group, their mean asci-
tes ADA value was not significantly different from that
of the non-cirthotic TBP group. Moreover, ascites ADA
values of cirrhotic patients with TBP were notably higher
than those of the cirthosis control group, and every pa-
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Figure 1 Adenosine deaminase distribution in the study groups. ADA:
Adenosine deaminase; TBP: Tuberculous peritonitis.
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Figure 3 Correlation between adenosine deaminase and total protein in
ascites among patients with tuberculous peritonitis. ADA: Adenosine de-
aminase.

tient in the cirrhosis control group had an ascites ADA
level lower than the lowest value in the TBP group (27
U/L). Therefore, these data provide convincing evidence
that ascites ADA may be significantly raised in TBP pa-
tients with underlying cirrhosis, and thus TBP should be
considered in the differential diagnosis.

Previous studies showed high sensitivity and specific-
ity in detecting TBP by checking ADA activity in ascites,
based on ADA cut-off values of 36-40 TU/LP>'*'"'®,
However, Hillebrand ez 2l used only 7 TU/L as the cut-
off value of ADA, and they found the sensitivity of
ADA was only 30% in the setting of cirrhosis. There was
considerable ovetlap in the ADA activity between TBP
and sterile ascites among cirrhotic patients. Furthermore,
Hillebrand e a/” postulated that lower sensitivity and cut-
off value might be caused by the higher proportion of
cirrhosis (59%) in their patients with TBP. In contrast,
Burgess ¢ al” reported a sensitivity of 94% and a speci-
ficity of 92% for cirrhotic patients with TBP using a cut-
off value for ADA of 30U/L. In the current study, there
was no overlapping phenomenon in the ADA activity
between TBP and sterile ascites among cirrhotic patients,
and the sensitivity and specificity in detecting TBP were
also high (100% and 93.3%, respectively) in the valida-
tion group using a cut-off value for ADA of 27 U/L. In
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Figure 2 Adenosine deaminase distribution for various ascites etiologies
in the validation group. ADA: Adenosine deaminase; TBP: Tuberculous peri-
tonitis; SBP: Spontaneous bacterial peritonitis; HCC: Hepatocellular carcinoma.

addition, Hillebrand e# a/” determined ADA activity by
detecting the decrease in adenosine concentration under
the action of ADA, but this method was different from
the measurement techniques applied in most previous
studies. The methods employed by Slaats e# al' or Gi-
usti ¢ al'” have been extensively described in the litera-
ture™”". and involve determination of ADA activity by
changes of NHs or NADH, respectively, after interact-
ing ADA with adenosine. The different techniques used
might affect the sensitivity and specificity of the ADA
test, so the correlation of ADA values obtained from dif-
ferent methods need further investigation.

As shown in our validation group and in previous
studies™™, false positive findings of ascites ADA are still
possible. Peritoneal carcinomatosis and secondary bac-
terial peritonitis are the two most likely etiologies after
TBP. ADA plays an important role in regulating the level
of adenosine, and its primary function in humans is de-
velopment and maintenance of the immune system[zo’m.
ADA is involved in proliferation and differentiation of T
lymphocytes, and diseases such as malignant conditions,
collagen vascular diseases and some microorganism infec-
tions that are associated with lymphocytosis may increase
ADA levels™. Therefore, for patients with elevated as-
cites ADA, further differential diagnosis by ascites cyto-
logical examination or radiological imaging studies should
be performed, and laparoscopic visualization and biopsy
may be considered for equivocal cases. Furthermore, due
to the high negative predictive value (100%) found in this
study, invasive procedures such as laparoscopic petito-
neum biopsy or laparotomy, which are relatively high risk
in cirrhosis patients, may be unnecessary and should be
avoided when ascites ADA activity is low. In addition, the
mean time to develop positive tuberculosis culture from
ascites was 36.4 = 18.2 d in our study, but the mean time
in previous studies on ascites ADA was only 3.0 + 0.5 d.
Testing for ADA in ascites has high sensitivity and speci-
ficity, and may therefore be useful as a rapid test for diag-
nosis. Although TB polymerase chain reaction (PCR) has
been used as a rapid diagnostic tool for pulmonary TB,
PCR cannot be suggested for diagnosing TBP due to its
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low sensitivity rate””. In endemic area of tuberculosis,
DNA from dead TB bacilli may also give a false-positive
result”. In addition, testing for ADA may also be cur-
rently more widely available than other valuable clinical
tests such as interferon—gamma[24]

In this study, ADA activity was found to be strongly
correlated with total protein in ascites in the TBP and
control groups, and this finding was compatible with the
simultaneously elevated total protein and ADA found in
cirrhotic patients suffering from TBP. It is interesting to
note that Fernandez-Rodriguez ¢z al™ found ADA was
correlated with total protein in ascites among patients
with TBP (r= 0.842), but the correlation was non-signifi-
cant when the control group was included in the analysis.
This inconsistent finding might be explained by hetero-
geneous etiologies and complex clinical conditions in the
control group. Elevated total protein in the body fluid
has been one of the diagnostic markers for inflammatory
exudate™] and it is also an important finding in ascites
of TBP®". ADA is related to activation and differentia-
tion of mononuclear leukocytes, and it is secreted during
immune responses”*, Lymphocytes are the predomi-
nant cells in ascites of TBP, and simultancously elevated
total protein and ADA can be explained by lymphocytic
inflammation. Moreover, although mean total protein in
the cirrhotic TBP group was significantly lower than that
of the non-cirrhotic TBP group in this study, mean ADA
levels were not significantly different. Compared with the
cirrhosis control group, the WBC and lymphocyte counts
were significantly higher in the cirrhotic TBP group, and
the immune responses were predominant. Even in cir-
rhotic patients with a relatively immunocompromised
status, TBP still activated strong immune reactions, which
resulted in a sharp elevation of ADA in ascites, and this
phenomenon indicates that ascites ADA may still be a
valuable tool in the differential diagnosis of TBP.

We acknowledge several limitations in this study.
Firstly, this study reflects the expetience of a single medi-
cal center with a relatively small sample size, but the
statistical power of the analysis was adequate. Secondly,
cases with TBP were obtained from a computerized da-
tabase search and retrospectively analyzed, so some TBP
cases may have been missed due to incorrect coding in
this long-term cohort study. Thirdly, we compared a his-
torical TBP cohort with a prospectively-enrolled cirrhosis
control group, and different time periods of study might
produce some bias. However, patients were consecutively
recruited, and the modalities for diagnosing TBP were
not changed during the study period. The possible bias
should be minimized.

In conclusion, even with lower ascites ADA activity
in liver cirrhosis, ascites ADA levels could be significantly
clevated due to strong immune responses when cirrhotic
patients suffer from TBP. Owing to its high sensitivity
and specificity, ascites ADA may be a valuable tool in the
differential diagnosis of TBP in patients with underlying
cirrhosis, and concomitant cirrhosis should not limit its
clinical utility.
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Background

The risk of tuberculous peritonitis (TBP) is increased in patients with underlying
liver cirrhosis. Adenosine deaminase (ADA) in ascites has been proposed to be
a useful test for early detection of TBP, but its value among patients with under-
lying cirrhosis is uncertain.

Research frontiers

The utility of ascites ADA in the differential diagnosis of TBP in patients with un-
derlying liver cirrhosis remains controversial due to conflicting results in previ-
ous studies. In addition, the relationship between ascites ADA and other param-
eters such as total protein has not been well discussed, and the mechanisms of
ADA elevation among cirrhotic patients with TBP need further investigation.

Innovations and breakthroughs

This is the first study to investigate cirrhotic patients with TBP which includes
a prospectively-enrolled cirrhosis control group, and ADA activity was strongly
correlated with total protein in ascites. Even with lower ascites ADA activity in
liver cirrhosis, ascites ADA levels could be significantly elevated due to strong
immune responses when cirrhotic patients suffer from TBP.

Applications

Owing to its high sensitivity and specificity, ascites ADA may be a valuable tool
in the differential diagnosis of TBP in patients with underlying cirrhosis, and
concomitant cirrhosis should not limit its clinical utility. Furthermore, due to the
high negative predictive value, invasive procedures such as laparoscopic peri-
toneum biopsy or laparotomy may be unnecessary when ascites ADA activity is
low.

Terminology

ADA is an enzyme involved in purine metabolism, and it can be a product of im-
mune responses relating to T lymphocyte activity in humans.

Peer review

This is a good case-control study and the message is clear. The authors exam-
ined ADA activity in TBP among patients with underlying liver cirrhosis, and a
prospectively-enrolled cirrhosis control group was conducted to avoid the po-
tential confounding effects of heterogeneous clinical conditions. Due to convinc-
ing data in this study, ascites ADA can still be a valuable tool in the differential
diagnosis of TBP.
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