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Objectives : The differentiation of tuberculous effusion from the other causes of exudative pleural effusion re-
mained difficult even with aids of biochemical analyses and pleural biopsy. As the pathophysiology of tubercu-
lous pleural effusion is an enhanced cell mediated immunity, Adenosine deaminase(ADA) and various
cytokines including Inteferon-Y", tumor necrosis factor alpha(TNF-@) are considered as useful diagnostic tools
in differentiating exudative pleural effusion. The author would like to demonstrate the diagnostic usefulness of
TNF-a in the differentiation of exudative pleural effusion, and compared the discriminating ability of TNF-a
with ADA.

Methods : Pleural fluids obtained from 80 patients (tuberculous : 39, malignant : 31, parapneumonic : 10)
with exudate pleural effusions were processed for cell counts and biochemical analysis including ADA and
TNF-a.

Results : Tuberculous pleural fluid showed higher levels of ADA and TNF-¢ 48.7 + 32.7U/L and 184.1 +
214.2pg/mL than that of non-tuberculous effusion 26.0 + 41.3U/L and 44.1 + 114.2pg/mL, respectively
(ADA, TNF-a: p < 0.05, p < 0.01). Receiver operating characteristics(ROC) curves were generated for
ADA and TNF-q, and the best cut-off value for adenosine deaminase and TNF-a were considered as 30U/L
and 15pg/ml, respectively. Comparing the area under the ROC curves, there was no significant difference be-
tween ADA and TNF-a

Conclusion : For the differential diagnosis of tuberculous pleural effusion from the other causes of exudative
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pleural effusions, TNF-a as well as ADA was considered as useful diagnostic method. However adding TNF-o

to ADA has no further diagnotic benefit than ADA alone.
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Table 1. Demographic characteristics of subjects according to the etiologic classification

TB* Cancer Pneumonia
No. of cases(N) 39 31 10
Age(yr) 54.6 £ 16.2 58.6 £ 12.5 61.6 £ 19.6
Sex(M/F) 27/12 22/9 6/4

TB* : tuberculosis
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Table 2. Comparisons of biochemical studies according to the etiologic classification

TB Cancer Pneumonia
(n=39) (n=31) (n=10)
WBC(/mm?®) 3536 + 3301 4072 + 8261 2656 + 5398
Neut(%) 48.2 + 30.9 56.1 £27.9 722 + 25.4*
Lymph( %) 51.2 £ 30.2 439 + 27.8 27.8 £ 25.4*
Glucose(mg/dL) 101.1 £ 56 114 £ 59.9 142.1 £ 67.7
Protein(g/dL) 46 +1.3 40 0.9 2.1 £ 1.2*
Amylase(unit) 47.7 £ 20.3* 51.6 + 244 282 £ 15.1*
LDH(unit) 964.9 £+ 810 1197 £ 1569 1480.1 % 2417.5
TG(mg/dL) 36.8 + 30.7 26.8 + 12.1 26.5 £ 20.5
Chol(mg/dL) 98.3 + 62.4 86.8 + 37.5 40.5 £ 28.1**
pH 74 + 0.4 7.4 £ 0.1 7.1 £ 0.6
ADA(U/L) 48.7 £ 32.7 13.9 £ 13.0 56.2 + 68.1**
TNF(pg/mL) 184.1 + 214.2 41.4 £ 124.0* 53.0 + 75.9**

Neut : neutrophil
TG : triglyceride

*:p<0.05 ** 1 p<0.01

Adenosine deaminase(ADA )+ Gusti®] colori
-metric method” & ©]&3}o] adenosinee] ADA <]
Fojzgoz Fafid of LA ammoniadl }&
FR3%ozN PPHoz BHEE HFs= kit
(Toyobo Co., Osaka, Japan)& Al&-3}%tt. ADA
s FF 10ud9] 2449 0.4mlE A7rslo
37C 380 BAA £ 7)2AY 0.2mlE Akl
THA 37°C 383 F-AAIA S546nm sl R
€ 7ol BEY FE=ole] vigte EEAANEE
Wt Tt

TNF-a2 733}7] 913t % 10cce] F8 A1¥
T FBY G & ZA] 3000rev/min(1500g) oA
1087 fAEesln 43 g5 §8l9 Fr
of Y41 Hd¥A7Ax] —-707C FEEPL At
TNF-a #x¢ ZAL radioimmunoassay kit
(Advanced Magnetics Inc, Cambridge, Massa-
chusetts) & o]&3l%c}t WEd F458 ALol4] 5

Lymph : lymphocyte
Chol : cholesterol
TNF : tumor necrosis factor  TB : tuberculosis

LDH : lactic dehydrogenase
ADA : adenosine deaminase

£ ol BF 7149 0.2mist F4 0.2mlE
anti-cytokine®} anti-cytokine '¥[ buffer?} Eof
U AlEH FH 24 FY3IA tracer 0.05mlE
A7Islgde}l.  anti-cytokine®} anti-cytokine %]
buffer7} ¥71=lx] ¢ AP Fro] tracer 0.05
mlE A7}3be] vortex mixerdlA &3 F AFLo|
Al 16~20A12bE<T Mige F FAslT M3 2ml
2 M33 )2 gamma counterdl] 60 QU &
AlZ1 & reference curved 0|83} cpm E-& B/

T(%) %ol BAd oJstd 3 F3c)
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Tt analysis of variance £} Scheffeo] ¥hHe-
ol&3l] Z} £ zlolE AT, AAAY 1
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ceiver operating characteristics(tROC)F4& XA
8t TiFgk 71EA Mg U Ee} So|xg vlws}
Act. ADASH TNF-qo] A9 #-84& vlasy]
9J3le] ROC F4dolele} WA ] zlo|& T8t ofn]
Bagojd whgs oo wel FAA oelg AHF3AAU
3, E3 ohE=3AEA (multiple stepwise regres-
sion analysis) ¥ logistic regression analysis&

olg3le] 7] AAke] AeF 9Jog AFFUL.

F=

a4, o4, a8n B FIE A 22 9%
9] ol gilon} UL ujddad FHGM =
gl (p < 0.05). HEF WEE, HZIF £, am-
ylase, cholesterol¢] =& ¥|w3lge o, 9P
FE zol7h IS, ENET 4 Y= wEES
A4z 44 Fo A2 2o ztelrl giKoy 74
HEUGANAN 2 2 3 Fo Ayl vs] 9

T HEgo] FojsAl =% FET HES, 9UE,
amylase, cholesterol ¥%E #9A RUT
(Table 2, 3).

ADAE 234 FogellA 48.7 + 32.7unit/L2
obd FutatEed 13.9 + 12.9unit/Loj ¥i3le &8t
o1 }(p < 0.01), 2H¥ F4Y (56.2 + 68.1unit/
L)zh= xo|7} §l91x, oM F9dEdst 744 &
a2 Alolol= xtol7t §itH(Fig. 1). ADAE
ThA] Aede) w2 Fogos TRt Hawst
A& o, 284 FUHoNA E8kth(Table 3, p < 0.
05).

TNF-o= 284 F99olA 184.1 + 214.2pg/
mLZ °otd Futdad 41.4 + 124.0pg/mL3} 54
d 429 53 + 75.9pg/mLd H3le EU(p <
0.01) (Fig. 2). &% ZA7 v|2YY Forgder
FEsl vmENe WE AT Aol &
(Table 3, p < 0.01).

Table 3. Comparisons of laboratory datas between tuberculous and non-tuberculous pleural ef-

fusion
TB Non-TB P value
WBC(/mm?) 3536 £+ 3301 3727 £ 7618 0.89
Neut.(%) 48.2 + 30.9 60.1 £ 27.8 0.08
Lymph(%) 51.2 + 30.2 39.9 +27.8 0.09
Glucose(mg/dL) 101.1 £ 56 118 + 62.3 0.20
Protein(g/dL) 46 £1.3 3.7+1.3 < 0.01
Amylase(unit) 47.7 £ 20.3 46.4 + 24.5 0.83
LDH(unit) 964.9 *+ 810 1266 = 1778 0.35
TG(mg/dL) 36.8 £ 30.7 26.8 + 15.8 0.13
Chol(mg/dL) 98.3 £ 62.4 73.6 £ 40.6 0.08
pH 74 £ 04 7.3 £03 0.16
ADA 48.7 £ 32.7 26.0 + 41.3 0.03
TNF(pg/mL) 184.1 £ 214.2 44.1 £ 114.2 < 0.01

Neut. : neutrophil
Chol : cholesterol
TNF : tumor necrosis factor

Lymph. : lymphocyte

ADA : adenosine deaminase

TB : tuberculosis
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Fig. 1. Comparisons of pleural fluid adenosine deaminase between tuberculous, malignant and
parapneumonic effusion.
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Fig. 2. Comparisons of pleural fluid tumor necrosis factor alpha among tuberculous, malignant
and parapneumotic effusion.
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Table 4. Sensitivity and specificity of ADA and TNF-« for the differential diagnosis of tubercu-

lous pleural effusion

Variable Cut-off value Sensitivity (%) Specificity (%)
ADA (U/L) 45 55.6 100
30 66.7 85.0
8 92.6 50.0
TNF-a (pg/mL) 100 53.8 96.8
15 69.2 87.1
10 89.7 43.4

Table 5. Correlation between adenosine deami-
nase activity and tumor necrosis fac-
tor

ADA 1 < souL > 30U/L
TNF-a
< 15pg/mL | 19(38.7)* 714)
> 15pg/mL 5(10) 18(36.7)*

( ) : percentage %
* : concordance rate = 75.5%

A9 v Ferde 7Y Ave) Mg &
£ ADAs} TNF-oo} 7123t& Fsl7] 98 ROC
2Ag olgdle] FIZT U BHol=g vy A3} 7}
A BAAF si@zte s ADAE 30U/L, TNF-a=
15pg/mLYR, 22te) 7123ke ©)43led ADAS}
TNF-eo] 2443 Bol=& v¥m® e ADAE
24524 66.7%, EolE 85.0% TNF-a= 74 69.
2% Bo|x 87.1%8 R} (Table 4).

ADA¢} TNF-q, £3] loglO(TNF-a)ol= A=
FL £ABAAIE BT (r = 0.46, p < 0.001),
77t 7125e olgsld PN SHToE TR
Qe v 75.5%¢] Y= HHcH Table 5, Fig 4).
A9y 2 wFYY FUde) 2w Agd ol
ADAS} TNF-go] A% 7148 wzsb] 4
ROC =4 ojjs] Wxg wmaideel, ADAE 0.
83, TNF-a= 0.822 A2 2% 2Jolg Holx| ¢
Skt}h(Fig 3). ADAZAN TNF-02 37l3to. =M

A $EEe ¥Y & YuA Lohs] At £
A 2 WREE P B398 FRNFUY
oz gREel A3W0d vasge @, T/ 3
AHE BRE AES) 254E 8092 A7 FAk
AEAET Bgron), SolxE 58.3%2 7tasignh
UESARNE ol8% 2UY R vFuy Fudel
2uEe) vmNE ADAZH 3 $48 AEE A
Qsigon] TNF-as} 371 AP} 20 as] 28
Holl of ole) £2¢ 32 Fch(Table 6).

o o
A28 F49h7 v2dy Fug e Ed) glod
A FRAT FrolM T8 93k A o) ol
Hi e NEES F9H ¥ 92 4 oy,
FEx Fo] Y. o)E F HEFe HESL FY
A Fodold #A =Y A/ 2o 08 9
T HR2go] A JeRE & ok dEA ',
adwMo 2 YL Sg/dle|dst FEE 60mg/dl
oA Z¥A Fogos I YAT ofEll H
L5 A BaEHATH?, B AT AHMx 2
A FHHNA viASY Fhg) vid Fafe] 2y
Aol oAl Hdth(p < 0.05). 2 2 44, B
AHEFSGNA 22 vimatd e F PHT FalN
Z} w3t Aol QIlT FEE FHHAA oY
YWYPT WBgL FosH wUT JZT HEE,
amylase + %o ™ (p <0.05), cholesterol,
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TP ( Specificity )
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+ TNF- a :15 pg/mL

0 0.2 0.4

FP ( 1-Sensitivity )
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Fig. 3. Receiver operation chracteristics curve for adenosine deaminase(ADA) and tumor necro-

sis factor(TNF-a)
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Fig. 4. Correlation between adenosine deaminase
(ADA) activty and tumor necrosis factor
(TNF-a) level.

*r : concordance rate

wildEEr 2ottt (p < 0.01).

Adenosine deaminase(ADA)¥= adenosine &
inosine 0. 2 Mk AL dl= LM, oA
27} 34 g A =E3AH JZ7E AT 23
o} FAeo] frEed, o] PZTo 4o ADAY}

#ogshz Aoz ¢=A Y. ADAE 1 84
57} BYEZFHUE THETA o} T Y= F
Ao Fa% Aoz AN A FUHFe F
A AgH f-840] g7t 28} Ocana '
o 2J5}H F22] ADA S4== F5UH £ T ¥
Z49) AP FBBA7} e Aol ofE Y=
7o) ezl YHT BAS iz 3} Ocana
598 ADA 3EE 45U/L2 7|&3e o Bol=
97% W= 100%2 24 Fdd viAYA 9
gz} FEE 4 Ao gglen, Baganha $'Y%=
A F4 4299 ADA 57} ohE 999 F
2 AEd 2ot o9 238 B dgch £ Q7
M= 29 FUgEate] F5 ADA BA4=cs 97
48.7U/L& 27150} 3l ADA 84=E 30U/
Loz 71288 o UAEE 66.7%0]1 Eo|x:
85.0%°1%1e9, 45U/Lolg2 100% 5058 BN
c}.
24 Forde A9eH d4e 24T Alxye
A&<l protein-peptidoglycan complex$} LAM
(Lipoarabinomannan) & A Y gt H=x
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Table 6. Result of multiple stepwise regression analysis in the differential diagnosis of tubercu-

lous pleural effusion.

Dependent variable value Indepedent variable B C P-value
Disease 1 tuberculosis ADA -0.0058 1.70 < 0.001
2 Non-TB
TNF-a not entered 0.18

Disease = Bx ADA+C
TB : tuberculosis
ADA : adenosine deaminase

Hgo g AP0 FUFE TS dANEE
H9e Agsl T d=7of F4& W3 FAs}
¥ TIZFE oA cytokineEE #ul3te HZT
P A ze FA3E F7HA7I 28T e AAS)
v Wo7|Ae @) Borlsg = T dZ7e
cytokine& F3lA € AXE 437 o
E Aol ol o2 Al7jd) o]FoiA 1, HPE =5
o] NEE AAs: ATEATS ZEF 102 B
o] AFsloio} T} LN, £FAXE Yol F
2 BoEE PuFE CD4 + THZol:, o]Ee]
gAsl osH FFolM F7HE= cytokineEE
IL-2, INF-y(interferon-7y), tumor necrosis factor
Sol slen oA FL AEdexc B
cytokineEo] 27157 &7 2> +!19, cytokined
olgstel a4 Furde) 4R ol galE A
=7} o]Foi AT}

TNF-o= 4429} G FoA Fgslo] FHA
E AR AH, 34T 84, Q933 A4S, AF
A, A 2 IL-6, IL-8, IL-1-a T
cytokine AALE 3] AHuS-E A= IS
& Fops19, [FN-y= dAAZAA 38t $48
A 718 AdFe] NFU AAE FA%. TNF-
o= IFN-7¢l fA13 ZHgo2 dPzos diaAx
o] AFLE F7MA ZAdFE AR £F Ko}
Z 947 AZ A7) Baste gobgal TNF-a
9] FE7} W) ¢ Bz Bt YA s
=2 g9, o] TNF-a7} Adzoz 2 P

Non-TB : non-tuberculosis
TNF-« : tumor necrosis factor-o

Qo s&so] FdFel T T4 WIS do
o B £ glon, AW 594E FAAM &, ¥
24 ¥, 2AFA} 5L otz TNF-e9] £& =
A% Fxo} #do] vk A= Yo',

YA FoUge B Adsp] A8 HEe=
Barnes %'*'9& 23 ¢ vjZAA FEHiE A ¥
wate] AYA FuhidEdels TNFe IFN-y7} 5
~308) &L HEE Jehd g Bach & a7
Mz YA Fg A dold TNF-a5=E 15
pg/ml2 71Z319E o UAEE 69.2%C]1 Fol=
£ 87.1%°13en 100pg/mloldg Rl Ae=
96.8%5°] =8 HA.

T3, 294 Fogo] T4 AEA AIYEY F
£ zdz ADA, TNFo|2l9) t}& cytokineol] tisf
M= BLg A7) olFolA gt A2 AT A=
Interleukin-1(IL-1), Interleukin 2 (IL-2), Inter-
leukin-6 (IL-6), INF-y7} A%A FutgolA F=
W sk B Ush 2uA Fes o Ree
Zshen) Slold Ego] HTha Rashurkt.

Az Furgde zhExdEe viasly] §Jsted
ROC 24 ojgje] Wag olgsted Ming 23 5
24 offe) W0l ol Aolrk gloI4 ADAsH
TNF-a % ZA} Alolol]l B39 Aol glgel &
2= 9Jqltt. ADAS} TNF-o& 7 o] 43l9le o
AMzel g e o PIANE F deTHE Wiyl 4
stel, T AN Alole) ARBAS Aol NEAE
o|gate] FEE YA ol HA Ao A=
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£ vasiged, AR $2 4udA 2 dAxE
B4, F7H] g 288t M A @t
Aotz P A8 AUHFHPe R BR8] F
793 v E o, T/ HAE EA AR
o 4R 4z AT AeAdR gto,
Eolzrt A Zadte olg=Hy]de o2 EAI7F
AUt FF AL E ol & 294 R ¥d
A4 Fordel 2Ego) vlwoMe ADAVE 7V
£ A2 ANEAL, TNF-a2] F7He 2Ed
o] ol4te] 71edgto] flolA kA A FAlOl Al
3ol M o]5L gl Aog AEEHUY.

AeHoz vZYY FHEH 294 FRHe #
W st ADA¢} nla7}x]2 TNF-o% 8%
AEZ olgE F dout F7HA HALE A AR
of me gl Aol AHL YAt

2 %

Al

294 Fuge d AQ E3oz de ojgFH
9l HAR= adenosine deaminase$} INF-y& &
FUed, Az AEAY vYd EdE F87 il
A2 gD TNF-e9] A93 9o|§ 2A3, 84
QA A §-83 AER AMET Q& adenosine
deaminase9}e] 7Hd¥ & HlwEuz & ATE Al
3kt

g g

&4 Fo9 801 (A 1394, A1 314, F
HFFLG : 10a) & oz Fo] 7IEad A
¥z4, 38t ZAr oiEe] ADASH TNF-e
(Medgenix IRMA kit) & 431},

d 1}

FruUl ADAs=E ZA FUHCAM 48.7 £ 32
7U/L2 w284 F99 26.0 + 41.3U/Ld v]3)
% zlol2 Egkil(p < 0.05), TNF-ex] %3 2
4 FurgdolA 184.1 + 214.2pg/mLE v]2AAY
Fokatad 44.1 + 114.2pg/mLel Hl&] f-J31Al

=34 (p < 0.01).

ROC Z4& o]&3led ADAS} TNF-q2] 719
& 7 BY 4 d= JIEAE FEHE W, ADA
= 30U/ml, TNF-a= 15pg/mlz2 &35Hx, 24
Z+e] 71&AE ol 43l A5 Bolzg FIIAE
i, ADAE 74 66.7% 5ol 85.0%, TNF-a
B 244 69.2% Sk 87.1%F Bk T FAe
uztzel Bolz=g ulmdly] 918 ROC FAdA,
ROC FMo}efje] A& (area under curve)2 ADA
9} TNF-eAlololl -2J% xtol7t QIITH(ADA 0.83,
TNF-a 0.82). t}23]#%4] (multiple stepwise re-
gression)sll4] ADA7} 7V 868 AE2 AXEA
o1} TNF-e9] F7i7} £88dl o o) 7|9
it
a4 B
2384 F9dd v2YA FEd e 2 Adster
ADAS} 37 TNF-e% 53 A8 o]84¥ 5 2
o F7kA] AARE A Al g g 919
A9 1L gisith.
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