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ABSTRACT

Introduction. Pleural adenosine deaminase (ADA) is a useful diagnosis test for the tuberculous pleurisy, but its exact cut-
off of positivity and its accuracy in clinical decision making are unclear. Objective. To determine the threshold and diag-
nostic performance of pleural ADA in tuberculous serum pleurisy. Methods: This is a diagnostic, case-control study in-
cluding patients admitted to day hospitals for serous pleurisy. Cases were defined by histopathology suggestive of tuber-
culosis and/or by identification of BK and/or its genome by geneXpert, by culture on pleural fluid and/or on pleural bi-
opsy specimen. Results: 209 patients were included. The AUC of the ROC curve of ADA was 0.75. The ADA threshold
was 49 IU/L, with a sensitivity of 60.6%, specificity of 78.3%, positive predictive value (PPV) of 85.1%, positive likelihood
ratio (PLR) of 2.8, odds ratio (OR) of 5.5 [2.5; 12.5], kappa agreement at 0.34. For ADA<36 IU/L, the PPV, PLR, OR were
36.4%, 0.3 and 0.17 [0.1; 0.4], respectively; with p=0.0000. The two groups with ADA thresholds 36 to 44, 45 to 65 IU/L,
gave similar PLR close to one. For ADA> 65 IU/L, the PPV, sensitivity, specificity, PLR, OR were 89.2%, 35.1, 91.3%, 4 and
5.7 [1.9; 17.2], respectively; with p=0.0000. Conclusion. Our study shows that pleural ADA is a moderately discriminating
test for the diagnosis of tuberculous serum pleurisy. The ADA cutoff was 49 IU/L. Two ADA cutoffs are useful in the di-
agnosis of serofibrinous pleurisy. ADA values<36 IU/L exclude the diagnosis and those >65 IU/L are suggestive of pleu-
ral tuberculosis.
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RESUME

Introduction L'adénosine désaminase pleurale (ADA) est un test de diagnostic utile pour la pleurésie tuberculeuse, mais
son seuil exact de positivité et son exactitude dans la prise de décision clinique ne sont pas clairs. Objectif. Déterminer le
seuil et les performances diagnostiques de ’ADA pleurale dans la pleurésie sérique tuberculeuse. Méthodes. 1l s'agit d'une
étude diagnostique cas-témoins incluant des patients admis dans des hopitaux de jour pour pleurésie séreuse. Les cas ont
été définis par une histopathologie évocatrice de tuberculose et/ou par identification de BK et/ou de son génome par gen-
eXpert, par culture sur liquide pleural et/ou sur biopsie pleurale. Résultats : 209 patients ont été inclus. L'AUC de la cour-
be ROC de I'ADA était de 0,75. Le seuil ADA était de 49 Ul/L, avec une sensibilité de 60,6 %, une spécificité de 78,3 %, une
valeur prédictive positive (VPP) de 85,1 %, un rapport de vraisemblance positif (°PLR) de 2,8, un odds ratio (OR) de 5,5
[2,5; 12,5], accord kappa a 0,34. Pour I'ADA < 36 UI/L, la VPP, le PLR et 'OR étaient de 36,4 %, 0,3 et 0,17 [0,1 ; 0,4], re-
spectivement ; avec p=0,0000. Les deux groupes avec des seuils ADA de 36 a 44, 45 a 65 UI/L, ont donné un PLR similaire,
proche de un. Pour ADA > 65 Ul/L, la VPP, la sensibilité, la spécificité, le PLR, 'OR étaient de 89,2 %, 35,1, 91,3 %, 4 et 5,7
[1,9 ; 17.2], respectivement ; avec p=0,0000. Conclusion. Notre étude montre que I’ADA pleurale est un test moyennement
discriminant pour le diagnostic de pleurésie sérique tuberculeuse. Le seuil de ' ADA était de 49 UI/L. Deux seuils ADA
sont utiles dans le diagnostic de la pleurésie sérofibrineuse. Les valeurs d'ADA < 36 UI/L excluent le diagnostic et celles >
65 Ul/L sont évocatrices d'une tuberculose pleurale.
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INTRODUCTION

Globally, it is estimated that approximately 10 million
people contracted tuberculosis (TB) in 2019. TB is one
of the top 10 causes of death and the leading cause of
death from an infectious agent [1]. The disease usually
affects the lungs but can also have other locations
(extra pulmonary TB), including the pleura. Morocco
remains a tuberculosis endemic country with an inci-
dence of extra pulmonary localizations of tuberculosis
increasing from 23 to 46%, between 1980 and 2015,
dominated by lymph node and pleural localization [2].

The definitive diagnosis of pleural tuberculosis can
only be confirmed by identification of the Mycobacte-
rium tuberculosis (MT), either by microscopy and/or
cultures from sputum, pleural fluid and pleural biopsy
specimens.

Unfortunately, these procedures are only accom-
plished in few cases. In our recently published series,
culture and geneXpert in pleural fluid had a sensitivity
of 3 and 42%, respectively [3]. The low sensitivity of
these microbiological investigations is partly explained
by the low incidence of HIV-tuberculosis comorbidity.
In Morocco, the burden of HIV-related TB is estimated
to be 1.8% [1]. In HIV-infected individuals, microbio-
logical investigations are more sensitive, probably due
to impaired bacterial clearance from the pleural space
in the context of immunosuppression.

The low yield of microbiologic studies and the inva-
siveness of pleural biopsy have stimulated the search
for biomarkers in tuberculous pleural fluid. Although
many have been evaluated in recent decades, the most
qualified is pleural adenosine deaminase. Previous
meta-analyses have highlighted a good diagnostic per-
formance of pleural ADA in the diagnosis of pleural
TB [4,5,6,7]. Indeed, pleural ADA is a useful biomarker
in the diagnosis of pleural TB. In countries with a high
incidence of TB, high ADA values are associated with
pleural TB [4, 8]. Pleural ADA assay may supplant
pleural biopsy in the setting of TB endemicity.

Despite strong evidence, almost four decades later,
there is still some controversy about the place of pleu-
ral ADA in expedited decision-making in the diagno-
sis of TB [4]. Moreover, there is still no clarity on an
optimal discriminative cutoff value. Our recently pub-
lished study and previous meta-analyses have not ad-
dressed this threshold issue in detail [3, 4]. Only one
meta-analysis to our knowledge has addressed this
ADA threshold issue[4]. However, this meta-analysis,
as the authors point out, has methodological limita-
tions. Most of the included articles were not based on
microbiological and/or pathological criteria to confirm
the tuberculous origin of the pleural effusion [4]. This
study was conducted to determine the optimal dis-
criminative cutoff value and diagnostic performance
of pleural ADA in the diagnosis of tuberculous serum
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pleurisy.
METHODS

Study design and setting

This was a diagnostic, case-control study with retro-
spective data collection, conducted from January 01,
2015 to August 30, 2020, at the Mohammed VI Uni-
versity Hospital of Marrakech, in the department of
pneumology.

Participants

The study interested patients admitted in day hospital
for serofibrinous pleurisy. Patients aged 18 years and
older with lymphocytic exudative pleurisy were in-
cluded, those who had undergone a blind pleural bi-
opsy. Patients with superinfected serofibrinous pleu-
risy, purulent pleurisy and those with histopathologi-
cal examination of a granulomatous lesion without
necrosis leaving the diagnosis of tuberculosis in
doubt, were excluded from the study.

The study sample, consisting of patients matching the
inclusion criteria, was obtained by simple random
selection. The minimum expected sample size for a
representative population sample was calculated
from the Schwarz formula [9]:

n=z2xpx(1-p)/a2

n: minimum sample size representative of the study
population; z: 95% confidence level = 1.96; a: margin
of error set at 5%; p: the prevalence of the disease.

The minimum sample size calculated for representa-
tive population was 138 patients.

Two study groups were distinguished:

Cases: patients in whom the tuberculous origin of the
pleurisy was confirmed by histopathology and/or by
identification of BK and/or its genome by geneXpert
and/or by culture on pleural fluid and/or by culture
on pleural biopsy fragment.

Controls: patients with serofibrinous pleurisy of etiol-
ogy other than tuberculosis.

Variables

The study variables, socio-demographic, clinical, par-
aclinical, were defined. The pleural ADA variable (in
IU/L) was stratified into 5 cutoff categories: <36, 36-
44, 45-65, >65, and >70.

The pleural ADA cutoff was determined from receiv-
er operating function analysis (ROC curve).

The diagnostic performance of pleural ADA was
studied by calculating the predictive values of pleural
ADA.
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Criteria of judgement

The criteria for evaluating the diagnostic perfor-
mance of pleural ADA were: sensitivity (Se), speci-
ficity (Sp), positive predictive value (PPV), negative
predictive value (NPV), positive likelihood ratio
(PLR) and negative (NLR), Youden's index, Yule's
coefficient, Cohen's kappa concordance (k), and area
under the ROC curve (AUC) of pleural ADA.

Thus:

Youden index equal to O test zero, negative value,
the test is said to be ineffective; when the test ap-
proaches 1, it is said to be effective.

Yule's coefficient equal to 0, zero test, negative value,
the test is said to be ineffective; when the test is close
to 1, it is said to be effective.

AUC = 0.5, null contribution test, 0.5 < AUC < 0.7,
weakly discriminating test 0.7 < AUC < 0.9, moder-
ately discriminating test, 0.9 < AUC < 1, highly dis-
criminating test, and AUC =1, perfect test.

Positive likelihood ratio (PLR): > 10, 5-10, 2-5, 1-2
and 1, correspond to very high, high, moderate, low
and no diagnostic input, respectively.

Negative likelihood ratio (NLR): < 0.1, 0.1-0.2, 0.2-
0.5, 0.5-1, 1, correspond to very high, high, moderate,
low and no diagnostic input, respectively.

Cohen's kappa agreement: k< 0, disagreement of the
two tests; 0.0 <k< 0.20 very weak agreement, 0.21 <
k<040 weak agreement, 0.41<k<0.60 moderate
agreement, 0.61 <k< 0.80 strong agreement, and 0.80
<k<1.00 almost perfect agreement.

Data sources
Data collection was done using the computerized
electronic data recording system.

Statistical Analysis

Data were entered into Excel 2016 and analyzed on
Epi info version 7.2.2.16. Categorical variables were
expressed as headcount and percentage, quantitative
variables as mean and standard deviation. The Mid-
p exact and Fisher exact tests (depending on the
number) were used for the comparison of qualita-
tives variables and the Mann-Whitney/Wilcoxon
test (Kruskal-Wallis test) for the comparison of quan-
titative variables.

The diagnostic performance of the test was studied
by calculating the sensitivity (Se), specificity (Sp),
positive (PLR) and negative (NLR) likelihood ratios,
positive predictive value (PPV), negative predictive
value (NPV).

The effectiveness of the test was determined by cal-
culation of the Youden index, and by the receiver
operating characteristic (ROC), as well as by the PLR
and NLR.
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The reliability of the test was studied by calculating
the concordance coefficient Kappa (k).

The ADA cutoff was determined from the ROC
curve.

For the tests of data comparisons, the threshold of
significance retained was the value of p <0.05.

Patient with missing data, including pleural ADA
value, were not included in the calcul of pleural
ADA predictives values.

RESULTS

A total of 209 patients were included. Tuberculosis
was diagnosed in 69.9% (n=146) of cases and was the
most frequent etiology of serous pleurisy. Figure 1
shows the general distribution of the study popula-
tion according to study group.

Study sample (serofibrinous pleurisy}: 209
patients inchuded

Controls : 63 patierts

Cases (tubsreulons pleurisy): 146 patients, an |
incidence of 69.9% (CI 95 %, 63.1; 76)

*  Necplastic pleurisy -
- Xpatemts
- Incidence: 10.5% (CT 95 % 67, 15.5)
*  Comective tissue deseases

- Tncidence: 0.5% (CI95 %, 0.01;26)
*  Reactive plecrisy (subphrenic abscess) :

- lpatit

- Incidence: 0.5% (CI95 %, 0,01, 2.6)
*  Undstennined cause

-

- Incidence: 18.1% (C195 %, 132 24.1)
*  Aged tnsudite

- lpatient

- Incidence: 0.5 % (CI95 %0.01; 26)

FIGURE 1. Distribution of the general population by inci-
dence and study group.

The average age of the included patients was 37.9 +
17.4 years (18 to 85 years). Male gender was pre-
dominant with a sex of 2.2.

For 67% (n=140) of the patients the pleural ADA was
measured. The pleural ADA value averaged
57.6+22.8 versus 43.7+54.6 in controls, with a statisti-
cally significant difference (p value<0.0001). The area
under the ROC curve of pleural ADA was 0.75.

ROC curve analysis determined the pleural ADA
cutoff at 49 IU/L, with a sensitivity of 60.6%, speci-
ficity of 78.3%, positive predictive value (PPV) of
85.1%, negative predictive value of 49. 3%, positive
likelihood ratio (PLR) of 2.8, negative likelihood ra-
tio (NLR) of 0.5, odds ratio (OR) of 5.5 [2.5; 12.5],
Youden index of 0.4 kappa agreement of 0.34 and
p<0.0001.

The data set of general patient characteristics as well
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General characteristics of the study

TABLEAU 1 .
population
Totalstudy o o0 Control PV
population lue

Age in years
(means+SD)

Sex n(%)
Male 143 (68.4) 108 (74) 35(55.6) 0,007
Female 66 (31.6) 38(26)  28(44.4)

37.9+17.4  33.5+16 48.1+16 0.0000

Protidopleuria

¢ /L. (means<SD) 47.14£9.7 478499 45691 0.25

Pleural lympho-
cyte in % 82.7+10.2 83.249.6 81.6+11.6 0.46
(means+SD)

Histopathology
in favour of tu- 130 (63.1)  130(100) - 0.0000
berculosis n(%)

Gene Xpertn(%)  19(20.9)  19(29.2) - 0.0007

Culture BK

pleural fluid 2(2.5) 2(3.5) - 0.51
n(%)

BK culture pleu-

ral biopsy frag- 11(11.5) 11(17.2) - 0.008
ment n(%)

Pleural ADA in

IU/L 53+36.8  57.6+22.9 43.7+54.6 0.0000
(means+SD)

Pleural ADA

stratified into

classes n(%)

<36 33(236)  12(128) 21(45.7) 0.0000
36-44 31221)  21(223) 10Q217) 041
45-65 39279)  28(29.8 11(239) 0.4
> 65 37(264)  33(35.1)  4(87)  0.0004
> 70 26(186)  23(245)  3(65)  0.007

Diagnostic performance of pleural
TABLE2 ADA in the diagnosis of tuberculous

serum pleurisy

as the diagnostic performance of pleural ADA are rep-
resented in Tables 1 and 2, respectively.

DISCUSSION

We included 209 patients. The study sample size was
representative of the general population. From a meth-
odological point of view, our study had the advantage
that the included patients had received a blind pleural
biopsy. Furthermore, cases were defined on the basis
of microbiological and pathological evidence, which
provided precision in the diagnosis of tuberculous
serofibrinous pleurisy.

The pleural ADA variable was stratified into 5

30 VOLUME 14 - ISSUE 44

Pleural ADA

values (IU/mL) <36 36-44 4565 >65 >70
True positive 12 21 28 88 23
False positive 21 10 11 4 3
True negative 25 36 35 42 43
False negative 82 73 66 61 71
Sensitivity (%) 128 223 298 351 245
Specificity (%) 544 783 761 913 935

Positive predic-

tive value (%) 364 677 768 892 885

Negative predic- 3, 33 347 408 377
tive value (%)

Positive likeli- 03 1 1.2 4 3.8

hood Ratio (PLR)
Negative likeli-
hood ratio(NLR) 1.6 1 0.9 0.7 0.8
False positive

0 234 324 279 108 115
rate (%)
Falsenegative o0, ;71 502 623
rate (%)
Youden index -0.33 001 006 026 018
Yule's coefficient 70 02 02 07 06
(¢)
Cohen's Kappa

——— 0.25 0.004 0.04 0.2 0.13
0.17 1 13 5.7 4.6

Odds ratio (OR) [0.1;, [0.4;, [0.6; [1.9; [1.3;
04] 24] 3] 17.2] 164]
-403[- 0.7[- 64[- 298 262

Fﬁ%dlﬁereme 585- 17.9; 105 [162 [11;
22]  194] 233] 438] 413]
p-value 0.0000 041 024 0.0004 0.007

threshold categories. The same threshold catego-
ries are reported in the 2 meta-analyses by Ag-
garwal AN et al [4,10]. These thresholds were cho-
sen on the basis of general expert opinions that
ADA levels below 40 IU/L can exclude a diagnosis
of tuberculous pleural effusion [4,5]. In our study
we added the threshold of pleural ADA > 70 IU/L
because there are few studies evaluating this
threshold [4].

Pleural tuberculosis was the most frequent etiology
of serous tuberculous pleurisy. In fact, tuberculosis
is the leading cause of lymphocytic exudative pleu-
risy in tuberculosis endemic countries [3, 11, 12].
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The mean ADA value was higher in cases compared
to controls with a statistically significant difference.
Indeed, high pleural ADA values are associated with
the tuberculous origin of pleurisy.

The overall analysis of the predictive values, showed
an increase in overall performance of the test with
increasing defined thresholds of positivity (Table 2),
contrary to the data of the meta-analysis of Ag-
garwal AN et al which reported similar values of
sensitivity and specificity for the 4 categories of
thresholds of ADA <36, 36 to 44, 45 to 65, > 65 IU/L
[4]. This difference in results may be explained by the
quality of the studies included in the meta-analysis
by Aggarwal AN et al. Many studies included pa-
tients with transudative effusion, which may have
improved the specificity estimates. Similarly, very
few studies included only lymphocytic exudative
effusions, which may have improved the sensitivity
of the test; tuberculosis is the most common etiology
of lymphocytic exudative pleurisy.

Receiver operating characteristic (ROC) curve analy-
sis showed that pleural ADA is a moderately dis-
criminating test with AUC at 0.75. The cutoff value
determined from the ROC curve was 49 [U/L. For a
cutoff value at 49 IU/L, pleural ADA with a high
positive predictive value 85.1%, an odds ratio of 5.5
[2.5; 12.5]. This threshold was associated with the tu-
berculous origin of the serous pleurisy (p<0.0001).

Our study corroborates the data in the literature. In
fact, four meta-analyses underline the high diagnos-
tic performance of ADA for a cutoff of 40 IU/L [s, 10,
13,14]. Pleural ADA values below 36 IU/L were very
significantly associated with non-tuberculous origin
of pleurisy. In fact, based on general expert opinion,
ADA levels below 40 IU/L have an excellent nega-
tive predictive value for excluding the diagnosis of
tuberculosis [4, 5, 15-17].
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