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ABSTRACT

Objectives: Tuberculous (TB) pleurisy is a common form of extrapulmonary tuberculosis in high burden
countries including Ethiopia. Adenosine deaminase (ADA) has been used in the early diagnosis of TB pleurisy.
This study was designed to evaluate the diagnostic role of ADA in TB pleurisy at Tikur Anbessa Specialized
Hospital (TASH).

Materials and Methods: A cross-sectional hospital-based study was designed to evaluate the diagnostic value of
ADA in consecutive adult patients with unexplained pleural effusions presenting to Chest Clinic at TASH from
June 2016 to August 2018. All referred patients underwent thorough clinical and laboratory examinations including
assessment of pleural fluid ADA, where a value of >40 IU/I was used to suggest TB pleurisy (per manufacturer’s
recommendation). A final diagnosis of TB pleurisy was made based on pleural fluid Gene Xpert, AFB smear,
pleural biopsy, and cytology results in addition to a clinical and radiologic response to anti-TB therapy.

Results: A total of 67 patients were included in the study. The median age was 38.5(+14.5) years; 36 (53.7%) of
the participants were males. TB pleurisy was confirmed in 38 (56.7%) subjects. The mean pleural fluid ADA levels
was significantly higher in those with TB pleurisy as compared to those without TB pleurisy, 65.8 IU/I versus
28 IU/I (P < 0.05), respectively. Pleural fluid ADA had a sensitivity of 84% and specificity of 79%, resulting in a
positive predictive value of 84.2%, a negative predictive value of 79.3%, and an overall test accuracy of 82% in our
study population.

Conclusion: In our study, pleural fluid ADA played a useful role in the diagnosis of TB pleurisy.
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INTRODUCTION

Tuberculous (TB) pleurisy is a one of the most common manifestations of extra-pulmonary
tuberculosis and the main cause of pleural effusions in many high TB burden countries.'"? The
clinical and economic cost of a delayed diagnosis of TB pleurisy can be significant, especially in
low- and middle-income countries.

According to 2020 Global TB Report, Ethiopia is one of the highest TB and TB/HIV affected
countries in the world, with an annual estimated TB incidence of 140/100,000 population and
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a death rate of 19/100,000 populations.”®! Further, Ethiopia
is the third highest country affected by extrapulmonary
TB (EPTB) with TB pleurisy occurring in 13.5% of EPTB
cases.[*’!

The diagnosis of TB pleurisy remains challenging because
of the low sensitivity of various traditional investigations.
Lymphocytic exudates, found in TB pleural effusion, can
also occur in other diseases such as malignancy and collagen
vascular diseases such as rheumatoid arthritis and systemic
lupus erythematous.!*®! Cultures for acid-fast bacilli are
positive in only 20-30% of pleural fluid specimens and in
50-80% of pleural biopsies.*!%

More recently, early diagnosis of TB pleurisy has greatly
improved using nucleic acid amplification and biochemical
markers such as adenosine deaminase (ADA), interferon-
gamma, and lysozyme.[*'""*¥] Each of these tests has strengths
and weaknesses, although ADA offers the most promise for
widespread usage.

ADA, an enzyme produced from lymphocytes, has been
extensively studied in TB pleurisy. The ADA assay is a
simple, rapid, relatively inexpensive, and minimally invasive
test that can be performed in most laboratories.”’ ADA
elevation in tuberculosis pleural effusion has been reported
to have a sensitivity and specificity of 91-100% and 81-94%,
respectively.[*!!°?l In addition, the positive and negative
predictive values for ADA in TB pleurisy range from 84% to
93% and 89% to 100%, respectively.[®1¢1220]

The diagnostic performance of the ADA assay for TB
pleurisy has not been studied in Ethiopia, one of the high TB
burden countries in the world. The purpose of this research
was to assess the sensitivity, specificity, positive, and negative
predictive values of ADA in the diagnosis of TB pleurisy
at Tikur Anbessa Specialized Hospital (TASH), the largest
public hospital in Addis Ababa, Ethiopia.

MATERIALS AND METHODS:

A cross-sectional, hospital-based study was conducted
from June 2016 to August 2018 to investigate the utility of
pleural fluid ADA in the diagnosis of TB pleurisy. The study
population comprised all consecutive patients, >18 years of
age, referred to Chest Clinic at TASH, Addis Ababa, Ethiopia
for evaluation of unexplained pleural effusions after initial
investigations.

Each patient underwent a comprehensive clinical history
and physical examination. In addition, repeat thoracentesis
was performed and the pleural fluid sent for ADA, Gene
Xpert-MTB/RIF (Gene Xpert), based on availability, and
acid-fast bacilli (AFB) smear (both pleural and sputum
specimens), when possible, biochemistry (glucose, protein,
and LDH), and cytology. Chest X-rays were obtained on all
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participants and pleural biopsy was performed on a subset of
the study group. Serum for rheumatoid factor (RF) and anti-
nuclear antibodies (ANA) was also obtained to evaluate for
connective tissue disease.

Light’s criteria were used to categorize the pleural effusions as
exudative or transudative in character.!!

Patients with pleural fluid ADA >40 IU/I, the manufacturer’s
cutoft highly suggestive of TB pleurisy, and those with other
diagnostic tests consistent with TB pleurisy were treated with
6 months of standard anti-TB therapy. Treatment response,
using clinical improvement in respiratory symptoms and
weight gain in addition to radiographic resolution of pleural
fluid, was determined at the 2", 5%, and 6™ months of
treatment.

TB pleurisy was confirmed by the results of diagnostic
investigations and/or full clinical recovery and complete
resolution of the pleural effusions on anti-TB treatment.

ADA kits (Diazyme Europe GmbH) were donated by the
Swiss Lung Foundation (Zurich, Switzerland) through East
African Training Initiatives and appropriately stored and
utilized following the manufacturer’s instructions.

Data analysis

Data were analyzed using SPSS (version 21.0) statistical
software. The mean * standard deviation and proportions
were calculated for continuous and categorical data,
respectively. Median and interquartile range (IQR) were used
for non-normally distributed numerical data. The Student’s
t-test was used to compare means and P < 0.05 was considered
significant. Sensitivity, specificity, and positive and negative
predicted values were calculated using standard definitions.
QOdds ratio (OR) estimates and 95% confidence intervals (CI)
were calculated to evaluate associations between TB pleurisy
and age, gender, residence, HIV status, occupation, smoking,
and ADA level.

Ethical approval

All participants provided written informed consent. Ethical
approval for the study was obtained from the Institutional
Review Board of the College of Health Sciences, Addis Ababa
University. The study was conducted under principles and
guidance of ethical standards.

RESULTS

A total of 67 patients with previously undiagnosed pleural
effusions were included in the study, socio-demographics are
shown in [Table 1]. A majority of patients were male (n = 36;
53.7%) and most were from urban areas (n = 41; 61%). HIV
testing was done for all patients; 5 (7.5%) tested positive.
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Confirmed TB Non-TB Crude OR with 95% OR
Pleurisy Pleurisy (Confidence Interval)
38 (56.7%) 29 (43.3%)
22 14 1.47 (0.58-1.18)
16 15
16 12
12 7 1.93 (1.76-4.72)
3 4 2.29 (2.62-5.830
7 6 1.33 (4.20-8.18)
25 16 1.56 (0.55-1.26)
13 13
34 28 0.30 (—3.44-0.64)
4 1
16 12 0.952 (0.30-1.71)
14 10
8 7
36 25 2.88(0.72-2.50)
2 4
32 (47.8) 6 (9%) -
6 (9.0%) 23 (34.3%) 16.8 (4.96-56)

Table 1: Socio-demographics of the study population (n=67).
n=67 Character Total
Total 67 (100%)
Gender Male 36
Female 31
Age category
Ql 18-32 28
Q2 33-46 19
Q3 4-60 7
Q4 60-74 13
Residency Urban 41
Rural 26
HIV status Negative 62
Positive 5
Occupation Gov't 28
Private 24
House wife 15
Smoking No 61
Yes 6
ADA value >40 TU/L 38 (56.7%)
<40 IU/L 29 (43.3%)
TB: Tuberculous, ADA: Adenosine deaminase, OR: Odds ratio

The age range of study participants was 18-74 years with a
median age of 38.5 years (IQR + 14.5 years). Age groups of
18-34 years and 35-44 years were most represented, with
28 (41.8%) and 19 (28.4%) participants, respectively.

Using Light’s criteria, almost all subjects (n = 64, 95.5%) had
exudative pleural effusions; only 2 had transudates attributed
to CHFE.

The diagnosis of TB pleurisy was confirmed in 38 (56.7%)
patients based on clinical and radiographic response to anti-
TB treatment (n = 38) and/or Gene Xpert (n = 8; pleural
fluid (2) and sputum (6)), AFB smear (n = 3), pleural biopsy
(n = 7), and cytology (n = 20) (proteinaceous background
with lymphocyte predominance, no mesothelial cells, and no
malignant cells). The remaining 29 (43.3%) of patients had
a combination of diseases including 20 (30.0%) malignancy
(confirmed by cytology), 6 (9.0%) connective tissue disease
(confirmed by serum RF and ANA), and 3 (4.5%) congestive
heart failure [Figure 1].

The average ADA value for the study participants was
475 £ 285 IU/ and ranged from 6-110 IU/L. The mean
pleural fluid ADA level was significantly higher for patients
with TB pleurisy (65.8 + 25.8 IU/I) than for those without TB
pleurisy (28.0 £10 IU/I) (p<0.05). Only age and ADA values
were associated with TB pleurisy [Table 1]. ADA values were
>401U/lin 32 (84.2%) subjects with confirmed TB pleurisy and
in 6 (15.8%) of those without TB pleurisy. Conversely, 6 (20.7%)
participants with confirmed TB pleurisy and 23 (79.3%)
without TB pleurisy had ADA values <40 IU/1 [Table 2].
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The sensitivity and specificity of ADA in diagnosing TB
pleurisy were 84.2% and 75.9%, respectively. The positive and
negative predictive values of the test were 82.1% and 78.6%,
respectively [Table 2]. The positive and negative likelihood
ratios of the test were 4.1 and 0.2, respectively. The test agreed
82.1% of the time with a pre-test probability of 57%.

DISCUSSION

In our study of 67 patients with unexplained pleural effusion,
TB pleurisy was confirmed in 38 patients. Pleural fluid ADA
levels were useful in differentiating TB pleurisy from other
causes of pleural effusions. An ADA cutoff value of 40 IU/I (as
recommended by the manufacturer) showed high sensitivity
and specificity with high positive and negative predictive
values for the diagnosis of TB pleurisy.

Even though our definition of TB pleurisy relied, in part, on
a clinical response to TB treatment, our patients were like
the general population of TB patients in Ethiopia. We had a
predominance of men, reflecting the gender distribution in
the country (22). The most commonly affected age group
was 18-34 years, followed by those 35-44 years, which is
consistent with the national age distribution of TB patients
in Ethiopia.?

The ADA level in pleural fluid has been used as a strong
marker for TB pleurisy with a sensitivity of 81-100% and
specificity of 83-100% in other studies.?*? The diagnostic
value of ADA testing depends on the local prevalence of TB.
Two studies from South Africa found sensitivity values of
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Total of 67 patients with unexplained
pleural effusions referred to Chest
Clinic at Tikur Anbessa Specialized Hospital

\
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ADA240 U/l 38 patients

ADA< 40 1U/I 29 patients

o U

|

Malignancy=16

l l TB Pleurisy=6 CHF=3 CTD=4
TB pleurisy=32 Non-TB pleurisy=6
CTD=2 Malignancy=4

Key: CHF = Congestive Heart failure, CTD,=Connective Tissue diseases
Pleural effusions

Figure 1: Study participant flow chart.

Table 2: ADA level by disease category and accuracy of test.

ADA value No (%) Confirmed TB Pleurisy =~ Non-TB pleurisy  Sensitivity %  Specificity%6 PPV % NPV %
ADA<40 IU/1 29 (43.3) 6(9.0) 23 (34.3)

ADA>401U/1 38 (56.7) 32(47.8) 6(9.0)

Total 67 (100) 38 (56.7) 29 (43.3) 84.2% 79.3% 84.2% 79.3%

TB: Tuberculous, ADA: Adenosine deaminase, PPV: Positive predictive value, NPP: Negative predictive value

80-83.6% and specificity values of 83.6-94%.2%*") Our results
are generally consistent with these findings from another
high TB burden country.

Measuring ADA isoenzyme levels can improve the diagnostic
accuracy of ADA for TB pleurisy."” ADA-2 isoenzyme
increases in patients with TB effusions, whereas ADA-1
isoenzyme is increased in other bacterial causes of pleural
disease. In two different studies, measures of ADA-2 isoenzyme
increased the specificity for TB pleurisy from 91% to 96% and
92.1% to 98.6%.2*%! In our study, we measured total ADA
level in pleural fluid and not specific isoenzymes, which could
partially explain our lower sensitivity and specificity.

The utility of ADA in immunocompromised patients has
not been well studied. Baba et al. showed that ADA was a
consistent marker of pleural TB in HIV-positive patients,
regardless of CD4 counts.””” Chung et al. found similar
findings in renal transplant recipients.*” In our study, 4 of

the 5 HIV-positive patients were in the TB pleurisy group
and had elevated ADA levels.

Limitations of the study

There were several study limitations. Our study sample size
was small which may have influenced our results. Patients
were recruited from a tertiary referral hospital which
may limit the generalizability of our results. As previously
mentioned, ADA levels were quantitatively measured
without analysis of isoenzyme types. Finally, our definition of
TB pleurisy may have influenced our results.

CONCLUSION

Our study findings indicate that ADA level is potentially
used diagnostic tool for TB pleurisy in Ethiopia, and likely
other low- and middle-income countries. Future prospective
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studies are needed to confirm our findings before large-scale
programmatic changes can be recommended in high burden
countries.
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