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Abstract
AIM: To investigate the value of adenosine deaminase 
(A�A) 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 A�A levels were checked in various clini-
cal conditions were reviewed from July 2008 to June 
2010 as the validation group��

RESULTS: The mean ascites A�A value of cirrhotic 

patients with TBP (cirrhotic TBP group, n  = 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 A�A 
value of the cirrhotic TBP group was significantly higher 
than that of the cirrhosis control group (58��1 ± 18��8 
U/L vs  7��0 ± 3��7 U/L, P  < 0��001)�� A�A values were cor-
related with total protein values (r  = 0��909, P  < 0��001)�� 
Using 27 U/L as the cut-off value of A�A, the sensitivity 
and specificity were 100% and 93.3%, respectively, for 
detecting TBP in the validation group��

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

© 2012 Baishideng�� All rights reserved��
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INTRODUCTION
Tubercul��us per�t����t�s (TBP) �s ���e ��f  the m��st fre-
que�t extr�-pulm����ry l��c�t����s ��f  tubercul��s�s, ���� the 
m��rt�l�ty r�te m�y excee�� 50% w�th��ut pr��mpt tre�t-
me�t[1,2]. The g��l�� st�����r�� f��r ����g���s��g TBP �s culture 
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��f  Mycobacterium in ascites fluid or peritoneal biopsy, but 
the cultures �re t�me-c���sum��g ���� h�ve l��w p��s�t�v�ty 
r�tes, w�th � me�� se�s�t�v�ty ��f  43%-�3% ��epe�����g ���-�3% ��epe�����g ����3% ��epe�����g ��� 
the qu�l�ty ��f  s�mples culture�� ���� meth����s ut�l�ze��[3,4]. 
I� ������t����, c�se��us gr��ul��m�s ��f  per�t���e�l b���ps�es 
��bt���e�� by e�ther l�p�r��sc��py ��r l�p�r��t��my �re �lter��-
t�ve meth����s f��r r�p��� pr�m�t�ve ����g���s�s, but the pr��-
ce��ures �re ��v�s�ve ���� m�y ��cre�se r�tes ��f  m��rb����ty 
���� m��rt�l�ty[4-6]. The h�gh m��rt�l�ty r�te �� u�tre�te�� 
p�t�e�ts w�rr��ts � qu�ck ���� ������v�s�ve test f��r ���-
�g���s��g TBP[1,3,7], ���� ���e���s��e ��e�m���se (ADA) �� 
�sc�tes �s �� �v��l�ble test th�t h�s bee� pr��p��se�� t�� be 
useful f��r r�p��� ����g���s�s[1,4,6,�,9]. By ���lyz��g ADA level 
�� �sc�tes, the se�s�t�v�ty ���� spec�f�c�ty f��r ����g���s��g 
TBP h�ve bee� rep��rte�� t�� be �s h�gh �s 100% ���� 97%, 
respect�vely[2,�,10-12]. 

The r�sk ��f  TBP �s ��cre�se�� �� p�t�e�ts w�th u���erly-
��g l�ver c�rrh��s�s[4,13], ���� the perce�t�ge ��f  u���erly��g 
c�rrh��s�s �m���g p�t�e�ts w�th TBP c��ul�� be �s h�gh �s 
50% �� the U��te�� St�tes[14]. H��wever, c���cer�s reg�r��-
��g the se�s�t�v�ty ��f  �sc�tes ADA �� ��etect��g TBP h�ve 
bee� r��se�� �m���g p�t�e�ts w�th u���erly��g l�ver c�r-
rh��s�s[3,15], ���� the l��w se�s�t�v�ty �s th��ught t�� be c�use�� 
by the c���c��m�t��t �mmu���c��mpr��m�se�� st�tus ���� 
���lut�����l phe���me���� �� ���v��ce�� l�ver ���se�se[3]. I� ���-
���t����, c�rrh��t�c p�t�e�ts �lw�ys h�ve � l��w pr��te�� level 
�� �sc�tes, ���� the c��rrel�t���� betwee� t��t�l pr��te�� ���� 
ADA �ct�v�ty h�s bee� ���scusse�� �� prev���us stu���es[3,10,15]. 
H��wever, the l�b��r�t��ry ���lys�s ��f  �sc�tes m�ght be 
c���f��u���e�� by heter��ge���us cl���c�l c������t����s �� the 
c���tr��l gr��ups, ���� prev���us stu���es sh��w c���fl�ct��g 
results f��r c�rrh��t�c p�t�e�ts w�th TBP[4]. Theref��re, �� the 
prese�t stu��y, we empl��ye�� � pr��spect�vely-e�r��lle�� c�r-
rh��s�s c���tr��l gr��up �� ��r��er t�� ��vest�g�te the l�b��r�t��ry 
ch��ges �� �sc�tes ���� the cl���c�l ut�l�ty ��f  me�sur��g 
ADA �ct�v�ty �� c�rrh��t�c p�t�e�ts w�th TBP.

MATERIALS AND METHODS
Retrospective t��erc��o�s perito�itis co�ortt��erc��o�s perito�itis co�ort��erc��o�s perito�itis co�ort
All p�t�e�ts ����g���se�� w�th TBP �t T��chu�g Veter��s 
Ge�er�l H��sp�t�l, � tert��ry referr�l ce�ter �� ce�tr�l T��-
w��, fr��m July 1990 t�� Ju�e 2010 were retr��spect�vely 
���lyze�� ���� f��rme�� the TBP gr��up. The p�t�e�ts’ me���-
c�l rec��r��s were rev�ewe�� ���� ��em��gr�ph�c, l�b��r�t��ry, 
m�cr��b���l��g�c�l, h�st��l��g�c�l ���� l�p�r��sc��p�c fe�tures 
were collected. A definite diagnosis of  TBP was based on 
���e ��r m��re ��f  the f��ll��w��g: (1) p��s�t�ve TB cultures ��f  
ascites or peritoneal biopsy�� ���� c�aracteristic finding of�� ���� c�aracteristic finding of ���� c�aracteristic finding of  
c�se��us gr��ul��m�s ��� h�st��l��gy ��f  per�t���e�l b���psy���� 
���� (3) cl���c�l �u��gme�t ��f TBP by � phys�c��� b�se�� ��� (3) cl���c�l �u��gme�t ��f  TBP by � phys�c��� b�se�� ��� 
�sc�tes ���t� f��ll��we�� by � g������ resp���se t�� ��t�-tubercu-
lous treatment. A good response to t�erapy was defined 
�s c��mplete res��lut���� ��r cl���c�l �mpr��veme�t ��ur��g 
the f��ll��w-up per�����. Exclus���� cr�ter�� ��clu��e�� (1) �sc�-
tes ADA ���t� u��v��l�ble�� (2) �sc�tes ADA ���lyze�� �fter�� (2) �sc�tes ADA ���lyze�� �fter (2) �sc�tes ADA ���lyze�� �fter 
��t�-tubercul��us tre�tme�t�� ���� (3) p�t�e�ts w�th c���-�� ���� (3) p�t�e�ts w�th c���- (3) p�t�e�ts w�th c���-
c��m�t��t e���-st�ge re��l ���se�se u���er c���t��u��us �mbu-

l�t��ry per�t���e�l ����lys�s, wh��se �sc�tes m�ght be ���lute�� 
by ����lys�te. I� ������t����, f��r further ���lys�s ��f  the r��le 
��f  l�ver c�rrh��s�s, p�t�e�ts were ev�lu�te�� t�� ��eterm��e 
whether ��r ���t they h��� c���curre�t l�ver c�rrh��s�s. ��ver 
cirr�osis was defined as typical morp�ologic c�ange suc� 
�s blu�te�� e��ge ��f  l�ver, �rregul�r l�ver surf�ce ���� h�ghly 
c���rse l�ver p�re�chym�[16], w�th ��r w�th��ut ev���e�ce ��f  
p��rt�l hyperte�s����, such �s prev���us h�st��ry ��f  �sc�tes 
bef��re TBP, sple���meg�ly ��r es��ph�ge�l/g�str�c v�r�ces 
rec��g��ze�� by �m�g��g tech��ques ��r e�����sc��py. 

Prospective co�tro� co�ort of cirr�osis
P�t�e�ts w�th l�ver c�rrh��s�s ���� u���fecte�� �sc�tes were 
pr��spect�vely e�r��lle�� �s the c�rrh��s�s c���tr��l gr��up 
fr��m July 2010 t�� Ju�e 2011, ���� me���c�l h�st��ry, et���l-
ogy of  cirr�osis, and C�ild-Pug�’s classification, as well 
�s �m�g��g fe�tures were rec��r��e��. P�t�e�ts w�th pr�m�ry 
��r met�st�t�c l�ver m�l�g���cy, per�t���e�l c�rc����m�t��s�s, 
c���gest�ve he�rt f��lure, sp���t��e��us b�cter��l per�t����t�s, 
�ephr�t�c sy���r��me, re��l f��lure u���er ����lys�s, ��r ev�-
��e�ce ��f  per�t����t�s were exclu��e��. Asc�tes w�s ��bt���e�� 
���� ���lyze�� w�th reg�r�� t�� p�r�meters ��clu����g ADA, 
�lbum��, t��t�l pr��te��, l�ct�te ��ehy��r��ge��se, gluc��se, cell 
c��u�ts, cyt��l��gy, ��r�����ry ���� ���er��b�c culture, �c���-f�st 
st���, b�cter�� ���� tubercul��s�s cultures.

Va�idatio� co�ort
P�t�e�ts wh��se �sc�tes ADA levels were ��etecte�� by � 
cl���c�l �ee�� f��r ���ffere�t��l ����g���s�s fr��m July 200� t�� 
Ju�e 2010 c��mpr�se�� the v�l����t���� gr��up ���� the�r me��-
�c�l rec��r��s were retr��spect�vely rev�ewe��. The p�t�e�ts �� 
the c�rrh��s�s c���tr��l gr��up were ���t ��clu��e�� �� the v�l�-
���t���� c��h��rt. Further ���lys�s ��f  subgr��ups �cc��r����g 
t�� et���l��gy ��f  �sc�tes w�s perf��rme��.

Met�od of ade�osi�e deami�ase determi�atio�
ADA �ct�v�ty w�s ��eterm��e�� us��g � meth���� s�m�l�r 
t�� th�t ��escr�be�� by Sl��ts et al[17] w�th �� �ut�����lyzer 
(H�t�ch� 7170, J�p��) ���� ADA-N k�t (De�k� Se�ke� C��. 
�t��, J�p��). The k��et�c meth���� est�m�te�� ADA �ct�v�ty 
by c��upl��g the l�ber�te�� NH3 t�� ��x��glut�r�te w�th glut�-
m�te ��ehy��r��ge��se, wh�ch le���s t�� � ��ecre�se �� the re-
��uce�� f��rm ��f  ��c��t���m���e ���e���e ����ucle��t���e ph��s-
ph�te �bs��rb��ce �t 340 �m[3,17]. The r�t��� ��f  ��ecre�se�� 
absorbance reflects t�e activity of  ADA.

Et�ics
Th�s w��rk h�s bee� c�rr�e�� ��ut �� �cc��r����ce w�th the 
Decl�r�t���� ��f  Hels��k� (2000) ��f  the W��rl�� Me���c�l 
Ass��c��t����. Th�s stu��y w�s �ppr��ve�� eth�c�lly by the I�-
st�tut�����l Rev�ew B���r�� ��f  T��chu�g Veter��s Ge�er�l 
H��sp�t�l (C10124).

Statistica� a�a�ysis
The ���screte v�r��bles �re prese�te�� w�th �umber ���� 
perce�t�ge�� c���t��u��us v�r��bles �re prese�te�� w�th me�� 
± SD. The c���t��u��us v�r��bles were c��mp�re�� by M���-
Wh�t�ey U test. The ���screte v�r��bles were c��mp�re�� by 
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χ 2 test ���� F�sher’s ex�ct test. D��g���st�c ut�l�ty ��f  ADA 
f��r TBP w�s ev�lu�te�� �t v�r���us cut��ff  v�lues by the 
sensitivity and specificity. T�ese were assessed based on 
c��mp�r�s���s ��f  rel�t�ve ��per�t��g ch�r�cter�st�c curves. 
Spe�rm��’s l��e�r regress���� w�s use�� t�� ev�lu�te the c��r-
rel�t���� betwee� t��t�l pr��te�� ��f  �sc�tes ���� serum. P < 
0.05 was considered to be statistically significant.

RESULTS
A computerized database searc� identified �9 consecutive 
p�t�e�ts wh�� were ����g���se�� w�th TBP fr��m July 19�� t�� 
Ju�e 2010 ���� wh�� met the ��clus���� cr�ter��. Seve� p�-
t�e�ts (6 p�t�e�ts w�th��ut ADA ���t� ���� 1 p�t�e�t u���er 
c���t��u��us �mbul�t��ry per�t���e�l ����lys�s) were exclu��e�� 
�cc��r����g t�� the exclus���� cr�ter�� ��f  th�s stu��y, ���� ���-
�e h��� c���curre�t l�ver c�rrh��s�s. A t��t�l ��f  22 p�t�e�ts 
wit� TBP were included in t�e final analysis and formed 
the TBP gr��up, wh�ch w�s further ���v���e�� ��t�� tw�� sub-
gr��ups: (1) c�rrh��t�c TBP gr��up: c���c��m�t��t c�rrh��s�s 
w�s ����g���se�� �� � ��f  22 p�t�e�ts�� ���� (2) ����-c�rrh��t�c���� (2) ����-c�rrh��t�c(2) ����-c�rrh��t�c 
TBP gr��up: ��� ev���e�ce ��f  c�rrh��s�s �m���g the ��ther 14 
��f  22 p�t�e�ts. The ��em��gr�ph�c ���� �sc�tes ���t� ��f  the 
tw�� TBP subgr��ups were c��mp�re�� (T�ble 1), ���� there 
were ��� s�g��f�c��t ���ffere�ces �� �sc�tes ADA, wh�te 
bl������ cell (WBC) c��u�t ���� lymph��cyte c��u�t betwee� 
the tw�� subgr��ups. H��wever, the me�� t��t�l pr��te�� c���-
ce�tr�t���� ��f  �sc�tes �� the ����-c�rrh��t�c TBP gr��up w�s 
significantly greater t�an t�at in t�e cirr�otic TBP group 
(P < 0.05).

The ��em��gr�ph�c ���� �sc�tes ���t� ��f  the c�rrh��t�c 
TBP gr��up ���� the c�rrh��s�s c���tr��l gr��up were c��m-
pared �Table ���, and t�ere were no significant differences 
�� ��em��gr�ph�c ���t� betwee� the tw�� gr��ups. H��wever, 
the me�� v�lues ��f  ADA, t��t�l pr��te��, WBC c��u�ts ���� 
lymph��cyte c��u�ts �� �sc�tes ��f  the c�rrh��t�c TBP gr��up 
were significantly �ig�er t�an t�ose of  t�e cirr�osis con-
tr��l gr��up (P < 0.05).

The ���str�but���� ��f  �sc�tes ADA v�lues �m���g the 
p�t�e�t gr��ups were c��mp�re�� (F�gure 1), ���� the v�lues 

��f  �sc�tes ADA �� the c�rrh��s�s c���tr��l gr��up were m�rk-
e��ly ���ffere�t fr��m th��se ��f  the ��ther tw�� gr��ups w�th 
��� ��verl�pp��g �re�. Us��g 27 U/� �s � cut-��ff  v�lue ��f  
ADA �� �sc�tes (the l��west v�lue �� the TBP gr��up), ��� 
p�t�e�t �� the c�rrh��s�s c���tr��l gr��up w�s f��u��� t�� h�ve 
�� �sc�tes ADA c���ce�tr�t���� h�gher th�� th�s v�lue.

The v�l����t���� gr��up ��clu��e�� 217 p�t�e�ts, ���� sub-
gr��up ���lys�s w�s perf��rme�� �cc��r����g t�� the ���ffere�t 
et���l��g�es ��f  �sc�tes (F�gure 2). Us��g 27 U/� �s � cut-
��ff  v�lue ��f  �sc�tes ADA �� the v�l����t���� gr��up, the 
sensitivity in detecting TBP was 100% and specificity was 
93.3%. T�ere were fifteen �6.9%�� patients �one �epato-
cellul�r c�rc����m�, f��ur m�l�g���cy ��ther th�� hep�t��m�, 
five intra-abdominal infection, t�ree nep�rogenic ascites, 
���e c�r�����ge��c �sc�tes ���� ���e hep�t��cellul�r c�rc����m� 
m�xe�� w�th sp���t��e��us b�cter��l per�t����t�s) wh�� h��� 
�sc�tes ADA levels h�gher th�� 27 U/� but ����� ���t h�ve 
TBP.

Spe�rm��’s c��rrel�t���� ���lys�s reve�le�� th�t �sc�tes 
ADA levels ��f  �ll p�t�e�ts were str���gly c��rrel�te�� w�th �s-
c�tes t��t�l pr��te�� �m��u�ts (r = 0.909, P < 0.001) (F�gure 3). 

DISCUSSION
The ut�l�ty ��f  �sc�tes ADA �� the ���ffere�t��l ����g���s�s ��f  
TBP f��r p�t�e�ts w�th u���erly��g l�ver c�rrh��s�s rem���s 
controversial due to conflicting results in previous stud-
ies. T�is is t�e first study to investigate cirr�otic patients 
w�th TBP ��v��lv��g � pr��spect�vely-e�r��lle�� c�rrh��s�s 
c���tr��l gr��up, wh�ch w�s ��clu��e�� t�� �v����� the p��te�t��l 
c���f��u�����g effects ��f  heter��ge�e��us cl���c�l c������t����s. 
I� th�s stu��y, eve� th��ugh l��wer levels ��f  �sc�tes ADA 
were f��u��� �� the c�rrh��t�c TBP gr��up, the�r me�� �sc�-
tes ADA value was not significantly different from t�at 
��f  the ����-c�rrh��t�c TBP gr��up. M��re��ver, �sc�tes ADA 
v�lues ��f  c�rrh��t�c p�t�e�ts w�th TBP were ���t�bly h�gher 
th�� th��se ��f  the c�rrh��s�s c���tr��l gr��up, ���� every p�-

Table 1  Comparisons between the tuberculous peritonitis 
without and with cirrhosis group

Demographic data TBP without cirrhosis 
(n  =14)

TBP with cirrhosis 
(n  =8)

P  
value

Age (yr)         63.3 ± 22.8      66.5 ± 9.7 0.65
Sex 0.64
   Male 10 (71.4) 5 (62.5)
   Female   4 (28.6) 3 (37.5
Ascites data
   ADA (U/L)         70.6 ± 29.8      58.1 ± 18.8 0.29
   SAAG (g/dL)           0.9 ± 0.3        1.3 ± 0.6 0.10
   Total protein (mg/dL)     4781.8 ± 1645.5  3400.0 ± 1000.0 0.04
   WBC (/mm3)     1411.1 ± 1291.2  1489.9 ± 759.3 0.42
   Lymphocytes (/mm3)     1078.3 ± 935.6  1135.0 ± 696.1 0.71

Data are presented as mean ± SD or n (%). TBP: Tuberculous peritonitis; 
ADA: Adenosine deaminase; SAAG: Serum ascites albumin gradient; 
WBC: White blood cells.

Demographic data TBP with cirrhosis 
(n  = 8)

Cirrhosis control 
(n  = 25)

P  
value

Age (yr)      66.5 ± 9.7       59.8 ± 13.5   0.65
Sex   1.00
   Male 5 (62.5) 15 (60.0)
   Female 3 (37.5) 10 (40.0)
Child’s classification 0.99
   A 1 (12.5)  3 (12.0)
   B 4 (50.0) 12 (48.0)
   C 3 (37.5) 10 (40.0)
Ascites data
ADA (U/L)      58.1 ± 18.8         7.0 ± 3.7 < 0.001
SAAG (g/dL)        1.3 ± 0.6         2.1 ± 0.5   0.01
Total protein (mg/dL)  3400.0 ± 1000.0   1176.0 ± 636.6 < 0.001
WBC (/mm3)   1489.9 ± 759.3     174.7 ± 159.6 < 0.001
Lymphocytes (/mm3)  1135.0 ± 696.1     113.3 ± 127.1 < 0.001

Data are presented as mean ± SD or n (%). TBP: Tuberculous peritonitis; 
ADA: Adenosine deaminase; SAAG: Serum ascites albumin gradient; 
WBC: White blood cells.
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t�e�t �� the c�rrh��s�s c���tr��l gr��up h��� �� �sc�tes ADA 
level l��wer th�� the l��west v�lue �� the TBP gr��up (27 
U/�). Theref��re, these ���t� pr��v���e c���v��c��g ev���e�ce 
t�at ascites ADA may be significantly raised in TBP pa-
t�e�ts w�th u���erly��g c�rrh��s�s, ���� thus TBP sh��ul�� be 
c���s���ere�� �� the ���ffere�t��l ����g���s�s. 

Previous studies s�owed �ig� sensitivity and specific-
�ty �� ��etect��g TBP by check��g ADA �ct�v�ty �� �sc�tes, 
b�se�� ��� ADA cut-��ff  v�lues ��f  36-40 IU/�-40 IU/�40 IU/�[2,10,11,1�]. 
H��wever, H�llebr���� et al[3] use�� ���ly 7 IU/� �s the cut-
��ff  v�lue ��f  ADA, ���� they f��u��� the se�s�t�v�ty ��f  
ADA w�s ���ly 30% �� the sett��g ��f  c�rrh��s�s. There w�s 
c���s���er�ble ��verl�p �� the ADA �ct�v�ty betwee� TBP 
���� ster�le �sc�tes �m���g c�rrh��t�c p�t�e�ts. Furtherm��re, 
H�llebr���� et al[3] p��stul�te�� th�t l��wer se�s�t�v�ty ���� cut-
��ff  v�lue m�ght be c�use�� by the h�gher pr��p��rt���� ��f  
c�rrh��s�s (59%) �� the�r p�t�e�ts w�th TBP. I� c���tr�st, 
Burgess et al[4] rep��rte�� � se�s�t�v�ty ��f  94% ���� � spec�-
ficity of  9�% for cirr�otic patients wit� TBP using a cut-
��ff  v�lue f��r ADA ��f  30U/�. I� the curre�t stu��y, there 
w�s ��� ��verl�pp��g phe���me���� �� the ADA �ct�v�ty 
betwee� TBP ���� ster�le �sc�tes �m���g c�rrh��t�c p�t�e�ts, 
and t�e sensitivity and specificity in detecting TBP were 
�ls�� h�gh (100% ���� 93.3%, respect�vely) �� the v�l����-
t���� gr��up us��g � cut-��ff  v�lue f��r ADA ��f  27 U/�. I� 

������t����, H�llebr���� et al[3] ��eterm��e�� ADA �ct�v�ty by 
��etect��g the ��ecre�se �� ���e���s��e c���ce�tr�t���� u���er 
the �ct���� ��f  ADA, but th�s meth���� w�s ���ffere�t fr��m 
the me�sureme�t tech��ques �ppl�e�� �� m��st prev���us 
stu���es. The meth����s empl��ye�� by Sl��ts et al[17] ��r G�-
ust� et al[19]19] h�ve bee� exte�s�vely ��escr�be�� �� the l�ter�-
ture[2,4,9,1�], ���� ��v��lve ��eterm���t���� ��f  ADA �ct�v�ty by 
ch��ges ��f  NH3 ��r NADH, respect�vely, �fter ��ter�ct-
��g ADA w�th ���e���s��e. The ���ffere�t tech��ques use�� 
mig�t affect t�e sensitivity and specificity of  t�e ADA 
test, s�� the c��rrel�t���� ��f  ADA v�lues ��bt���e�� fr��m ���f-
fere�t meth����s �ee�� further ��vest�g�t����.

As sh��w� �� ��ur v�l����t���� gr��up ���� �� prev���us 
stu���es[2-4], false positive findings of  ascites ADA are still 
p��ss�ble. Per�t���e�l c�rc����m�t��s�s ���� sec������ry b�c-
ter��l per�t����t�s �re the tw�� m��st l�kely et���l��g�es �fter 
TBP. ADA pl�ys �� �mp��rt��t r��le �� regul�t��g the level 
��f  ���e���s��e, ���� �ts pr�m�ry fu�ct���� �� hum��s �s ��e-
vel��pme�t ���� m���te���ce ��f  the �mmu�e system[20,21]. 
ADA �s ��v��lve�� �� pr��l�fer�t���� ���� ���ffere�t��t���� ��f  T 
lymph��cytes, ���� ���se�ses such �s m�l�g���t c������t����s, 
c��ll�ge� v�scul�r ���se�ses ���� s��me m�cr����rg���sm ��fec-
t����s th�t �re �ss��c��te�� w�th lymph��cyt��s�s m�y ��cre�se 
ADA levels[22]. Theref��re, f��r p�t�e�ts w�th elev�te�� �s-
c�tes ADA, further ���ffere�t��l ����g���s�s by �sc�tes cyt��-
l��g�c�l ex�m���t���� ��r r������l��g�c�l �m�g��g stu���es sh��ul�� 
be perf��rme��, ���� l�p�r��sc��p�c v�su�l�z�t���� ���� b���psy 
m�y be c���s���ere�� f��r equ�v��c�l c�ses. Furtherm��re, ��ue 
t�� the h�gh �eg�t�ve pre���ct�ve v�lue (100%) f��u��� �� th�s 
stu��y, ��v�s�ve pr��ce��ures such �s l�p�r��sc��p�c per�t��-
�eum b���psy ��r l�p�r��t��my, wh�ch �re rel�t�vely h�gh r�sk 
�� c�rrh��s�s p�t�e�ts, m�y be u��ecess�ry ���� sh��ul�� be 
�v�����e�� whe� �sc�tes ADA �ct�v�ty �s l��w. I� ������t����, the 
me�� t�me t�� ��evel��p p��s�t�ve tubercul��s�s culture fr��m 
�sc�tes w�s 36.4 ± 1�.2 �� �� ��ur stu��y, but the me�� t�me 
�� prev���us stu���es ��� �sc�tes ADA w�s ���ly 3.0 ± 0.5 ��. 
Test��g f��r ADA �� �sc�tes h�s h�gh se�s�t�v�ty ���� spec�-
ficity, and may t�erefore be useful as a rapid test for diag-
���s�s. Alth��ugh TB p��lymer�se ch��� re�ct���� (PCR) h�s 
bee� use�� �s � r�p��� ����g���st�c t����l f��r pulm����ry TB, 
PCR c�����t be suggeste�� f��r ����g���s��g TBP ��ue t�� �ts 
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Figure 1  Adenosine deaminase distribution in the study groups. ADA: 
Adenosine deaminase; TBP: Tuberculous peritonitis.

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.

Figure 3  Correlation between adenosine deaminase and total protein in 
ascites among patients with tuberculous peritonitis. ADA: Adenosine de-
aminase.
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l��w se�s�t�v�ty r�te[9,23]. I� e���em�c �re� ��f  tubercul��s�s, 
DNA fr��m ��e��� TB b�c�ll� m�y �ls�� g�ve � f�lse-p��s�t�ve 
result[9]. I� ������t����, test��g f��r ADA m�y �ls�� be cur-
re�tly m��re w���ely �v��l�ble th�� ��ther v�lu�ble cl���c�l 
tests such �s ��terfer���-g�mm�[24].

I� th�s stu��y, ADA �ct�v�ty w�s f��u��� t�� be str���gly 
c��rrel�te�� w�th t��t�l pr��te�� �� �sc�tes �� the TBP ���� 
control groups, and t�is finding was compatible wit� t�e 
s�mult��e��usly elev�te�� t��t�l pr��te�� ���� ADA f��u��� �� 
c�rrh��t�c p�t�e�ts suffer��g fr��m TBP. It �s ��terest��g t�� 
���te th�t Fer�����ez-R����r�guez et al[15] f��u��� ADA w�s 
c��rrel�te�� w�th t��t�l pr��te�� �� �sc�tes �m���g p�t�e�ts 
w�th TBP (r = 0.84���, but t�e correlation was non-signifi-
c��t whe� the c���tr��l gr��up w�s ��clu��e�� �� the ���lys�s. 
T�is inconsistent finding mig�t be explained by �etero-
ge�e��us et���l��g�es ���� c��mplex cl���c�l c������t����s �� the 
c���tr��l gr��up. Elev�te�� t��t�l pr��te�� �� the b����y flu��� 
�as been one of  t�e diagnostic markers for inflammatory 
exu���te[25], and it is also an important finding in ascites 
��f  TBP[5,15]. ADA �s rel�te�� t�� �ct�v�t���� ���� ���ffere�t��-
t���� ��f  m������ucle�r leuk��cytes, ���� �t �s secrete�� ��ur��g 
�mmu�e resp���ses[3,21,26]. �ymph��cytes �re the pre����m�-
���t cells �� �sc�tes ��f  TBP, ���� s�mult��e��usly elev�te�� 
t��t�l pr��te�� ���� ADA c�� be expl���e�� by lymph��cyt�c 
inflammation. Moreover, alt�oug� mean total protein in 
t�e cirr�otic TBP group was significantly lower t�an t�at 
��f  the ����-c�rrh��t�c TBP gr��up �� th�s stu��y, me�� ADA 
levels were not significantly different. Compared wit� t�e 
c�rrh��s�s c���tr��l gr��up, the WBC ���� lymph��cyte c��u�ts 
were significantly �ig�er in t�e cirr�otic TBP group, and 
the �mmu�e resp���ses were pre����m����t. Eve� �� c�r-
rh��t�c p�t�e�ts w�th � rel�t�vely �mmu���c��mpr��m�se�� 
st�tus, TBP st�ll �ct�v�te�� str���g �mmu�e re�ct����s, wh�ch 
resulte�� �� � sh�rp elev�t���� ��f  ADA �� �sc�tes, ���� th�s 
phe���me���� �����c�tes th�t �sc�tes ADA m�y st�ll be � 
v�lu�ble t����l �� the ���ffere�t��l ����g���s�s ��f  TBP. 

We �ck���wle��ge sever�l l�m�t�t����s �� th�s stu��y. 
Firstly, t�is study reflects t�e experience of  a single medi-
c�l ce�ter w�th � rel�t�vely sm�ll s�mple s�ze, but the 
st�t�st�c�l p��wer ��f  the ���lys�s w�s ���equ�te. Sec�����ly, 
c�ses w�th TBP were ��bt���e�� fr��m � c��mputer�ze�� ���-
t�b�se se�rch ���� retr��spect�vely ���lyze��, s�� s��me TBP 
c�ses m�y h�ve bee� m�sse�� ��ue t�� ��c��rrect c������g �� 
th�s l���g-term c��h��rt stu��y. Th�r��ly, we c��mp�re�� � h�s-
t��r�c�l TBP c��h��rt w�th � pr��spect�vely-e�r��lle�� c�rrh��s�s 
c���tr��l gr��up, ���� ���ffere�t t�me per�����s ��f  stu��y m�ght 
pr����uce s��me b��s. H��wever, p�t�e�ts were c���secut�vely 
recru�te��, ���� the m�����l�t�es f��r ����g���s��g TBP were 
���t ch��ge�� ��ur��g the stu��y per�����. The p��ss�ble b��s 
sh��ul�� be m���m�ze��.

I� c���clus����, eve� w�th l��wer �sc�tes ADA �ct�v�ty 
in liver cirr�osis, ascites ADA levels could be significantly 
elev�te�� ��ue t�� str���g �mmu�e resp���ses whe� c�rrh��t�c 
p�t�e�ts suffer fr��m TBP. Ow��g t�� �ts h�gh se�s�t�v�ty 
and specificity, ascites ADA may be a valuable tool in t�e 
���ffere�t��l ����g���s�s ��f  TBP �� p�t�e�ts w�th u���erly��g 
c�rrh��s�s, ���� c���c��m�t��t c�rrh��s�s sh��ul�� ���t l�m�t �ts 
cl���c�l ut�l�ty.
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Backgro��d
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. 
Researc� fro�tiers
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.
I��ovatio�s a�d �reakt�ro�g�s
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.
App�icatio�s
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.
Termi�o�ogy
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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