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Abstract 
Introduction Tuberculosis is still a considerable health problem in many countries. Rapid diagnosis 

of this disease is important, and adenosine deaminase (ADA) has been used as a diagnostic test. The aim 
of this study was to assess the diagnostic value of ADA in the sputum of patients with pulmonary 
tuberculosis.  

Methods The current study included 40 patients with pulmonary tuberculosis (culture positive, 
smear ±) and 42 patients with non tuberculosis pulmonary diseases (culture negative). ADA was 
measured on all of the samples. 

Results The median value of ADA in non-tuberculosis patients was 2.94 (4.2) U/L and 4.01 (6.54) 
U/L in tuberculosis patients, but this difference was not statistically significant (p=0.100). The cut-off 
point of 3.1 U/L had a sensitivity of 61% and a specificity of 53%, the cut-off point of 2.81 U/L had a 
sensitivity of 64% and a specificity of 50% and the cut-off point of 2.78 U/L had a sensitivity of 65% and 
a specificity of 48%. The positive predictive values for cut-off points of 3.1, 2.81 and 2.78 U/L were 
55.7%, 57.44% and 69.23%, respectively. The negative predictive values for the abovementioned cut-off 
points were 56.75%, 57.14% and 55.88%, respectively. 

Conclusion Our results showed that sputum ADA test is neither specific nor sensitive. Because of its 
low sensitivity and specificity, determination of sputum ADA for the diagnosis of pulmonary 
tuberculosis is not recommended.  
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Introduction 1 
One hundred years after the discovery of 

tuberculosis bacillus, the disease is still one of the 
considerable health problems in many human 
societies. In general, 8.5 million people have been 
stricken by tuberculosis (TB) each year and 1.3 
million of them died (including 320,000 deaths 
among people who are HIV positive).1 According 
to the last record of WHO, Iran has the lowest 
incidence rate of tuberculosis among the 
neighbors.2 Rapid diagnosis of symptomatic 
disease is a base for proper disease management, 
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and the gold standard test for diagnosis is 
mycobacterial culture. However, the growth of 
tubercle bacilli in culture medium requires six 
weeks and the determination of sensitivity to 
drugs also needs three to six more weeks,3 while 

semi-automated and fully-automated continuous 
monitoring systems for growth and detection of 
mycobacteria are commercially available. With 
each system, bottles are incubated in the specific 
instrument, where they are monitored for 
changes in production or production and 
consumption of various gases, indicating growth 
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of mycobacteria. However, these systems are 
expensive and not available in every laboratory.4 
Other diagnostic methods have their own 
difficulties, for example the sensitivity of Ziehl-
Neelsen stain is 10% to 40%. Polymerase chain 
reaction (PCR) is a rapid, sensitive and specific 
method for the diagnosis of tuberculosis and the 
result is generally available in a day or two. PCR 
has a high specificity (78% to 100%) but 
according to the method which is used, its 
sensitivity differs from 20% to 90%. The 
sensitivity of this test depends on the type of 
primer used, the sequence of the multiplied 
genome, the number of mycobacteria and the 
existence of proliferation inhibitors.5 In addition, 
this method is not available in every laboratory. 
Consequently, application of a rapid, cheap and 
available test seems necessary. Since 1978, 
adenosine deaminase (ADA) has been used as a 
diagnostic test in tuberculous effusions.6 ADA 
plays an important role in the process of 
lymphocyte differentiation7 as ADA is a 
molecular product of purine which contains a 
sugar molecule, namely ribose. This enzyme 
irreversibly converts adenosine to inosine and 
deoxyadenosine to deoxyinosine, and the speed 
rate of this reaction gives an account of enzymatic 
activity, calculated as ADA concentration in the 
laboratory.8 A meta-analysis of studies done from 
1966 to 1999 displayed that the efficiency of the 
ADA test in diagnosing tuberculous pleural 
effusion was acceptable and it was reported that 
its sensitivity varied from 47.1% to 100% while 
its specificity ranged from 0% to 100%.5 This 
meta-analysis is representative of the diversity of 
results among the published studies. On the 
other hand results of a systematic review which 
was done in 2007 showed that there is no 
evidence on the usefulness of ADA in the 
diagnosis of pulmonary tuberculosis.9 In 
addition, the reported ADA cutoffs are often 
derived from studies based on different methods 
of ADA evaluation. Although a review article has 
confirmed the sensitivity and specificity of ADA 
in the diagnosis of tuberculosis of the 
pericardium, central nervous system, peritoneum 
and pleura,3 there are few studies on the value of 
the measurement of ADA in obtained samples 
using non-invasive methods such as sputum.10-13 

In the current study, we have assessed the 
diagnostic value of ADA in sputum in patients 
with suspected pulmonary tuberculosis. 

 
Methods 
We performed a cross-sectional study on the 

patient population of the Nikoopoor Health 
Center, Yazd, Iran. Briefly, the inclusion criteria 
selected all patients suspected to have pulmonary 
tuberculosis and who had received no treatment. 
Eighty two patients suspected of pulmonary 
tuberculosis were transferred to the Nikoopoor 
Health Center along with their sputum samples 
(tuberculosis reference laboratory), and were 
divided into two groups – patients with 
pulmonary tuberculosis (smear-positive and 
culture-positive, or smear-negative and culture-
positive) and patients with non-tuberculosis 
pulmonary diseases (smear-negative and culture-
negative). The sputum was naturally 
expectorated in all of the patients. As a result, 
contamination with saliva and/or nasal 
secretions was similar among the two groups. 
Egg-based (Löwenstein-Jensen) solid medium was 
used for mycobacterial culture. All cultures were 
incubated at 37°C in an atmosphere of 5-10% 
carbon dioxide (CO2) and examined weekly for 
at least 6 weeks. Meanwhile, an ADA enzyme 
test was done on all of the samples at the time of 
reception regardless of smear and culture 
response, to compare the groups considering 
ADA enzyme activity. To do this test (Diazyme, 
Poway, CA, USA), sputum was initially 
homogenized with 70 millimol phosphate buffer 
(pH: 6.0) containing 0.5 mol NaCl and then 
stored at a temperature of 4°C for 12 hours and 
centrifuged at 16,000 rpm for 30 min at a 
temperature of -4°C. Finally, the samples were 
all kept at -70°C to be analyzed. After getting the 
results of ADA, the statistical significance of 
differences between median values was estimated 
by Kruskal-Wallis and Mann-Whitney U tests, as 
the distribution of the variables was abnormal. 
Receiver operating characteristic (ROC) curve 
was generated for ADA values and its accuracy 
was measured by the area under the ROC curve. 
A p value <0.05 was considered statistically 
significant. Statistical analyses were performed 
using SPSS.16 (SPSS Inc., Chicago, IL, USA). 
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The research was based on Helsinki declaration 
ethical principles and written informed consent 
was obtained from all participants. 

  
Results  
The study included 40 patients with 

pulmonary tuberculosis (culture-positive, smear ±) 
and 42 patients with non-tuberculosis pulmonary 
diseases (smear-negative, culture-negative). The 
patients were stratified into 4 groups based on 
age, ≤30 (16 patients), 31-45 (11 patients), 46-60 
(21 patients), >60 (34 patients); 33 patients were 
women (40.2%) and 49 patients were men 
(59.8%). Of all participants in this study, 62 
patients (75.6%) were Iranian and 20 patients 
(24.4%) were non-Iranian. Despite negative 
culture, 4 patients received anti-tuberculosis 
therapy, owing to their clinical symptoms. Their 
ADA values were 3.8, 2.78, 2.65 and 2.75 U/L, 
respectively. 

The median value of ADA did not differ 
statistically between tuberculosis and non-
tuberculosis patients (p=0.100), nor between 
genders (p=0.500) and age (p=0.200, Table 1). 
However, the median value of ADA in non-
Iranian patients was significantly higher than in 
Iranian patients (p=0.006). 

When ascertaining the optimum cut-off 
points of the ROC curve (Table 2, Figure 1), the 

 
Table 1. Comparison of median ADA value 
according to study group, gender, age and race 
 

Characteristics           
Median 

ADA value 
(U/L) 

IQR P-value 

Study 
group 

TB (n=42) 4.01 6.54 
0.100 Non-TB 

(n=40) 
2.94 4.2 

Gender 
Female 2.78 5.29 

0.500 
Male 3.96 5.08 

Age 

<30 4.56 8.07  
0.200 

 
 

31-45 2.20 2.48 
46-60 3.16 9.78 
>60 3.33 4.29 

Race 
Iranian 2.96 3.76 

0.006 
Afghans 6.21 13.9 

ADA – adenosine deaminase; IQR – interquartile 
range; TB – tuberculosis 

cut-off point of 3.1 U/L had a sensitivity of 61% 
and a specificity of 53%, the cut-off point of 2.81 
U/L had a sensitivity of 64% and a specificity of 
50% and the cut-off point of 2.78 U/L had a 
sensitivity of 65% and a specificity of 48%. The 
positive predictive value (PPV) for cut-off points 
of 3.1, 2.81 and 2.78 U/L was 55.7%, 57.44% 
and 69.23%, respectively. The negative predictive 
value (NPV) for the above-mentioned cut-off 
points was 56.75%, 57.14% and 55.88%, 
respectively. The accuracy of the ROC curve in 
diagnosing tuberculosis and non-tuberculosis 
cases was measured by the area under the curve, 
which was 59%, non-suggestive for accuracy 
(Figure 1). 

 
Table 2. Sensitivity and specificity of sputum 

ADA cut-off points 

Cut-off point 
(U/L) 

Sensitivity Specificity 

3.1 61% 53% 
2.81 64% 50% 
2.78 65% 48% 

 

 
Figure 1. Receiver operating characteristic curve 
for the ability of sputum ADA to differentiate 

patients with pulmonary tuberculosis 
 
Discussion 
Our results showed that ADA values in the 

sputum of patients suffering from pulmonary TB 
were higher than in non-tuberculosis patients, 
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however, this difference was not meaningful. 
Normally, the ADA level in macrophages and 
monocytes is low, except when these cells are 
triggered by the infection with intracellular 
microorganisms, and it has been shown that this 
increase is related to the rise in ADA-2 level.14 A 
review article has confirmed the sensitivity and 
specificity of ADA in diagnosing tuberculosis of 
the pericardium, central nervous system, 
peritoneum and pleura.3 Measuring the ADA 
level is currently considered the gold standard in 
developing countries for diagnosing pleural 
tuberculosis.15 One study showed that serum 
ADA levels are significantly higher in TB 
patients compared with controls.16 The 
outcomes of the study conducted by Alatas et al. 
indicated that ADA levels in pulmonary TB 
patients were higher than in the control 
population, and that ADA levels in patients with 
tuberculosis pleurisy were higher than in 
patients with other tuberculosis manifestations.17 
In a study that investigated extrapulmonary TB 
cases, there was a statistically meaningful 
distinction in the ADA level in tuberculosis and 
non-tuberculosis disease, and the ADA level in 
effusions had a considerable value, accuracy, and 
sensitivity in differentiating tuberculosis cases 
from non-tuberculosis cases. Therefore in TB 
endemic countries, patients with raised ADA 
levels could be considered to have tuberculosis 
where acid-fast bacilli positivity is low.18 The 
results of some studies have shown that 
measuring ADA levels in serum and 
bronchoalveolar lavage fluid can be effective in 
differentiating between pneumonia, pulmonary 
TB and lung cancer.19,20 However, few studies 
have investigated the diagnostic value of ADA in 
the sputum. In fact Dimakou et al.11 were among 
the first to show that the value of ADA in 
sputum in patients suffering from TB was higher 
than in patients suffering from lung cancer, both 
in individuals with positive and negative smear. 
Again in 2009 Dimakou12 showed that the ADA 
level in the sputum of tuberculosis patients was 
higher than in patients suffering from lung 
cancer. But another study which was conducted 
by Dilmac indicated that, because of a low 
sensitivity, the routine measurement of ADA in 
sputum was not appropriate in the diagnosis of 

pulmonary TB, but that it can be effective in 
diagnosing patients who strongly are suspected 
to suffer from TB and who had negative smear.10 
Another study showed that the ADA level in the 
sputum of the patients suffering from TB was 
significantly higher than in patients with lung 
cancer (particularly ADA-2).13 In another study 
the average sputum ADA and alkaline 
phosphatase activity were significantly higher in 
pulmonary TB in comparison with lung cancer, 
and authors concluded that this test could be 
useful in diagnosing pulmonary TB.7 In a recent 
study sputum ADA appeared to be more 
sensitive compared with serum ADA in the 
diagnosis of pulmonary tuberculosis, with a 
statistically significant positive correlation 
between sputum and serum ADA.21 

In the present study the ADA values in the 
sputum of patients suffering from pulmonary TB 
were higher than in non-tuberculosis patients, 
but this difference was not meaningful. The 
reason for this difference between the present 
study and other studies can be related to the 
difference in measuring ADA, TB epidemiology, 
race and dissimilarities in control groups. Two 
main ways for measuring ADA are Giusti and 
non-Giusti. In the method of Giusti22 ammonia 
is measured with Berthelot’s reaction which is 
not easily automated. Diazyme however is one of 
the non Giusti-methods. Song et al. noted a 
significant difference in ADA levels between 
different methods.23 In the present study the 
Diazyme method was used, which is a non-Giusti 
method while in other studies the Giusti 
method was used. It is also important to evaluate 
new methods for measuring ADA in comparison 
with clinical outcomes. On the other hand it has 
been shown that using the various ADA 
isoenzymes and the isoenzyme ratio can be 
effective in the segregation of different reasons 
of increasing ADA in body fluids. In our study 
we were not able to measure ADA isoenzymes, 
because the kit was not available at that time in 
our city. In addition the extraction of ADA from 
the sputum is difficult and high levels of viscid 
DNA and proteases from various inflammatory 
cells in the sputum can have an impact on the 
assay.24 



Sputum adenosine deaminase level in pulmonary tuberculosis – Binesh et al.• Original article 
 

www.germs.ro • GERMS 6(2) • June 2016 • page 64 

Determining the cut-off point in the obtained 
sensitivity and specificity in different studies is 
effective. A meta-analysis5 found that the 
reported cut-off point in different studies was 
between 30 and 71 U/L. According to the cut-
off point which has been used in different 
researches, sensitivity, specificity, PPV, and NPV 
have been reported differently, and therefore the 
outcomes of different studies must be 
interpreted cautiously. Since there is no program 
in order to standardize the ADA results, 
determining a cut-off point for ADA must be 
dependent on the type of method and defined 
separately for each area. TB epidemiology is 
another important factor. Studies have shown 
that in areas in which tuberculosis is endemic, 
the test sensitivity is of high importance.25 In this 
area the best way for quick diagnosis of 
tuberculosis is ADA measurement.26 However, 
although the ADA sensitivity is high, its 
specificity is low, because ADA increases in 
other diseases such as lung cancer, 
lymphoproliferative disorders, empyema, 
mesothelioma, and rheumatologic diseases.27 In 
areas in which the prevalence of tuberculosis 
disease is low, PPV values decrease, and as a 
result it is highly probable to obtain false 
positive results using this test. It seems that racial 
differences also have an impact on the obtained 
values in various studies, and in our study the 
ADA level in the sputum of migrants (Afghans) 
was higher than in domestic patients. An 
important fact in this study is that exact and 
careful criteria have been used in such a way that 
only patients who had positive culture were 
considered as pulmonary TB patients, while in 
other studies TB diagnosis is clinical and as we 
know the ADA level can increase in other 
pulmonary diseases. This matter can cause some 
disagreements between the present outcomes 
and other studies. 

 
Conclusion  
In conclusion our results showed that the 

sputum ADA test is neither specific nor 
sensitive. Reproducibility and accuracy of ADA 
measurement in the sputum have not been 
investigated widely; as a result its use as clinical 
instrument needs verification. Because of its low 

sensitivity and specificity, determination of ADA 
level in sputum for the diagnosis of pulmonary 
TB is not recommended. 
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