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Abstract 
Background: Tuberculosis (TB) remains a major public health challenge in India, with a significant burden of 
morbidity and mortality. While conventional diagnostic tools like sputum smear microscopy are widely used, 
limitations in sensitivity—especially in smear-negative cases—necessitate alternative diagnostic biomarkers. 
Serum adenosine deaminase (ADA) has emerged as a potential tool for differentiating pulmonary TB from other 
respiratory illnesses. 
Aim: To evaluate the diagnostic significance of serum adenosine deaminase (ADA) levels in pulmonary 
tuberculosis. 
Methods: This cross-sectional observational study was conducted over one year at Tirunelveli Medical College 
Government Hospital. A total of 160 participants were included and categorized into four groups: pulmonary 
tuberculosis (n=40), lung carcinoma (n=40), non-TB respiratory diseases (n=40), and healthy controls (n=40). 
Serum ADA levels were measured using an enzymatic assay, and statistical analysis was performed using one-
way ANOVA to compare ADA levels across groups. 
Results: Mean ADA levels were significantly elevated in the pulmonary TB group (57.04 ± 10.72 U/L) 
compared to non-TB respiratory diseases (33.20 ± 7.78 U/L), carcinoma lung (29.11 ± 5.21 U/L), and healthy 
controls (20.63 ± 5.57 U/L), with a statistically significant difference (p = 0.001). Demographic analysis 
revealed that pulmonary TB patients were predominantly male (70%), with 63% reporting alcohol use and 50% 
being smokers. 
Conclusion: Serum ADA levels were markedly elevated in patients with pulmonary tuberculosis compared to 
other respiratory conditions, supporting its role as a reliable, cost-effective biomarker in the differential 
diagnosis of TB. Incorporating ADA estimation in routine diagnostic workup, particularly in smear-negative or 
diagnostically ambiguous cases, could enhance early detection and improve patient outcomes. 
Keywords: Pulmonary Tuberculosis, Adenosine Deaminase, Biomarker, Lung Cancer, Respiratory Diseases, 
Diagnosis. 
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Introduction 

Tuberculosis (TB) is a significant global health 
issue, predominantly caused by the bacterium 
Mycobacterium tuberculosis. India continues to 
bear a substantial burden of TB, accounting for 
about one-fourth of the global cases, with 
approximately 2.7 million new cases reported 
annually [1]. Furthermore, around 40% of India's 
population is estimated to be infected with this 

bacterium, leading to a significant number of 
prevalent cases of all forms of the disease [2]. TB-
related mortality also remains high, with over 
450,000 fatalities recorded each year in India [2]. 
Transmission of TB primarily occurs via 
inhalation of aerosolized droplets released by an 
infected individual when they cough or sneeze. 
Although TB primarily targets the lungs, it can 
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also manifest in extrapulmonary forms affecting 
various tissues such as lymph nodes, bones, joints, 
and the central nervous system [3]. While 
approximately 10-15% of those infected will 
eventually develop the disease, this risk is 
significantly heightened in individuals co-infected 
with HIV, reaching as high as 10% annually [3]. 
Additional risk factors including diabetes, 
smoking, alcohol abuse, and malnutrition 
exacerbate the progression from latent infection to 
active disease  

Chronic complications resulting from pulmonary 
tuberculosis can range from massive hemoptysis 
and cor pulmonale to pleural calcification and lung 
fibrosis, significantly affecting a patient's overall 
health and quality of life. Upon entering the lungs, 
M. tuberculosis evades initial immune responses 
and is typically engulfed by macrophages, 
prompting a complex immunological response 
characterized by the release of cytokines such as 
interferon-gamma (IFN-γ). This immune response 
is critical for the formation of granulomas, which 
serve to contain the infection [4]. 

A definitive diagnosis of pulmonary tuberculosis is 
often facilitated through sputum smear 
examinations for acid-fast bacilli; however, 
challenges arise when sputum tests yield negative 
results, necessitating alternative diagnostic 
methods. Tests such as PCR, ELISA, and other 
immunological assessments, although effective, 
tend to be costly and time-consuming. A 
noteworthy and cost-effective alternative is the 
measurement of serum levels of adenosine 
deaminase (ADA), which has been shown to have 
significant utility as an indicator of active cellular 
immunity in conditions such as TB [5]. 

Research indicates that serum ADA levels are 
markedly elevated in patients with pulmonary TB 
compared to those with non-tubercular pulmonary 
diseases [6]. The reliability of ADA as a diagnostic 
tool is underscored by its high sensitivity and 
specificity, making it a valuable component in the 
differential diagnosis of pulmonary TB and non-
tubercular respiratory diseases [7].  

Additionally, ADA estimation is recommended 
routinely, especially in cases where the diagnosis 
of tuberculosis is uncertain [8]. As serum ADA 
levels can significantly differentiate active 
tuberculosis from other respiratory ailments, its 
inclusion in diagnostic protocols could greatly 
enhance early detection and treatment efficacy [8]. 

In conclusion, TB remains a critical public health 
challenge, particularly in high-burden countries 
like India. The exploration and application of 
biomarkers such as serum ADA hold promise for 
improving diagnostic processes and ultimately, 

patient outcomes through more precise 
identification of the disease.  

Aim and Objectives  

To evaluate the diagnostic significance of serum 
adenosine deaminase (ADA) levels in pulmonary 
TB. 

Materials and Methods 

The study was conducted over a year at Tirunelveli 
Medical College Government Hospital, focusing on 
patients with differential diagnoses of pulmonary 
tuberculosis (PTB) and common respiratory 
diseases. The study included 160 participants, 
including 120 cases and 40 healthy controls. The 
participants were divided into four groups: those 
diagnosed with pulmonary tuberculosis according 
to the Revised National Tuberculosis Control 
Program (RNTCP), those with lower respiratory 
tract infections confirmed by chest X-rays and 
culture reports, patients with chronic obstructive 
pulmonary disease (COPD), patients with lung 
malignancies identified by CT scans, fine needle 
aspiration cytology (FNAC), and physician 
documentation, and age- and sex-matched healthy 
volunteers. 
The study included 120 cases and 40 healthy 
controls. Participants were selected based on their 
diagnosis, age, and sex. Exclusion criteria included 
patients presenting with both lung malignancy and 
pulmonary tuberculosis concurrently, those lacking 
a definite clinical diagnosis, and those with 
established pulmonary tuberculosis who were 
already undergoing treatment. 

Data collection involved obtaining detailed case 
histories from all participants who met the 
inclusion and exclusion criteria, and informed 
written consent was secured from all individuals 
before sample collection. Blood samples were 
collected from the median cubital vein of the 
participants, and the adenosine deaminase (ADA) 
content of blood was stable for a week when stored 
at 2-8°C. 

The ADA assay utilized the enzymatic deamination 
of adenosine to inosine, converting inosine to 
hypoxanthine. The reaction progressed to the 
generation of uric acid and hydrogen peroxide 
(H2O2), which reacted with N-ethyl-N-(2-hydroxy-
3-sulfopropyl)-3-methylaniline (EHSPT) and 4-
aminoantipyrine (4-AA) in the presence of 
peroxidase. This reaction yielded a quinone dye, 
monitored at a wavelength of 546 nm. 

The performance characteristics for the ADA assay 
were evaluated in accordance with the Clinical 
Laboratory Standards Institute (CLSI) EP5-A 
guideline, demonstrating linearity ranging from 0 
to 200 U/L, with a reference range for normal 
serum ADA levels being less than 30 U/L. 
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Results

Table 1: Demographic and Clinical Characteristics of the Study Population (N = 160) 
Variable Category No. of Patients (n) Percentage (%) 
Diagnosis Pulmonary TB 40 25% 

CA Lung 40 25% 
Non-TB Respiratory Diseases 40 25% 
Healthy Controls 40 25% 

Age Group (in years) < 30 26 16% 
31–40 22 14% 
41–50 26 16% 
51–60 41 26% 
> 60 45 28% 

Gender Male 124 77% 
Female 36 23% 

Diabetes Mellitus Present 38 24% 
Absent 122 76% 

Hypertension Present 19 12% 
Absent 141 88% 

Smoking Status Smoker 85 53% 
Non-smoker 75 47% 

Alcohol Consumption Alcoholic 53 33% 
Non-alcoholic 107  67% 

 
The table 1 shows study population consisted of 
160 participants, evenly distributed into four 
diagnostic groups. Each group—Pulmonary 
Tuberculosis (TB), Carcinoma (CA) Lung, Non-TB 
Respiratory Diseases, and Healthy Controls—
included 40 individuals, accounting for 25% of the 
total study population per group. This equal 
distribution ensured balanced representation across 
diagnostic categories for comparative analysis. 

Among pulmonary tuberculosis patients, 10% were 
less than 30 years, 7 were 31 to 4 years,22% were 
41 to 50 years ,43% were 51 to 60 years,18% were 
greater than 60 years. Among pulmonary 
tuberculosis patients studied, majority are males 
(70%). Among 40 pulmonary tuberculosis patients, 
25 patients were non diabetics and 15% were 
diabetics. Among pulmonary tuberculosis patients, 
93% were non hypertensives. Among pulmonary 
tuberculosis patients, 50% were smokers and 50% 
were non-smokers. Among pulmonary tuberculosis 
patients, 63% were alcoholics and 27 % were non 
alcoholics. 

Among patients with lung cancer, 16% were aged 
below 30 years, 14% between 31–40 years, 16% 
between 41–50 years, 26% between 51–60 years, 
and 28% were above 60 years. The majority were 
males (75%), with females accounting for 25%. 

Regarding comorbidities, 27% were diabetic, while 
73% were non-diabetic; 12% had hypertension, and 
88% were non-hypertensive. In terms of lifestyle 
factors, 65% were smokers, 35% were non-
smokers, 40% were alcohol consumers, and 60% 
were non-alcoholic. 

Among patients with non-tuberculous respiratory 
diseases, 2% were aged below 30 years, 7% 
between 31–40 years, 18% between 41–50 years, 
28% between 51–60 years, and 45% were above 60 
years. A vast majority were males (90%), with 
females representing 10%. Diabetes mellitus was 
present in 30%, and 70% were non-diabetic. 
Hypertension was observed in 17%, while 83% 
were non-hypertensive. Smoking was prevalent in 
85% of these patients, and 15% were non-smokers. 
Regarding alcohol consumption, 52% were 
alcoholics, and 48% were non-alcoholic. 

Among the healthy control group, 52.5% were aged 
below 30 years, 37.5% were between 31–40 years, 
and 10% were between 41–50 years. The gender 
distribution included 75% males and 25% females. 
All individuals in this group were non-diabetic and 
non-hypertensive. Smoking was reported in 12%, 
while 88% were non-smokers. Notably, 98% were 
non-alcoholic, and only 2% reported alcohol 
consumption.
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Table 2: Mean ADA levels among study population. 
Diagnosis Mean ADA Level (U/L) Standard Deviation (SD) 
Pulmonary Tuberculosis 57.04 10.72 
Carcinoma Lung 29.11 5.21 
Non-TB Respiratory Diseases 33.2 7.78 
Healthy Controls 20.63 5.57 
Statistical Test: One-Way ANOVA 
P-value: 0.001 

Significance: Statistically significant difference observed among the groups (p < 0.05) 
 
Table 2 A statistically significant difference in 
mean ADA levels was observed among the four 
diagnostic groups (p = 0.001, ANOVA). The 
highest mean ADA level was found in the 
Pulmonary Tuberculosis group (57.04 ± 10.72 
U/L), followed by Non-TB Respiratory Diseases 
(33.20 ± 7.78 U/L), Carcinoma Lung (29.11 ± 5.21 
U/L), and Healthy Controls (20.63 ± 5.57 U/L). 
These findings suggest that ADA levels are 
markedly elevated in pulmonary TB compared to 
other groups. 

Discussion 

In the current study conducted at Tirunelveli 
Medical College Government Hospital, a 
comprehensive evaluation of the adenosine 
deaminase (ADA) levels across different 
pulmonary conditions was undertaken to determine 
its diagnostic significance, particularly in 
pulmonary tuberculosis (PTB). 

The study consisted of 160 participants, stratified 
into equal groups of patients diagnosed with 
pulmonary tuberculosis, lung carcinoma, non-
tuberculous respiratory diseases, and healthy 
controls. The representation of each group (25% of 
the total population) facilitated focused 
comparative analysis, crucial in understanding the 
differential profiles of ADA levels among these 
conditions. The findings revealed a statistically 
significant elevation of ADA in the PTB group, 
with a mean level of 57.04 ± 10.72 U/L compared 
to 29.11 ± 5.21 U/L in the lung carcinoma group, 
33.20 ± 7.78 U/L in non-TB respiratory diseases, 
and 20.63 ± 5.57 U/L in healthy controls, marking 
ADA as a potential biomarker for pulmonary 
tuberculosis (Atta et al., 2015). 

The role of ADA in differentiating PTB from other 
pulmonary conditions aligns with findings from 
various studies highlighting the sensitivity and 
specificity of ADA levels in diagnosing 
tuberculosis-related infections. Atta et al. 
emphasize the diagnostic value of ADA, stating 
that its elevated levels in patients with pulmonary 
tuberculosis significantly correlate with the 
presence of the disease, underscoring its role as a 
biomarker in clinical practice [9]. This assertion is 
supported by findings indicating that elevated 
ADA levels are indicative of infection processes, 
notably in conditions linked to cellular stress or 

hypoxia, commonly observed in pulmonary 
tuberculosis [10]. Furthermore, within the 
demographic profile of the study, it was noted that 
smoking was prevalent among patients with PTB 
(50%), and a significant portion (63%) were 
alcoholics. Literature indicates that lifestyle factors 
such as smoking are substantial risk factors 
contributing to the exacerbation of respiratory 
diseases, including chronic obstructive pulmonary 
disease (COPD) and lung cancer [9,11]. This 
study's association of higher ADA levels with 
these demographic factors further strengthens the 
hypothesis that lifestyle contributes to both the 
susceptibility and the inflammatory biomarkers 
observed in patients. 

Conclusion 

In conclusion, the current investigation 
substantiates the hypothesis that elevated ADA 
levels can effectively serve as a biomarker for 
pulmonary tuberculosis, distinguishing it from 
other lung pathologies. Future studies could 
expand on these findings by examining the utility 
of ADA levels in longitudinal studies or under 
various therapeutic regimes to further delineate its 
role in chronic and inflammatory lung diseases. 

Limitations: As this was a single center study 
with a comparatively short sample size, results of 
this study cannot be generalized. Generalization 
requires the support of results from similar large 
studies  
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