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ABSTRACT 
Background: Determination of adenosine deaminase (ADA) activity is one of the most promising markers in diagnosing of 

tuberculous pleural effusion. ADA has two main isoenzymes: ADA1 and ADA2.The ADA2 is the predominant isoform in 

tuberculous pleural effusion, suggesting its important role as a diagnostic marker. 

This study was conducted to determine the diagnostic value of ADA and ADA2 measurement in tuberculous pleural effusion. 

Materials and Methods: Total ADA and ADA2 isoenzyme activities were measured in 93 case of pleural effusion, including 

tuberculosis (26males/5females), malignancy (22males/8females), empyema and para-pneumonic (11males/4females), 

transudate (6males/4females), rheumatoid arthritis and idiopathic (4males/3females). ADA levels were determined by Giusti 

and Galanti methods. ADA2 was measured with a potent inhibitor of ADA1 isoenzyme. 

Results: Total ADA and ADA2 activities in tuberculous exudates were 96.6±29.1 and 74.4±29 U/L, respectively. With 

diagnostic thresholds of 46 and 42 U/L, the sensitivities of ADA and ADA2 for tuberculous exudates were 100% and 97%; 

their specificities 82 and 88%; and their efficiencies 88% and 93.5%, respectively. All  tuberculous exudates, 2 neoplastic,     

8 para- infective (including  4 empyemas) and one rheumatoid arthritis had total ADA levels >46 U/L; of these, only one 

lymphoma and one rheumatoid arthritis had ADA2/ADA activity ratio >50%.  

Considering simultaneous criteria of total ADA more than 46U/L, ADA2 >42 U/L and ADA2/ADA more than 50%, we had only 

two false positive results, rising the specificity up to 96%. 

Conclusion: 1. ADA2 is a more efficient diagnostic marker for Tuberculous pleural effusion compared with total ADA. 

2. Overall, diagnostic value of ADA would be enhanced by the determination of its isoenzymes, especially for distinguishing 

between the tuberculous and para-infective effusions. (Tanaffos 2005; 4(15): 37-42) 
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INTRODUCTION 
Diagnosis of tuberculous pleural effusion is 

difficult due to low sensitivity of the various standard 
diagnostic tools. The diagnosis can be established by 
demonstrating elevated levels of adenosine 
deaminase(ADA) or interferon gamma in the pleural 
fluid(1). However, other diseases can also have 
elevated ADA levels including; para-infective 
effusions, malignancies, and collagen vascular 
disease. For an adequate interpretation of pleural 
ADA, it is important to highlight the fact that ADA is 
represented by two isoenzymes: ADA1 (consisting of 
two dimmers) and ADA2. Both, deaminate adenosine 
and 2′deoxyadenosine to inosine and 2′deoxyinosine 
respectively. ADA1 is found in all cells with optimal 
pH of 7-7.5 and similar affinity for both substrates. 
ADA2 is not ubiquitous and exists only in monocyte-
macrophages, with optimal pH of 6.5, and weak 
affinity for 2′deoxyadenosine (2,3). ADA2 is the 
predominant isoform in tuberculous pleural effusion, 
whereas ADA1 is elevated in empyema (3). This 
would suggest that ADA2 is the more efficient 
marker of tuberculous pleural effusion.  

However, the diagnostic efficiency of this 
isoenzyme measurement is controversial and 
sufficient data is not available in Iran.                                                 

We studied the diagnostic value of total ADA and 
ADA2 isoenzyme in tuberculous pleural effusion.  

 
MATERIALS AND METHODS 

We studied 93 consecutive patients with pleural 
effusion who were admitted to our center. The 
diagnostic criteria were as follows: Congestive heart 
failure: compatible clinical and radiological findings; 
Tuberculosis: presence of acid-fast bacilli in pleural 
fluid or, sputum, or presence of necrotizing 
granuloma in biopsy specimens; Malignancy: 
neoplastic cells found in biopsy or cytology; 
Parapneumonic: association with pneumonia; Lung 
abscess or bronchiectasis and empyema: presence  of  

 
purulent fluid, or positive culture of pleural fluid; 
Rheumatoid arthritis with clinical history, and 
idiopathic cases with no specific cause were 
identified. On the basis of these diagnoses, 5 groups 
were identified as follows: Group 1, tuberculosis (n: 
31, 26 males/ 5 females, aged 15-82yrs); Group 2,  
malignant exudates (n:30, 22 males/ 8 females, aged 
28-86yrs); Group3, para-infective exudates,  
including empyema and parapneumonic exudates      
( n:15, 11 males/ 4 females, aged 20-83yrs); Group4, 
transudate (n:10, 6 males/ 4 females, aged 47-84yrs ); 
Group 5,  others ( n:7, 4 males /3 females, aged 47-
80 yrs).(table-1) 
 
Table 1. Etiology of pleural effusions. 

 

Etiology 
Sex M: F 

ratio 
Age years No 

Tuberculosis 5.2 15 -82(mean 42) 31 
Malignancy 2.7 28-86(mean56.7) 30 
Mesothelioma                 2 
Lymphoma                      1 
Synovial sarcoma   1 
Metastatic carcinoma   26 
Para-Infective 2.7 20-83(mean49) 15 
Empyema   4 
Para pneumonic   11 
Transudative 1.5 47-84(mean70) 10 
CHF     9 
COPD   1 
Others 1.5 47-80(mean62) 7 
Idiopathic   5 
Rheumatoid   arthritis   2 

 
Pleural fluid was obtained and centrifuged for 10´ 

at 1000 xg and the supernatants were removed and 
Stored in -70°C. ADA activity (U/L at 37°C) was 
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determined calorimetrically by Giusti and galanti 
methods (4). Adenosine was used as substrate and 
the release of ammonium ion was determined by 
reaction with 1.5cc of phenol nitropruside (106 mM 
phenol plus 0.17 mM sodium nitropruside ) in the 
presence  of  1.5 mL of sodium hypochlorite (11mM 
NaCl plus 125mM NaOH), for 30 minutes and 
absorption of 628 nm, then being read by a 
spectrophotometer. For ADA2 activity, the same 
technique was used with increasing, Erythro-9-(2-
hydroxy -3-nonyl) adenine (EHNA) which is a potent 
inhibitor of only ADA1 isoenzyme and a 
concentration of 200 µmol/L was used in the reaction 
solution. 

To control the presence of  ammonium present 
before addition of exogenous adenosine, untreated 
samples were run in parallel. The results were 
expressed in U/L. 
Statistical Analysis  

The variables of ADA and ADA2 were expressed 
as mean ±SD for each disease groups. 

The statistical significance of differences between 
means was estimated by wilcoxon ranks sum test due 
to the absence of normal distribution. The Roc curve 
analysis was used for sensitivity and specificity. 
Correlation between variables was estimated with r 
(Pearson correlation coefficient) and or spearman. 
P<0.05 was considered as significant. 

 
RESULTS 

Table-2 lists the mean and standard deviation of 
total ADA and ADA2 in pleural fluids for each group 
of patients. The inter-mean differences between the 
tuberculosis group and other groups estimated with 
Mann Whitney U test were statistically significant 
for two variables; ADA and ADA2 (p<0.05). The 
correlation coefficient (r value) between total ADA 
and ADA2 in tuberculosis group was 0.9 (p <0.05). 

Figure 1 shows the total pleural ADA activities of 
each group of patients. All the tuberculous effusions 
had total ADA activities of 46U/L or more, whereas 

two of 30 malignant cases, 8 of the 15 cases of para-
infective effusions, 1 case in others group, and none 
of the transudate group had ADA activities above 
this level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Total adenosine deaminase activity (ADA) of pleural 
fluids; Tuberculosis (TB), Malignancy (Mal), Para infective 
(Para), Transudate (Tra), Others (Oth). 
 

Figure 2 shows the pleural ADA-2 activities of 
each studied group. All the tuberculous effusions had 
pleural ADA2 activities of 36 U/L or more, whereas 
27 of the 30 malignant cases, 11 of the 15 para-
infective cases, including all para-pneumonic 
effusions, and 6 of the 7 others group had ADA2 
lower than this level.  
 
Table 2. Total adenosine deaminase (ADA) and adenosine 
deaminase isoenzyme 2(ADA2) activities of pleural fluids in 
diagnosed subgroups. 
 

DISEASES ADA(u/l) 
Mean±SD 

ADA-2,D(u/l) 
Mean±SD 

Tuberculosis 96.6 ± 29.1 74 ± 28.6 
Malignancy 28.8 ± 17.1 20.0 ± 10.3 
Para-infective 68.0 ± 62.6 24.3 ± 17.4 
Transudates 18.2 ± 6.9 13.4 ± 4.4 
Others 40.2 ± 43.7 30.1 ± 36.2 
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Figure 2. Adenosine deaminase 2 (ADA2, D) activity of pleural 
fluids: Tuberculosis (TB),   Malignancy (Mal), Para infective 
(Para), Transudate (Tra), Others (Oth)   
 

With diagnostic thresholds of 46 and 42 U/L, the 
sensitivities of ADA and ADA2 for tuberculosis 
were 100% and 97% respectively; their specificities 
were 82% and 88%; and their efficiencies were 88% 
and 93.5%, respectively.  

 The 5.5 percent difference between the efficiency 
of ADA and ADA-2 was significant. 

All  tuberculous exudates, 2 neoplastic, 8 para- 
infective effusions (including  4 empyemas) and one 
rheumatoid arthritis had total ADA levels >46 U/L; 
of these, only one lymphoma and one rheumatoid 
arthritis had ADA2/ADA activity ratio >50%. 

 Considering simultaneous criteria of ADA more 
than 46 U/L and ADA2/ADA more than 50%, we 
had only two false positive results (one lymphoma 
and one rheumatoid arthritis) which increase the 
specificity up to 96%. 

 
DISCUSSION 

In this study all tuberculous pleural effusions had 
high total ADA activity, mostly due to ADA2 
isoenzyme (median activity of 70%). Most of the 
false positive results belonged to para-pneumonic 
effusions including empyema; of which, all had 

ADA2/ADA ratio lower than 50%. 
High levels of ADA in pleural fluids of patients 

with TB pleurisy have been confirmed by all authors 
with cut off value between 40-70 u/l, with sensitivity 
and specificity ranging from 88 to 100%, and 81-
97%, respectively (5-9).Depending on the chosen cut 
off point, the sensitivity and specificity is different. 
However, in the countries with high prevalence of 
TB pleuritis, the high sensitivity is more important. 
Using Roc curve, and choosing 46U/L as a cut off 
point, we found sensitivity of 100% and specificity 
of 82%. High levels of ADA can also be found with 
less frequency in patients with other diagnoses, 
particularly empyema, parapneumonia, lymphoma, 
carcinoma, and collagen vascular disease.  

For an adequate interpretation of pleural ADA, it 
is important to highlight the fact that ADA has two 
main isoenzymes; ADA1 and ADA2. Both 
deaminate mainly two nucleosides: adenosine and 
2′deoxyadenosine. ADA1 is ubiquitous and 
guarantees the downregulation of both nucleosides. 
ADA2 coexists with ADA1 only in monocytes-
macrophages. It is necessary to consider ADA1 and 
ADA2 as a system that acts in homeostasis of 
adenosine and 2′deoxyadenosine in monocyte- 
macrophages (10). Both isoenzymes have similar 
affinity for the substrate adenosine, whereas ADA2 is 
very week for the substrate 2′deoxyadenosine. 
Through the simulation model STELLA II, Gakis 
(10) has demonstrated that in monocytes-
macrophages the adenosine level is always low, 
whilst, in certain conditions, the 2′deoxyadenosine 
level rises dramatically owing to an increase of 
ADA2. This occurs when these cells are infected by 
intracellular microorganisms and while the parasite is 
still alive. 2′deoxyadenosine is deleterious for nucleic 
acid and ADA1-ADA2 homeostatic system may be a 
tool in the production of a weapon of monocytes-
macrophage against Mycobacterium tuberculosis. 
The ADA of TB pleuritis mainly represents the 
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activation or turn over of monocyte-macrophages, 
more closely related to ADA2 (11-15). In this regard, 
it seems necessary to define the contribution of the 
ADA isoenzymes for diagnosis of tuberculous 
pleuritis. 

In our study, all the tuberculous effusions had 
total ADA activities above 46U/L (sensitivity of 
100%). This level was also present in 11 of non-
tuberculous effusions mostly para-infective exudates 
(8 cases). ADA2 measurement increased specificity 
and considering ADA2 of more than 42U/L, only 
empyematous exudate (4 cases), one lymphoma and 
one RA had this level of activity. 

Para-infective effusions including empyema had a 
high ADA activity and ADA1 was the predominant 
isoform due to significant numbers of 
polymrphonuclear. All the empyema in this study 
had ADA2/ADA ratio of lower than 50%. 

Considering ADA2/ADA ratio more than 50%, all 
para-infective groups were excluded and only two 
false positive results were present, which increase 
specificity up to 96%. 

If ADA assay is not performed for empyema 
fluid, one can avoid most false positive results due to 
an elevated ADA1 as shown by other authors.  

In these conditions; however, ADA2 activity is 
lower than 50% of total ADA activity.  

In malignant effusion, only one lymphoma had 
total ADA and ADA2 above the mentioned cut off, 
as in other studies (4, 16). Although, none of the 
other malignancies had this high level of activity, as 
previously described by others (7, 8, 10, 17). 
However, cytological examination can differentiate 
malignancy from tuberculosis. 

Also, high ADA and ADA2 activities were noted 
in rheumatoid arthritis. The diagnosis of RA is solely 
based on clinical history and exclusion might be 
easy.  

Using a sensitive test for early diagnosis and 
treatment is very important, regarding high 

prevalence of TB in our country. Determination of 
total ADA and then, its isoenzymes in selective cases 
gives the highest specificity and sensitivity. Those 
studies which do not recommend ADA2 
measurement belong to the countries in which the 
disease is less prevalent such as the USA (18). The 
high cost of the test is another reason for the ADA2 
measurement not to be in routine uses (19). 

 
CONCLUSION  

In tuberculous pleural effusion, there is a high 
ADA activity which is mostly due to ADA2 
isoenzyme (median of 70% of total activity). 

Determination of the individual isoenzymes could 
help in distinguishing between the various causes of 
increased ADA activity in effusions, especially 
between tuberculosis and para-infective causes. 
Overall, diagnostic value of ADA measurement 
would be enhanced by the determination of its 
isoenzymes.  
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