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Association between Respiratory Symptoms and Specific IgE, IgG, and
IgG, Antibodies to Reactive Dye (Black GR) in Dye-Exposed Workers

Jung Eun Suh, M.D., Jai Nam Park, M.D., Young Soo Cho, M.D., Yeon Sik Lim, M.D.
Dong Wook Choi, M.D., Jin Heum Baik, M.D., Hae Sim Park, M.D.
Nam Soo Rhu, M.D., Dong lll Cho, M.D. and Jae Won Kim, M.D.
Department of Chest Medicine, National Medical Center, Seoul, Korea

Chein Soo Hong, M.D.
Department of Internal Medicine, Yonsei University, College of Medicine, Seoul, Korea

Previous studies revealed that Black GR is known to be the most frequent sensitizer among reactive
dyes. Positive skin test and the presence of serum specific IgE antibodies to reactive dyes in exposed
workers suggested that their respiratory symptoms provoked by reactive dyes could be an IgE-
mediated reaction.

To evaluate the significance of specific IgE and IgG antibodies in the development of respiratory
symptoms, we studied the prevalence of specific IgE antibody to Black GR-human serum albumin
(HSA) conjugate by RAST and specific IgG and IgG, antibody to Black GR-HSA conjugate by
enzyme linked immunosorbent assay in 309 workers employed in a dye industry. We also performed
methacholine bronchial challenge test and dye-bronchoprovocation test in 78 symptomatic workers
identified by the questionnaire. When the subjects were classified into three groups as follows: Group
I includes asymptomatic sensitizers, Group II includes workers whose methacholine PC,, ranged from
5.0 to 25 mg/ml and had serum specific IgE antibodies, and Group IIl includes workers who showed
positive responses on Black GR-bronchoprovocation test and had serum specific antibodies,
significant differences were found in skin reactivity to Black GR and Black GR-specific IgE level
between Group I and II (p<0.05), but no difference was found between Group II and III. There was
no significant difference in total IgE level among the three groups. There was a significant difference
in Black GR-specific IgG level between Group I and III (p<0.05). No difference was found in atopy,
smoking status and duration of exposure to dyes.

It was suggested that reactive dye-specific IgE mediated reaction might be contributable to the
development of bronchial hyperresponsiveness to methacholine in reactive dye-exposed workers and
specific IgG level might be associated with the results of dye-bronchoprovocation test.
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2 A o 8 (reactive dye) = 195630l A=l o]z,
5 Aoz Qe AA ZAFellA o3 siA]
o] dg 2 A FHYH AHREoiA 23 gk o]
B3 b4 R E AR 7] dElETA A W
Aol A&, 1978 Alanko Vo] A o]E 23
ol W& Bu2N7} ion, FuolAE 19893 2t
590l o8 HA7A] AAH o2 & 7069 B} gle]

St
US4 ddEol o3 Z1%A HAle A 7|A-L o
&3] sl gl X3 Aeidld, #AAAl= IgE
oA qbgol] o3 Al 1¥ FAlubgo] FAE ALR o
AR glemram9 HIZdE 48 5ol IgGC FL
IgG, A Whge] FASAE AAE D glepron, gy
29 713A] A4 FAEL 71AA HwFE A 9l
oni1?, o|] WbAl 7| Aol el Al &3 B A oA
%t olETA HA ARSI E NEHoz g2
Aol %= o 24 histamineol] tHdt 7]2=] uh-g4do]
Zrlete Aoz g glon®, oj& A (: L=
7A) 3} gHA ZH-gol] 93 XAy =2 4F 4h-S-(delayed
tissue inflammation) ©] #eddl= Re 2 A= 9

oho),
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Table 1. The Characteristics of Subjects Studied

Group | Group Il Group IlI
(n=33) (n=12) (n=10)
Work-related Respira- absence presence presence

tory Symptoms

Black GR—Specific IgE presence presence presence

Bronchial Responsive- absence positive* positive**
ness to Methacholine
Bronchoprovocation ND*** ND positive

Test with Black GR

* : Their methacholine PC 20 were ranged from 5.1

to 25 mg/ml.

: Their methacholine PC 20 were less than 5.0 mg/
ml.

**% : Not done

k%

ZAAL Aol whe} S 2 5548 Al®dled, Table
13 7ol ZA A F22 F73819is [ +& Black
GR-5-0] IgE &A1& AU 2i oA T4 =717
Zol= T+Z4 7127 (asymptomatic sensitizer) o] o},
methacholine PC,ox2] 4] 9} (4.66 mg/ml) %]
upe} [[73 7o 2 33190, I+ Black GR
-Eo] IgE &% A=A methacholine PCy3] 7}
5.0-25 mg/mlol| &3 Fol, [IT2 methacholine
PC,0#7} 5.0 mg/ml v]=to]=3 4] Black GRol| & A
Al ARG A FA RS R BxbE Tk

2. |5 okX} A& (Skin Prick Test)

Black GR 10mgell glycerinee] 3 3 = modified
CoCa € H(0.9% NaCl, 0.25% NaHCO,;, 0.4%
phenol) 1mlE £34]7 10 mg/mle] g4 2 ut-Sof

A, °|% Black GRol Bl 3% HAAY§ Alopoz
ALgsldon], ma 771 FUA FHZ A (oak, rye
grass, wormwood, ragweed, Aspergillus spp.,

Dermatophagoides farinae, cat fur: Bencard, U.K.)
ol A 3 A AP A Psich HzTe
1% histamine(Bencard, UK. ol ti3 2% 2ix}A) ¢
€ FAlol Algste] 4749 Al (wheal) ¥ UHA
(erythema)A 2Z7]18 £34, o|Z% histamineol] {3} 3}

2 ¥] (allergen to histamine wheal ratio: A/H ratio)

FA3k3
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3. ofe} 28 7| x| FeHAH( Methacholine
Bronchial Challenge Test)

7122 B7A|, | 2ElAl F 7| @A dFE F
£ ZE FEE AA AR H 4 2442 AT B 4
ol A, $A 718 715 A RS A ool A
A5 F9417 3%2F sirls AARAE A5
7|AA 2 dtgien, o] & Abolol] Folgt zpol7} glewh
AAHE Adstgch A4 Aleke 2+ methacholine
0.075, 0.15, 0.31, 0.62, 1.25, 2.5, 5.0, 10.0, 25.0
mg/mle] FEZ Fuldd e FEolMYE AAE
Agsded, A7 $e FY43 3EFY A7
A& &A= ghol Z1AAS 20%018 FAYE

W& o= A
4. 7|@x| =5 RHAHE

upe7o0] A g Wil whal FUAYE A%
Black GR 9485 (.4% phenolized saline 22 3]4]
A7 0.01, 0.1, 1.0, 2.5mg/mle] W|7}x] T2 3
ojA AHg3slgden, #H7)%5 ZAAR= microspirometer
(HI-298, Japan) 2 A1§3igich AARAIR 124 7] 2
ALE FEFA (7]WA FAA, £HZO|=F)E T
217 AdelA $A 7% H75 AALE A4S, o
t}2- 0.4% phenolized salined &A% 10&F 7]
5 AAE A o]E A= e, o] F &
X Atolell F-2 & Apo|7} glew HALE AU
A7) VI7HA] xS FLAHE A %S 2 FRolA R
¥ 534 §9JA171 2 47 108%9] Hr7|5 AAAE &
Asle wyeoz FUPAE APk AAAIE
FEV, (forced expiratory volume in 1 second) 2] 7}
712 2ol vl3] 20%0] 4 A7 A5 A2 AA 3L
Rt

5. 5 & IgE2| &3

IgE PRIST (paper radioimmunosorbent test) kit
(Phadebas A}, Uppsala, Sweden) & ©]-8-3}d o4z}
- ¥AUY F QEAE A P A €A
100 x1% anti-IgE disc 1/ & g A-&oll4 34 7H5<t
HhS-A] 7] F 2.5mLe] AN o 2 AA 5 o 7)o 100
£19] anti-IgE PRIST tracer& #7}ste] 18475 at
Ao gAY Al 33 A HF gamma

counter® ol §3le] AY WASE FAsTL FZ2IA
(standard curve) & o]-&35ted & IgE AHXE T34
ch

6. Black GRoj| ti#t So| IgE, IgG & IgG,2|
&3

FYdo2E w50 A& o] we} Black GR
-Eo] IgE A £ € 93 solid phase(Black GR disc)
2 IgG, IgG, 4 £ & 3] & Black GR-HSA (human
serum albumin) conjugates uhs-o] ARE-3}% ),

1) Black GRoil c3t So| IgES]| H&

Zu]¢ Black GR discE 10% A% & A (newbor-
n calf serum) o] 1A 7Hg<t &ro] i AgE 2=t
A7l 3 A A 50 plob 64175t wHSAlAl o
RAST Al ¥ o 2 33 A A3tz anti-IgE RAST
tracer (Pharmacia, Uppsala, Sweden) & 50 x14 g o}
18417H5-qk HHSAlZith o] & ©i4] RAST AlAlez
33] A4 3§ ¥ gamma counter (Packard) 2 A% ¥4}
S 2%k A4 iz g4 A FH=E F
Aol AlFslo], T4 dlz2Fe FF AT YA 29
ol 2%°1484] 75 %A ko2 A3t

2) Black-GRoi| ci#t 50| IgGe| HE

Z4] 3l Black GR-HSA conjugate £°4-2- carbonate
gEaloz 4] 347 Fo| o]F microtiter plate
(Costar®, Cambridge, MA) ol ¥ 3 4Coll A 1847+
Zo} ul2 A7 & 0.05% Tween-phosphate buffered
saline(PBS-T) 2. & A3} ohA] 10% AA$ Aol
o] 71 A AgsE ARAR o, 7]
1:100 w/vez 34 32 AL 100414 ¥ 4
Loll4 2475t uRSAZ ek ©] % PBS-TZ 4] Al
A F §-9q] A IgG 3} A (Behring Diagnositics, San
Diego, CA) 1: 3000 348 100 pl4 o] 2417k 4k
L A7) t}A] 33] 4]AF Al gol (O-phenyl deamine
10 mg, citrate phosphate buffer 25 ml, 30% H.O, 10 x
1) 7} ¥F8-A] A 4] microplate reader (Dynamic product,
USA) 2 490nmellA 8] F3=5 A&k o4 o
279 P Aol A= FAol EA3}o] vl w3l ek

3) Black-GRoil ti#t £o| IgG.2| £H

k4 Zu]3F Black GR-HSA conjugate £-°8-%- car-
bonate 2+ (pH 9.6) 22 4v] 343 & microtiter
platecl] AgA17 oh2, &= AL F435HA] g 1l
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Table 2. Comparison of Allergic Responses Between Asymptomatic Sensitizers and Workers Whose ivlethacholine PC

20 Ranged from 5.0 to 25 mg/ml

Group | (n=33) Group Il (n=12) p Value
Skin Prick Test (A/H Wheal Ratio) 0.34 £ 0.72%* 1.03+ 0.83 <0.05
Total IgE Level (1U/mt) 378.44 + 2.92 43551 1.97 NS#*
Black GR—Specific ISE Antibody 7.93+ 8.14 15.60+11.99 < 0.05
(Bound %)
Black GR—Specific 1gG Antibody 0.51+£0.52 0.82+ 0.76 NS
(Absorbance Value)
Black GR—Specific IgG, Antibody 0.36 £ 0.58 0.62+ 0.73 NS

(Absorbance Value)

* ¢ All values were mean and standard deviation.

** : No significance was noted between group | and group 11,

Table 3. Comparison of Allergic Responses Between Workers Whose Methacholine PC 20 Ranged from 5.0 to 25
mg/ml and Workers Who Showed Positive Responses on Black GR Bronchoprovocation Test

Group Il (n=12) Group 111 (n=10) p Value
Skin Prick Test (A/H Wheal Ratio) 1.03+ 0.83* 0.49+ 0.54 NS**
Total IgE Level (1U/ml) 435.51 + 1.97 323.52+ 2.82 NS
Black GR—Specific IgE Antibody 15.60 £ 11.99 14.11 £ 13.73 NS
(Bound %)
Black GR—Specific IgG Antibody 0.82+ 0.76 0.98+ 0.77 NS
(Absorbance Value)
Black GR—Specific IgG, Antibody 0.62 0.73 0.49+ 0.54 NS
(Absorbance Value)
* 1 All values were mean and standard deviation.

** : No significance was noted between group il and group Ill.

well 100 w14 o] A-goll A 2217k HHg-A1 A e, o] &
33) A4% anti-lgG, BZE ¥ (Sigma Chemical
Co., St. Louis, MO., USA) 1 : 1000 3] 4 -2 100 14
Y3 24)7F Z8A)7)2 t}A] 33 A|AHF Streptavidin
(Sigma Chemical CO., St. Louis, MO., USA) 1 : 1000
AN du 3087 bgAIZTh of 7o gl
(2-2’-azido-di-3-ethylbenzthiazoline sulfonic acid
55 mg, 100 ml citrate phosphate buffer <PH 4.2>, 30%
H.0, 10 p) & ¥FSA1AA 410nmeilAe] F3=2
A3k 4 dz79 €Yol Al FAlol &
3ed wlasiich,

o, N

- =
1. o5 XAl

¥ 13X F 4 Black GRolHHE s ulg s §

2, 30l A8} 7ol I FollA 0.34%0.72(allergen to
histamine wheal ratio), IIF°l4 1.03+0.83, 1T
oA 0.49+0.5424, 123 IIT AolalAe 3
ql xzlo]7} AAEIG oy} (p<0.05), IIF3 [T Alo]
ol A& A<l xto] 7}k G eH(p>0.05),

2. & IgEx|

F IgEX & 1 FollA 378.44%2.92, IIFoll A
435.51+1.97, =283 [IFoNA] 323.52+2.8224, =
T Zholl $-2) & xbolE A=A @3kt (p>0.05),

3. Black GR £0| IgE &4

RAST Yoz %33 Black GR-5¢] IgEx] (A&

AL = [ FollA] 7.9+8.1, IIFolA 15.6+12.0,

7oA 14.14:13.724, IZ3 IIF Aol F<
g zlol & BPeom (p<0.05), T MT ZlAE
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2] &k zko] 7} g1 e (p>0.05).
4. Black GR-50| IgG &x|

Black GR-5-0] IgGA(FZF =) Il 0.51%
0.52, IIF°] 0.82+0.76, II°] 0.98+0.7724 I+
3} II7e] 7ol vid) 3o SASdH 2 Fo3
Aol YT (p>0.05), IF3 [IF AbelolA frol &
zpo] 7} A= A H(p<0.05). =3 %A U] 7IES
24 z2E HF FF=o Y IFHAE HE
0.0622 AslGLwl, IFolAE 69.7%, IIFolAE
66.7%, 3 MIFAAE 90% F4 &S wirch

5. Black-GR §0| IgG, &

129 37 FF=+ 0.36£0.58 ITlAE
0.62£0.73, MIFNAE 0.49£0.548] 32 2glow,
7 Zell FoFH] Aole HAHA B3kt (p>0.
05). &4 2] BT FF=2 243 0.05% 4L
$9 71Eo2 Aged, [ZoAE 39.4%, 11Tl
A 75%, 2 MIEelAE 70%9 F4E8< 20t

6. =0l =EE 7|2t

7+ Fo| &8l 22 RSe] 8o 29 HFE I
L [ FolAE 37, IITelAE 4871, [ITEelA =
43091 e, 7 7ol F23 2ol gide(p>
0.05).

Table 4. Comparison of Clinical Characteristics Among
Asymptomatic Sensitizers, Workers Whose Me-
thacholine PC20 Ranged from 5.0 to 25 mg/ml,
and Workers Who Showed Positive Responses
on Black GR.Bronchoprovocation Test

Group | Group Il Group 111
(n=33) (n=12) (n=10)
Dye Exposure 36.5+427.3 48.0+23.4 42.9+26.8
Duration
(Months)
Atopy* (%) 15 (45.5) 4(33.3) 3 (30.0)
Smoker** 27 (81.8) 10(83.3) 7 (70.0)
(%)

* : Atopy is defined as the state of showing positive
responses (more than 2 +) to more than one inhala-
tion allergens on skin prick tests1®) |

** : Smokers include current and former smokers.

7. OlE1 RF

A 27 98 2 P4, FAlol AJg skt o4
o] A ddlEAe 2+ (. 2mmX2mm/21 mmX
21mm) o]Are] uke-& el 3RE ol 2 A5l
2, ITolAE 158 (45.5%), I FAAH= 44
(33.3%), IITolA+ 39 (30.0%)14 ol=dE =Y
3 e, 24 F zoll §37 ele et (p>0.

05).
8. & oH

7t Foll A izt w]g2 [ FollAE 81.8%, I+
ol A= 83.3%, 2| [IFlAHE 70.0%2 =2 v]&
£ 33t

A2 WL mow Yt 94 AEol &% 1A
AAe] 24 F)Aol BaAE ok 43 FEs )

GdE-eld #xy odHul A (reactive dye-human

ek o] IgE7t A&
£ ALz u|fo o]E9 HA FAlx IgE Aol 2%
A 18 ouldbgel o3 Aoz AR Y3, =g
A w4 dE-AHA FUARA S e
A ZEukg A ofAolx, AW Eo] [gEA+
£=7 gou} Bo| IgGe} IgG, A7t =& 3RS
BEEE ALoR u]Fo] So| IgG-u7 ukg-9] 75
dF=lz gk 2 9 HkgA Aol g HAF
ZFukgolu A Q] A AR 4528 HHeAE
A|ALE] 2 gle}nsn,

7132 sl Ze] B4 7)Aol A& ofej7HA] 74
o] w2, Cockcroft 593} uh519g 7|ql =24
o g galzr] dhgol oaiA 71Ex] FHulFe] A4
Hcokx 2aslglon, ole F7] 4k} #alAo] 2
Ao g Yo, o] AFREo|* ) AA 7|
q gaElEAe x2HE 7BA FuFe] 4FE 4
o, dbd FAUA o] & AFH o2 35 7|3
A #ElFo] FAY 424 = o3 Rustn

o

o o i
J

2 ox
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UeH?, £ ATolME AU Bo| IgEE A=
YU 557 SA7 e 123, €5 5o] IgEr} glow
Al 713A HelFE FuhE I Zele §9 §F ©)
E9 fFole o7t glalod, T4 w34 dEo o
g I % ubg= 9} Kol IgE X|ol| 2314 Ao 7} Qled,
S 934 dE-AH4] 3RSl deiA Black GRoll
&k IgE 430l 713z A71Fe] Aol 71odske A
o2 oqAAY,

At AAE 7R HulF dal 27 w3 oz
ulo]gjx iz} SO, NO, W 4 7tast 2e AF4
7hzol o3 oF3hE 4 glepizead, H oM E S
qR3A dgol tid I ukgE, 5o IgEx], % IgE
)9} e 27 vk 173 [T 7ol F2138 2
o|7} gigich, welA kg4 d ol ZzE 2 7| 1=] 3
glFo] AAE ZEAENA, °lE9 7|HA] HulFo]
AP 3 71AA] AA o2 o] =& AL WA 7|A
of &3 7 Hroke Aol =522 4 & =7t
A AFA 7kau vl A 724, 2 9 o E v 5ol
qh3oll o Aoz oA,

TA w34 gl ofgk 4] AENA Eo] IgG
2 IgG, gAY oulof = A7} AP gl
ok, & Aol dfdRES Fh T 253
309988 ZEAENA FA A QR0 tHE 5ol
IgGe} IgG, gAY o Eoll el 7o 2>, &
o] IgG o IgG, YA EL 357] F4 #59 Bado) gl
onf, 337 FAE 348 ZEASA Fo] IgGY
FREL 5ol IgEY] G EXR T} FobA, o] IgG &

FAZ A
A 3 9l o}, Cartier 5292 toluene diisocyanate
(TDD ol 93t 7]3A] A4 #Hz} 6264 TDI-5o]
IgE ¥ IgG A& ZzAM8] Bokgd, A4 48 A
= 5ol IgE Brohe IgGet Haidde] Erha 2139l
o}, 0= QA XA 4] HhgA H BT FAS
© AA Z2A 300004 A ubg-A AR -HA] LA
gL APk, olEolA Bo] IgE, IgG ¥ IgG, A&
ZSA5GA S, FA LA A FollA A F
of ula] Ho] IgGe] FAEo| 5o] IgEY FAHER
e Aoz Hadych 2 dFolME I FelA 1T
o2 AYPTLE FATH o2 Fog Aole g
Eol IgG X7} F7hske g 2ew, 1+ 1T
Atololl A Bo] IgG A&} §-23 ol BAIAY, =

g o] IgGo] FAHEL [ 72 69.7%, I+ 66.7%
el s MEL 90%= =% E3tch dA2A ods
-Eo] IgG aallo] ojnlof o) wldslrlE ofei st o
9l =&& JeblE A A2 o] 2" £ gl

on], 357 A 5o AT A7 "4
Ajol] 7]eddhs Aoz Alg

fu

z 2
54 94 89l Black GRell %3 Z2A5-8
337 54, Z1BAHAUNFY Hx9} Fol IgE f-F-ll
utz} 4] Fo2 i o]FellA Black GRell =3 3
2 4k3-=, Black GR-5o| IgG Y IgG, 2 & v| L 3}o]
o3t e A#s A

1) Black GRell =igt 3% wktA|g 73} A/H whe-
al ratior I7ol4 0.3%£0.7, IIFolA 1.0+0.8, III
TollA 0.5+£0.5% 2, &3 IIF AbelollA o7 =}
o]7} B= A H(p<0.05),

2) & IGEX= 1 ollA 378.44£2.92, IIFolA]
435.51+1.97, IIFolA 323.52+2.821U/mlgl o,
7t F 7ol 2 Apole BAE A &gk (p>0.05),

3) Black GR 5°] IgEx| (A& wAbs, %)e 1E
oA 7.9%8.1, II-FelA 15.6+12.0, IIFolA 14.1+
13.79.20, 1 F3 IIF AbolollA {3 lo|7} 2
H A (p<0.05),

4) Black GRell HH¥F &o] IgGA (F3=)= [T
A 0.51£0.52, II o4 0.82%0.76, I ol A
0.98+0.772, I3 MIF AbololA F2j& Aol 7t
A2 A e (p<0.05),

5) Black GRol| thg Eo] IgG, = IFollA 0.36%+
0.58, IIFolA 0.62+0.73, [MIFlA 0.49+0.549] 7k
+ Bgow, 7t F Zoll Rl 3 Aol A=A @k
o} (p>0.05),

6) A& xF 7|7te| ol 7, FA FFF
& AlF7kell o)Al zbole BAE A ekokel,

ol ZE HhgA dEol 23 TEAENA 4t
34 dE-5o| IgE =7 ubgo| o] &9 7@ FHulF
Aol Reddln], Eo] IgG alle A4l WA 7]
& oz Al
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