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Left: Estimated incidence rate including HIV-positive TB (green) and estimated incidence rate of HIV-positive TB (red).
Centre and right: The horizontal dashed lines represent the Stop TB Partnership targets of a 50% reduction in prevalence
and mortality rates by 2015 compared with 1990. Shaded areas represent uncertainty bands.

Mortality excludes TB deaths among HIV-positive people.

Source: Global Tuberculosis Report 2015, WHO

® WHO. All rights reserved.
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STATE OF THE ART REVIEW

Tuberculous Pleural Effusion

José M. Porcel

Table 1 Studies for diagnosing pleural tuberculosis

Test

Notes

Chest X-ray

Tuberculin skin test
Sputum induction

Pleural fluid ADA

Pleural fluid IF-y

Interferon-y release assays applied to
pleural fluid

Pleural fluid culture (LJ media)

BACTEC (liquid culture media) on
pleural specimens”

MODS (liquid culture media) on
pleural specimens®

Nucleic acid probes on pleural fluid

Pleural biopsy

Lung infiltrates with or without cavitation in apical lobes or apical segments of the lower lobes
(reactivation TB) may be seen on 20% of chest X-rays

False negative results occur in up to 25% of cases

Induced sputum should be obtained in all patients with suspected pleural TB. Sensitivity improves with

multiple specimens. In one study, sputum cultures were positive in 52% of patients with tuberculous
pleuritis [36]

The most valuable test for establishing the diagnosis of pleural TB in moderate-to-high TB incidence
settings. Pleural ADA levels greater than 35-40 U/l argue strongly for TB in patients with a
lymphocytic exudate (sensitivity and specificity >90%)

Accuracy similar to ADA test but more expensive

Unable to distinguish between latent or active TB. False-positive results are common in endemic
regions

Positive in 25-35% of TB cases but higher yield in HIV coinfected patients
Higher yield and faster results than L] media

Low-cost, low-tech tool which is faster and more sensitive than LJ media. It allows drmig-susceptibility
testing for multidrug-resistant TB

Results available in a few hours but the test is expensive and generally has low sensitivity

Necrotizing granulomas and/or cultures of those biopsies are positive in more than 909% of TB cases

ADA adenosine deaminase, IF interferon, LJ Lowenstein-Jensen, MODS microscopic-observation drug-susceptibility, TB tuberculosis

* Pleural fluid or pleural biopsy specimens



Alrayvwon Qupatiwong

» H amopovwon tou Mycobacterium tuberculosis os
LvypO N Boyia £xeL vPnAotatn edkOTNTA AN
XapnAn evatoOnoia.

» \Oyw TNC 0VOOLOKNC AmAvTNoNC EKAUETOL ATto TaL T-
Aepdokuttapa n ADA (adenosine deaminase) kat
urtepPpAeypovwodeLg KUToKiveg omtwc n IFN-y
(Interferon-y), mou pmopouv eVKoAa va peTpnOouv
oto VY.Y.

Bielsa et al. Comparison of polymorphonuclear- and lymphocytic-rich tuberculous pleural effusions. Int J
Tuberc Lung Dis 2013;17:85-89.
Porcel JM. Pleural fluid biomarkers beyond the Light criteria. Clin Chest Med 2013;34:27-37.



Atla Blodektwv (Biomarkers)

‘Evog Brodeiktng eivall emBupnto va:

— YYnAn: EvawoOnoia, Eldkotnta, OTIKN
POYVWOTLKN aéla

— XounAn: Apvntikn poyvwoTikn aéla

— XouNnNAO KOOTOC Kol EVUKOALQL 0TN METPNON
(Analytical validity)

— Napexel mAnpodopiec ou OV APEXOLV Ol
avaAvoelc poutivac (Clinical validity)

— BonBa otn ANYn kAwikwv anodpacewv (Clinical
usefulness)

Henry NL, Hayes DF. Cancer biomarkers. Mol Oncol 2012;6:140-6.



Adenosine Deaminase (ADA) otn
bupaTiwdn MAsvupitida



Adenosine Deaminase (ADA)

e Eviuuo tou ustabBoAiouou
noupivwy (adevoaivn o€
tvooivn)

* OETIKOC pUBULOTNC TNC
gvepyornoinon¢ twv T

AEUPOKUTTOPWYV TTOU EMAYEL
ToV moAAamAaolaocuo Toug

 ADAI1 kot ADA2

https://www.uniprot.org/uniprot/P00813
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ADA otn étayvwon tng TBP

 ®Onvn kat ypnyopn avaivon.

 Meta-avaAlvon 63 peAetwv [8093 aoBeveig
(2796 pe pupatiwdelg kat 5297 pe un

31

bupaTwdelc cuAloyEc)]. %

* Sensitivity : 92% i
e Specificity : 90% 10 T ————— :
* LR+:9.03 Tk :
DB faf*+t5 » 23

e LR-:0.10 INIR
* OR:110.08 2 057
i

? 044 &

02 %

0.0 EREREEEREERd i
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s EIJECIﬁCI'l]r Sensitivity

Liang QL, Shi HZ, Wang K, et al. Diagnostic accuracy of adenosine deaminase in tuberculous pleurisy: a meta-analysis.
Respir Med 2008;102:744-54.



ADA otn étayvwon tng TBP

*  AvadpopLkn HEAETN €VOC KEVTpoU o€ 2104 aocBeveic (221 pupatiwdeLg

OUAAOVYEC).

— [ADA], > 35 U/L -> loxupn €vbelén pupatiwong (avedptnta amno AepudoKUTToPLIKNA
N oudetepodlAkn V.2.)

— € MEPUMTWOELG TEPLOXWV HE XAUNAOS emuntoAacpo n [ADA],. < 35 U/L givan
LOXVPOG mapayovtog anoppdng tng vooou amno tn dtadopodidyvwon (NPV =

99.9%).

— e meputtwoelg e [ADA]: > 250 U/L Ba mpemet va umoPLacToupe eUmunua n
Aépudwpa mapd pupatiwon.

Table 2
Pleural fluid ADA levels in the study population.

Etiology of pleural effusion No. of patients

Malignancy 591
Transudates 493
Parapneumonics 380
Tuberculosis 221
Miscellaneous exudates 419

Table 3
Pleural fluid ADA levels in parapneumonic and tuberculous effusions.
. - . - B
Pleural fluid ADA (U/L)? Pleural effusion categorization No. of patients Pleural fluid ADA {U/L)
Non-complicated parapneumonic 131 204 (12.4-29.1)

-.IE.? (] ].3‘25.4] E“‘usiﬂn
109 (6.5-14.8) Complicated parapneumonic effusion 133 30,5 (23-48)
292 (17.9-554) Empyema 116 759 (22-186.2)"
6318 (53‘3_?5‘3]“ Definite tuberculosis 80 638 (51.6-87.3)"
167 l:]ﬂ4—239] Probable tuberculosis 141 63.7 (53.3—??.?]“

* Values are expressed as median (25th and 75th percentiles).

* Values are expressed as median (25th and 75th percentiles).
" Significantly higher than the respective values in non-complicated and complicated

b Significantly higher than the respective values in other groups (p<0001). parapneumonics (p<0.001).

Porcel IM, Esquerda A, Bielsa S. Diagnostic performance of adenosine deaminase activity in pleural fluid: a
single-center experience with over 2100 consecutive patients. Eur J Intern Med 2010;21:419-23.
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Diagnostic Accuracy of Adenosine Deaminase and
Lymphocyte Proportion in Pleural Fluid for Tuberculous
Pleurisy in Different Prevalence Scenarios

Alberto Garcia-Zamalloa'™, Jorge Taboada-Gomez?

1 Mycobacteral Infection Study Group (GEIM) from the Spanish Infectious Diseases Society, Department of Intemal Medicine, Mendaro Hospital, Mendaro, Gipuzkoa,
Spain, 2 Preventive Medicine and Western Gipuzkoa Clinical Research Unit, Mendaro Hospital, Mendara, Gipuzkoa, Spain

Table 3. Bayesian probabilities of test parameters used. ADA Table 4. Bayesian probabilities of test parameters used. ADA
=40 WL =40 U/L and Lymphocytes =50%.

ADA =40 UL ADA =40 U/L and Lymphocytes =50%

Whaole Whale

period 1998-2000 2001-2004 2005-2008 period 1998-2000 2001-2004 2005-2008
Prevalence 15.5 N3 118 74 Prevale nce 155 3.3 118 74
Sensitivity 89.0 902 833 92.9 Sensitivity B63 87.8 813 857
Specificity 927 955 948 897 Specificity 983 100 993 96,6
Positive Predictive Value 9.2 90.2 682 41.9 Positive Predictive Value 900 100 938 66.7
Negative Predictive Value 97.9 955 97.7 99.4 Negative Predictive Value 97.5 94.7 978 988
Positive Likelihood Ratioc 123 203 160 9.0 Positive Likelihood Ratio 492 - 1.7 250
Negative Likelihood Ratio 0.1 01 02 o1 Negative Likelihood Ratio 0.1 o1 02 02
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Adenosine deaminase is a useful biomarker to diagnose pleural @Cm“mrk
tuberculosis in low to medium prevalence settings

Jean-Marie Michot P, Yoann Madec 9, Sophie Bulifon €, Cécile Thorette-Tcherniak , Nicolas Fortineau f
Nicolas Noél *P, Olivier Lambotte *?, Younes EI Jahiri & Hervé Delacour £,
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Pleural Fluid Adenosine Deaminase (Pfada) in @ PLos ‘ ONE
the Diagnosis of Tuberculous Effusions in a
Low Incidence Population

David T. Arnold’ *, Rahul Bhatnagar'?, Lynette D. Fairbanks®, Natalie Zahan-Evans?, 1000 1
Amelia O. Clive'?, Anna J. Morley?, Andrew R. L. Medford®, Nicholas A. Maskell'?

1 Academic Respiratory Unit, School of Clinical Sciences, University of Bristol, Bristol, United Kingdom,
2 North Bristol Lung Centre, Southmead Hospital, Bristol, United Kingdom, 3 Purine Research Laboratory,
St Thomas' Hospital, London, United Kingdom

=
=3
i

Table 4. Cross tabulation for the diagnostic perdormance of pfADA in all effusions{n=338. = e Torrrereeesrreseee e epe s s s s s s L

pfADA (IU/L) Log'"
b - §9
= {11
Ik

Mycobacterium tubercul osis No mycobacterdum tuberculosis
pitADA=35 UL & 30 Positive predictive value 10 o
16.7%
(85% CI; 6.4-32.8%)
plADA<35 ILUL 1 301 MNegative predictive value X
29.7%
(95% C, 98.2-99.9%) "
Sensithi Spedficiy .
85.7% 20.5% Malignancy Transudute — SPPE CPPE  Empyema mTE  Other exudates Idiopathic
(85% CI, 42.2-97.6%) (95% G, 87.3-98.8%) =172)  (n=44)  (o=20) (=30 (n=12) (=T (=39} (n=5)
100
80 :[
Table 5. Cross tabulation for the diagnostic performance of plAD& in lymphocytic effusions (n = 88). 1
Mycobacterium tubsrcul osis Mo my cobacterdum tuberculosis j‘ 0
pADA>3S UL [ 1 Positive predictive value =
85.7% =
(955 Cl; 42 207 &%) %
plADA<35 UL 1 90 Negative predictive value 24 x
K e o T 35 IU/L
(85% CL; 94.0-09.5%) ® y
Senaiti Spedficiy :
B5.7% %89 0 x
(85% CI, 42.2-97 86%) (85% CL; 94.0-99.8%) é ? E
; Mal ig;unuy I'run:snd;n:' SI;P]J, (.‘PIPI-Z Emp;\:mu mTIR Other clxlkl.-m:‘ Idi(‘lp:nhit‘

(n=45) (n=16) (=5} in=1y (n=0) (n=7) (n=22) n=2)
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Diagnostic Performance of Pleural Fluid Adenosine Deaminase
for Tuberculous Pleural Effusion in a Low-Incidence Setting

Matthew Blakiston,>4 Weldon Chiu,® Conroy Wong,© Susan Morpeth,? Susan Taylor2

=Microbiology Department, Counties Manukau Health, Auckland, New Zealand
bBiochemistry Department, Counties Manukau Health, Auckland, New Zealand
“Respiratory Department, Counties Manukau Health, Auckland, New Zealand
“Microbiology Department, Auckland District Health Board, Auckland, New Zealand

MYCOBACTERIOLOGY AND

TABLE 1 Population demographics®

AEROBIC ACTINOMYCETES

No. (%) of samples®

Non-TB pleural effusion

TB pleural effusion

'.) Par

Total (n = 1,637)

(n = 1,580)

(n =57)

Median age in yrs (IQR) 67 (54-78)
Check for Male 963 (58.8)
Ethnicity
Pakeha (NZ European) 660 (40.3)
Pacific peoples 395 (24.1)
European other 192 (11.7)
Maoric 185(11.3)
Asian peoples 165 (10.1)
Other/unknown 40(2.4)
Place of birth
Aotearoa New 820 (50.1)
Zealand
Overseas 685 (41.8)
Unknown 132 (8.1)
CMH samples 1,458 (89.1)
Referred samples 179 (10.9)

67 (53-78)
929 (58.8)

658 (41.6)
381(24.1)
192(12.2)
178(11.3)
133 (8.4)
38(24)

811(51.3)

649 (41.1)
120(7.6)

1,425 (90.2)
155 (9.8)

31 (16-50)
34(59.6)

2(3.5)
14(24.6)
0(0)
7(12.3)
32(56.1)
2(3.5)

9(15.8)

36(63.2)
12(21.1)

33(57.9)
24(42.1)

“CMH, Counties Manukau Health; IQR, interquartile range; NZ, New Zealand; TB, tuberculosis.
bExcept as noted otherwise in column 1.
<ndigenous peoples of NZ.

TABLE 3 Diagnostic performance of pleural fluid ADA and LD/ADA ratio for TB pleural

effusion?

% (CI)
Parameter(s) Sensitivity Specificity PPV NPV
ADA = 15 U/liter 100 (93.7-100)  62.7 (60.3-65.0) 8.8 (6.9-11.2) 100 (99.6-100)
ADA = 30 U/liter 93.0 (83.3-97.2) 87.3 (85.6-88.9) 20.9 (16.4-26.4)j§ 99.7 (99.3-99.9)
LD/ADA ratio < 25 100 (93.5-100) 61.6 (59.1-64.0) 8.5 (6.6-10.9) 100 (99.6-100)

LD/ADA ratio < 15

ADA = 15 U/liter and
LD/ADA < 25

ADA = 15 U/liter and
LD/ADA < 15

ADA = 30 U/liter and
LD/ADA < 25

ADA = 30 U/liter and
LD/ADA < 15

89.1 (78.2-94.9)
100 (93.5-100)

89.1 (78.2-94.9)
92.7 (82.7-97.1)

85.5 (73.8-92.4)

84.8 (82.9-86.5)
86.9 (85.2-88.5)

92.7 (91.3-93.9)
96.6 (95.6-97.4)

97.8 (96.9-98.4)

17.3 (13.3-22.0)
21.2 (16.7-26.6)

303 (23.7-37.7)
49.0 (39.6-58.5)

57.3 (46.5-67.5)

99.5 (99.0-99.8)
100 (99.7-100)

99.6 (99.1-99.8)

99.7 (99.3-99.9)

99.5 (99.0-99.7)

aNote that LD was available in only 1,596 of 1,637 episodes of pleural effusion, including 55 of 57 TB-PE.
ADA, adenosine deaminase; Cl, 95% confidence interval; LD, lactate dehydrogenase; NPV, negative

predictive value; PPV, positive predictive value.
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Adenosine deaminase for diagnosis of

tuberculous pleural effusion: A systematic
review and meta-analysis

Ashutosh Nath Aggarwal

*, Ritesh Agarwal, Inderpaul Singh Sehgal, Sahajal Dhooria

Department of Pulmonary Medicine, Postgraduate Institute of Medical Education and Research, Chandigarh,

India

Table 2. Diagnostic accuracy estimates based on different thresholds of pleural fluid adenosine deaminase.

Adenosine deaminase threshold range <36 IU/L 40+4 IU/L 45-65 IU/L >65 IU/L Overall
Number of studies 49 65 56 4 174
Median prevalence of tuberculosis in studies 0.39 0.46 0.41 0.44 0.41
Summary sensitivity 091 0.93 0.91 0.86 0.92
(0.88-0.94) (0.90-0.95) (0.88-0.94) (0.61-0.96) (0.90-0.93)
Summary specificity 0.89 0.90 0.90 0.94 0.90
(0.87-0.91) (0.87-0.92) (0.87-0.92) (0.80-0.99) (0.88-0.91)
Summary diagnostic odds ratio 86.32 109.51 91.57 96.55 97.42
(56.42-132.08) (71.52-167.67) (55.05-152.33) (14.75-632.17) (74.90-126.72)
Positive likelihood ratio* 8.60 8.88 8.91 14.62 8.92
Negative likelihood ratio* 0.10 0.08 0.10 0.15 0.09
Positive predictive value at median prevalence* 0.85 0.88 0.86 0.92 0.86
Negative predictive value at median prevalence” 0.94 0.93 0.94 0.89 0.94
Positive predictive value at 20% prevalence* 0.68 0.69 0.69 0.79 0.69
Negative predictive value at 20% prevalence* 0.98 0.98 0.98 0.96 0.98
Positive predictive value at 60% prevalence* 0.93 0.93 0.93 0.96 0.93
Negative predictive value at 60% prevalence* 0.87 0.89 0.87 0.81 0.88

Figures in parentheses are 95% confidence limits

* Values calculated from summary sensitivity and specificity estimates
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Fig. 3. Summary receiver operating characteristics curve of pleural adenosine
deaminase. Each circle represents a meta-analysis study and the asterisk represents
the global estimate.

Table 4

Diagnostic Accuracy of Adenosine Deaminase in Tuberculous Pleural Effusion, According to Different Published Meta-analyses.
Study No. of Spanish/Non-Spanish Studies Sensitivity Specificity Positive LR Negative LR
Greco et al., 20036 5/26 93% 90% 93 0.07
Goto et al., 20037 8/32 92% 90% 9.03 0.1
Morisson et al., 2008° 0/9 92% 89% 8.36 0.09
Liang et al., 2008° 9/54 92% 90% 9.03 0.1
Gui et al., 20140 1/11 86% 88% 6.32 0.15
Aggarwal et al., 2016"! 0/40 94% 89% 8.57 0.07
This study 16/0 93% 92% 12 0.08

LR, likelihood ratio.
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Tuberculous pleural effusion: diagnosis & management

Leila Antonangelo®®, Caroline S. Faria® and Roberta K. Sales®

Table 1. Meta-analyses assessing the performance of ADA, IFN-y, IGRA and IL-27 in the PF for diagnosis of PT.

Biomarker Authors Patients (n)  Studies (n) Method Sen% Spe% Acu Cutoff DOR PLR NLR
ADA Greco et al. 2003 [31] 5485 31 Giust 92 89 NR 40 U/L NR 8.36 0.09
Goto et al. 2003 [30] 4738 40 Giust 92 90 NR 40 U/L NR 115 0.09
Liang et al. 2008 [29] 8093 63 Giust 92 90 0.96 40 U/L NR 9.03 0.10
Morisson et al. 2008 [32] 1674 9 Giust 92 88 0.97 NR NR NR NR
Gui et al. 2014 [33] 2244 12 Giust 88 88 0.93 37.5 U/L NR 6.32 0.15
Aggarwal et al. 2016 [34] 3524 40 Giust 95 89 0.96 40 U/L 119.85 6.80 0.06
Palma et al. 2018 [35] 4147 60 Giust 93 92 0.93 42 U/L NR 12 0.08
IFN-y Greco et al. 2003 [31] 1189 13 ELISA 87 97 NR 3.7 IU/mL NR 29 0.14
Jiang et al. 2007 [45] 2101 22 ELISA 89 97 0.99 NR NR 2345 0.1
IGRAs Zhou et al. 2011 [50] 366 8 QTF 75 82 0.88 NR NR 3.49 0.24
Pang et al. 2015 [51] 1288 17 QTF 82 87 0.91 28.37 NR 4.94 0.22
Li et al. 2015 [53] 858 9 ELISpot 93 90 0.96 88.26 NR 8.21 0.1
Aggarwal et al. 2015 [52] 727 14 QTH 75 79 NR NR 11,74 3,75 0.31
ELISpot
IL-27 Zeng et al. 2017 [57] 3690 38 ELISA 93 95 095  737.0 pg/mL 264 19.5 0.07
Li et al. 2017 [62] 1226 9 ELISA/RIA 92 90 0,97 NR 13223 1575 0.09
Liu et al. 2018 [61] 550 7 ELISA 93 97 099 7005 ng/mL 33326 2588  0.07
Wang et al. 2018 [60] 1157 7 ELISA 93.8 92 097 591.4ng/mL 42786 29.87 0.08

ADA: adenosine deaminase; Acu: accuracy; DOR: diagnosis odds ratio; ELISA: Enzyme-Linked Immunosorbent Assay; ELISpot: enzyme linked immunospot; IGRAs:
interferon gamma releasing assays; IFN-y: interferon gamma; NLR: negative likelihood ratio; NR: not reported; PLR: positive likelihood ratio; QTF: QuantiFERON; Sen:
sensitivity; Spe: specificity; RIA: radioimmunoassay.
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Table 3. Cell origins of IL-27 in tuberculous and malignant

pleural effusion.

IL-27* cells, (%) Pleural effusions

Tuberculous Malignant
in=13) (m=12) p values
CD4* T cells 45EF2.4 208220 =20.001
CDE* T cells 2+37 529+36 <0.001
NK cells 73640 GEXI4 0.134
NKT cells 58.7+30 196 0.8 <0.001
B cells 56EBX37 275130 =20.001
Maonacytes T93+40 19317 <0.001
Macrophages F60*x58 16.1+1.0 <0001
Mesathelial cellk B13x73 632+58 0.0D2
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Interleukin 27 Could Be Useful in the Diagnosis
of Tuberculous Pleural Effusions
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Francisco Gude MD PhD, José M Alvarez-Dobaiio MD, Marco F Pereyra MD),
Maria E Toubes MD, and Francisco ] Gonzalez-Barcala MD PhD

Table 2. Imterlenldn 27, Adenpsine Deaminase, Interferon Ganma, and Adenosine Deaminace Products Levels in 431 Sobjects With Plenral

Effusion
Type of Pleural Effusion
Tuobezculons Weoplastic Parapoeumomic Emprema Trmsudate Misoe]laneous Unknown
Subjects. o 0 146 53 18 28 41 4]
hiake, T 471 506 672 G679 802 512 Gl5
Age, /5211 673 £ 134* 688 = 183+ 624 + 16.1* [EEEBEY 637 + 133+ 734 =128

mean = 50y
IL-27, np/mL 118 {099-134) 029* (026032 031*{026-035) 0124 (001-0.18) OG33* (0264039 D33* (025037
ADA, UL 1175 (985-1153) 233* (BZ15-254) 25%(22.0-270) 455% (277-157.1) 1Z*{10-131)  23*(170-289)  24(12-28)
ADA-2, UL 1064 926-11635) 192%(167-213) 19*({155-14.3) 105*(151-215) 11*{(90-118) 174*(124-278) 251(18-303)
Iy peml 1021611824000 152*(28-28.T) 3046* (17463 151%(66-276) 222*%(150-28.6) 179+ (79-281) 220 (11.6-110.7)
ADATL-27, 1176 (155-1358) 58 (50700 T1*57-81) F2lLam 33%(2043) 63*@T04)

10*Ungl?
ADA-MT-FT, M6ETHI236 34*(G6535) 3850 Qe+ {0231y 29%{24-38) 5F5*31-L1)

10*Ungl?

Chizenosic Performance of Infegeukin 27, Adeposine Deanminase, Interferon Gamma, and Adenosine Deaminase/Imtedenkin 7 Products
for Toberculons Plearal Effosion

. L Dositive Nezative Dosirive Nezative
Threshald Senslivity Specthichty Likelihood I..]';ftit_md Predictive P:Emm
Ratio Ratio Vake Value
IL-27 = 0.55 ng/ml 014 851 5.11 0.10 542 981
ADA = 56 UL 085 03.4 149 001 742 99.7
ADA-2 = 45UL 957 075 383 004 282 092
iy = 1082 pefml o0 209 9.90 011 649 979
ADAIL-27 = 276 10°Ung/L? 100 03.4 15 04 0.00 737 100
ADA-ML-27 =205 10-Ung/L? 100 080 0025 0.00 046 100



Interleukin-27 improves the ability of adenosine deaminase

to rule out tuberculous pleural effusion regardless

of pleural tuberculosis prevalence
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eioy) Pleural fluid tests to diagnose tuberculous pleuritis
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