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Background: Pleural effusion, a significant clinical problem, often poses diagnostic 

challenges. Tuberculosis and malignancy are the leading causes of exudative pleural effusion 

globally and in Pakistan. Differentiating between these two causes is essential for effec tive 

treatment, yet difficult due to overlapping clinical and biochemical profiles.  Methods: This 

cross-sectional study was conducted at Jinnah Postgraduate Medical Center from February 

2017 to May 2023, involving 603 patients with pleural effusion. It focused on exudative 

effusions, excluding transudative effusions, other causes, and patients with specific 

comorbidities. Procedures included diagnostic thoracenteses, pleural ultrasounds, biopsies, and 

various laboratory tests. The study aimed to assess the diagnostic utility of pleural fluid protein 

levels in distinguishing tuberculous from malignant effusions.  Results: Out of 603 cases, 582 

were analyzed. The study found significant age differences between patients with tuberculosis 

and malignancy. Tuberculosis was more common in younger patients, with no marked gender 

difference. The mean pleural fluid protein level was higher in tuberculosis (5.02±1.07 g/dL) 

than in malignancy (4.48±1.10 g/dL, p=0.004). A cut-off value of 5.08 g/dL for pleural fluid 

protein was identified as effective in differentiating between the two conditions.  Conclusion: 

The study suggests that pleural fluid protein levels can be a valuable diagnostic marker for 

distinguishing between tuberculous and malignant pleural effusions. This i s particularly 

relevant in settings where advanced diagnostic options are limited, highlighting the importance 

of pleural fluid analysis in clinical diagnosis. 
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INTRODUCTION 

Pleural effusion is a very common problem and poses 

a diagnostic challenge to physicians. Worldwide, 

tuberculous and malignant are the most common 

aetiologies of exudative pleural effusion.1‒5 This is 

similarly seen in Pakistan, where more than 50% of 

the exudative pleural effusions are diagnosed as 

tuberculosis.6‒11 It is crucial to differentiate between 

tuberculosis and malignancy as delayed or incorrect 

treatment of both diseases has grave consequences. 

Though, differentiating between malignant and 

non-malignant pleural effusions is difficult due to 

their similar clinical and biochemical profiles.3,12 

The gold standard for diagnosis of pleural 

tuberculosis is the detection of Mycobacterium 

tuberculosis in pleural fluid or pleural tissue.13 The 

ability to diagnose tuberculosis using this is limited 

because tuberculous pleural effusions primarily 

result from an immunological response, which 

typically contains only a minimal number of 

mycobacteria.14 Additionally, the outcomes of 

microbiological tests are often delayed, and the 

clinical decision to initiate anti-tuberculous treatment 

is usually made before receiving confirmation. While 

conducting a pleural biopsy and acid-fast bacilli 

culture together with the pleural biopsy enhances the 

diagnostic yield to 90%, these methods are more 

invasive, time-consuming, and costly.15 

The diagnosis of malignant pleural effusion 

relies on detecting malignant cells in the pleural fluid 

or tissue. Cytology of pleural fluid, with a diagnostic 

yield ranging from 40 to 87%, is more effective than 

closed biopsy, which has a yield of 35‒65%.16,17 

Research indicates that combining pleural fluid 

adenosine deaminase (ADA) levels with differential 

leukocyte counts is useful in distinguishing between 

tuberculous and malignant pleural effusions.18,19 

However, ADA testing in pleural fluid is not 

generally accessible, and elevated ADA levels do not 

effectively differentiate between tuberculous effusions 

and those caused by lymphoma.20,21 

In this context, the objective of this study was 

to assess the diagnostic performance of pleural fluid 

protein in differentiating tuberculous from 

malignant pleural effusion. 
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MATERIAL AND METHODS 

This is a cross-sectional study in which 603 patients 

with pleural effusion were recruited from the chest 

ward at the Jinnah Postgraduate Medical Center 

from February 2017 to May 2023. The study was 

approved by the institutional ethics review board 

(Reference No. F.2-81/2014-GENL/8132/JPMC). 

The study included patients who had exudative 

pleural effusion, confirmed by Light’s criteria22, 

and who consented to diagnostic tests including 

thoracentesis and pleural fluid analysis for 

tuberculosis or malignancy. The study excluded 

several cases: those with transudative pleural 

effusion as defined by Light’s criteria22, exudative 

effusions caused by factors other than tuberculosis 

or malignancy, patients with comorbid illnesses like 

diabetes mellitus, hypertension, liver disease, or 

renal disease, and known cases of human 

immunodeficiency virus (HIV) positivity. Patients 

were enrolled after informed consent, and data 

related to age and gender was recorded. 

Diagnostic thoracenteses were done and 

patients with exudative pleural effusion as per 

Light’s criteria were included for the study. Pleural 

ultrasound was done in patients with exudative 

effusion, and they underwent pleural biopsy 

(Abrahms for simple and thoracoscopic for 

complicated effusion on ultrasound).  Pleural fluid 

samples taken during biopsy procedures were sent 

for tests like AFB smear, mycobacterial culture, 

Xpert assay and cytology where clinically indicated. 

Pleural biopsy specimens were sent for 

histopathology, mycobacterial culture and Xpert 

assay.  

The diagnostic criteria for tuberculosis in 

this study included either the detection of 

Mycobacterium tuberculosis in pleural fluid or 

tissue, or the presence of granulomatous 

inflammation on histopathology, accompanied by a 

compatible clinical history and radiological 

examination. These criteria were specifically 

applied to patients with a lymphocytic exudate who 

showed a favourable clinical response to anti-

tuberculous treatment, such as resolution of fever 

and weight gain. For malignancy, the diagnosis was 

based on the detection of malignant cells in pleural 

fluid cytology or in tissues obtained through pleural 

biopsy.  

Statistical analysis was done using SPSS 

version 23. Mean and standard deviation were 

calculated for pleural fluid protein level.  For better 

understanding of the difference pleural fluid protein 

was grouped into 4: Group I had protein levels of 

2.5–2.9 g/dL, Group II 3–4 g/dL, Group III 4–5 

g/dL and Group IV >5 g/dL. Mann-Whitney U test 

was used for analyzing continuous variables (for 

data that were not normally distributed). 

Categorical variables were compared using the chi-

square (X2) test. A p-value of less than 0.05 for a 

two-tailed test was considered statistically 

significant. 

RESULTS 

Out of 603 cases, 582 were included in the final 

analysis. Study flow diagram is given in Figure 1. 

The demographic distribution of study population is 

given in table 1, which shows a significant 

difference in the age of malignancy and tuberculosis 

populations. With respect to pleural fluid protein, 

protein concentrations were significantly greater 

(p=0.004) in tuberculosis group (5.02±1.07 g/dL) as 

compared to malignant effusion (4.48±1.10 g/dL). 

Group-wise breakdown of protein analysis showed 

that higher pleural fluid protein levels related to 

higher chances of tuberculosis diagnosis as shown 

in table-2. When plotted in ROC curve (Figure-2) in 

tuberculosis versus malignancy, the best cut-off 

value for pleural fluid proteins was 5.08 g/dL 

(p<0.05). 

 

 
Figure 1: Study Flow Diagram 

 

 
Figure-2: ROC curve showing sensitivity and 

specificity of pleural fluid 
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Table-1: Demographic distribution of the study population. 
 Tuberculosis Malignancy p-value 

Mean age±SD (years) 36.81±16.11 49.63±18.23 <0.05 

  Gender (%) 

  Male (%)  303 (66.89%) 90 (69.77%)  

0.85   Female (%) 150 (33.11%) 39 (30.23%) 

 

Table-2: Group-wise breakdown of pleural fluid protein analysis. 
Groups (pleural fluid protein content) Tuberculosis Malignancy p-value 

I (2.5 – 2.9 g/dL) 12 6 0.009 

II (3 – 3.9 g/dL) 54 39 

III (4 – 4.9 g/dL) 129 42 

IV (5 g/dL) 258 42 

 

DISCUSSION 

Tuberculosis and malignancy continue to be the 

leading causes of exudative pleural effusion, both in 

Pakistan and worldwide. This observation is 

corroborated by numerous studies conducted over past 

years.1‒11 An accurate method is needed for assessing 

pleural effusion and pinpointing its various possible 

causes, particularly tuberculosis and malignancy, 

which often mimic each other. The diagnostic process 

should begin with a thorough clinical history and 

physical examination to gather indicative signs of the 

underlying condition, prior to proceeding with 

laboratory investigations.  

In our study, we found that tuberculosis is 

more prevalent among younger participants. These 

findings align with what is documented in the 

literature.15 While malignancy typically presents in 

older individuals, in areas with high tuberculosis rates, 

pleural tuberculosis also remains a significant issue 

among adults.23 

Thoracentesis is the easiest and fastest first 

test in cases of pleural effusion. Although the cause of 

pleural effusion remains uncertain in about 20% of 

cases, detailed biochemical, microbiological, and 

cytological analysis of pleural fluid should be done to 

avoid more invasive and time-consuming tests. In our 

study, we first segregated exudates from transudates 

by Light’s criteria22 and then subjected patients with 

exudative pleural effusion to further analysis. 

In our study, we observed that elevated 

pleural fluid protein levels not only assist in 

differentiating exudative from transudative effusions, 

but also hint at the potential cause of the effusion. 

Specifically, a high total protein content in the pleural 

fluid, particularly values exceeding 5.0 g/dL, typically 

indicates tuberculosis.24 Indeed, more than half of our 

study participants with tuberculous pleural effusions 

had pleural fluid protein greater than 5 g/dL. Mean 

pleural fluid protein in tuberculous pleural effusion 

was significantly higher at 5.02±1.07 g/dL as 

compared to 4.48±1.10 g/dL in malignant pleural 

effusion which is in concordance with results from a 

study which found that pleural fluid protein content 

was notably lower in malignant effusions (4.2±1.0 

g/dL) compared to tuberculosis (5.3±0.8 g/dL). 

We found the optimal cut-off value to be 5.08 

g/dL (AUC 0.685) in differentiating tuberculous 

versus malignant pleural effusion. A study from 

Spain25 done on 392 subjects found that tuberculous 

fluids were protein-rich and 74% had total protein 

contents greater than 5 g/dL. They also devised two 

scoring models to diagnose pleural tuberculosis. The 

second model included pleural fluid protein ≥5 g/dL 

along with 5 other parameters. This score-based model 

had an area under the ROC curve of 0.982 (95% CI 

0.968–0.995) and correctly classified 75% of the 

fluids. Another study showed median protein level of 

5.1 g/dL in the tuberculous group.26 

One of the main limitations of the study is 

that it is a single center study. Hence, the results cannot 

be generalized. Further studies can be done on the 

subject including multiple centers to increase the 

validity. 

CONCLUSION 

The optimal pleural fluid protein cut-off value of 5.08 

g/dL for distinguishing tuberculosis from malignancy 

in pleural effusions, as identified in our study, offers a 

practical diagnostic marker that is both accessible and 

cost-effective. This advancement enriches the medical 

literature by providing a reliable, non-invasive method 

that can be especially useful in resource-limited 

settings. Clinically, it holds the potential to improve 

patient management by allowing for prompt and 

accurate treatment decisions, thereby improving 

patient outcomes, and informing public health 

policies. 
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