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Abstract  Tuberculosis is a global health problem whose morbidity and mortality is increasing, as one-third of the world 
population is estimated to be infected with Mycobacterium tuberculosis and eight million new active cases occur annually 
commonest being pulmonary tuberculosis and is often associated with effusion. Delay in diagnosis and treatment results in 
poor prognosis. Adenosine deaminase estimation was done by Blake-Berman method. The purpose of this study is to find out 
the role of ADA levels in differentiation of tuberculous and non-tuberculous exudative pleural effusions of different etiolo-
gies. Adenosine deaminase values were compared between tuberculous and non-tuberculous groups and difference in these 
values was statistically significant (*p<0.01 for ADA). Adenosine deaminase estimation in pleural fluid has long been taken 
as a marker for tuberculous pleurisy. ADA levels in non-tuberculous exudative pleural effusions rarely exceeded the cutoff; 
set for tuberculous disease. The pleural fluid ADA levels were significantly higher in tuberculous exudative pleural effusions 
when compared with non-tuberculous exudative pleural effusions. 
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1. Introduction 
Tuberculosis (TB) is a serious global health problem, as 

one-third of the world population is estimated to be infected 
with Mycobacterium tuberculosis, and eight milion new 
active cases occur annually[1]. Delay in diagnosis and in the 
start of effective treatment results in poor prognosis and 
sequalae in upto 25% of cases[2]. Conventional methods of 
diagnosis of tuberculosis were evaluated and all of them 
were found to have low sensitivity and specificity. Adeno-
sine deaminase(ADA) catalyses the conversion of adenosine 
to inosine, a stage of purine metabolism. Since 1978, when 
ADA activity was found to be high in tuberculous pleural 
exudates[3], ADA has been used in the diagnosis of tuber-
culous pleural effusions[4–7]; overall, its sensitivity in this 
role has been 99% and its specificity 93%[8]. ADA has two 
principal isoenzymes, ADA-1 and ADA-2, which have dif-
ferent optimal pH, Michaelis constants and relative substrate 
specificity patterns[9]. ADA-1 has roughly equal affinities 
for adenosine and 2'-deoxyadenosine, with a 2'-deoxyadeno- 
sine deaminase/ ADA activity ratio of approximately 0.75; it 
is found in many tissues. ADA-2 has much greater affinity 
for adenosine (2'- deoxyadenosine deaminase/ADA activity 
ratio approximately 0.25), and is found only in macro-
phages[10], which release it when stimulated by the pres-
ence of live micro-organisms in their interior[11]. The high 
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ADA activities in tuberculous pleural effusions are largely 
due to ADA-2, in view of which GAKIS and co- work-
ers[12]. 

Usefulness of adenosine deaminase (ADA) estimation in 
pleural fluid has been shown as a reliable chemical bio-
marker specially when there is suspicion of tuberculosis in 
endemic areas. Sometimes the increase is marked in early 
stages of the disease and in some other conditions with neu-
trophillic effusions like in parapneumonic and empyema[13]. 
Researchers have established that ADA level rarely exceeds 
the cut-off set for tuberculous effusion in non-tuberculous 
lymphocytic effusions[14]. The purpose of this study is to 
find out the role of ADA estimation in differentiation of 
tuberculous and non-tuberculous exudative pleural effu-
sions. 

2. Materials and Methods 
We evaluated 140 consecutive cases of patients with 

symptomatic exudative lymphocytic pleural effusion ac-
cording to Light’s criteria (Heffner et al 1997). After the 
routine procedure of informed consent, a detail history, a 
through physical examination and routine investigations 
were done in all the patients. The diagnostic criteria were 
adopted to label a case as tuberculous were as follows: 1) 
Presence of acid –fast bacilli. 2) Bacteriological confirma-
tion of presence of Mycobacterium tuberculosis (direct 
smear or culture or histological finding). 3) Radiological 
findings consistent with TB.4) a response to antituberculous 
drugs revealed by an improvement of clinical symptoms 
and/or a clearing of chest radiograph. 
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A malignancy was diagnosed when neoplastic pleural 
tissue and/or fluid cytology were identified. In infectious 
disease effusion, patient had a history of fever and pulmo-
nary infiltrate with complete response to antibiotic therapy; 
pulmonary thromboembolism patients presented with typical 
dyspnoea of sudden onset,while in pancreatitis the histology 
is characterized by lymphoplasmocytic infiltration especially 
around the pancreatic ducts . 

Pleural fluid and blood samples were taken at the same 
time from fasting patients. Both samples were centrifuged 
for 10 min at 1,000xg, and the supernatants were used for 
assay. Pleural biopsies were performed with a COPE nee-
dle[15] or ABRAMS needle[16], except when a transudate 
was suspected. 

Adenosine deaminase estimation was done by Blake- 
Berman method[17] which is comparable with the Giusti- 
Galanti method as is established by a meta-analysis of 2251 
cases[18]. Adenosine deaminase Level of more than 40 U/L 
is taken as cut-off for tuberculosis, same value was taken by 
other workers also[19]. 

2.1. Statistical Analysis 

Results are expressed as Mean ± SD. The statistical 
analyses applied included the standard normal variate test, to 
analyze the difference between tubercular (n =80) and 
non-tubercular (n = 60). The statistical significance of dif-
ferences between means was estimated. 

3. Results 
In our study, 140 samples were thus included between the 

age group of 14 to 60 years. Male: Female ratio is 3: 1. Tu-
berculous group had 80 samples while non-tuberculous 
group had 60 samples. Non-tuberculous group included 
different etiologies, namely, malignancy (n = 20), infectious 
diseases (n = 9), pancreatitis (n= 12) Chronic nonspecific 
inflammation (n = 19), (Table 1).Out of 80, only 10 cases 
(12.5%) were confirmed as having tuberculosis by bacte-
riological confirmation of presence of Mycobacterium tu-
berculosis 

Table 1.  Distribution of the Cases According to Accepted Criteria 

Group Disease Number of Cases 

Tuberculosis 
(n = 80) 

Non-Tuberculosis 
(n = 60) 

Tuberculosis 80 

Malignancy 20 

Pancreatitis 12 

Infectious diseases 
Chronic nonspecific 9 

inflammation 19 

In tuberculous group the mean ± SD of ADA was 54.50 ± 
26.38 while collectively in non-tuberculous group it was 
29.28 ± 16.99 (Table 2). 

Amongst different groups in non-tuberculous disease: in 

malignant group of mean ± SD was 17.96 ± 9.1, Pancreatitis 
mean ± SD was 19.80 ± 8.9 in infectious disease group mean 
± SD was 13.8 ± 8.36, in pulmonary thromboembolism mean 
± SD was 17.09±9.66. 

In tuberculous group the mean ± SD of ADA-2 was 
63.34±19.06 while collectively in non-tuberculous group it 
was 31.99±9.9 (Table 2).Amongst different groups in 
non-tuberculous disease: in malignant group mean ± SD was 
20.97±8.3, Pancreatitis mean ± SD was 43.8±1.9 in infec-
tious disease group mean ± SD was 17.3±8.1, in pulmonary 
thromboembolism mean ± SD was 29.3±11.3 

Table 2.  ADA with Mean ± SD in Different Groups 

Aetiology ADA ADA-2 p-value of 
ADA groups 

Tuberculosis  
Non-Tuberculous 54.50±26.38 63.34±19.06 

0.0006 
(p<0.01)* 

Between tu-
berculous and 
overall of non- 

tuberculous 

Over all 29.28±16.99 31.99±9.9 
Malignancy 17.96 ± 9.1 20.97±8.3 
Pancreatitis 19.8 ± 8.9 43.8±14.9 

Infectious diseases 13.8 ± 8.36 17.3±8.1 
Pulmonary 

Thromboembolism 17.09±9.66 29.3±11.3 

Adenosine deaminase level in all 80 samples of tubercu-
lous group was above diagnostic cut-off (40 U/L); while in 
non-tuberculous group only few sample was above cutoff. 

Adenosine deaminase values were compared between 
tuberculous and non-tuberculous groups and difference in 
these values was statistically significant. On comparing the 
ADA values amongst different non-tubercular groups; the 
difference was statistically significant between over all of 
non tuberculous and malignant group (*p<0.01 for ADA) 
and pancreatits group and ADA-2 also shows statistically 
significant between over all of non tuberculous and tuber-
culous group (Table 2). 

4. Discussion 
Exudative lymphocytic pleural effusions are commonly 

encountered in clinical practice but they often constitute 
difficult diagnostic problems. The two most common causes 
are malignancy and tuberculous effusions[20]. For tubercu-
losis, the limitation of diagnostic tests are few positive 
staining and culture from pleural fluid, and time consuming 
for identification[21]. Adenosine deaminase is considered an 
indicator of cell-mediated immunity and is found mainly in T 
lymphocytes and macrophages[22]. Since the initial proposal 
of Piras et al, many studies have confirmed the utility of 
ADA for diagnosis of tuberculous pleural effusion[23-26] 
though some have questioned its diagnostic value[27-30]. 

In patients with tuberculous exudative pleural effusion, 
neutrophils predominate in the early stages of the disease, 
while abundant mononuclear cells is a classical finding later 
and is believed to be due to the proliferation and differen-
tiation of lymphocytes which release lymphokines, which in 
turn activate macrophages for an enhanced bactericidal ac-
tivity[31,32]. Even pleural fluid cytology takes a back seat 
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while investigating the cause of an exudative pleural effusion, 
and is usually just evidence supporting our final diagnosis. 

Adenosine deaminase estimation in pleural fluid has long 
been taken as a marker for tuberculous pleurisy. Levels 
above 40 U/L indicate pleural tuberculosis with sensitivity 
81 to 100% and specificity 83 to 100%[33-35], while some 
other workers have observed that this cut-off indicates a still 
higher sensitivity of 90 - 100% and specificity of 89- 
100%[36-41]. There are several known isoforms of ADA, 
which arise from different gene loci[42] out of which ADA-1 
is found in all cells including lymphocytes and monocytes, 
while ADA-2 is found exclusively in monocytes[43]. ADA- 
2 isoform is the one raised in tuberculous pleurisy, ac-
counting for almost 88% of total ADA activity. Rise in 
ADA-1 activity is more commonly associated with pyogenic 
bacterial infection of the pleural cavity, contributing to a 
median 70% of total ADA activity[44]. However there is no 
clear advantage of using the ADA-2 over the total ADA 
activity in clinical practice[45]. The total ADA activity assay 
is in fact preferred for its rapid turnover and low cost. 

ADA levels can play a very significant role in differenti-
ating cases of exudative pleural effusion into tuberculous and 
non-tuberculous. Thus ADA can be used for ruling out sus-
pected cases of tuberculosis and can be a very effective 
screening test. India has a high prevalence of tuberculosis 
and the sensitivity and specificity of this test will be high in 
this population. Therefore ADA estimation being a simple, 
low cost, rapid and non-invasive test should become an 
integral part of the diagnostic work up of exudative pleural 
effusions in suspected cases of tuberculosis 

5. Conclusions 
In conclusion, we believe that high ADA activity in tu-

berculous effusions is due mainly to an increase in ADA-2 
activity, and is therefore probably produced by mono-
cytes/macrophages. In this study, ADA levels in non- tu-
berculous exudative pleural effusions rarely exceeded the 
cutoff; set for tuberculous disease. The pleural fluid ADA 
levels were significantly higher in tuberculous exudative 
pleural effusions when compared with non-tuberculous 
exudative pleural effusions. Adenosine deaminase level of 
less than 40 U/L practically excludes the tubercular etiology 
in exudative pleural effusion cases and thus may be useful in 
differentiating tuberculous etiology from others in exudative 
pleural effusion.  
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