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Abstract 

Background 

Tuberculous pleural effusion (TPE) is a common extrapulmonary manifestation of tuberculosis 

and poses significant diagnostic challenges due to its paucibacillary nature. Measurement of 

pleural fluid adenosine deaminase (ADA) is widely used as a supportive diagnostic marker; 

however, elevated ADA levels may also be observed in other inflammatory and malignant 

conditions, thereby limiting its specificity. Since tuberculous pleural effusion is predominantly 

mediated by a cell-mediated immune response, particularly involving activated T lymphocytes, 

the cellular composition of pleural fluid may provide additional diagnostic value. The 

lymphocyte-to-neutrophil ratio reflects this immune response and may enhance diagnostic 

accuracy when used alongside ADA estimation. 

Aim and Objectives 

To evaluate the diagnostic utility of pleural fluid adenosine deaminase levels in combination with 

the lymphocyte-to-neutrophil ratio for the diagnosis of tuberculous pleural effusion. 

Materials and Methods 

This prospective observational study was conducted at Sree Mookambika Institute of Medical 

Sciences, Tamil Nadu, India, from December 2023 to November 2024. A total of 150 patients 

with exudative pleural effusion were enrolled. Pleural fluid samples were obtained under aseptic 

http://www.neuroquantology.com/


Neuroquantology | Feb 2026 | Volume 24 | Issue 2 | Page 228-237| Doi: 10.48047/nq.2026.24.2.26027 
DR.K.P. SELVARAJAN CHETTIYAR, DIAGNOSTIC UTILITY OF PLEURAL FLUID BIOMARKERS AND DIFFERENTIAL CELL 

COUNTS IN TUBERCULOUS PLEURAL EFFUSION IN A TERTIARY CARE HOSPITAL SOUTH TAMILNADU_PROSPECTIVE 

OBSERVATIONAL STUDY. 

 

EISSN 1303-5150                                                                                                                               www.neuroquantology.com 

          229 

precautions and subjected to biochemical analysis, including ADA estimation, and cytological 

examination for differential leukocyte counts. The diagnostic performance of ADA alone and in 

combination with the lymphocyte-to-neutrophil ratio was analyzed using standard statistical 

methods. 

Results 

At a cut-off value of ≥40 U/L, pleural fluid ADA demonstrated a sensitivity of 94.6%, specificity 

of 94.8%, positive predictive value of 96.6%, negative predictive value of 91.7%, and an overall 

diagnostic accuracy of 94.6%, which was statistically significant (p < 0.001). When combined 

with a lymphocyte-to-neutrophil ratio of ≥0.75, diagnostic performance improved further, 

yielding a sensitivity of 96.7%, specificity of 100%, positive predictive value of 100%, negative 

predictive value of 95.1%, and an overall accuracy of 98%. 

Conclusion 

Pleural fluid adenosine deaminase is a highly sensitive marker for the diagnosis of tuberculous 

pleural effusion. The addition of the lymphocyte-to-neutrophil ratio significantly enhances 

diagnostic accuracy and specificity compared to ADA estimation alone. The combined use of 

these parameters provides a reliable, cost-effective, and non-invasive approach for the diagnosis 

of tuberculous pleural effusion, particularly in resource-limited settings. 
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Adenosine deaminase; Tuberculous pleural effusion; Lymphocyte-neutrophil ratio; Pleural fluid 

analysis; Tuberculosis 

 

Introduction 

Tuberculosis (TB) continues to be a major global health challenge and remains one of the leading 

causes of infectious disease–related morbidity and mortality worldwide¹. Extrapulmonary 

tuberculosis constitutes a significant proportion of total TB cases, particularly in high-burden 

countries such as India¹,². Among the extrapulmonary manifestations, tuberculous pleural 

effusion (TPE) is one of the most frequent presentations encountered in clinical practice². 

Tuberculous pleural effusion arises as a result of a delayed hypersensitivity reaction to 

Mycobacterium tuberculosis antigens within the pleural space rather than direct mycobacterial 

invasion³. Consequently, pleural fluid in TPE is typically paucibacillary, leading to low 

diagnostic yield with conventional microbiological techniques such as acid-fast bacilli (AFB) 

smear and culture³,⁴. Although pleural biopsy improves diagnostic sensitivity, its invasive nature 

limits its routine use, especially in resource-constrained settings⁴. 
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Adenosine deaminase (ADA) estimation in pleural fluid has gained wide acceptance as a useful 

adjunctive diagnostic tool for TPE⁵. ADA is an enzyme involved in purine metabolism and plays 

a critical role in the proliferation and differentiation of lymphocytes, particularly T 

lymphocytes⁵,⁶. Elevated ADA activity reflects the intense cell-mediated immune response 

characteristic of tuberculous pleuritis⁶. Several studies and meta-analyses have demonstrated 

high sensitivity of pleural fluid ADA in diagnosing TPE, particularly in regions with high TB 

prevalence⁶,⁷. 

Despite its high sensitivity, pleural fluid ADA is not entirely specific for tuberculosis. Elevated 

ADA levels have been reported in various non-tuberculous conditions such as empyema, 

parapneumonic effusions, lymphomas, connective tissue disorders, and certain malignancies⁷,⁸. 

This overlap in ADA values may reduce diagnostic specificity and result in false-positive 

diagnoses, highlighting the need for additional supportive parameters to improve diagnostic 

accuracy⁸. 

The cellular profile of pleural fluid provides important diagnostic information and reflects the 

underlying pathophysiological process⁹. Tuberculous pleural effusion is classically characterized 

by a lymphocyte-predominant exudate due to the dominance of cell-mediated immunity⁹,¹⁰. In 

contrast, acute bacterial infections usually present with neutrophil-predominant pleural 

effusions¹⁰. Thus, differential leukocyte counts serve as a valuable adjunct in distinguishing TPE 

from other causes of exudative pleural effusion. 

The lymphocyte-to-neutrophil (L/N) ratio integrates pleural fluid cellular data into a single 

parameter and has emerged as a useful diagnostic indicator¹¹. A higher L/N ratio suggests 

lymphocyte predominance and supports a diagnosis of tuberculous pleural effusion, whereas a 

lower ratio is more suggestive of acute inflammatory or parapneumonic effusions¹¹. Previous 

studies have demonstrated that incorporating the L/N ratio along with ADA measurement 

improves diagnostic specificity without significantly compromising sensitivity¹¹,¹². 

The immunopathogenesis of TPE provides a strong rationale for combining ADA levels with the 

lymphocyte-to-neutrophil ratio. Tuberculous pleuritis involves activation of sensitized T 

lymphocytes, which release cytokines such as interferon-gamma, leading to macrophage 

activation and granuloma formation³,⁶. ADA, being a marker of T-cell activation, correlates 

closely with lymphocyte predominance in pleural fluid⁶. Therefore, the combined assessment of 

ADA activity and pleural fluid cellular composition offers a more comprehensive reflection of 

the disease process. 

In resource-limited settings, where advanced diagnostic modalities such as nucleic acid 

amplification tests and thoracoscopic pleural biopsy may not be readily available, reliance on 

simple biochemical and cytological parameters becomes crucial¹². Pleural fluid ADA estimation 
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and differential cell count are inexpensive, minimally invasive, and widely accessible 

investigations that can be performed on routine thoracentesis samples¹¹,¹². 

Several studies have reported improved diagnostic performance when pleural fluid ADA values 

are interpreted in conjunction with lymphocyte predominance or lymphocyte-to-neutrophil 

ratios¹¹,¹². The combined approach has been shown to enhance specificity, reduce false-positive 

results, and increase clinician confidence in diagnosing tuberculous pleural effusion, particularly 

in cases with borderline ADA levels¹². 

However, there remains variability in the optimal cut-off values for ADA and lymphocyte-

neutrophil ratio across different populations. Geographic differences in TB prevalence, 

laboratory techniques, and patient characteristics necessitate region-specific validation of these 

diagnostic markers⁷,¹². Data from Indian tertiary care centers are particularly important due to the 

high burden of tuberculosis and the diverse etiologies of pleural effusion encountered in clinical 

practice¹,². 

The present study was undertaken to evaluate the diagnostic value of pleural fluid ADA levels 

and the lymphocyte-to-neutrophil ratio, both individually and in combination, in patients with 

tuberculous pleural effusion. By assessing their sensitivity, specificity, and overall diagnostic 

accuracy, this study aims to strengthen the evidence for a simple, reliable, and cost-effective 

diagnostic strategy for tuberculous pleural effusion in routine clinical practice. 

AIM OF THE STUDY 

To evaluate the diagnostic utility of pleural fluid adenosine deaminase (ADA) levels and the 

lymphocyte-to-neutrophil (L/N) ratio, individually and in combination, in the diagnosis of 

tuberculous pleural effusion. 

Objectives of the Study 

To determine the sensitivity, specificity, positive predictive value, and negative predictive value 

of pleural fluid ADA levels in diagnosing tuberculous pleural effusion.To assess the diagnostic 

significance of the pleural fluid lymphocyte-to-neutrophil ratio in patients with tuberculous 

pleural effusion. 

Secondary Objectives 

To evaluate the combined diagnostic performance of pleural fluid ADA levels and lymphocyte-

to-neutrophil ratio in distinguishing tuberculous from non-tuberculous exudative pleural 

effusions.To compare pleural fluid ADA levels and lymphocyte-to-neutrophil ratios between 

tuberculous and non-tuberculous pleural effusions. 
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MATERIALS AND METHODS 

This prospective, observational, hospital-based study was conducted at Sree Mookambika 

Institute of Medical Sciences, Tamil Nadu, India, in the Department of General Medicine in 

association with the Department of Pathology over a period of one year from December 2023 to 

November 2024. A total of 150 consecutive patients presenting with pleural effusion were 

enrolled in the study after obtaining informed consent. Among them, 92 patients were diagnosed 

with tuberculous pleural effusion, while 58 patients had non-tuberculous pleural effusion. The 

study included adult patients aged 18 years and above with clinically and radiologically 

confirmed pleural effusion, which was classified as exudative based on Light’s criteria. Patients 

with transudative pleural effusion, empyema thoracis, HIV infection or other immunosuppressive 

states, those already receiving anti-tubercular therapy, patients with inadequate pleural fluid 

samples, and those unwilling to participate in the study were excluded. 

All enrolled patients underwent a detailed clinical evaluation, including a comprehensive history 

focusing on symptoms such as fever, cough, chest pain, dyspnea, and weight loss, along with a 

thorough physical examination. Radiological assessment with chest X-ray was performed in all 

cases to confirm the presence of pleural effusion, and additional imaging modalities such as 

ultrasonography or computed tomography of the thorax were used when clinically indicated. 

Diagnostic thoracocentesis was performed under strict aseptic precautions in all patients, and 

pleural fluid samples were collected in sterile containers and promptly sent to the laboratory for 

analysis. 

Pleural fluid analysis included biochemical, cytological, and microbiological examinations. 

Biochemical parameters such as protein, lactate dehydrogenase, glucose, and adenosine 

deaminase (ADA) levels were measured. ADA estimation was carried out using a standard 

enzymatic colorimetric method, and a cut-off value of ≥40 U/L was considered suggestive of 

tuberculous pleural effusion. Cytological examination included total cell count and differential 

leukocyte count, from which the lymphocyte-to-neutrophil ratio (L/N ratio) was calculated. An 

L/N ratio of ≥0.75 was taken as indicative of tuberculous pleural effusion. Microbiological 

evaluation included Ziehl–Neelsen staining for acid-fast bacilli, and pleural fluid culture was 

performed wherever feasible. In selected cases where the diagnosis remained inconclusive, 

pleural biopsy and histopathological examination were undertaken. 

The diagnosis of tuberculous pleural effusion was established based on a combination of clinical 

presentation, radiological findings, pleural fluid biochemical and cytological characteristics, and 

microbiological or histopathological evidence when available. Non-tuberculous pleural effusions 

included cases due to malignancy, parapneumonic effusion, and other inflammatory or systemic 

causes, diagnosed based on appropriate clinical, laboratory, and radiological criteria. 

http://www.neuroquantology.com/


Neuroquantology | Feb 2026 | Volume 24 | Issue 2 | Page 228-237| Doi: 10.48047/nq.2026.24.2.26027 
DR.K.P. SELVARAJAN CHETTIYAR, DIAGNOSTIC UTILITY OF PLEURAL FLUID BIOMARKERS AND DIFFERENTIAL CELL 

COUNTS IN TUBERCULOUS PLEURAL EFFUSION IN A TERTIARY CARE HOSPITAL SOUTH TAMILNADU_PROSPECTIVE 

OBSERVATIONAL STUDY. 

 

EISSN 1303-5150                                                                                                                               www.neuroquantology.com 

          233 

Data collected were entered into Microsoft Excel and analyzed using the Statistical Package for 

the Social Sciences (SPSS) software. Continuous variables were expressed as mean ± standard 

deviation, while categorical variables were presented as frequencies and percentages. The 

diagnostic performance of pleural fluid ADA levels and the lymphocyte/neutrophil ratio, both 

individually and in combination, was assessed by calculating sensitivity, specificity, positive 

predictive value, negative predictive value, and overall diagnostic efficacy. Associations between 

categorical variables were analyzed using the Chi-square test, and a p-value of less than 0.05 was 

considered statistically significant. Receiver operating characteristic (ROC) curve analysis was 

performed to determine optimal cut-off values where applicable. 

 

RESULTS: 

Of the 92 patients with tubercular pleural effusion, 22 (24%) were female and 70 (76%) were 

male. The age range of 92 patients with tubercular pleural effusion was 15 to 76 years, with a 

mean  of  41.6  years  and  a  standard  deviation  of  ±14.9  years. Unilateral 

pleural effusion was present in all 92 tubercular pleural effusion patients. 50 patients (54.34%) were 

right-sided, and 38 patients (45.65%) were left-sided. 

 

 

Table 1: Pleural fluid ADA levels in Tubercular & non-Tubercular pleural effusion. 

ADA level Tubercular pleural 

effusion 

Non-Tubercular 

pleural effusion 

Total 

ADA≥ 40 IU 87 3 90 

ADA≤40 IU 5 55 60 

Total 92 58 150 

 

 Table 2: Pleural fluid lymphocyte-

neutrophil ratio in tubercular & non-tubercular pleural effusion. 

Lymphocytes to 

Neutrophils ratio 

Tubercular 

pleural effusion 

Non-Tubercular 

pleural effusion 

Total 

L/N≥75 89 0 89 

L/N≤75 3 58 61 

Total 92 58 150 

 

For Table 1: Pleural fluid with an ADA ≥40 for tubercular pleural effusion diagnosis was found 

to have the following characteristics in 88 patients: sensitivity = 94.6%, specificity = 94.8%, 

positive predictive value =96.6%, negative predictive value=91.7%, efficacy= 94.6%. 
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For Table 2: In 92 patients with tubercular pleural effusion, a pleural fluid lymphocyte/neutrophil 

ratio of ≥0.75 was found to be diagnostically significant for tubercular pleural effusion. The results 

showed sensitivity=96.7%, specificity=100%, positive predictive value=100%, and negative 

predictive value=95.1% and efficacy=98% 

 

Table 3: Combined pleural fluid ADA & Lymphocyte-Neutrophil ratio 

ADA & L/N ratio Tubercular 

pleural 

effusion 

Non-Tubercular 

pleural effusion 

Total 

ADA≥40 and 

lymphocyte neutrophil 

ratio≥75 

87 0 87 

ADA<40 and/or 

lymphocyte neutrophil 

ratio<75 

5 58 63 

Total 92 58 150 

 

For Table 3: Combining ADA levels of ≥40U/L with a pleural fluid lymphocyte/neutrophil ratio 

of ≥0.75 allowed for the diagnosis of tubercular pleural effusion in 92 patients, sensitivity=94.6%, 

specificity=100%, positive predictive value=100%, negative predictive value=92.1%, 

efficacy=96.7% 

 

DISCUSSION 

Tuberculous pleural effusion (TPE) remains one of the most common forms of extrapulmonary 

tuberculosis, particularly in tuberculosis-endemic regions such as India. Despite advances in 

diagnostic techniques, establishing a definitive diagnosis of TPE continues to be challenging 

because pleural fluid smear and culture for Mycobacterium tuberculosis have low sensitivity and 

pleural biopsy is invasive and not always feasible [13,14]. Consequently, there is a need for 

reliable, minimally invasive, and cost-effective diagnostic markers. In this context, pleural fluid 

adenosine deaminase (ADA) levels and differential leukocyte counts have gained significant 

clinical relevance [15]. 

In the present study, the majority of patients with tuberculous pleural effusion were young to 

middle-aged adults, with a mean age of 41.6 ± 14.9 years, and a male predominance (76%). This 

demographic pattern is consistent with previous studies, which have reported higher prevalence 

of tuberculosis among males and individuals in economically productive age groups [16,17]. The 
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unilateral nature of pleural effusion observed in all cases, with a slight right-sided predominance, 

is also in agreement with earlier observations [18]. 

Pleural fluid ADA estimation has long been recognized as a useful biomarker in the diagnosis of 

TPE. ADA is an enzyme involved in purine metabolism and is particularly abundant in activated 

T lymphocytes, reflecting the cell-mediated immune response characteristic of tuberculosis [19]. 

In our study, pleural fluid ADA levels ≥40 IU/L were observed in 87 out of 92 patients with 

tuberculous pleural effusion, yielding a sensitivity of 94.6% and specificity of 94.8%. These 

findings closely align with earlier studies by Valdés et al. and Porcel et al., who reported 

sensitivities and specificities ranging from 90% to 95% using similar cut-off values [20,21]. The 

high positive predictive value (96.6%) in our study further supports the utility of ADA as a 

reliable diagnostic tool in high-prevalence settings. 

However, elevated ADA levels have also been reported in other conditions such as empyema, 

rheumatoid pleuritis, and certain malignancies, which may reduce diagnostic specificity when 

ADA is used alone [22]. This limitation underscores the importance of incorporating additional 

parameters to improve diagnostic accuracy. 

Pleural fluid cellular composition provides valuable insights into the underlying etiology of 

pleural effusion. Tuberculous pleural effusion is classically characterized by lymphocyte 

predominance due to delayed hypersensitivity reactions mediated by T lymphocytes [23]. In our 

study, a lymphocyte-to-neutrophil (L/N) ratio ≥0.75 was observed in 89 of 92 patients with 

tuberculous pleural effusion, demonstrating a sensitivity of 96.7% and a specificity of 100%. 

These findings are consistent with previous studies that have emphasized the diagnostic 

significance of lymphocyte predominance in TPE [24,25]. The extremely high specificity 

observed in our study suggests that a high L/N ratio is particularly useful in differentiating 

tuberculous from non-tuberculous exudative pleural effusions. 

The most notable finding of the present study is the improved diagnostic performance achieved 

by combining pleural fluid ADA levels with the lymphocyte-to-neutrophil ratio. When ADA ≥40 

IU/L was combined with an L/N ratio ≥0.75, the diagnostic specificity and positive predictive 

value reached 100%, with an overall diagnostic efficacy of 96.7%. This combined approach 

addresses the limitations of ADA alone and enhances diagnostic confidence. Similar observations 

have been reported in earlier studies, where the combination of ADA with lymphocyte 

predominance significantly improved diagnostic accuracy for TPE [26,27]. 

The high diagnostic yield of the combined approach is particularly relevant in resource-limited 

settings, where advanced diagnostic modalities such as nucleic acid amplification tests or 

thoracoscopic pleural biopsy may not be readily available. The use of simple biochemical and 

cytological parameters allows for early diagnosis and timely initiation of anti-tubercular therapy, 

thereby reducing morbidity and preventing disease progression [28]. 
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Despite its strengths, the study has certain limitations. Microbiological confirmation of 

tuberculosis was not possible in all cases due to the low sensitivity of pleural fluid smear and 

culture. Additionally, the study was conducted at a single center, which may limit the 

generalizability of the findings. Nonetheless, the relatively large sample size and prospective 

design add robustness to the results. 

In summary, the findings of this study reinforce the diagnostic value of pleural fluid ADA 

estimation and lymphocyte-to-neutrophil ratio in tuberculous pleural effusion. The combined use 

of these parameters offers superior diagnostic accuracy compared to either marker alone and 

represents a practical, cost-effective, and reliable diagnostic strategy in tuberculosis-endemic 

regions. 
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