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Diagnostic accuracy of different cut-off values of adenosine deaminase levels in

tuberculous pleural effusion

Kiran Igbal Masood,! Shayan Shahid,2 Kauser Jabeen,3 Joveria Farooqi,# Sabeika Raza Kerawala,> Muhammad Irfan®

Abstract

Objective: To assess the diagnostic accuracy of different cut-off values of pleural fluid adenosine deaminase levels
as a diagnostic method for tuberculous pleural effusion.

Method: The prospective study was conducted from 2014 to 2016 at the Aga Khan University Hospital, Karachi, and
comprised pleural fluid samples of adult patients with and without tuberculosis which were tested for adenosine
deaminase levels, and divided into tuberculosis group A and non-tuberculosis group B. Sensitivity, specificity,
negative predictive value and positive predictive value were calculated using different cut-offs. Data was analysed
using IBM SPSS (Statistical Package for Social Sciences) version 21.0 (IBM Corp., Armonk, NY).

Results: Of 155 patients, 46(29.7%) had tuberculosis; 30(65.2%) males and 16(34.8%) females. Those who did not
have tuberculosis were 109(70.3%); 69(63.3%) males and 40(36.7%) females. The adenosine deaminase levels were
elevated in group A compared to group B (p<0.001). The cut-off of 30U/L showed the highest sensitivity (71.7%) and
negative predictive value (87.4%), and a specificity of 82.6%. The cut-off of 50U/L showed the highest specificity
(89.9%) with sensitivity 52.2%, and the cut-off of 40U/L showed the highest positive predictive value of 68.9% with
sensitivity 67.4% and specificity 87.2%.

Conclusion: Pleural fluid adenosine deaminase testing for diagnosing tuberculosis pleuritis revealed highest

sensitivity and moderate specificity for cut-off value of 30U/L.
Keywords: Tuberculosis, Pleural effusion, Adenosine deaminase, Diagnosis.
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Introduction

Tuberculosis (TB) is one of the leading infectious causes of
morbidity and mortality worldwide. In 2018 there were 10
million new cases and 1.45 million deaths caused by TB
globally.? In Pakistan, the estimated incidence reported
was 562,000 (265/100,000) and 44,000 patients died in
2018.1 Pulmonary TB is the most common form of TB, but
other parts of the body can also be affected by
Mycobacterium tuberculosis (MTB) (extra-pulmonary TB).2
One of the more common manifestations of extra-
pulmonary TB (EPTB) is pleural TB which accounts for
pleural effusion in up to 25% TB patients.3 A delayed type
hypersensitivity reaction in response to rupture of sub-
pleural focus of MTB infection that increases vascular
permeability has been noted to be the cause of TB
effusion.4

Patients with pleural TB mostly present with fever, cough
and pleuritic chest pain.> Pleural TB is usually diagnosed
by pleural fluid microscopy or culture of acid-fast bacilli
(AFB) or by pleural biopsy. Caseating granulomas are the
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characteristic finding on histopathology.67 However,
these methods are not only invasive, but also time-
consuming.8 It takes around 4-6 weeks for culture results
to be reported which has an impact on immediate clinical
decisions to be taken, differentials to be ruled out, and
ultimately delay in timely treatment.® Moreover,
specimens from pleural space have a low bacillary burden
and decreases the sensitivity of culture results.®

Due to the lack of sensitivity of diagnostic assays and
relative difficulty in pleural tissue sampling compared to
thoracentesis, biomarkers are being increasingly looked
upon in pleural effusions of patients with TB.89 Among
many biomarkers identified, adenosine deaminase (ADA),
an enzyme that converts (deoxy)adenosine to
(deoxy)inosine, was found to be the most relevant marker
to be used as a diagnostic tool.'® ADA has two isoenzymes;
ADA-1, which is present in almost all cells, and ADA-2,
which is mainly expressed in monocytes and macrophages
and is released following intracellular infection.! Activity of
both isoenzymes is increased in pleural TB, but
predominantly in ADA-2.7 ADA helps monocytes to
mature into macrophages and is also known to be
responsible for proliferation and differentiation of
lymphoid cells, especially T cells, and is shown to
contribute in purine metabolism.’2 Hence, ADA is an
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essential component of cellular immunity.'2 Previous
studies have shown that activity of ADA increases in pleural
effusions of patients with TB because of mycobacterial
stimulation of T cells, therefore, ADA has been proposed to
be a potential marker for the detection of TB in body fluids,
such as pleural, pericardial and peritoneal fluid.’3

Multiple studies have favoured the utilisation of ADA
measurement as a quick, simple and low-cost diagnostic
tool for pleural TB with high sensitivity and specificity.!
Meta-analyses from different countries have revealed
high mean sensitivity (ranging 90-94%) and specificity
values (88-92%).10.14-16 Diagnostic ADA levels have also
been correlated with age, with 72U/L for those aged 55
years or below, and 26U/L for those >55 years.!”

The current study was planned to assess the sensitivity
and specificity of different cut-off values of pleural fluid
ADA levels for the diagnosis of TB effusion in suspected
patients in a high-burden country.

Patients and Methods

The prospective study was conducted from 2014 to 2016 at
the Aga Khan University Hospital, Karachi after receiving
approval from the institutional ethics review committee.
The sample size was calculated using PASS (Power Analysis
and Sample Size Software) version 13.0 (NCSS, LLC. Kaysville,
Utah, USA). It was determined with 80% power using a two-
sided binomial test comparing sensitivities of 0.50 and 0.75
under the null and alternate hypotheses, respectively. The
sample size was also calculated with 100% power using a
two-sided binomial test comparing specificities of 0.50 and
0.85 under the null and alternate hypotheses, respectively.
The target significance level was 0.05 for both tests. The
actual significance level achieved by the sensitivity test and
specificity test was 0.026 and 0.035, respectively. The
prevalence of tuberculous plural effusion was 29.7%. For
sample size calculation, sensitivity and specificity of 0.75
and 0.85 respectively, were assumed to match the lowest
values observed in previously available literature from this
region in order to obtain the highest sample size.418 Non-
probability sampling technique was used. Adult patients
with and without TB were included, while patients with
transudate pleural effusion were excluded.

After taking written informed consent from the subjects,
diagnosis of TB effusion was made on the basis of criteria
mentioned in literature.'® Pleural fluid AFB smear or
culture positive, and/or caseating granuloma on pleural
biopsy. Alternatively, clinical features indicative of TB
(fever and/or cough >3 weeks, night sweats, weight-loss),
signs of pleural effusion on chest examination, and chest
X-ray showing pleural effusion; exudative lymphocytic
pleural effusion on pleural fluid analysis as per Light's
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criteria;20 and treatment response assessment which was
done at 2 months and 6 months of anti-TB therapy in
patients with clinically diagnosed TB effusion. Criteria for
successful treatment was resolution of symptoms and
resolution of effusion on chest X-ray.

Pleural fluid samples of the subjects were tested for
adenosine deaminase levels tested for ADA levels. Results of
ADA were blinded to avoid bias in the determination of
patients’ clinical diagnoses. The subjects were subsequently
divided into TB group A and non-TB group B. Demographic,
clinical and microbiological data was recorded.

For specimen processing, an aliquot of pleural fluid from
each sample for ADA activity was centrifuged at 2,000
RPM for 10 minutes. Supernatant was separated and
stored at -800C until further processing.2!

ADA levels were determined using Adenosine Deaminase
Assay Kit (Diazyme Laboratories, San Diego, CA, USA) as
per the manufacturer's instructions in pleural fluid
samples stored at -80°C. The assay used was based on
Berthelot reaction, as described by Giusti and Galanti.22
The cut-off defined by the manufacturer for a positive
result was 30U/L where one unit of ADA corresponded to
the amount of enzymatic activity required to release
Tumol of ammonia per minute from adenosine under
defined conditions.?2

Data was analysed using IBM SPSS (Statistical Package for
Social Sciences) version 21.0 (IBM Corp., Armonk, NY) and
Graphpad PRISM. Data was presented as mean values
with standard deviation (SD). Student's t test and Mann-
Whitney U test were used to compare the groups. The
optimal cut-off value for ADA was taken as 30U/L.
Predictive value analyses were performed using MedCalc
20.110 (MedCalc Software, Ostend, Belgium). P<0.05 was
considered statistically significant.

Results

Of 155 patients, 46(29.7%) had TB; 30(65.2%) males and
16(34.8%) females. Those who did not have TB were
109(70.3%); 69(63.3%) males and 40(36.7%) females. Within
group A, 20(43.5%) cases had TB diagnosis microbiologically
confirmed, and 26(56.5%) were clinically diagnosed.

Besides, a decreased trend of total leucocyte count was
observed in group A patients compared to group B; protein
levels were significantly raised in group A compared to
group B (p<0.001); glucose levels were lower in group A
(p>0.05), and there was increased lactate dehydrogenase
(LDH) activity in group A compared to group B (Table-1).

ADA levels were elevated in group A 72.17+68.13
compared to group B 23.21+£36.54 (p<0.001) (Figure).
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Table-1: Characteristics of study population.

Parameters Non-TB (n=109) TB(n=46) P value
Age (Years) (mean=£SD) 51.4+219 46.6+19.6 0.207
Gender 0.821

Male (n=99) 69 (63.3%) 30 (65.2%)

Female (n=56) 40 (36.7%) 16 (34.8%)

Pleural fluid protein concentration (g/dl) 4353.8+1024.0 5030.2+881.7 <0.001
Pleural fluid LDH (IU/L) 901.2+1459.0 4226.7+12202.8 0.142
Total leucocyte count (cells/mm3) 1M.7£11.7 8.2+4.6 0.076
Pleural fluid glucose concentration (g/dl) ~ 107.9+62.4 86.8+483  0.057

TB: Tuberculosis, M:F: Male:female, LDH: Lactate dehydrogenase test. SD: Standard deviation.
Statistical analysis was done using t test. P values <0.05 were considered statistically significant.

The cut-off of 30U/L showed the highest sensitivity
(71.7%) and negative predictive value (NPV) (87.4%), and
a specificity of 82.6%. The cut-off of 50U/L showed the
highest specificity (89.9%) with sensitivity 52.2%, and the
cut-off of 40U/L showed the highest positive predictive
value (PPV) of 68.9% with sensitivity 67.4% and specificity
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Figure: Adenosine deaminase (ADA) activity in tuberculous (TB) and non-TB pleural
effusions; Box and whiskers plots indicate data between 10th and 90th percentiles with
median values of each group represented by a horizontal line. ' denotes statistically
significant differences (p<0.05) between the two groups.

15

87.2% (Table-2).

Discussion

Among other findings, the current study favoured a cut-off
value of 30U/L in terms of diagnostic accuracy of pleural
fluid ADA levels as a diagnostic method for TB pleural
effusion. A broad range of cut-off values have been
described in literature, but the most commonly used
threshold has been between 30U/L and 60 U/L.915 The cut-
off in the current study was lower because the population
was highly predictive of TB. A meta-analysis of studies
conducted in Spain revealed a high sensitivity (93%) and
specificity (92%) with no significant differences detected
for different cut-off values ranging from 23-35U/L to 43-
45U/L.10 A meta-analysis of Brazilian studies on the subject
stated a mean sensitivity value of 91.8% and a mean
specificity value of 88.4% with ADA cut-off values ranging
from 30U/L to 60U/L (mean: 40.7 U/L).'® Another meta-
analysis of Indian studies gave a pooled estimate of 94%
and 89% for sensitivity and specificity, respectively.!4
Suggesting that ADA thresholds of 38-42U/L were more
useful for excluding disease, and thresholds >42U/L were
more useful as a confirmatory marker, the study was unable
to comment on the diagnostic performance of high ADA
levels.4 Similar estimates were seen in other meta-analyses
of global data.'s23 To further emphasise on South Asian
population, a recent study in India showed sensitivity and
specificity of 93.8% and 93.2% respectively when ADA
levels were measured in patients suspected of TB pleuritic,
and the cut-off was set at 40U/L.24 A study in Nepal showed
sensitivity and specificity of 76.1% and 100% respectively
using ADA as a diagnostic test in pleural fluid specimens of
patients with TB compared with study subjects with other
respiratory diseases when a cut-off of 45U/L was used.18

The variation in the results of the current study compared
to other studies could be due to different methods used
or different cut-offs set for analysis of results by different
groups. The characteristics of the population studied also
has an impact on the results obtained.

The diagnostic accuracy of ADA can be enhanced by

Table-2: Diagnostic accuracy of various cut-off values of adenosine deaminase (ADA) in diagnosing pleural tuberculosis (TB).

Cutoff 30 U/L Cutoff 35 U/L Cutoff 40 U/L Cutoff 45 U/L Cutoff 50 U/L

Statistic Value 95% Cl value 95% Cl value 95% Cl Value 95% Cl value 95% Cl
Sensitivity 71.7%  56.5%t084.0% 674%  52.0%1t080.5%  67.4% 52.0%t080.5% 522% 37.0%t067.1% 52.2%  37.0%t067.1%
Specificity 826% 741%1089.2%  83.5%  75.2%t089.9%  87.2% 79.4%1092.8% 87.2% 79.4%t092.8%  89.9%  82.7%t0 94.9%
Positive Predictive Value  63.5%  52.6%t073.1%  633%  51.9%t073.3%  68.9% 56.6%1079.0% 632% 49.4%1t075.0% 68.6%  53.9%t0 80.3%
Negative Predictive Value 87.4%  813%1t091.7%  85.9%  79.9%1090.3%  86.4% 80.6%1t090.6% 81.2% 76.0%1t0855% 81.7%  76.6% to 85.8%
Accuracy 794%  72.1%t0854% 78.7%  714%t084.9%  81.3% 743%t087.1% 76.8% 69.3%1t083.2% 78.7%  71.4%t084.9%
Youden Index 0.524 - 0.509 - 0.492 0.403 - 0.421 -

(l: Confidence interval.
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using different ADA isoenzymes. ADA-1 is increased in
bacterial empyema and ADA-2 is more increased in TB
effusions. Utilisation of ADA-2 can increase the specificity
of ADA for TB diagnosis.!"

The current study has its limitations as it was conducted in
a single tertiary care hospital in Karachi. Since it is a
private hospital, the patient population belongs to upper
social classes and the complexity of the cases might not
be the same. Hence, the findings might not be truly
representative of the entire population. Additionally, the
study had a relatively small sample. Large-scale, multi-
centre studies are needed to evaluate the more sensitive
and specific ADA cut-off level for diagnosing TB pleuritis.

Conclusion

Pleural fluid ADA testing for diagnosing TB pleuritis revealed
highest sensitivity and moderate specificity for cut-off value
of 30U/L. Considering that different ADA isozymes are
elevated in different pathologies, with ADA-2 predominantly
increased in TB effusions, the diagnostic accuracy of pleural
fluid ADA testing in patients with TB pleuritis can be
potentially increased by using ADA-2 values instead.

Acknowledgement: We are grateful to research
associates Dr Hira Shahzad and Sehrish Butt for assistance
in data and sample collection.

Disclaimer: None.
Conflict of Interest: None.

Source of Funding: University Research Council (URC)
grant of Aga Khan University, Karachi.

References
1. Organization WH. Global tuberculosis report. [Online] [2019
October 15]. Available from: URL:

https://www.who.int/publications/i/item/9789241565714

2. Banta JE, Ani C, Bvute KM, Lloren JIC, Darnell TA. Pulmonary vs.
extra-pulmonary tuberculosis hospitalizations in the US [1998-
2014]. J Infect Public Health. 2020; 13:131-9. doi:
10.1016/j.jiph.2019.07.001.

3. Ahmed SMA, Abdelrahman SS, Saad DM, Osman IS, Osman MG,
Khalil EAG. Etiological Trends and Patterns of Antimicrobial
Resistance in Respiratory Infections. Open Microbiol J. 2018;
12:34-40. doi: 10.2174/1874285801812010034.

4. Shaw JA, Diacon AH, Koegelenberg CFN. Tuberculous pleural
effusion. Respirology. 2019; 24:962-71. doi: 10.1111/resp.13673

5. Shaw JA, Irusen EM, Diacon AH, Koegelenberg CF. Pleural
tuberculosis: A concise clinical review. Clin Respir J. 2018; 12:1779-
86.doi: 10.1111/crj.12900.

6. Petborom P, Dechates B, Muangnoi P. Differentiating tuberculous
pleuritis from other exudative lymphocytic pleural effusions. Ann
Palliat Med. 2020; 9:2508-15. doi: 10.21037/apm-19-394.

7. Zhao T, Xu Y, Song Q, Wang X, Jin M, Lin D. Medical thoracoscopy
for tuberculous pleurisy: A retrospective analysis of 575 cases. Ann
Thorac Med. 2019; 14:134-40. doi: 10.4103/atm.ATM_359_18.

8. Akhter N, Sumalani KK, Chawla D, Ahmed Rizvi N. Comparison

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

K. I. Masood, S. Shahid, K. Jabeen, et al

between the diagnostic accuracy of Xpert MTB/Rif assay and
culture for pleural tuberculosis using tissue biopsy. ERJ Open Res.
2019; 5:00065-2019. doi: 10.1183/23120541.00065-2019.

Zhang M, Li D, Hu ZD, Huang YL. The diagnostic utility of pleural
markers for tuberculosis pleural effusion. Ann Transl Med. 2020;
8:607. doi: 10.21037/atm.2019.09.110

Palma RM, Bielsa S, Esquerda A, Martinez-Alonso M, Porcel JM.
Diagnostic Accuracy of Pleural Fluid Adenosine Deaminase for
Diagnosing Tuberculosis. Meta-analysis of Spanish Studies. Arch
Bronconeumol (Engl Ed). 2019; 55:23-30. doi:
10.1016/j.arbres.2018.05.007

Yurt S, Kuglkergin C, Yigitbas BA, Seckin S, Tigin HC, Kosar AF.
Diagnostic utility of serum and pleural levels of adenosine
deaminase 1-2, and interferon-y in the diagnosis of pleural
tuberculosis. Multidiscip Respir Med. 2014; 9:12. doi:
10.1186/2049-6958-9-12.

Naseem Khan R, Ahmed SI, Kausar SF, Saba F, Din S, Ud Deen Z, et
al. Lymphocytic Pleural Effusion and an Enzyme Involved in Purine
Metabolism: A Tertiary Care Experience in Karachi, Pakistan.
Cureus. 2019; 11:e4069. doi: 10.7759/cureus.4069.

Tuon FF, Higashino HR, Lopes MI, Litvoc MN, Atomiya AN,
Antonangelo L, et al. Adenosine deaminase and tuberculous
meningitis--a systematic review with meta-analysis. Scand J Infect
Dis. doi: 10.3109/00365540903428158.

Aggarwal AN, Agarwal R, Sehgal IS, Dhooria S, Behera D. Meta-
analysis of Indian studies evaluating adenosine deaminase for
diagnosing tuberculous pleural effusion. Int J Tuberc Lung
Dis.2016; 20:1386-91. doi: 10.5588/ijtld.16.0298.

Liang QL, Shi HZ, Wang K, Qin SM, Qin XJ. Diagnostic accuracy of
adenosine deaminase in tuberculous pleurisy: a meta-analysis.
Respir Med. 2008 May;102(5):744-54.

Morisson P, Neves DD. Evaluation of adenosine deaminase in the
diagnosis of pleural tuberculosis: a Brazilian meta-analysis. J Bras
Pneumol. 2008; 34:217-24. doi: 10.1590/51806-
37132008000400006.

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 Infect Dis.
2013;13:546. doi: 10.1186/1471-2334-13-546.

Lamsal M, Gautam N, Bhatta N, Majhi S, Baral N, Bhattacharya SK.
Diagnostic utility of adenosine deaminase (ADA) activity in pleural
fluid and serum of tuberculous and non-tuberculous respiratory
disease patients. Southeast Asian J Trop Med Public Health. 2007;
38:363-9.

Irfan M, Idrees F, Jabeen K, Zubairi ABS, Butt S, Hasan R. Accuracy
of genotype MTBDRplus line probe assay in patients with
tuberculous pleural effusion: comparison with clinical and culture
based diagnosis. Infect Dis (Lond). 2020; 52:235-41.

Light RW, Macgregor MI, Luchsinger PC, Ball WC Jr. Pleural
effusions: the diagnostic separation of transudates and exudates.
Ann Intern Med. 1972; 77:507-13. doi: 10.7326/0003-4819-77-4-
507.

Liu YC, Jung 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. J Microbiol Immunol Infect. 2011; 44:88-94.

Giusti G. Adenosine Deaminase. In: Bergmeyer HU, eds. Methods
of Enzymatic Analysis 2nd ed. London: Academic Press, 1974; pp-
1092-9.

Greco S, Girardi E, Masciangelo R, Capoccetta GB, Saltini C.
Adenosine deaminase and interferon gamma measurements for
the diagnosis of tuberculous pleurisy: a meta-analysis. Int J Tuberc
Lung Dis. 2003; 7:777-86.

Khushbu T, La MM. Evaluation of ADA Activity in Pleural Fluid for
Tuberculous Pleuritis. Int J Contemp Med Res. 2016; 3: 3083-5.

Open Access

J Pak Med Assoc



	Diagnostic accuracy of different cut-off values of adenosine deaminase levels in tuberculous pleural effusion
	Authors

	JPMA Jan-2023--Pages-1 12-12-2022_JPMA Jan-2023

