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Diagnostic significance of ascites adenosine deaminase levels in suspected
tuberculous peritonitis in adults
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ABSTRACT

Objective: There are contradictory reports about the use of adenosine deaminase (ADA) as a diagnostic marker in
tuberculous peritonitis patients. Reports evaluating significance of ADA activity in the diagnosis of tuberculous perito-
nitis in adults are lacking in Nepal. We thus set out to investigate the ascitic fluid ADA levels in suspected tuberculous
peritonitis patients and to determine the diagnostic significance of the test statistically.

Methods: This study population comprised of two different adult patients groups. Group I - 35 suspected cases of
tuberculous peritonitis and Group II - 35 cases of transudative ascites - the control group (patients with biochemically
proved transudates or hypoproteinaemia) and peritoneal tap was done. ADA estimation was carried out by spectro-
photometry.

Results: ADA levels (Mean + SD) in suspected tuberculous peritonitis and transudative ascites cases were 48.5+17.9
U/L and 19.8+7.7 U/L respectively (P<0.001). In the receiver operating characteristic (ROC) curve for ascites, ADA cut-off
level of 41.5 U/L was found to yield the best results of differential diagnosis; sensitivity, specificity, positive predictive
value, negative predictive value and accuracy of the test in tuberculous peritonitis cases were 80.0%, 97.2 %, 96.6%,
82.9%, 88.6% respectively.

Conclusion: ADA levels are elevated in suspected tuberculous peritonitis cases and it is a simple, rapid, inexpensive
and the least invasive test. It is thus a useful biochemical marker for the early diagnosis of tuberculous peritonitis while
waiting for the results of mycobacterial cultures or biopsies. J Microbiol Infect Dis 2013; 3(3): 104-108
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Yetiskinlerde siipheli tiiberkiiloz peritonitte asit adenozin deaminaz diizeylerinin tanisal 6nemi

OZET

Amac: Tiberkiloz peritonit hastalarinda adenozin deaminaz'in (ADA) tanisal belirteg olarak kullanimi hakkinda celiskili
raporlar vardir. Nepal'de eriskinlerde tiiberkiloz peritonit tanisinda ADA aktivitesinin degerini arastiran bir ¢alisma bu-
lunmamaktadir. Bu nedenle stpheli tliberkiloz peritonit hastalarinda asit sivida ADA duzeylerini arastirmak ve istatistik-
sel olarak bu testin tanisal dnemini belirlemek igin yola ¢iktik.

Yontemler: Calismaya alinan hastalar iki farkh eriskin hasta grubundan olusmaktaydi. Grup I 35 slpheli tuberkiloz
peritonit olgusu, ve Grup II; transtdatif asitli 35 hastanin olusturdugu kontrol grubu (transiida oldugu biyokimyasal
olarak kanitlanmis veya hipoproteinemisi olan hastalar) calismaya dahil edildi ve periton sivilari alindi. ADA 6lciimi
spektrofotometri ile yapildi.

Bulgular: ADA diizeyleri (ortalama + SS)stipheli tiiberkiiloz peritonit ve transudatif asit olgularinda, sirasiyla, 48,5 + 17,9
U/L ve 19,8 + 7,7 U/L idi (P<0,001). Asit degerleri icin “alici isletim karakteristik” (ROC) egrisinde, ADA kesme seviyesi
41,5 U/L alindiginda en iyi ayirici tani degerleri bulundu ve tiiberkiiloz peritonit olgularinda testin duyarhlik, 6zgullk,
pozitif prediktif deger, negatif prediktif deger ve dogruluk dizeyleri, sirasiyla, % 80,0,% 97,2,% 96,6,% 82,9,% 88,6 idi.

Sonug: Slpheli tiberkiloz peritonit olgularinda ADA dizeyleri yikselmektedir ve bu basit, hizli, ucuz ve en az invaziv
testtir. Mikobakteri kilturleri veya biyopsi sonuclarini beklerken tiberkiloz peritonit erken tanisi icin bu en kullanisl bir
biyokimyasal belirtegtir.

Anahtar kelimeler: adenozin deaminaz, duyarlilik, 6zgullik, tanisal deger; peritonit tiiberkiloz
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INTRODUCTION

Adenosine deaminase (adenosine amino hydro-
lase, EC 3.5.4.4. ADA, isoenzymes ADA1 and
ADA2) an enzyme required for purine degradation
is widely distributed in human tissues.' ADA helps
in proliferation and differentiation of lymphocytes
especially T lymphocytes. ADA is a significant in-
dicator of active cellular immunity.? Thus, ADA has
been proposed to be a useful surrogate marker for
the diagnosis of tuberculosis (TB) because it can be
detected in body fluids such as pleural, pericardial,
cerebrospinal fluid and peritoneal fluid and elevated
ADA levels have been reported in these cases.>*

By estimation of ADA levels for the diagnosis
of extra pulmonary tuberculosis,>" sensitivities and
specificities of greater than 90 percent have been
reported. ADA predicts disease probability by 99%
in countries with high prevalence of TB12 but there
are other studies which do not show such good re-
sults.'¥1%

The prevalence of TB in Nepal is high. The an-
nual incidence rate of TB in Nepal is quite high and
is reported to be 163 per 100,000 population.'® This
has been attributed to difficulties in providing health
care and treatment facilities in the remote moun-
tainous terrain of the country. Literature survey re-
vealed no studies being reported from Nepal that
evaluates the significance of ADA levels in the diag-
nosis of suspected tuberculous peritonitis. Hence,
this study was designed and conducted to assess
the role of ascitic fluid ADA in the early laboratory
diagnosis of tuberculous peritonitis in adults in Nep-
alese population.

METHODS

Setting

This prospective study was carried out on patients
admitted in the medical ward of a centrally located
tertiary care hospital in Kathmandu, Nepal from July
2008 to July 2010. Patients from all parts of the
country and especially the poor sections of the soci-
ety come for treatment in this hospital as most of the
services provided are free, including all investiga-
tions. The hospital receives about 60 sputum speci-
mens per day for performing Ziehl-Neelsen staining
for diagnosis of TB and eight to ten peritoneal fluid
specimens for various ascites investigations every
month. The ethical review committee of the hospital
permitted to carry out this study and informed con-
sent was taken from the patients before inclusion
in the study. Their results were dispatched imme-
diately after the tests were performed, so that the
patients get appropriate treatment.

Patients

Abdominal paracentesis was performed on 70
consecutive patients with ascites and these were
divided into two different patients groups. Group |
- clinically suspected cases of tuberculous perito-
nitis - 35 cases, on the ground of clinical findings
and lymphocytic exudates (less than 3 g of pro-
tein per 100 ml of fluid) with no response to one
week of broad spectrum antibiotics treatment and
/ or radiologic findings consistent with lung TB and
sputum positive for acid fast bacilli (AFB). Group
Il - control group - transudative ascites cases (less
than 2 g of protein per 100 ml of fluid, patients with
biochemically proved transudates or malnutrition
with hypoproteinaemia) and with no evidence of TB
clinically and sputum smear negative for acid fast
stain. Ascitic fluid samples (2-3 ml) were collected
with aseptic precautions by abdominal paracentesis
from both the study population groups. Patients with
any malignancies (or hemorrhagic ascites) and less
than 15 years of age were excluded in the study.
All subjects selected in the study were tested for
HIV and only those found negative for HIV were in-
cluded in the study.

Laboratory tests

ADA estimation was carried out by spectrophotom-
etry method based on the principle of Guisti and
Galanti method of enzymatic analysis ' which is
based on indirectly measuring the formation of am-
monia produced when adenosine deaminase acts
in an excess of adenosine. ADA levels were calcu-
lated and expressed in unit per litre (U/L). ADAMTB
diagnostic kit from Microexpress - a division of Tulip
Diagnostics Pvt. Ltd., India was used according to
the manufacturer’s instructions.

Statistical analysis

The continuous variables were presented as range,
mean + SD or quartiles and the categorical vari-
ables were calculated by percentages and ratio (sex
ratio). The continuous variables were compared by
using the Student t test or Mann-Whitney U test.
A receiver -operating characteristic (ROC) curve
was plotted and the area under the curve (AUC)
was calculated and an optimum cut-off value was
established. For all analyses, a P value of <0.05
(two-tailed) was taken as statistically significant.
Diagnostic test 2x2 contingency tables were used.
Sensitivity, specificity, positive and negative predic-
tive values and accuracy of the test were calculated
All evaluations were performed with SPSS version
17.0.

J Microbiol Infect Dis

www.jmidonline.org

Vol 3, No 3, September 2013



106 Chander A and Shrestha CD. Diagnostic significance of ascites ADA levels in tuberculous peritonitis

RESULTS

All patients in the suspected tuberculous peritoni-
tis group were sputum smear positive for AFB, had
some abnormality on CXRs (upper lobe lesion, lat-
eral or bilateral or with cavities) and had lympho-
cytic exudates with total protein > 3 g/dl. In contrast,
in the transudative ascites (control) group, all pa-
tients were sputum smear negative for AFB, had no
abnormality on CXRs and had ascites total protein
< 2 g/dl. The age (mean + SD) and the ratio of male
/ female in suspected tuberculous peritonitis was
43.80 + 16.31 and 3/1 and in transudative ascites,
the control group it was 44.03 + 14.64 and 2 / 1
respectively. The mean ADA levels (mean + SD)
in suspected tuberculous peritonitis and in transu-
dative ascites cases, were 48.51 + 17.91 U/L and
19.28 + 7.69 UJL, respectively. The difference be-
tween the ADA values in the two groups was found
to be highly significant (P< 0.001). Box plots of the
ADA activity in the suspected tuberculous peritoni-

tis (case) and transudative ascites (control) groups
are shown in Figure 1, together with the 90th per-
centile range, 75" and 25" percentiles. The useful-
ness of ascites ADA level as a biomarker for diag-
nosis of tuberculous peritonitis was evaluated using
ROC curve analysis and the optimal cut-off value
was determined to be 41.5 U/L (Figure 2). The area
under the curve (AUC) for suspected tuberculous
peritonitis group was 0.928 and standard error (SE)
was 0.032 (95% confidence interval (Cl) =86.4% -
99.1%, P <0.001). Seven patients in suspected tu-
berculous peritonitis group showed ADA values of
less than 41.5 U/L and one patient in transudative
ascites , the control group showed ADA value of
greater than 41.5 U/L. Based on the cut-off value of
41.5 U/L, the ascites ADA sensitivity and specific-
ity were 80.00% and 97.14% respectively. Positive
predictive value was 96.55% and negative predic-
tive value was 82.6%. The accuracy of the test in
suspected tuberculous peritonitis cases was 88.6%
(Table 1).

Table 1. Validity of Ascites ADA as a diagnostic test in suspected cases of tuberculous peritonitis

Study Group

Sensitivity % (Cl) Specificity % (Cl) PPV % (ClI)

NPV % (CI) Accuracy %

Tuberculous peritonitis  80.00 (62.5-90.9) 97.14 (83.5-99.9) 96.55 (80.4-99.8) 82.92 (67.4-92.3) 88.57

PPV= positive predictive value, NPV= negative predictive value, CI=95% confidence interval
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Figure 1. Box plots for ADA (U/L) levels in tubercu-
lous peritonitis (case) and transudative ascites (control)
groups. The plots show the 90th percentile (bars), 75th
and 25th percentile (box) and median (bar in box).
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Figure 2. ROC curve of ascitic fluid ADA activity. Diag-
onal line indicates the line of no discrimination. AUC of
this ROC curve is 0.928. SE = 0.032, 95% CI = 86.4% -
99.1%, P < 0.001. AUC: Area Under the Curve, SE: Stan-
dard Error, Cl: Confidence Interval.
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DISCUSSION

With the lack of specific clinical and laboratory mark-
ers, extrapulmonary manifestations of Mycobacte-
rium tuberculosis in general and tuberculous peri-
tonitis in particular have posed complex diagnostic
challenges for centuries.18 Tuberculous peritonitis
is usually paucibacillary and the classical method of
Ziehl-Neelsen stain for TB bacilli have a low diag-
nostic yield with reported sensitivity ranging from 0
to 6% and culture positivity for TB bacilli varies from
20-83%.19,20 Analysis of ascitic fluid often shows
lymphocytic predominance with a serum to ascites
albumin gradient of <1.1 g/dL should alert the clini-
cian to the possibility of tuberculous peritonitis and
trigger more invasive diagnostic procedures.21 A
peritoneal biopsy is usually done via laparoscopy
or laparotomy to minimize any possible diagnostic
delay. Computed tomography of the abdomen is
the most useful radiographic study.22 Even though
rapid diagnostic tests, such as polymerase chain
reaction (PCR) for tuberculous peritonitis are prom-
ising, the role of ascitic fluid PCR is not firmly es-
tablished.18 In areas with a high prevalence of TB,
there is an urgent need for an alternate highly sensi-
tive and a highly specific test for the early and ac-
curate diagnosis of tuberculous peritonitis.

ADA is a helpful diagnostic tool in tuberculous
ascites, specificity and sensitivity as high as 97 and
100% respectively, when the level is above 33 U/L.9
In this study, ADA level (mean = SD) in suspected
tuberculous peritonitis was 48.51 + 17.91 U/L while
in the transudative ascites, the control group it was
19.28 + 7.69 UJ/L (highly significant, P < 0.001). The
ascitic fluid ADA ROC analysis revealed the best
cut-off value of 41.5 U/L yielding a good sensitivity
of 80.0% and a high specificity of 97.14% to vali-
date its use as a reliable diagnostic marker in these
cases.

Kaur A et al.,”® showed that ADA is not of suf-
ficient discriminative value for diagnosing TB in
peritoneal fluid with a sensitivity, specificity, positive
and negative predictive values of 89%, 81%, 25%
and 99% respectively (ADA >15 U/L). Dwivedi M
et al.,"® studied 49 patients with ascites of which
were of tuberculous etiology where at an ADA level
of >33 U/L, the sensitivity, specificity, positive and
negative predictive values were 100%, 96.6%, 95%
and 100% respectively. Gupta V K etal.,® analysed
24 ascitic fluids samples, of which seven were due to
tubercular etiology and with an ADA level of >30 U/L,
the sensitivity and specificity were 100% and 94%.
The sensitivity and specificity for tubercular ascites
on the basis of ADA levels were 100% and 97%
respectively, as per the study of Bhargawa etal.™

Agarwal24 studied 30 cases of tuberculous ascites
and using a cut-off value of 40 U/L reported sensitiv-
ity, specificity, positive and negative predictive val-
ues of 96%, 80%, 96% and 80% respectively. Thus
ADA activity is a practical and useful approach to
take therapeutic decisions in patients with suspect-
ed peritoneal TB. The beginning of empirical treat-
ment when a patient has a high ADA value in ascitic
fluid seems to be a good approach while waiting
for the results of mycobacterial cultures and biop-
sies?® The results of the study clearly showed that
ADA levels are significantly elevated in suspected
tuberculous peritonitis as against non-tuberculous
ascites causes. Estimating ascites ADA levels has
a particularly significant role in areas where either
the facilities for culture of TB bacilli or tissue biop-
sies are not available. A high ascites ADA value is
strongly suggestive of it being of tubercular origin. A
low ascites ADA value not necessarily eliminate it of
not being of tubercular origin, but strongly sugges-
tive of non-tubercular origin.

The study had a few limitations. The major one
was that the investigation was carried out on the sus-
pected cases of TBP and definite diagnostic tests
such as culture or biopsies were not performed.
Isoenzymes ADA1 and ADA2 levels were not de-
termined individually in the ascitic fluid specimens.
Further studies with a larger numbers of proven
cases of tuberculous peritonitis are needed before
definitive conclusions can be drawn. In addition to
clinical findings and radiologic characteristics, as-
cites ADA estimation should also be considered in
cases of tuberculous peritonitis especially in cases
where the conventional methods like smear micros-
copy and culture often fail to establish an early diag-
nosis. Estimating ascites ADA levels in tuberculous
peritonitis cases is a simple, rapid, inexpensive and
the least invasive, highly specific and fairly sensi-
tive method and significantly elevated ascites ADA
levels are highly suggestive of tuberculous etiology
and of diagnostic relevance.
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