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A B S T R A C T 

Background: Differentiating tuberculous from non-tuberculous pleural effusions 

remains a diagnostic challenge. This study evaluated the diagnostic utility of pleural 

fluid LDH/ADA ratio in this differentiation.Methods: This prospective observational 

study conducted at a tertiary care center included 150 consecutive patients with 

exudative pleural effusions. Pleural fluid analysis included LDH, ADA, and other 

biochemical parameters. The diagnostic performance of LDH/ADA ratio was evaluated 

using ROC curve analysis.Results: The study population comprised 72 tuberculous, 58 

malignant, and 20 other non-tuberculous effusions. The median LDH/ADA ratio was 

significantly lower in tuberculous effusions [6.2 (4.8-7.6)] compared to malignant [20.2 

(16.4-24.8)] and other non-tuberculous effusions [15.9 (12.8-19.6), p<0.001]. At the 

optimal cut-off value of 16.5, the ratio demonstrated sensitivity 92.4%, specificity 
89.8%, positive predictive value 90.6%, and negative predictive value 91.8%. 

Multivariate analysis identified LDH/ADA ratio <16.5 as the strongest independent 

predictor of tuberculous effusion (adjusted OR: 8.64, 95% CI: 4.82-15.46, p<0.001). 

Conclusion: The LDH/ADA ratio represents a reliable, cost-effective tool for 

differentiating tuberculous from non-tuberculous pleural effusions, with excellent 

diagnostic performance at a cut-off value of 16.5. This ratio can be particularly 

valuable in resource-limited settings where advanced diagnostic tools may not be 

readily available. 

Keywords: Pleural effusion; Tuberculosis; Adenosine deaminase; Lactate 

dehydrogenase; Malignant effusion; Diagnostic accuracy; Biomarkers; Pleural fluid 

analysis. 

 

INTRODUCTION 

Pleural effusion remains a significant diagnostic challenge in clinical practice, with tuberculosis (TB) and 

malignancy being the two most common causes of exudative effusions worldwide [1]. The ability to differentiate 

between tuberculous and non-tuberculous effusions, particularly malignant ones, is crucial for appropriate patient 

management and improved outcomes. While conventional diagnostic methods such as pleural fluid cytology and culture 

have their limitations, biochemical markers have emerged as valuable diagnostic tools [2]. 
 

Adenosine deaminase (ADA) has long been recognized as a reliable marker for tuberculous pleural effusions, 

with numerous studies demonstrating its high sensitivity and specificity [3]. The enzyme plays a crucial role in the 

proliferation and differentiation of lymphocytes, particularly T lymphocytes, and its levels are significantly elevated in 

tuberculous pleural effusions. However, elevated ADA levels can also be observed in other conditions, including 

empyema, lymphomas, and certain malignancies, potentially leading to diagnostic confusion [4]. 
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Lactate dehydrogenase (LDH), another well-established biochemical marker, has been traditionally used as part 

of Light's criteria to distinguish between exudates and transudates [5]. Recent research has shown that LDH levels vary 

significantly among different types of exudative effusions, reflecting the degree of pleural inflammation and cellular 

death [6]. This variation in LDH levels, when considered alongside ADA, presents an opportunity for enhanced 

diagnostic accuracy. 
 

The concept of using the LDH/ADA ratio as a diagnostic tool emerged from the observation that while both TB 

and malignancy can present with elevated levels of these enzymes, the relative proportions differ significantly between 

the two conditions [7]. This ratio potentially offers several advantages over individual markers, including improved 

specificity and the ability to differentiate between tuberculous and non-tuberculous effusions more accurately [8]. 

 

The diagnostic utility of the LDH/ADA ratio is particularly relevant in regions with a high prevalence of both 

tuberculosis and malignancy, where distinguishing between these conditions can be challenging using conventional 

methods alone. The ratio provides a rapid, cost-effective tool that can guide clinical decision-making while awaiting 

more definitive test results [9]. Furthermore, in resource-limited settings where advanced diagnostic techniques may not 

be readily available, the LDH/ADA ratio could serve as a valuable initial screening tool. 

 
Recent meta-analyses have suggested that the LDH/ADA ratio demonstrates promising diagnostic accuracy, 

with some studies reporting sensitivity and specificity values exceeding 90% when appropriate cut-off values are used 

[10]. However, the optimal cut-off value for the ratio may vary across different populations and clinical settings, 

necessitating careful validation in specific contexts. Understanding these variations and their implications for diagnostic 

accuracy is crucial for the effective implementation of this biomarker ratio in clinical practice. 

 

Aims and Objectives 

The primary objective of this study was to evaluate the diagnostic utility of pleural fluid LDH/ADA ratio in 

differentiating tuberculous from non-tuberculous pleural effusions, with specific emphasis on malignant effusions. The 

secondary objectives included determining the optimal cut-off value of the LDH/ADA ratio for the study population and 

assessing its sensitivity, specificity, positive predictive value, and negative predictive value in comparison with 
conventional diagnostic methods. 

 

Materials and Methods 

Study Design and Setting 

This prospective observational study was conducted at a tertiary care center between January 2023 and 

December 2023. Written informed consent was obtained from all participants prior to enrollment. 

 

Study Population 

The study enrolled 150 consecutive adult patients who presented with exudative pleural effusions to the 

Department of Pulmonary Medicine. The sample size was calculated using a power analysis with an alpha error of 0.05 

and a beta error of 0.20, assuming a sensitivity of 90% for the LDH/ADA ratio based on previous studies. 

 

Inclusion Criteria 

The study included patients aged 18 years and above who presented with exudative pleural effusions as defined 

by Light's criteria. Only patients with adequate pleural fluid volume (minimum 50 mL) for complete biochemical and 

cytological analysis were included. The study population comprised both inpatients and outpatients who provided written 

informed consent for participation. 

 

Exclusion Criteria 

Patients with transudative effusions, those who had received anti-tuberculous treatment within the past six 

months, and individuals with a history of pleural interventions in the previous three months were excluded. Additionally, 

patients with hemothorax, chylothorax, or empyema were not included in the study. Cases where a definitive diagnosis 

could not be established despite comprehensive evaluation were also excluded from the final analysis. 
 

Sample Collection and Processing 

Thoracentesis was performed under strict aseptic conditions using standard techniques. A minimum of 50 mL of 

pleural fluid was collected from each patient. The samples were immediately processed for biochemical analysis, 

including total protein, glucose, LDH, and ADA levels. All biochemical analyses were performed in the hospital's central 

laboratory using standardized methods. LDH was measured using the kinetic UV method, while ADA was determined 

using the Giusti and Galanti colorimetric method. 
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Diagnostic Criteria 

The final diagnosis of tuberculous pleural effusion was established based on at least one of the following 

criteria: positive acid-fast bacilli (AFB) in pleural fluid, positive culture for Mycobacterium tuberculosis, presence of 

granulomas in pleural biopsy, or positive GeneXpert MTB/RIF assay. Malignant effusions were confirmed by positive 

pleural fluid cytology or pleural biopsy showing malignant cells. Other non-tuberculous effusions were diagnosed based 
on established clinical, radiological, and biochemical criteria specific to each condition. 

 

Study Protocol 

All enrolled patients underwent thorough clinical evaluation, including detailed history and physical 

examination. Standard diagnostic workup included chest radiography, complete blood count, blood biochemistry, pleural 

fluid analysis (including cell count, biochemistry, cytology, culture), and pleural biopsy when indicated. Computed 

tomography of the chest was performed in selected cases based on clinical indication. 

 

Laboratory Methods 

Pleural fluid samples were analyzed within two hours of collection. LDH was measured using a standardized 

kinetic method on an automated analyzer (Model XXX, Manufacturer), with values expressed in IU/L. ADA activity was 

determined using the Giusti and Galanti method, with results expressed in U/L. The LDH/ADA ratio was calculated for 
each sample. All laboratory personnel were blinded to the clinical diagnosis. 

 

Quality Control 

Internal quality control measures were implemented throughout the study period. External quality assessment 

was conducted monthly through participation in an external quality assurance program. Ten percent of the samples were 

randomly selected for repeat analysis to ensure reproducibility. 

 

Statistical Analysis 

Statistical analysis was performed using SPSS version 25.0 software. The distribution of continuous variables 

was assessed using the Kolmogorov-Smirnov test. Receiver Operating Characteristic (ROC) curves were constructed to 

determine the optimal cut-off value for the LDH/ADA ratio. Sensitivity, specificity, positive predictive value, and 
negative predictive value were calculated with 95% confidence intervals. A p-value of less than 0.05 was considered 

statistically significant. 

 

Ethical Considerations 

The study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines. 

Patient confidentiality was maintained throughout the study period, and all data were anonymized before analysis. 

Patients were free to withdraw from the study at any time without affecting their standard of care. 

 

RESULTS 

A total of 150 patients with exudative pleural effusions were enrolled in the study, comprising 72 (48.0%) cases 

of tuberculous effusions, 58 (38.7%) malignant effusions, and 20 (13.3%) other non-tuberculous effusions. The mean age 

of the study population was 47.6 ± 16.4 years, with tuberculous effusion patients being significantly younger (38.4 ± 14.2 
years) compared to those with malignant effusions (59.8 ± 12.6 years, p<0.001). Males constituted 58.7% of the study 

population, with a significant gender distribution variation across groups (p=0.042). 

 

The most common presenting symptom was dyspnea (85.3%), followed by chest pain (74.7%), weight loss 

(63.3%), and fever (59.3%). Fever was significantly more prevalent in tuberculous effusions (75.0%) compared to 

malignant effusions (37.9%, p<0.001). Weight loss showed significant variation across groups (p=0.005), being most 

frequent in malignant effusions (70.7%). Right-sided effusions predominated (54.7%), with bilateral involvement being 

significantly more common in malignant cases (13.8%) compared to tuberculous effusions (2.8%, p=0.038). The majority 

of effusions were moderate in size (56.7%), with no significant difference in effusion size distribution among groups 

(p=0.126). 

 
Biochemical analysis revealed significant differences in pleural fluid parameters across groups. Total protein 

levels were highest in tuberculous effusions (5.8 ± 0.9 g/dL) compared to malignant (4.9 ± 0.8 g/dL) and other non-

tuberculous effusions (4.6 ± 0.7 g/dL, p<0.001). The median LDH levels were notably elevated in malignant effusions 

[578 (412-786) IU/L] compared to tuberculous [425 (298-568) IU/L] and other non-tuberculous effusions [386 (264-498) 

IU/L, p<0.001]. ADA levels were markedly higher in tuberculous effusions [68.4 (54.2-82.6) U/L] compared to both 

malignant [28.6 (22.4-36.8) U/L] and other non-tuberculous effusions [24.2 (18.6-32.4) U/L, p<0.001]. 
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The LDH/ADA ratio demonstrated significant discriminatory value between tuberculous and non-tuberculous 

effusions. The median ratio was significantly lower in tuberculous effusions [6.2 (4.8-7.6)] compared to malignant [20.2 

(16.4-24.8)] and other non-tuberculous effusions [15.9 (12.8-19.6), p<0.001]. At the optimal cut-off value of 16.5, the 

LDH/ADA ratio showed excellent diagnostic performance with a sensitivity of 92.4% (95% CI: 88.6-95.2%), specificity 

of 89.8% (95% CI: 85.4-93.2%), and overall accuracy of 91.2% (95% CI: 87.8-93.8%). The positive and negative 
likelihood ratios were 9.06 and 0.08, respectively. 

 

Analysis of different cut-off values revealed that lowering the threshold to 14.5 increased sensitivity to 95.6% 

but reduced specificity to 84.2%, while raising it to 18.5 improved specificity to 92.8% but decreased sensitivity to 

84.2%. The optimal cut-off of 16.5 provided the best balance with an accuracy of 91.2%. 

 

Subgroup analysis of non-tuberculous effusions showed that malignancy was the predominant cause (74.4%), 

followed by parapneumonic effusions (15.4%) and heart failure (6.4%). The LDH/ADA ratio was significantly higher in 

all non-tuberculous subgroups compared to tuberculous effusions (p<0.001 for malignancy, p=0.024 for parapneumonic 

effusions). 

 

Correlation analysis demonstrated significant positive correlations between the LDH/ADA ratio and age 
(r=0.428, p<0.001) and neutrophil percentage (r=0.386, p<0.001), while negative correlations were observed with 

lymphocyte percentage (r=-0.468, p<0.001) and pleural fluid cell count (r=-0.392, p<0.001). Multivariate analysis 

identified LDH/ADA ratio <16.5 as the strongest independent predictor of tuberculous effusion (adjusted OR: 8.64, 95% 

CI: 4.82-15.46, p<0.001), followed by lymphocyte percentage >80% (adjusted OR: 3.42, 95% CI: 1.86-6.28, p<0.001) 

and fever (adjusted OR: 2.98, 95% CI: 1.72-5.16, p=0.001). 

 

Table 1: Baseline Demographic and Clinical Characteristics of Study Population 

Characteristic Total (N=150) Tuberculous (n=72) Malignant (n=58) Other Non-TB (n=20) P-value 

Age (years)* 47.6 ± 16.4 38.4 ± 14.2 59.8 ± 12.6 44.6 ± 15.8 <0.001 

Gender     0.042 

Male 88 (58.7%) 45 (62.5%) 29 (50.0%) 14 (70.0%)  

Female 62 (41.3%) 27 (37.5%) 29 (50.0%) 6 (30.0%)  

Clinical Symptoms 

Chest Pain 112 (74.7%) 58 (80.6%) 39 (67.2%) 15 (75.0%) 0.083 

Dyspnea 128 (85.3%) 60 (83.3%) 52 (89.7%) 16 (80.0%) 0.426 

Fever 89 (59.3%) 54 (75.0%) 22 (37.9%) 13 (65.0%) <0.001 

Weight Loss 95 (63.3%) 48 (66.7%) 41 (70.7%) 6 (30.0%) 0.005 

Side of Effusion   0.038 

Right 82 (54.7%) 42 (58.3%) 29 (50.0%) 11 (55.0%)  

Left 56 (37.3%) 28 (38.9%) 21 (36.2%) 7 (35.0%)  

Bilateral 12 (8.0%) 2 (2.8%) 8 (13.8%) 2 (10.0%)  

Amount of Effusion   0.126 

Small 28 (18.7%) 15 (20.8%) 9 (15.5%) 4 (20.0%)  

Moderate 85 (56.7%) 42 (58.3%) 31 (53.4%) 12 (60.0%)  

Large 37 (24.7%) 15 (20.8%) 18 (31.0%) 4 (20.0%)  

Values expressed as mean ± SD, other values as n (%) 

 

Table 2: Pleural Fluid Biochemical Parameters 

Parameter Tuberculous (n=72) Malignant (n=58) Other Non-TB (n=20) P-value 

Total Protein (g/dL)* 5.8 ± 0.9 4.9 ± 0.8 4.6 ± 0.7 <0.001 

Glucose (mg/dL)* 76.4 ± 18.6 85.2 ± 20.4 89.6 ± 16.8 0.002 

LDH (IU/L)† 425 (298-568) 578 (412-786) 386 (264-498) <0.001 

ADA (U/L)† 68.4 (54.2-82.6) 28.6 (22.4-36.8) 24.2 (18.6-32.4) <0.001 

LDH/ADA Ratio† 6.2 (4.8-7.6) 20.2 (16.4-24.8) 15.9 (12.8-19.6) <0.001 

Cell Count (/μL)† 2840 (1960-3920) 1860 (1240-2680) 1640 (1120-2240) <0.001 

Differential Count 

Lymphocytes (%) 82.6 ± 12.4 68.4 ± 14.6 64.8 ± 16.2 <0.001 

Neutrophils (%) 14.2 ± 10.6 28.4 ± 12.8 32.6 ± 14.4 <0.001 

Others (%) 3.2 ± 2.4 3.2 ± 2.6 2.6 ± 2.2 0.846 

Values expressed as mean ± SD, †Values as median (IQR) 
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Table 3: Diagnostic Performance of LDH/ADA Ratio at Optimal Cut-off Value of 16.5 

Parameter Value 95% CI 

Sensitivity 92.4% 88.6-95.2% 

Specificity 89.8% 85.4-93.2% 

Positive Predictive Value 90.6% 86.4-93.8% 

Negative Predictive Value 91.8% 87.6-94.8% 

Positive Likelihood Ratio 9.06 7.24-11.32 

Negative Likelihood Ratio 0.08 0.06-0.11 

Accuracy 91.2% 87.8-93.8% 

 

Table 4: Performance of Different Cut-off Values for LDH/ADA Ratio 

Cut-off Value Sensitivity Specificity PPV NPV Accuracy 

14.5 95.6% 84.2% 86.4% 94.8% 89.9% 

15.5 94.2% 86.8% 88.2% 93.4% 90.5% 

16.5 92.4% 89.8% 90.6% 91.8% 91.2% 

17.5 88.6% 91.4% 91.8% 88.2% 90.0% 

18.5 84.2% 92.8% 92.4% 84.8% 88.5% 

 

Table 5: Subgroup Analysis of Non-tuberculous Effusions 

Diagnosis n (%) LDH (IU/L)* ADA (U/L)* LDH/ADA Ratio* P-value† 

Malignancy 58 (74.4%) 578 (412-786) 28.6 (22.4-36.8) 20.2 (16.4-24.8) <0.001 

Parapneumonic 12 (15.4%) 426 (286-564) 26.8 (20.2-34.6) 15.9 (12.4-19.2) 0.024 

Heart Failure 5 (6.4%) 342 (246-482) 22.4 (16.8-28.4) 15.3 (11.8-18.6) 0.038 

Other 3 (3.8%) 388 (264-486) 23.6 (18.2-30.8) 16.4 (12.6-20.2) 0.042 

Values expressed as median (IQR), †P-value compared to tuberculous group 

 

Table 6: Correlation Analysis of LDH/ADA Ratio with Other Parameters 

Parameter Correlation Coefficient (r) p-value 

Age 0.428 <0.001 

Total Protein -0.324 0.002 

Glucose 0.286 0.008 

Pleural Fluid Cell Count -0.392 <0.001 

Lymphocyte Percentage -0.468 <0.001 

Neutrophil Percentage 0.386 <0.001 

ESR -0.284 0.012 

CRP -0.312 0.006 

Serum Protein -0.196 0.084 

Duration of Symptoms 0.224 0.042 

 

Table 7: Multivariate Analysis of Factors Predicting Tuberculous Pleural Effusion 

Variable Adjusted OR 95% CI p-value 

LDH/ADA Ratio <16.5 8.64 4.82-15.46 <0.001 

Age <45 years 2.86 1.64-4.98 0.002 

Lymphocyte percentage >80% 3.42 1.86-6.28 <0.001 

Fever 2.98 1.72-5.16 0.001 

Weight Loss 2.24 1.28-3.92 0.018 

Unilateral Effusion 1.86 0.94-3.68 0.076 

Female Gender 1.42 0.82-2.46 0.208 

Smoking History 0.78 0.42-1.44 0.426 

 

DISCUSSION 

The present study demonstrates that the LDH/ADA ratio serves as a reliable tool for differentiating tuberculous 

from non-tuberculous pleural effusions, with an optimal cut-off value of 16.5 yielding high diagnostic accuracy (91.2%). 

These findings are particularly relevant in regions where both tuberculosis and malignancy represent common causes of 

exudative pleural effusions. 
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The demographic profile in this study showed tuberculous effusions predominantly affecting younger patients 

(mean age 38.4 ± 14.2 years) compared to malignant effusions (59.8 ± 12.6 years, p<0.001). This age distribution pattern 

aligns with findings from Vorster et al., [11], who reported a median age of 35 years in tuberculous effusions versus 62 

years in malignant cases in their multicenter study of 250 patients. 

 
The significantly higher ADA levels observed in tuberculous effusions [68.4 (54.2-82.6) U/L] compared to non-

tuberculous effusions is consistent with established literature. A meta-analysis by Liang et al., [12] encompassing 63 

studies demonstrated that pleural ADA determination yielded a pooled sensitivity of 92% and specificity of 90% for 

tuberculouspleuritis diagnosis. However, their study also highlighted the limitations of using ADA alone, particularly in 

regions with varying tuberculosis prevalence. 

 

The current study's findings regarding LDH levels being notably higher in malignant effusions [578 (412-786) 

IU/L] compared to tuberculous effusions support the observations of Verma and colleagues [13], who reported mean 

LDH values of 598 IU/L in malignant effusions versus 425 IU/L in tuberculous cases. This differential pattern forms the 

biochemical basis for utilizing the LDH/ADA ratio as a discriminatory tool. 

 

The optimal cut-off value of 16.5 for the LDH/ADA ratio determined in this study demonstrated excellent 
diagnostic performance (sensitivity 92.4%, specificity 89.8%). These results compare favorably with those reported by 

Garcia-Zamalloaet al., [14], who found a sensitivity of 88% and specificity of 87% using a cut-off value of 15.0 in their 

prospective study of 472 patients. The slight variation in optimal cut-off values might be attributed to differences in study 

populations and analytical methods. 

 

The high proportion of lymphocytes observed in tuberculous effusions (82.6 ± 12.4%) aligns with the 

immunological response pattern described by Wong et al., [15] in their immunophenotyping study of pleural effusions. 

Their work demonstrated that a lymphocyte predominance exceeding 80% had a positive predictive value of 88% for 

tuberculousetiology. 

 

The multivariate analysis revealing LDH/ADA ratio as the strongest independent predictor (adjusted OR: 8.64, 
95% CI: 4.82-15.46) adds to the growing body of evidence supporting the use of biochemical ratios in pleural fluid 

analysis. This approach of combining markers shows promise in improving diagnostic accuracy, as highlighted in the 

systematic review by Aggarwalet al., [16]. 

 

The study's findings regarding the correlation between LDH/ADA ratio and other parameters provide new 

insights into the relationship between these biochemical markers and the underlying pathophysiological processes. The 

significant negative correlation with lymphocyte percentage (r=-0.468, p<0.001) supports the immunological basis of 

tuberculouspleuritis described by Krenkeet al., [17] in their comprehensive review of pleural fluid biomarkers. 

 

Several limitations warrant consideration. The single-center nature of the study may limit its generalizability. 

Furthermore, the relatively small number of non-tuberculous, non-malignant effusions (n=20) suggests the need for 

larger studies to validate the findings in this subgroup. 
 

CONCLUSION 

The findings of this study demonstrate that the LDH/ADA ratio represents a robust and reliable diagnostic tool 

for differentiating tuberculous from non-tuberculous pleural effusions. With an optimal cut-off value of 16.5, the ratio 

achieved excellent diagnostic performance (sensitivity 92.4%, specificity 89.8%) that surpasses the individual diagnostic 

utility of either LDH or ADA alone. The strong statistical associations and favorable likelihood ratios support its 

integration into routine clinical practice. 

 

Several key advantages make the LDH/ADA ratio particularly valuable in clinical settings. First, both 

components are readily available in most laboratories and are part of routine pleural fluid analysis, making this approach 

cost-effective and widely applicable. Second, the rapid turnaround time for these tests allows for expedited clinical 
decision-making compared to traditional diagnostic methods such as culture or biopsy. Third, the high negative predictive 

value (91.8%) makes it a reliable tool for excluding tuberculousetiology when the ratio exceeds the cut-off value. 

 

The multivariate analysis findings suggest that combining the LDH/ADA ratio with other clinical parameters, 

particularly lymphocyte percentage and presence of fever, can further enhance diagnostic accuracy. This integrated 

approach could be especially valuable in resource-limited settings where more sophisticated diagnostic tools may not be 

readily available. 
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However, it is important to note that the LDH/ADA ratio should be interpreted within the appropriate clinical 

context and in conjunction with other diagnostic findings. Future multicenter studies with larger sample sizes are 

warranted to validate these findings across different populations and clinical settings, potentially leading to the 

development of standardized diagnostic algorithms incorporating this ratio. 
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