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Abstract
Objective: To study the diagnostic accuracy of Adenosine deaminase enzyme (ADA) in the diagnosis of
tuberculous pleural effusion (TPE).
Material and Methods: It was a cross-sectional descriptive study conducted in the Pulmonology departments of
Lady Reading and Khyber Teaching Hospital Peshawar and department of Pathology, Khyber Medical College,
Peshawar from April 2015 to Jan 2016. A total of 210 tuberculous and non-tuberculous pleural effusion patients
were selected through consecutive non-probability sampling techniques. After physical and systemic
examination, 3cc of pleural fluid was taken. ADA was estimated by Non-Guisti and Galanti method through the
simple colorimetric method. All the data was entered in a specially designed proforma and SPSS v16 was used for
statistical analysis.
Results: Out of 210 tuberculous and non-tuberculous pleural effusions, the commonest cause of pleural effusion
was tuberculosis followed by malignancy. In our study, Pleural fluid ADA levels have sensitivity, specificity,
positive predictive value( PPV), and negative predictive value (NPV) of 95.5%, 92.3%, 92.4%, and 96%
respectively in differentiating tuberculous pleural effusions from non-tuberculous lymphocytes predominant
pleural effusions.
Conclusion: Tuberculosis is the commonest infectious disease worldwide. A pleural fluid ADA level of =35 U/L
in lymphocyte-predominant effusions makes mycobacterium tuberculosis most likely etiology. This test is not
only very sensitive and specific but also it is very cheap, quick, and easy to perform by routine colorimetric
method.
Keywords: Tuberculosis (TB), Tuberculous Pleural effusion (TPE), Adenosine deaminase enzyme (ADA).
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Introduction

Robert Koch in 1882 discovered Mycobacterium
Tuberculosis as a causative agent of Tuberculosis
(TB).! The second commonest infectious etiology of
death throughout the world is TB with 1/3r of the
population on the planet has been suffering from TB.?
World Health Organization (WHO) report’” 2020
suggests the emergence of more TB cases due to high
drug resistance and poor patient's compliance.?
Statistics in Pakistan is further alarming as 0.298
million patients were diagnosed in 2013 out of which
12777 patients were labeled as multi-drug-resistant.*
TB remains asymptomatic in the majority of patients.
Ten percent of latent TB patients progress to
symptomatic TB and if left untreated, the mortality
rate may rise to 50%.5 TB has extra-pulmonary as well
as pulmonary presentations. Tuberculous pleural
effusion (TPE) ranks 2" most common extra-
pulmonary presentation of TB.¢ Conventional tests for
diagnosis of TPE have low specificity and Sensitivity
and as a consequence new diagnostic parameters are
under research.” There are many causes of
lymphocytes predominant pleural effusion but TB and
carcinoma are more common? Conventional
diagnostic tests for diagnosis of TB have the following
sensitivity; culture of pleural fluid 23%, the culture of
pleural biopsy 55%, and pleural Dbiopsy
histopathologic diagnosis 63%. Pleural fluid Ziehl
Neelson (ZN) staining, is rapid, very inexpensive but
has very low sensitivity and produces usually negative
results even in diagnosed cases of tuberculous pleural
effusion.® TPE mostly occurs due to Mycobacterial
antigens and only rarely by tuberculous bacilli as a
whole. Due to pauci-bacillary nature of this effusion,
its AFB culture, Polymerase chain reaction (PCR), and
ZN staining are less sensitive.10

The diagnostic role of Adenosine deaminase enzyme
(ADA) in TPE is under research with varying
specificity and sensitivity in different regions of the
world having excellent results in TB endemic areas.!
ADA is an enzyme that has a natural role in purine
metabolism. Its concentration is 10 times more in-
activated T-lymphocytes as compared to Red blood
cells.’2 Elevated ADA levels >35/40 U/L have been
found in TPE.13 Atalay in 2005 found low ADA level (<
30 U/L) in transudative pleural effusions and thus low
ADA level can also be used in labelling pleural
effusion as transudative and vice versa.l4

The main objective of the present study is to know
about the diagnostic accuracy of Adenosine deaminase

(ADA) in TPE in the Khyber Pakhtunkhwa population
of Pakistan.

Materials and Methods

It was a cross-sectional study of the descriptive type
conducted in the Pulmonology ward Khyber Teaching
Hospital Peshawar, Lady Reading Hospital Peshawar,
and Pathology Department Khyber Medical College
Peshawar, Khyber Pakhtunkhwa from April 2015 to
Jan 2016. A total of 210 patients of pleural effusions
including tuberculous and non-tuberculous were
selected by non-probability consecutive sampling
technique amongst the urban, rural, and semi-urban
population of Khyber Pakhtunkhwa, Pakistan.
Consent was taken from all the patients. After detailed
general and systemic examination, 3cc pleural fluid
was taken which was stored at -20 degrees after
centrifugation. All the patients with lymphocytes
predominant exudative pleural effusions with biopsy-
proven tuberculosis, malignancy, and idiopathic
(biopsy inconclusive), as well as transudative pleural
effusions due to chronic renal failure, cirrhosis, and
congestive heart failure, were included along with
Neutrophilic predominant empyema and pneumonia.
Patients suffering from Rheumatoid Arthritis and
Emphysema were excluded.

Pleural fluid samples were measured for Adenosine
deaminase enzyme (ADA) by non-Guisti and Galanti
method spectrophotometrically through Microlab-300
chemistry analyzer. We selected the cut off value of 35
U/L in differentiating tuberculous pleural effusion
from non-tuberculous pleural effusion. All the data
was entered in a specifically designed proforma and
SPSS version 16 was used for statistical analysis. We
calculated the sensitivity, specificity, positive
predictive value (PPV), negative predictive value
(NPV) by estimating ADA level in both biopsy-proven
tuberculous pleural effusion and non-tuberculous
pleural effusion. We also determined the significance
of ADA level via Receiver Operating Curve (ROC-
curve).

Results

Out of the total of 210 pleural effusion patients, 128
were males and 82 were females. Their mean age was
49.28 years. There were multiple causes of pleural
effusion, with Tuberculosis accounting for 42% and
Malignancy 19% as shown in Table 1.
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Table 1: Causes of Pleural Effusion

Cause Number (Percentage)
Tuberculosis 88 (41.91 %)
Malignancy 40 (19.04 %)
Idiopathic 22 (10.48 %)
Lymphoma 02 (0.95 %)

Congestive cardiac failure
Chronic renal failure

09 (4.29 %)
10 (4.76 %)

Multiple Myeloma 01 (0.48%)
Empyema 12 (5.71%)
Pneumonia 18 (8.57%)
Cirrhosis 08 (3.81%)
Total 210 (100 %)

Table 2: ADA Counts in Tuberculous and Non-
tuberculous Pleural Effusion

ADA Tuberculous  Non- Total
Count PE Tuberculous

(U/L) PE

> 35 84 25 109
<35 04 97 101
Total 88 122 210

By using a cut off of 35 U/L, for all effusion types
(n=210), the sensitivity of pleural fluid ADA for
detecting mycobacterium tuberculosis was 95.5% with
a specificity of 79.5%, positive predictive value (PPV)
77.1%, and negative predictive value (NPV) of 96%.
The area under the receiving operator curve (Figure 1)
was 0.846. When using the same cut-off in the non-
tuberculous group excluding empyema and para-
pneumonic effusions i.e. by excluding neutrophilic
predominant pleural effusions which are easily
diagnosed by naked eye appearance or routine fluid
examination, (n=62), specificity increases to 92.3%
from 79.5%, PPV increases to 92.4% from 77.1%
without changing the sensitivity and NPV. The area
under the roc curve increases from 0.846 to 0.966
(Figure 2) taking the test from very good to excellent
category. NPV falls to 98.9%. Sensitivity remains the
same and specificity improves to 98.9%.

ROC Curve
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Figure 1: ROC CURVE showing sensitivity and

specificity of ADA in the diagnosis of Tuberculous
Pleural Effusion
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Figure 2: ROC CURVE showing sensitivity and
specificity of ADA in the diagnosis of TPE after
excluding  Neutrophilic = Predominant  Non-
tuberculous pleural effusion
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Table 3: Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of ADA

in the diagnosis of tuberculous pleural effusion

Group Cut off value Sensitivity Specificity PPV NPV
Tuberculous
Non-tuberculous 235 95.5% 79.5% 77.1% 96 %
Tuberculous
Non-tuberculous* 235 95.5% 92.4% 92.3% 95.5%
Tuberculous
Non-tuberculous >40 88.6% 80.3% 76.5% 90.7%
Tuberculous
Non-tuberculous* >40 88.6% 93.5% 92.9% 89.6%

*Non-tuberculous group excluding Empyema and Parapneumonic effusion

Discussion

Conventional diagnostic markers/tests for the
diagnosis of TPE have low sensitivity and specificity.
Although definitive diagnostic tests are the culture of
pleural fluid and PCR for detection of Mycobacterial
Tuberculosis, these are less sensitive due to pauci-
bacillary nature of tuberculous pleural fluid with the
culture of pleural fluid has a sensitivity of just 40%
and that of PCR 42.9%. Also, culture apart from low
sensitivity takes a maximum of 42 days, and thus early
and quick treatment cannot be initiated.’> In Pakistan,
BCG being part of immunization schedule, Mantoux
test has low utility.5 Open pleural biopsy has a
sensitivity of just 20 to 51%.'®¢ Therefore many
biomarkers are under research for diagnosis of
tuberculous pleural effusion of which Adenosine
deaminase (ADA) is one of them. It is naturally
involved in the metabolism of purine and its level is
raised due to increased lymphocyte activity.”” ADA is
raised in tuberculous pleural effusion. Bento et al 50
years ago for the first time documented elevated ADA
levels in tuberculous pleural effusion.’® Liang did a
meta-analysis in which he concluded high specificity,
sensitivity, positive predictive value, and negative
predictive value for ADA in labelling a pleural
effusion as tuberculous.’® In some international studies
ADA has more than 90% sensitivity and specificity
which is highest among all the current diagnostic tests
for the diagnosis of tuberculous pleural effusion.’® In
tuberculosis endemic areas, 50% or more of pleural
effusions are because of Mycobacterial Tuberculosis.2
In tuberculous pleural effusion, high activated
lymphocyte count is responsible for high ADA level.
In this study, pleural fluid has been divided into two
groups; tuberculous & non-tuberculous. Cut off value
for positive tuberculous pleural effusion was taken as
>35 U/L. In our study, Pleural fluid ADA levels have

sensitivity, specificity, PPV, and NPV of 95.5%, 92.3%,
924%, and 96% respectively in differentiating
tuberculous pleural effusions from non-tuberculous
lymphocytes predominant pleural effusions which
correspond to the recent international meta-analysis of
sixty-three studies having 2798 patients of TPE and
5298 patients of non-tuberculous pleural effusions
with ADA sensitivity and specificity of 92% and 90%
respectively.

Study Limitations

We did not receive patients of Pleural Effusions due to
Systemic Lupus Erythematosis (SLE) and Rheumatoid
Arthritis which have been reported with ADA level >
35 U/L in some studies. Therefore it is suggested to be
cautious in the interpretation of high ADA levels in
these patients.

Conclusion

In our study, ADA > 35 U/L in Pleural fluid has a
sensitivity of 95.5%, the specificity of 92.3%, PPV of
92.4%, and NPV of 96% in differentiating tuberculous
pleural effusions from non-tuberculous lymphocytes
predominant exudative pleural effusions. Therefore
ADA level of > 35 U/L in lymphocyte-predominant
pleural effusions makes TB the most likely cause. ADA
estimation in pleural fluid is thus very sensitive and
specific particularly in areas of the world where
tuberculosis is endemic. It has a very low cost, can be
estimated in a few minutes by routine colorimetric
method. Therefore its estimation is recommended in
all patients with exudative lymphocytes predominant
pleural effusions.



315 Journal of Rawalpindi Medical College (JRMC); 2020; 24(4): 311-315

References

1. Vorster MJ, Allwood BW, Diacon AH, Koegelenberg CFN.
Tuberculous pleural effusions: Advances and controversies. J
Thorac Dis. 2015;7(6):981-91. DOL:
https://doi.org/10.3978/j.issn.2072-1439.2015.02.18

2. Jeon D. Tuberculous pleurisy: An update. Tuberc Respir Dis
(Seoul). 2014;76(4):153-9. DOI:
http://dx.doi.org/10.4046/trd.2014.76.4.153

3. Harding E. WHO global progress report on tuberculosis
elimination. The Lancet Respiratory medicine. 2020;8(1):19.
DOI: https://doi.org/10.1016/52213-2600(19)30418-7

4. Zumla A, George A, Sharma V, Herbert RH, Oxley A, Oliver
M. The WHO 2014 global tuberculosis report--further to go. The
Lancet Global health. 2015; 3(1):el0-2. DOL:
https://doi.org/10.1016/52214~109X(14)70361-4

5. Bento ], Silva AS, Rodrigues F, Duarte R. Diagnostic tools in
tuberculosis. Acta medica portuguesa. 2011; 24(1):145-54.

6. Devkota KC, Shyam BK, Sherpa K, Ghimire P, Sherpa MT,
Shrestha R, et al. Significance of adenosine deaminase in
diagnosing tuberculous pleural effusion. Nepal Medical College
journal: NMCJ. 2012; 14(2):149-52.

7. Marie MA, John J, Krishnappa LG, Gopalkrishnan §,
Bindurani SR, Cs P. Role of interleukin-6, gamma interferon and
adenosine deaminase markers in management of pleural effusion
patients. West Indian Med J. 2013; 62(9):803-7.

8. Haas AR, Sterman DH. Advances in pleural disease
management including updated procedural coding. Chest. 2014;
146(2):508-13. DOI: https://doi.org/10.1378/chest.13-2250

9. Liu YC, Lee SS, Chen YS, Tu HZ, Chen BC, Huang TS.
Differential diagnosis of tuberculous and malignant pleurisy
using pleural fluid adenosine deaminase and interferon gamma in
Taiwan. Journal of Microbiology, Immunology and Infection.
2011;44(2):88-94. DOL:
https://doi.org/10.1016/j.jmii.2010.04.001

10. McGrath EE, Anderson PB. Diagnostic tests for tuberculous
pleural effusion. European Journal of Clinical Microbiology &
Infectious Diseases. 2010;29(10):1187-93.

11. Gui X, Xiao H. Diagnosis of tuberculosis pleurisy with
adenosine deaminase (ADA): a systematic review and meta-
analysis. International journal of clinical and experimental
medicine. 2014;7(10):3126-35.

12. Wong CF. Early diagnosis of tuberculous pleural effusion:
apart from pleural fluid adenosine deaminase, pleural biopsy still
has a role. Hong Kong Med J. 2018;24:316-7. DOL
https://doi.org/10.12809/hkmj187289

13. Liang QL, Shi HZ, Wang K, Qin SM, Qin XJ. Diagnostic
accuracy of adenosine deaminase in tuberculous pleurisy: a meta-
analysis. Respiratory medicine. 2008; 102(5):744-54. DOL
https://doi.org/10.1016/j.rmed.2007.12.007

14. Atalay F, Ernam D, Hasanoglu HC, Karalezli A, Kaplan O.
Pleural adenosine deaminase in the separation of transudative
and exudative pleural effusions. Clinical
biochemistry.2005;38(12):1066-70. DOL
https://doi.org/10.1016/j.clinbiochem.2005.07.009

15. Farhana A, Ghosh CK, Rehena Z, Ferdousi S, Alam MB,
Mahmuduzzaman M, et al. Comparative Study of Adenosine
Deaminase and Other Conventional Diagnostic Parameters in
Diagnosis of Tuberculous Pleural Effusion. Mymensingh medical
journal: MMJ. 2015;24(3):550-7.

16. Tay TR, Tee A. Factors affecting pleural fluid adenosine
deaminase level and the implication on the diagnosis of
tuberculous pleural effusion: a retrospective cohort study. BMC
infectious diseases. 2013;13:546. DOL:
https://doi.org/10.1186/1471-2334-13-546

17. Porcel JM, Palma R, Valdes L, Bielsa S, San-Jose E, Esquerda
A. Xpert(R) MTB/RIF in pleural fluid for the diagnosis of
tuberculosis. The international journal of tuberculosis and lung
disease: the official journal of the International Union against
Tuberculosis and Lung Disease. 2013;17(9):1217-9. DOI:
https://doi.org/10.5588/ijtld.13.0178

18. Piras C, Greco V, Pieragostino D, Acbersold R, Wiltfang J,
Caltagirone C, et al. Direct analytical sample quality assessment
for biomarker investigation: qualifying cerebrospinal fluid
samples. Proteomics. 2014;14(17-18):1954-62. DOL
https://doi.org/10.1002/pmic.201300565

19. Ogata Y, Aoe K, Hiraki A, Murakami K, Kishino D,
Chikamori K, et al. Is adenosine deaminase in pleural fluid a
useful marker for differentiating tuberculosis from lung cancer
or mesothelioma in Japan, a country with intermediate incidence
of tuberculosis? Acta medica Okayama. 2011;65(4):259-63

20. Onyenekwu CP, Zemlin AE, Erasmus RT. High pleural fluid
adenosine deaminase levels: A valuable tool for rapid diagnosis of
pleural TB in a middle-income country with a high TB/HIV
burden. South African Medical Journal. 2014;104(3):200-3.
DOI: https://doi.org/10.7196/SAMJ. 7428



