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Isocyanate-Induced Occupational Asthma: Immunologic and Challenge Studies
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Background: Isocyanate is the most significant cause of occupational asthma in this country. The
mechanism of isocyanate induced bronchoconstriction is unclear.

Subjects and Method: To observe its immunologic and clinical findings, we performed metha-
choline bronchial challenge test (MBCT), toluene diisocyanate (TDI)-bronchoprovocation test (BPT)
and RAST to TDI., diphenylmethane diisocyanate (MDI)-, and hexamethylene diisocyanate (HDI)-
human serum albumin (HSA) conjugate in 22 isocyanate-sensitive asthmatic workers.

Results: BPT revealed early (11), dual {5), and late only (6) asthmatic responses. Their latent period
ranged from 3 to 120 months (mean:45.9 months). Three cases (13.6%)showed a negative response on
initial MBCT, but following MBCT performed 24 hours after TDI-BPT revealed the development of
airway hyperresponsiveness. Twelve (54, 5%) workers had increased specific IgE to TDI-HSA, seven
(31.8%) had to MDI-HSA, and nine (40.9%) had to HDI-HSA conjugate. The prevalence of specific
1gE was not associated with latent period, type of asthmatic responses, smoking, and atopic status.
After 3 months’ avoidance from workplace, airway hyperresponsiveness was improved in 10 (38.3%)
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among 12 followed cases.

Conclusion: It is suggested that isocyanate can induce IgE-mediated bronchoconstriction in 59.1%
of isocyanate-sensitive asthmatic workers. Isocyanéte-induced asthma can occur even though MBCT
showed a negative result, and measurement of the changes of airway hyperresponsiveness after
isocyanate-BPT could be helpful to diagnose isocyanate-sensitive asthma.
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Feivteteld A4 Al 7hd 53 Slele g o
7l isocyanatetx polyurethane 7, FeA](1]A),
HaA|, dRlE, aelx FelaE 58 gashed) AHE
He A AP SgERA, 2 F A UA g
#=1-& ¥ Y& isocyanate 2+ toluene diisocy-
anate (TDI), diphenylmethane diisocyanate (MDI),
28] 2 hexamethylene diisocyanate (HDI) 5 ¢] 9l
ot o] & TDIZ} 7b3 Bol AMS-=la glowy qlae] of
& S4E 7% $A7) 92 Y, TDIE Agides
=259 2229 o 5~10%04 AL doyicky v
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& dA7e] 54 TDI 73] f47 Akl ¢s) TDI
-AAle 2 ZA5 #AEelA isocyanate-human se-
rum albumin (HSA) conjugatecll o3l Eo| IgE &}
9] okAE-& ZFA}8lar isocyanated] gk X&)%k =
23 34l dehblAg F1 (A7), AEsal
=, TDI7I3tA 22 Aol thel wbg e, FadAtel
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o Mild HF HAFAE FollA Uik okt o A
isocyanateol] 93k R j4] AAlo] Alslo} TDI 7]
AR A Az ke 1w
AEg Aoz gt MagaEe] A2 244
Al 564 kel om Faprt 179,
=9 AL shFAelA
(45%) 2 2 717k ghoka, AlEEgolA Al AaA
2l Hage R Adg 28Av} 34 (14%), AH =3
1 3% (14%), A= =3-F°] 1% (5%), =2AZ
o 2 agel 19 (5%), dslele] =gde] 1% (6%), =
E Azgol 149 (6%), E2-tew 3F At &
227} 19 (5%), 223 7H7-3 Aol A gk sl Fe] 1
= (5%) ©12l=}, Isocyanate o] o] =%7)17H-& 127045
¥ 149047 (FF 77.909), 222 ZE7] (latent
period) & 370 €l A 120714 7hA] (B3 45.90¥) 2 o}
oFich Fo Al FAA 104 (45.4%), ¥iEFdAA
7F 129 (54.6%) =2 A+t A =3 (Table 1),
ol H & kA T4l A7 11H g2 FYIUL,
BZ Z 3ATFE FAE A9 199 5 49 (18.2%)
off 4 450/mm? o] Ao 2 Frhslo] glsien, F IgE A
= AAE AYR 179 F 99 (52.9%) oA 160 1U/ml
|4o.2 Z7ts]e] 9ol ck(Table 2).

[+

2.9

1) x| FekXIALE (Skin Prick Test)

8712 §l4 o= 2 A (alder, oak, rye grass, rag-
weed, mugwort, aspergillus spp., Dermatophagoides
farinae, cat fur: Bencard Allergy Unit, Brentford,
Middlesex, England)%l 2, 4-TDI(Junsei Chemical
Co., Japan)oll sl 4% 2t WFol FFdAA s
Al Palgd oy, dz2Fo g 1% histamine(Bencard,
England) o] & AFgAAEE FAl AlPste] 15
F-3of ZA7ke} Al (wheal) W 44 (erythema) 9 27]
£ ZAssit A4 27)7F 2mm o] o] Avt A
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Table 1. Clinical Characteristics of Subjects

Exposure Latent

Subject  Sex Age Occupation Duration Period gg:uksmg
{months) {months)
1 M 56 shoe-maker 108 54 S
2 F 40 shoe maker 144 84 NS
3 F 53 furniture painter 120 84 NS
4 M 41 furniture factory 24 12 NS
{bond applicator)
5 M 31 furniture painter 72 60 NS
[ F - 45 furniture sandpaperer 12 4 NS
7 M 38 metal cabinet maker and painter 60 42 NS
8 F 40 urethan sprayer ina 60 12 NS
chemical company
9 M 24 furniture painter 30 6 NS
10 M 37 shoe-maker 120 24 NS
11 M 29 furniture painter 48 24 S
12 M 29 spray painter (zipper) 85 24 S
13 M 30 spray painter (zipper) 22 17 NS
14 M 39 paint industry worker 149 120 S
15 M 28 car painter 96 7 S
16 M 26 interior painter 60 3 S
17 M 40 spray painter (zipper) 60 54 §
18 F 49 furniture factory worker 84 - 78 NS
19 M 39 furniture sandpaperer 144 120 S
20 M 44 furniture factory worker 72 66 S
21 M 34 furniture painter 60 54 S
22 M 30 wood painter. 84 60 ) NS
M : Male F : Female S : Smoker NS : Nonsmoker

717} 21mm o4 Wl 2+2 AEdgon, Hy
ARG A E7bA] ol ake] F9l4 iAo 24 ol4b
o] }AuE B9E olE oLE 5] (atopy) 2 A sH3s

2) HEER BRI FY ZAHMethacholine Bron-

chial Challenge Test)

wlebEs] 7R FU A A Chai 5179) w02 4]
Bkt s@R g, P aeiulA, suzolzs)
e Bl Fag B 2E 2L HAALG i
T 24X A B2 Aol $A4 72 A7) 57A3 A4
£ AT o, AelAE4(0.9% NaCh & §3417]
5832 A7 5 AR FAse] o]F AAE By
o, ol Alele] {23 ztel7t ¢lg W AAE A
3ol AAbAeke 2 = methacholine (Sigma Chemi-
cal CO-)‘%O‘075, 0.15, 0.31, 0.62, 1.25, 2.5, 5.0,
10.0, 25.0mg/mle] FEZ Frlsle] v Frolif

] Alztsle] Zhzke] Lof-g- F0g 5859 Hrle A4
A(FEV)E &A3om, 2 ol 71A A w98l
20%°14 7HaE WA AAE Aol HEkEE
25 mg/ml 0] 3L F x4 FEV, 27} 71%) 22} 20%¢]
4 A4 E ALE A E R ZEA
Z (airway hyperresponsiveness)o] $icha 3hAstgd
o v 7zt zb 9 PC, (provocative concentration of
20% fall of FEV,) & &8k-dk-g Aol -3l <)

3) TDI Z|ax| ez AHTDI-Bronchoprovocation

Test : o}3} TDI-BPTz} <&, )

9} Fivg) wiyol wel H-Egxl oEg 2447t
o F uA 4E3U19E 7 6465571 (Devil-
biss Co. Somerset, Penn.) 2 s E3td Aejdd4+5
AAEEFReR 103 FUAZ ok 108 Fol 7%
£ £ o] & FAAR g, TDI 2 2 4~
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Table 2. Immunologic Characteristics of Subjects

i Aopisaus RSN s MG,
1 - 266 628 0.17
2 - ND 43 1.75
3 + 199 93 > 25
4 - ND ND 7.16
5 + 466 ND 2.0
6 - 244 271, 250
7 - 688 160 0.2
8 + 510 ND 1.56
9 + 244 90 1.1

10 - 244 122 0.09
11 + 133 451 0.53
12 - ND ND >25
13 - 111 29 8.0
14 + 44 141 0.65
15 + 377 66 0.95
16 - 44 374 > 25
17 + 555 786 Q.75
18 - 111 169 1.8
19 + 200 345 2.1
20 - 133 232 0.65
21 22 10 1.5
22 + 69 ND 0.075

+ : Atopy was defined as a positive reactor to more than one common inhalent allergens on skin prick test,

~ : Atopy was absent. ND : Not done,

TDI &< 50mi% 1L &) wloloo] B3, o] £7%
gate] Aol i AAEEFH R 108 FUAHL
FUF 108 12 F7)2HFEV,: forced expiratory
volume in one second)#} #ulF 715742 (MMFR;
maximum mid-expiratory flow rate) & Z#stz &
UF A A7 FL 108wtet 33], 304 v} 18], o
glx 7A7bAR e whA)7t spirometer (HI 298, Japan)
E A7 57AAE Ageg

TDI &% 158 ool 7182 $E54bgo] vJebit
£ WE 27 98, 1247 % ] uhg-o] vElg S
A 27 b, 2ela 27 9 Fo)ukge] BE
B dE ol F ke g o2 A

1) 85 & IgE A9 53

IgE PRIST (paper radioimmunosorbent test) kit
{PhadebasAl, Uppsala, Sweden) & o]-23}o] oAbz}
Aol & % IgE A& &4 shodch, Bl ojabx) HE3

100 x1% anti-IgE disc 1715 2ol A &eilA] 341759}
Hhg-4]17] & 2.5mle] AjA AR A kA o 7]l 100
w19l anti-IgE PRIST tracer® A 7lslod 1847153t
Aol 4] vE-AlZ e, 4] 33 AAHF gamma coun-
terg o] &-slod AAleE S48 IFETA (stan-
dard curve)¥ o] &3te] % IgE AHA & 733k

5) TDI-HSA, MDI-HSA % HDI-HSA Conju-

gateo]] tidt 50| IgE &xlje| 54

E o] IgE & A + Phadebas RAST (radioaller-
gosorbent test) system(Pharmacia, Diagnostics,
Uppsala, Sweden) & o}-8-8fted E43slgict, 74 gAly
2 TDI-HSA conjugate, MDI-HSA conjugate %
HDI-HSA conjugate”} 7zt H-2% paper discef
HSA discoll gh=le] 384 50 148 g3 647 Bt A
Lol "FgA)7l & RAST A& A (Pharmacia, Upp-
sala, Sweden) & 3= 0.9% NaCl 2.5ml& 33
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4 AAg ohg, o7lel 125-Ilabelled anti-human
1gE (Pharmacia) RAST tracer% 50 14 3713l 18
A7pEal Aol db3A 1z ohA) ol E 33 Al
% discoll ¥ 125-1% gamma counter2 Z33}g]
o}, 7 A o] & (duplicate) 0.8 A 8le] o] F9 H
FAE T3, ZA3s HSA discel 3¢ £93 33
4 {mcpm: mean counts per minute) ol ©i3 allergen
disc®] mcpme] ®]-82 #F4]dtg e, Pharmacia A}
oA A 715Eol wel 2 Fro] 2 o} wE uhg o2
Astg e,

6) EAIE &4

54 Student’s t AA2} 12 A g ol&-3gi e

Z 2

1. oietE 7| Bx|E A

WA ZAT e ZlRR A 199
(86%) A4 Fbe-&, 3% (14%) oA S-S 2
HeH(Table 2), #49< 24 382 =5 TDI 7|

A A 24417 Folle elEk SR Zl AT Aol
FAuE-& BACH(FAD), olF A|zke] Ade] w
g bR PCyA 7t slusle ke RRoH(Fig
D. 8% ¥ RE AY $34& A4 17414 7=
#ulFe Jx9} F IgEX Aolele T AuA 7t
g3l =t (Fig. 2).

2. TDI-7| x| 74 dAl

119 (50%) oA =7] wH-2, 6% (27.3%)°14 7]
B h3-2, 22| 55 (22.7) o)l A ol F ubg- viehy
%iek(Table 3).

3. Isocyanate-HSA Conjugateo] clist 53| IgE
&)

TDI-HSA conjugateell o3k 5o] IgE &= 12%
(54.5%) o4, MDI-HSA conjugateo] W& &o] IgE
A= 79 (31.8%) ol A, 28|32 HDI-HSA conjugate
o N3t &3] IgE &l 97 (40.9%) oA YAHEE
¥ c}(Table 3). Isocyanatee] wigt So} IgE &<

s . improved
o : not-improved
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Fig. 1. Changes of Methacholine PC,, after TDI-broncho provocation
test (BPT) in 12 followed cases.
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Fig. 2. Comparison between airway hyperresponsiveness and total

IgE level <17 cases>.

FEF hET L} FAAH ol E 9% BAL 9
cHp>0.05, Table 4). =%F 4ol vehizlz=2]

717 (A E7)) 2 Fo| IgE &Al dAFolA+ 49.5¢
422709, A SATolAE 40.8126. 1042 F F

Zroll 8213} zbo]r} glgdon], FdEa AEIglE
Az o) gloiet, wielEal PCyxle] Hel: Eo] IgE
A FA ol A= 0.075~25mg/ml o] AA=|, &4
e 0.09~25mg/ml o|Ae) Hedew Eo] IgE
& 559} TDI 7] 8= GubA A ol 41 ¢] HAuES- 3
g obo)] FAlol A= F2 gk zbol 7} gii ek (Table 4), #
7+9] isocyanateol| i3l E-o] gAl¢] cpm (counts per
minute) ratio®} 7| =#ulZe] A= =) TDI 7| ¥ §-4t
Aol A o] WS efo] wE AAE 2w o] E A
ololl A #Ad-& iek(Fig. 3).

4. XA} A3}

F 2279 g AAF 129004 3L 5 13704 o]
2e7 ]71—501- Dﬂ ElZg 73] AR 2AAAE
l , 8%elAE 24, 4nelAe o
ok

371} isocyanate o] X% o] glrfa
A2 o] 5d FEAE oL, YA 1942 3
32t "*TE}"‘a] 7| BA A A A= 7
o 3de 2al Ak A43" 45 2H
cyanate | 2] k_—g—g: FABIHE Tl = &
A¥HEd, &3] o|F 19L& =elFa 713
Aol A= <dEhE WA ul JAFAS S E
ek veiA] 292 B A # sl A Al
g A¢Hom 53] o] F 196l & 13447 A F
Az} Phe st 27100 ZA] FAjE Foll = el
A ZAE Hojrhr} ohA] AARiE ALFo a4 w
Zg] PC,oA 7} o35l & FAE Bodgic), TDI 712
2| frat Alol A o] vbSH el SAH Foll e 27
S¥ol 26 (25%), °1F dHe¥ ol 41(50%), 7
ub-S-g o 240 (25%) o=, 3H odofiM T x7] ¥
Yol 141 (25%), °IF ukg-de] 141(25%), 1=l 3§
= uk2-3 o] 24 (50%) Atk =3l isocyanateol] th3
%01 IgE &A= 43 F3 oshsl FolA 25 2
%9 FUe FAHEE LAk HAASAY AT AF
2 A" FolA 33.6+6.14, 43H FelME
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Table 3. Results of Toluene Dilsocyanate (TD1)—Bronchoprovocation Test {BPT) and Specific 1gE Antibodies to

: Isocyanate—Human Serum Albumin (HSA) Conjugates
|

Specific IgE to Isocyanate—HSA conjugate

Subject TDI—BPT response {Isocyanate—HSA conjugate/HSA mcpm ratio)
TDI1 MDI HDI
1 early 67.42 113.37 57.04
2 late only < 2,0 <20 <20
3 dual 2,35 <20 <2.0
4 early 23.53 51.28 9.97
5 fate only 2.33 <20 2,01
6 fate only <20 3.75 2.19
7 dual <20 <20 <20
8 ezrly <20 <20 <20
9 late only <20 <20 <20
10 dual <20 <20 <20
11 late only 241 <20 <20
12 dual <20 <20 <20
13 early 3.23 <20 <20
14 dual 14.10 7.43 8,25
15 early 5.49 8.39 13.79
16 early 50,05 80.62 47.94
17 early <20 <20 <20
18 early 2.06 <20 2,20
19 early 6.89 16.76 10.68
20 early <20 <20 <2.0
21 late only < 2.0 <20 <20
22 dual 2.2 <20 < 2.0

mcpm : Mean counts per minute,

Table 4. .Comparison. of Clinical and Immunologic Characteristics between Positive and Negative Reactors on RAST
to Isocyanate—~HSA Conjugates

Specific IgE Antibody to

any lsocyanate—HSA conjugate p value
Positive {n=13) . Negative (n=9)
Atopy ‘ NS
Positive 6 4
Negative 7 5
_ Smoking status NS
Smokers 7 4
Non-smokers 6 5
Latent period (Mean z SD months} 49,5+ 42,2 40.7 £ 26.1 NS
Methacholine PCae (Range, mg/mi) 0.075 ~> 25 0.09 —> 25
TDI-BPT response (%) NS
Early 7(53.8) 3(33.3)
Dual 3(23.1) 3(33.3)
Late only 3(33.3) 3 (33.3)

NS : Not significant
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Fig. 3. Association between the results of specific IgE to isocyanates,
airway hyperresponsiveness, and TDI-bronchoprovocation
test.

Table 5. Comparison of Clinical and Immunologic Characteristics between Improved and Not—Improved Groups Acc-
ording to the Follow-Up Results of Methacholine Bronchial Challenge Test (n=12}

lmpr?::g)group Not l'?rll’:fz‘)’ed group p value
Exposure to Isocyanates NS
Continued 1 2
Avoided 7
TDI—BPT response NS
Early 2 1
Dual 4 ‘ 1
Late only 2 2
Positive rate of specific IgE antibodies to
any isocyanate—HSA conjugates 50% 50% NS
Age {Mean = SD, year) 336 6.1 335 7.5 NS
Duration of Exposure
(Mean = 2 SD, months) 62,9 £ 348 77.8 £ 50,7 NS
NS : Not significant. TDI-BPT : toluene diisocyanate-brocchoprovocation test.

33.5+7.549 1, isocyanate o9 BH 227708 5 77.8450. 7€ A F 7 ol BE $23 Zolrt
HE Fol A& 62.9134.809, otstE FoldE: g (Table 5).
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Isocyanater A4 49 7bd 8 YAEHEA
>28 279 5~30%e4 Z18A Aol Al
4 AR3E dogivhe =129, s} g 2o A
sldd, dal2sl4 Al 3 #u4 s4 F2 dalo]
H7\= g, oA s g4 e sbg 53 Y
ez oAz a glen] elo] Mg A3lH] BAE F
7hEl 2 gich,

Isocyanateol 9@ 24 AAle HAY71AL o}F
B85 Fdsle] U £& Aejaldl, AFx wng
Ao zE, AAL isocyanater} ©HE A2z} 3%
vpzlsbR 2 el (hapten) o2 28, whilAs] oln)x
(amino) 719} 4hg-3ted Ful-vhu] AFA S YA Pz
# ool thEl FAPHE F st TENFAE do
the dodehy s A A4, EA 2 isocyanater} 715
o4 AgAl7A e 2475 £FYE 2ddozq A
Alg FHAlgldhe Gl 71409 gl g o4t
A 2 &5 A% Z5A 3F7) 44 dedlde &
Ak 9l 2 9] o #ddEE 714" (non-immu-
nologic mechanism) 0] X35 3 Qlc},

MDI HDI®] 7 9olle gty o 2 oSl 444
Aol #alA Al ol sl 5% gl A+ 2
Igo] glenrne TDI Aol 7$o] glojis
TDIZ1RA 3R A g4l 222544 TDI-
HSA conjugateo] o3l Eo| IgE & a2 kA& o]
Butcher$-4 Bauers} Fruhmann'®e] ¥ 1o oj2
20% o8tz ¥ sz gicl, BauerE'™We F4bol ¢ldl
H ZERA 14%9 Eo] IgE 34 &L 27s
Ao mg F4bol gl 2EAE A e Eo] IgE &
A FAAE B E gidicks Yok b Butcher$®
# Park$?Ve] dtolse F4ol g9y T2AE)
A% TDI-HSA conjugateol Hg ol IgE a7} o
A4l A¢gol Rausek, Pezzinis*?e odolAE
TDIe} thall 27%9) 5-o] IgE sk &8 wmslaA
EAlol MDIoj chsl A s 83%9) Eo] IgE 34 k4§
& Bagigich B o FolA+ isocyanated #Fsh:
Zd gl Fga A 3571548 548 22A
F TDI-Z18A i Abad kA8 sod TDI A
Aoz sAF gxEol4 RAST 9 g o] &3l €

A isocyanate-HSA conugateol] il 53] IgE 84
o] kA E-& ZA3F A3 TDI-HSA conjugateo] oiial
A & 54.5%, MDI-HSA conjugate o} o 8} A &
31.8%, 2 = HDI-HSA conjugateo] o 3] A &
40.9%% ¥luA B2 FEE 2Yh

TDIs} MDI, HDI zloll= mapab-gAde] B iglo] gl
129, 2 o Fof 4| 5. TDIe| w8k Hol IgE 3] k4
£o] 54.5%, MDI7} 81.8%, =23 HDI/} 40.%%
A w9k Aoz Jepdd, ol AlZHA isocy-
anate® 7ol sapukgol glwl, & 74 4 &
AE F F8 1, 4, 16, 19 TDIo| u]s] MDIoj i3k
Eo] gE A7} v] Eo} o] & MDIo]| & zhatg 34
olwix TDISt HDIo] ohdl 3§ ikl 3
Hoz 24% 4 gk =8 ) 159 7% HDIoJ
7} 2 A§ Rel2g F 7pa-E o] HDIolw MDI
o TDIell st & aabkgell 71318t & 7He
AL A4 4 Ak =3 TDIde S4olwA]
HDIe} MDI oflat 9F4uke-& vebdl SAx 1o (5
6) Uk o} EolA TDI Ext rjax] FUAALE A3
= opAdub-gol Vel A 7| 2A 2 Ag4lel 719l
3¢ Ao Algsc) weld AR FuleAe
isocyanate 85+ F TDIol #2 #e 4L AV
o1} MDI 3! HDI Z=fo] 913k 2siA A4 ghxbe] o
Az o) 5o At Y HEole FAE FMAFE Ao
Az g,

o] 434 & (reactive dye)y} isocyanatest
e ARl 234] o] Foll i Bo] IgE A
o] AL AFPche dF AoEe] glor, 2
oo A+ GrammerE?y ParkEe] Hilo]rsh
7ol isocyanatec] %3 ZZAEo|A isocyanate-
HSA conjugatecll 3§} Eo] IgE &4 52 §47%
ol & Foldt AmaA 7} glgler, Pezzinis?e] A7
A7) vl 7R 2 oS §FokE R 3 FAt 3N
t}, isocyanateo] &% 3F7) F4bo] vehtr] 7Rl
o] FE7lo] daliAlE, of 7iztel #E +5F Fol IgE
A @ Fo) BA ehgiw Karol?”oy} Pezzini
S20] o Anele 28 £ dTolde A S48
o4 Z¥7]7t o e Aoz Jepdor F F7helA
EAgd o g o8 Aol BAEA wdch 2By
AE7)7 12404 vlwte s BR 6ol At 2YE
o, 4eflo4 TDI, MDI & HDIo} w3 &o] IgE &)

— 498 —



2 723 Ue FHod vehd zhztel Aol gl Ao
A2} isocyanate =&F5EE ZALE A £algiAnt A8
717F 2 o] Abelgiw dllFoll wlsjAE Ho| IgE 4|
FAEol e & & AP A Mapp— > A
H FoA Aol =237 #3192} isocyanateo] tlk
E&717be] #E&4E, 28 Sxle] o] FL4E
BEEE Fol ¥ AFE 2gdn e, £ A7
AME BAE FollA -‘néfsﬂ Zhol o #wl Aoz o}

lo,

Isocyanates)] &3 7] 2= 7“} ] = FeAt
Al FYE Fxol wel Aol glAnt Yupg ez F7
5 ghgo] 7hak B3 Ao 2 5] glonjaesn B oo
oAz 27 ubgo] AA 22¢1F 1162 713 gk,
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