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Occupational Allergy Caused by Inhalation of Pancreatic Extracts in the Medical Personnel and Identification
of the Major Allergens

Sang-Ha Kim, Young-Min Yel, Hyun-Mi Kiml, Myoung-Kyu Leel, Chang-Hee Suhl, Dong-Ho Nahm' and Hae-Sim Park'

Department of Internal Medicine, Yonsei University Wonju College of Medicine, Wonju, IDepartment of Allergy and Rheumatology, Ajou University

School of Medicine, Suwon, Korea

Background: Digestive drugs, including pancreatic extracts,
have been widely prescribed in this country. There have
been several reports of occupational asthma and rhinitis
caused by digestive enzymes in workers in pharmaceutical
industries; however, there has been no epidemiologic study
among the medical personnel.

Objective: We evaluated the prevalence of occupational
allergy and sensitization rates to digestive drugs in medical
personnel and its pathogenic mechanisms.

Method: Eighteen pharmacists, 135 nurses and 123 non
atopic normal controls were enrolled. Skin prick tests with
12 common aeroallergens and 5 commonly exposed drugs
and its ingredients were performed. Serum specific IgE,
IgG; and IgG, to @-amylase were measured by ELISA.
SDS-PAGE followed by IgE and IgG4 immunoblot analysis
was performed.

Result: Work-related allergy symptoms were observed in
27.8% of pharmacists and 27.4% of nurses. IgE immunoblot
analysis demonstrated 3 components which of 19 and 24
kDa were more frequently identified in sera from
symptomatic subjects. IgGs immunoblot analysis demon-
strated 2 components of which 19 kDa was more frequently
identified in sera from asymptomatic subjects.
Conclusion: Digestive drug powders could induce IgE-
mediated respiratory allergy symptoms in the medical
personnel. Two major allergenic components of @-amylase
(19, 24 kDa) were identified. Specific 1gG4 response to 19
kDa might have a role for preventing the development of
work- related allergy symptoms after exposure to @-amylase
powder. (Korean J Asthma Allergy Clin Immunol 2007;
27:10-19)
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A4 A9 % Aoslne T Buvt gle 24 A3 G Ty A= Fetdle SHEHE FdE Bd o
olm, o]ol gt 3} B WAV Hel thg A7t Tttt AABE 537 Tl de AR Gt o9 ¢
e AAA mZo o3 AJEF 2 W3 Ao A A F s #Eo] JS SR Az4EE FES AR
ol Igh W3 YO W ohieh Bo] g6 WSS o] sho] 1 Wl wek SAskelck AEANA 4G4 B4
A% Gk AYA el =s] ABOIA 166 WS AHA o] o4 W B AT Aol HeFY /BAFLA
Aot ok BRAAL ok, ALl UF Fzel @S Adse] A4 FRE FARAT,
ARG 109 B0l Yok Wagh 2 FUB A 2) B2 ARAANT: B ARBAA DL §
o] dtte vt Az YrkY Eo] g9 W g guhetel £ A% AA FY T, Dermatophagoides prerony-
93l 0] 19649 =71 B8 EH 13G,= IgE9) Z3H2HE ssinus, D. farinae, tree mixture, grass mixture, mugwort, ragweed,
J g7

=
S & ATFgAR AYer|E AR A4 oy cat fur, dog fur} EF7] G 27] T4 HHH FHo] =
Al

Agolxe] 1 dge ofd Bl g Ao AFol B v 7B AFA|, Pancron”, Beszyme”,

ole] B AZAEL YA EF] AHEH= 23AS Bearse®, Festal® 2 o]E 43tA|9) FEAIEQ pancreatin®]
7122 ZAE D o]E tEE A A oA Edd =& FAE ]l g-amylase (Sigma Co., St. Louis, MO)ol| th&}of T 5
He ZE7F0E Zo® adEE Wl oY 25 2 GAA DS Al Wl 7FA] oFAl= 22 phosphate
HE taAbel giste] AskA 2% Fhol o3 AAES buffered saline (PBS)ll 3591 & AA | ate] A& A
Hlwalar, o2 Q13 APA L 279 FHES A 5 9] glycerine (Sigma Co., St. Louis, MO)& 7}5le] =5
17k ST g AskAl 28 FYel A% 557 T4 GAA DS Ao FH HEHCZE 1 mg/ml 3] 2E}
frioll whet AgAd A4S T4 SAHESET T T s, 54 dxdez AeAdsrs At
THTOR Yol o5 719 IgE B IgG o}d o] At W52 HAAAZ 158 & B9 BA e 78 FA 6
S vt o] #HAstE WAVIHY F8 dHEAS

of S|t o] 73} Hluste] o vy s Uy
=2/3 2l A ula/mE)el uheh BESE0H, A/
7b 1 m|REeI Al Zuke] 27]7} 21 mm PIREQ) A5 1+
4¢ % 44 2, A/HH|7} 1 W) gho] A A] Zuke] 717} 21 mm ©] 441 7
5 22, AHEIZE 1 o1 gR1 A9-5 32, AHHTE 2 ©]
A A5 4+2 AAS A

1. o 3

3) kAol v & 5ol RE A 7. @ W] A5t
Aol REA wE AR b Ml F AR ARHAT Loy agA) kY o5 Fa O T So] IgE §
i A Mol 2= REdes T Al 187 A= 2457 Yot HATAHE AAsA ¥ 7HA]
(FAE)H BEel 2= deA 1BSBEREARD, & A2 3kA| o] FFAE Q] pancreatin (Sigma Co., St. Louis, MO)Z}
H27] Aol A el flal g 2] ARG A & I FAEQ @-amylase, 18] 3L biodiastase (Sigma Co., St.
NS Hel A dET 139 S WAeR ST o Moy} ol3 TAHE O S £8AQ Beare S
AL AR BF 4R en, AR 771 902 o] du AL 5 o] A Ere
9. ARGt 229 AL 005 M carbonate  bicarbonate
buffere] =] 96-well microplate (Corning, NY)ol| Z} well &
D AQE 357 deles] 24 FRE BRI A 10044 93 LCA 1243 o4 REAL F olE

3 AEA] ZAL AEAE S 27] 2o 95 ZALE ¢ 0.05% PBS-Tween 2002 33] A& a4t}
3la] ISACCA A A He AR A7E WFsto] Alsid ow, H|50] 4 Ae-E WA8t7] 918k 10% fetal bovine serum-
A2, gy =) v, olET IR e G 2] 3 PBSE 7 wellD 200 L Y1 oA 1417 &g A AT
o Bwely, FAY, A B LB wE F 24 33 AR 5 04 S5 B4 g2 FHE 4
o] e w717 9] 717t 587 AL £33 1T} o 122 3A3te] 5oLy Qa1 30°ColA 1417 2Hg-A1 7t
Hy =AEL otk 387 AL ZE AAV, = ThA] 33] A& & 1: 1,000 v/v biotin labeled goat anti-human
sl 7 e v Y ZAto] AU TE LS g Ed A IgE (Vector Lab, Burlingame, CA)3A] & welld 100 L% ¥ 11
W3 2o A4 F4ol Ak A9 A4Sk wR ol 142 4847 F 38 ARk 471 111000 vi
3 A S o] kA S gFE = FAY =4 o sE 1 2YE 1t streptavidine-peroxidase (Sigma Co., St. Louis, MO)E well 100
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pLA Fofdtar 3083 284171 F 33 Al H g A
A3 3”5 5°- tetraethylbenzidine one tablet, phosphate citrate
buffer 10 mL, 30% H,0, 2 uL)Z welld 100 xLA o] AFL-d]
A 1087 Al 3 ON H,S0.2 WS FA|A]F] AL plate
readerE ©]-83l 450 nmollA] EFEE =H o]—ﬁl’/} A}
HzTel W Aol el EFUAA

A% e, 0S40 498 248 HoE AP

=t

) AGR2AANY: 2304 % FAYEA B 42
SoldS &RIat7] 38t pancreatin, biodiastase, Bearse ®o
et MG FaAAAA AL A3 EA T} Pancreacindl] T 3}

o] pancreatin, @-amylase, biodiastase, D. preromyssinusS 2 A
A2, biodiastasedl] THEl] = biodiastase, Bearse®, a-amylase,
D. pteronyssinusS QA A =2, Bearse®°ﬂ il = Bearse®,
biodiastase, a-amylase, D. preronyssinusS QA A 2 AFE3}FH 0.
W, Z42ke] SAAE 0, 1, 10, 100 ugiml FEZ 22} oA
o thgh A So] REXV} w4 A A5 H T} 4°Col

A 24ROl WEARG ol Azkel g4lo] Baw
microplate®]] welld 50 L& ¥ 11 1A|7F ZHEA17] & 85 =
Aok 2 WO R IgE FAl e HYgAHE A F
STk oAl AL Beke) PESE 48 HEE 2T
o7 th 5ol A 2] Al A== (HxET
TFE—AAAT £3E sampled] FFE)/H 2T I3

Tl 100S #3 o2 Holst At
5) a- amylaseo] tigt A 5] 3Gy, gGy FA FH:
A W EA3= g-amylaseo]] )3 E-0] IgG,, IgG4 FA =
SA37] st HYEAY S Adstgdon, dn 43S
ol dde A FEE AR oY 5] EF
g3

biotin labeled goat anti human IgG,2} IgGy 50]'7?]% }%s}s{i
o™, 1:1,000 v/v streptavidine peroxidaseS Z}-&A ]?:] Eu s
A yrA e dF 5ol E A S HHA §

Table 1. Clinical characteristics of study subjects

Qg oz

sac.

6) a-amylaseo] tjgk 3 So] QE B IgGy immu-
noblotting: @-amylaseE non-reducing sample buffer (0.5 M #ris
HCl, 25% glycerol, 10% wt/vol sodium dodecyl sulfate, 0.1%
bromophenol blue)dll =0l SEZF 7} A7 & 4% stacking
gel @ 12% SDS geloll welld 30 xg2 X2 loadingd}ed 120
VZ 1AZE 3083 A719EE AT A AHE~250 kDa,
Invitrogen, San Diego, CA)«= 6 uLE YTt A7|9 &L 3
3. PVDF membrane (Millipore Co., Bedford, MA)oll 250 mA =
2A17F HOJAI 7]l 4 mm PA O R g & v 5olx A
e W3] st 5% skim milk TBST (Tween-20
Tris-buffered saline)S A 718t 2A17F 7FF Wk A A} -
amylaseoﬂ sk g4 Eo IgE 2 IgG, immunoblotting& 9] 3}
A 12 4% dEFe TRE BAEe 9AE £ClA
AT o1 SEART BA TBSTE AHE BE 27}
1 : 1,000 biotinylated anti-human IgE & IgG4E 420 A 14]

7 ZFgAZl & TBSTE A &3}t I & alkaline pho-
sphatase7} ZAEE goat anti-human IgE % IgGy (Sigma, St.
Louis, MO)E 1: 1,000 84 & -2dA 308 WA AT

TBSTZ 1041t 43], TBSE 104&%F 13 AF
tetrazolium/bromochloro-indolyl phosphate (NBT/BCIP; Promega,
Madison, WDE o]-&3}le] oF 1087F T2 A AT
7) A A AT Ae] FAGH LA PSS viLoE
o] &3, ME thE & 1] Hlu
439 a1, 3] 7+e] AL Pearson’s correlationS A] 3§ 3}

U2 Yeplglern, pgkol

B nitroblue

+ Chi-square testS A}

O

Atk A= HEFg IR
0.05 m]Ekel AL EAIF o R Fol3t Ao 3y
z I\’

Pharmacists (n=18)

Nurses (n=135) Normal controls (n=123)

Age (years)* 261132
Gender (male/female) 018
Atopy (%) 8 (44.4)
History of allergic rhinitis (%) 2 (11.1)
History of bronchial asthma (%) 0 (0
Exposure period (month)* 3731357
Work related respiratory symptom (%) 5 (27.9)

275431 37.3+15.2
01135 66/57
43 (31.9) —
19 (14.1) —
8 (5.9) —
43.8+26.9 —
37 (27.9) —

*Mean £SD.



ol 8] FHE Felsty] flste] A G Gy 27] 5T
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OFEV 7} AN OH, F o gHo] o g Aol & HolA 93
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gyl 27] dge] HFAES ZAEAS W, ¢ulE7] v
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H(14.1%)0) 93, 7|BA A A e A= kA AT 09 (0%),
DB AE 87 (5.9%) 0.2 47@42101% Ao A BT F
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SFA|E el thgk 273t He A 9 Bl
TE7|7r0] 242} 373135770 Y, 43.8 7269 ¥R T
) %«l?ﬂ i}Ol% AT
cl = 7HRE 2ASAY FE S HF
< 247 %%%}01 WAt s 357 T4 5 ZE, AA7,
A 0] AU EF 2, e EET,
l

AT 578 (27.8%),

52
o}
E4E UFE Ay #EE vd == id@‘ %A&% A
St Ui SRS FAdBE A F- 5ol wet ST
T340 BEFSAS u, Yolo} olEY T2 F # 1t
of fost Zol7l gllon At A AP ZF v)FAA
o Aot AT, FATES FEAT HE HAHA
gy z7] Aoz Iy =274 B HP=0.026, OR=2.8)F}
713 A A 2 (P=0.036, OR=4.9)°] A= F$7} F23tA o

Table 2. Clinical characteristics of study subjects according to work
related symptoms

Work related symptoms

ves No P value
(n=42) (%) (=111) (%)

Age (years)* 279130 271£32 NS
Atopy 16 (38.1) 35 (31.5) NS
History of allergic rhinitis 10 (23.8) 11 9.9 0.026"
History of bronchial asthma 5 (119 327 0.036"
Exposure period (months)* 5464272 386+27.2 00017
Latent period (months)* 16.81+15.1 - -
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= CK(Table 2). =3+ &34 Hdd i3t =

39S W, ZATEG4.6T27.2709)0] EZ2ATE(38.6127.270

ARG =E717ke] FosHA S7tE o AT T3 43

Xi] B gl o AdHd 257 ¢dEY] &
E7)17ke 168 F15.17] Lot

A RGBS A B AE Pancron”
Festal® 2 g-amylase 22t th3F T H TR} A] S o] A ES
H W3S wl, SAHTE(28.6~31.0%)°0] F-ZAHT(10.8~14.4%)
Bt} JAFo] BT 5935t A =9th(Table 3).

Beszyme Bearse ,

4. A49ud 34 ol v g FAE] 2344
o g FA So| QLS SN E

Pancreatin, @ -amylase, biodiastase, Bearse *ol] T)3he] =43
24 Sol g A FHEL WTAAL WTable 4,
pancreatine EAT 117(26.2%), FFAT 4 (3.6%), a-

Table 3. Skin prick test to digestive drugs according to work related
symptoms

Work related symptoms

Positive skin prick test
to digestive drugs Yes No

(n=42) (%) (n=111) (%) © vale OR)
Pancron® 13 (31.0) 2 (10.8) 0.003* (3.7)
Beszyme® 12 (286) 16 (144)  0043* (2.4)
Bearse® 12 (286) 13 (11.7)  0.012* (30)
Festal® 13 (31.0) 13 (11.7)  0005* (34)
- amylase 12 (286) 12 (108  0007* (33

*P <0.05. OR = odd ratio.

Table 4. Prevalence of specific IgE to digestive drugs according
to work related symptoms

Work related symptoms

Prevalance of specific
IgE to digestive drugs Yes No

(n=42) (%) (n=11) o) | value OR)
Pancreatin 11 (26.2) 4 (3.6) <0.001* (9.5
a-amylase 11 262 4 (36) <0.001* (9.5)
Biodiastase 3@1  0(0 0.02* (3.8)
Bearse® 10 (238) 4 (36)  <0.001* (8.4)

*Mean £SD, TP<0.05. NS = not significant.

*P <0.05. OR = odd ratio.
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Table 5. Skin prick tests and serum specific IgE bindings to digestive drugs by ELISA

Positive specific IgE

Skin prick test

to digestive drugs

2+ >4+
Bearse™ 19 (11.1) 4/10 (40.0) 6/6 (100.0) r=0.612, P<0.001
a-amylase 1/10 (10.0) 4/5 (80.0) 99 (100.0) r=0.782, P<0.001
Pancreatin 1711 (9.1) 6/8 (75.0) 8/9 (88.9) r=0.717, P <0.001

*Blanks express percentage.

amylase= ST 117H(26.2%), F-Z37- 4 (3.6%), biodias-
tase’= ZAHT 3 (7.1%), TZAT 0%(0.0%), Bearse "= 2
AT 109 (23.8%), F-ZAT 48G.6%)0| Utk BE kA9
gk 4 o] IgE Ao FAEL FATAA FAAL
2 F9Y%A =9 th(Table 4).

5. 23kAlel )
st Bl

23A) g RS AT A R AL
ol A kaﬂoﬂ W HEE e e ¥ 5ol IgE A
9] HAE Bearse, o -amylase, pancreatin®]|

952 5o Ik 349 FYE

o,
]_

l 7t & ¢ %‘% E%‘lﬂtﬂ(Table 5), A 7FA] ekA] Ztzto|
ke

St SAErS BE S

H Y thr=0.612, P<0.001; r=0.782,

N

AR T} TS pancreatin, @-amylase, biodiastase, Bearse V9] EH
3 I Eo] IgE A 9] %X E L pancreatin®] 73

T 378(16.7%), TtEARE 127(8.9%), tHZETo] 17(0.8%)°]
RNoH, g-amylase®] 7 A LT 378(16.7%), FEARE
127(8.9%), thZ o] 2 (1.6%)°] A 1L, Bearse® Vo] 749 ok
AT 29(11.1%), ZEEAMTE 127%(8.9%), thZT-0] 07 (0%)°]
A t}. BiodiastaseS A| 2] 3+ 2k&-of 3l kA A F, 7T AL
T, Z2T Y] o= kAo tigh 5o] IgE FA o] FAE
o] & AFE HYom, FAAHCEE foaHrhe<
0.05).

© Ol:xﬂ/\l

P<0.001
|
3.000 A
P<0.001
— [ ]
§ 2500 °
W X .
A 2000 .
¥ e) e
= °
8 3 1500 1 *
D =
5 & 1.000- °
35
= 5001 s
= e 20X X190 25X 990000« X08
07 18X 7, ><17 éggi%xm
1

‘Work related Work related Noremal
symptoms symptoms controls
yes (n=42) no (n=111) (h=123)

Fig. 1. Specific IgE binding to alpha a-amylase detected by ELISA
in the three groups. The levels of specific IgE antibodies to a-
amylase are different among the groups. The mean values +=SD are
336.31+705.1, 60.41263.9, and 32.7£15.1 OD units, respectively (P
<0.001).
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Fig. 2. IgE-ELISA inhibition in pancreatin coated wells with serial
additions of pancreatin, «-amylase, biodiastase and D. ptero-
nyssinus.
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Fig. 3. IgE-ELISA inhibition in Bearse®™ coated wells with serial
additions of Bearse®, o- amylase, biodiastase and D. pteronyssinus.
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Fig. 4. IgE- ELISA inhibition in biodiastase coated wells with serial
addition of Bearse®, - amylase, biodiastase and D. pteronyssinus.

6. AHELAAAE

AshA 2 ARl tigk IgE W w9 oS
QA3t7] fate] zt opAlel Wik dH Sol EA7L =
SRS AL o8t AT AT AAA AP NA,
pancreatin®] 73 -9~ pancreatin ¥} a-amylase S AA A =2 *]—%%
= Wolrt FFE A FEoE A oA wES Bl
CHFig. 2). Bearse\&«] 35 Bearse' 94- a-amylaseS A A| 2
AL wf AFet IA ¥E-S H $l(Fig. 3), biodiastase ]
73 biodiastase$} Bearse®E AAAZ AL S wfof oF wjt
THA 2 73 A vk B oM (Fig. 4), 1 99 oA B
HAARET] EH“’L AA ¥Hg-2 mH st

&

1-1:

7. a- amylased] )3 Eo] IgE Z IgG, immuno-
blotting

Qo] AL ABHA © dhstel A3

ke B AL

S A FE2 2ol ofst HelZ 2Rl AAM =27 15
N[ B
| <«—30kDa
| 4— 24 kDa
& B <«— 19 kDa

Fig. 5. IgE-immunoblot analysis of a-amylase in the sera from
sensitized patients (lanes 1~6), non- atopic control (N), and buffer
control (B). Five patients (lane 1, 2, 3, 5 and 6) have work related
respiratory symptoms.

110|11| N | B

148 —
98 —| i
64 — [
50 —F

36 «—30kDa

<19 kDa

Fig. 6. 1gGs immunoblot analysis of a-amylase in the sera from
sensitized patients (lanes 1~11), non-atopic control (N), and buffer
control (B). Four patients (lanes 8~ 11) have work related respiratory
symptoms.

St HEEAGAAY AHYE FI o]l o3 g =Y
Hk-S-o 32 I AHES o|F 3 Y= g-amylaseol] &3+ A Y
S & 4 AN g-amylasedl] T3 Y Eo] IgG, E IgGy
FAE FHFAS W B Sol g6, FAA= T 7t
of folgt ato]lE Holx i FHE o]l LA X3}
v FFo #FE O o] e £41S 3HA &skon, a-

amylaseo]] T3+ IgE 2 I[gGy immunoblottingS- 2}z A| 3 5141 T}
a-amylase & ol thal] SDS PAGEE A]3
amylaseo]] th3l E A Eof IgE A X7}
g xto] 02 IgE immunoblottingS 35S
24, 30 kDa)9] 50| Igk Ao ¥h-3-3h= Tl o] 7} =
ThFig. 5). o] @S FolAl 19, 24 kDa®] Tt o
b9l 66.7%AB)NA 47 BZE A
gk 3 196 FAXTE 7MY =X 1178 9] Ao d3
© & IgGy immunoblottingS 3F$3-S wl, 271(19, 30 kDa)9] &
o] IgGs Aol ¥h-g-3h= Tt 7F #F = 10 W (Fig. 6), 19

L3 @-amylaseo]]
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19 kDa, symptomatic
Asymptomatic

24 kDa, symptomatic
Asymptomatic

30 kDa, symptomatic
Asymptomatic

19 kDa, symptomatic |

A

IgE immunoblot

B

Asymptomatic

| 1gG, immunoblot

30 kDa, symptomatic
Asymptomatic

Fig. 7. Serum specific IgE and 1gGs
binding according to work related
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8. ZA#AH F4 FF ol ©E immunoblotting ol A
o] Fol| A A% el v

Al3E 84 Bol
IgE A A7} E9kd 68 o] &2 = ZgBE FAo] AU
H A (lane 1, 2, 3, 5, 6)9] 80% 4™)l 4] 19 kDa®] Tl T)
o] A3to] AU &
blotting & Al gt B 50| IgGy FAA/F =% 119 9
2 7 Agad Fodol Id FAklane 8, 9, 10, 11) BF
oA 19 kDao] eyl Aol #AH UThFig. 7).

a-amylase©]] T 3+ IgE immunoblotting&

8|
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L 3F g-amylaseo]| o Sk IgG4 immuno-

¥
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A FE2E o gelzr] 8L AG FE5E0 A
xR AFFY ASAR AL HUA 8Tl LA S
R Fe Sl HAEAY o] nud v gk
AJH wZo 93t Ao zE I FE2E Edo A3
=ZEAY AFIAL A B AR Aol A B
o " 3 g7 dd A obd gAE FHEA B
sk et AFS AL FEAAN A A FEEC F77E
E=EH o|F M FAdol BASAY 148 S Eud y&
o W, AFEAAET | AAFEA DS Tl ARG
FEZE AR 9 52 g-amylaseo]] 23} IgE vl 7] M St
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S A9 AASe] Vo=, (1) VAARAS fFEste
Ay AN, 2 HAEX A HA 73S FEste Ay
uigk-g, 3) 9 B Eho] o3 v E o] e Al
4 5L AR

2 FEEE g-amylased] 93F 7] #X
T AN & deA Qed, 0 1257 A
Wew Aud 557 Se2s] 299 2ALst

W AREAAES AR AP Aol
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to o o
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symptoms by immunoblot analysis.
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