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Rolf Merget, MD," Jens stolrfuss, Rainer wiewrodt,o Heiko Frùhauf,b
ursula Koch,o ulr ich Bolm-Audorff ,  MD,. Heinz-Gùnter Bienfait , .
Gerd Hi l t l ,  MD, 'and Gerhard schul tze-werninghaus,  MD"
Bochum, Franffirt am Main, and Wiesbaclen, Germany

Background: Allergies to enzymes occur frequently in enzyme manufactuing plants. In
epidemiologic stttdies the number of exposed subjects with sympto*, i, considerably higher than
the ntrmber of sensitizations as assessed by skin tests or RAST. It was the aim of this study to
evaluate the sensitivit.v and specificity of skin pick tests, enzyme allergosorbent test, and,
immunopint with enzymes by using the resulis of bronchial provocatlon tests as the ,,gold.
standard."
Methods: We performed 82 bronchial provocation tests with nine dffirent enzymes in 42
chemical plant workers, all of whctm had reportecl work-retated symjtoms. All tests with the
exception of bronchial provocation tests wbre also performed in l0 ànpic and l0 hea1hy
control subjects.
Results: Thirteen workers showed positive results to bronchial provocation tests (s0% or greater
fall in specifi'c airway conductance) with an enzyme at a maximal concentration of I0 mglml.
Equivocal test results, that is, tests with a 30% or greater and. less than 50% falt in ,prrrfii,
airway conductance were seldom. Skin pick tests with nondialyzed aqueous enzyme extracts at
a concentration of 10 mglml yielded a sensitiviry of 100Vo and a tprrtprtty of 93%. Conyol
subjects had no cutaneous reactions to enzymes. Discrepancies between skin tests and bronchial
provocation tests occuned in 5 of 82 tests, atl with a positive skin test and. a negative bronchial
provocation test. False-positive skin tests were considered more likely in four subjects and, a
false-negative bronchial challenge more likely in one case. Enzyme allergosorbent test was 62Vo
sensitive and 967o splcific, and atopic control subjects showed positive lesults in two cases.
Results of immunopint with amylase showed one main band it pH 3.4; this band. was also

found in erposed subjects without firther signs of sensitization, but was not found in control
subjects' All but one person with positive results to bronchial provocation tests with enzymes
showed bronchial hypenesponsiveness. We ídentified 13 subjicts with bronchial
hypenesponsiveness,. but without occupational ailetgt: five of these had sensitizations to
nonoccupational allergens and the remainder showed bronihial hypenesponsiveness without
any detectable cause.
Conclusions: Occupation-related symptoms were not indicative of occupational allergt.
Bronchial provocation tests and skin pick tests with nondialyzed.-aqueius enzyme utracts were
appropiate techniques for the diagnosis of enzyme allergt. (J Artnncv Crnr luuu;or
1993;92:261-77. )

Key words: Enzymes, allergt, asthma, d,iagnosis, enz,vme allergosorbent test, bronchial
provocation test, skin test
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Immediate-onset asthma and rhinoconjunctivit is
have been described in bakers and in industrial
workers occupationaily exposed to enrymes. Bak-
ers demonstrate sensitization mainly to starch_
cleaving enzymes and rarely to proteolytic en-
z-vmes.' In contrast, workers in pharmaceutical
industr ies. t ' t  in k i tchens, meat-processing plants,* .  t

and chemical  p lants" ' t  (most iy laundry detergent
industr ies ' t - ' ' )  are sensi t ized to proteolvt ic en-
zvmes of  microbial ,  p lant ,  or  animal or ig in,  wi th
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Abbreviations used
BPT: Bronchial provocation tests

EAST: Enryme allergosorbent test
IEF: Isoelectricfocusing

NCM Nitrocellulosemembrane
PRU: Phadebas RAST units
sG.*: Specific airway conductance
sR"*: Specific airway resistance
TBS: TRlS-buffered saline (pH 7.a)

TBS-Tw: TBS plus 0.05% Tween 20
TBS-Tw-M: TBS-Tw plus 0.5% nonfat dry milk

few exceptions.tt' 13' 18 A number of enzyme prepa-
rations were identified as causes of IgE-mediated
allergic symptoms: pectinase,rl o-amylase,t ' '  tn cel-
lulase,tt trypsin,n' 'o papain,tt '  " bromelain,2' tt sub-
ti l isins,l3' to'" f laviastase,24 pepsin,t and pancreatic
enzymes.2s'26

Cross-sectional or longitudinal surveys of indus-
trial settings have been confined mostly to the
detergent industry. These studies demonstrated a
high allergenic potential of proteolytic enzymes.
In one study, 49 out of 98 workers exposed to
proteolytic enzymes had lower-respiratory-tract
symptoms.2T In another suryey 57 (2I%) of. 271
exposed workers had cutaneous reactivity with a
B acillus subtilis-derived enzyme preparation.'" In
two detergent manufacturin$ plants 45% and
52Vo of. subjects in the high-exposure groups had
cutaneous reactivity with enzymes.to

Initial studies were performed in the late sixties
or early seventies. At that time consumers of
enzyme-containing washing powder were also re-
ported to be sensitized to en4imes.'n' to Subse-
quently it was demonstrated in the detergent
industry that the number of sensitized subjects
can be reduced by process modification measures
such as encapsulation of enzyme preparations."
However, also in the 1980s high numbers of work-
ers with sensitization to papain were reported.o' I

A recent suney of a pharmaceutical plant re-
vealed positive results to a skin prick test for
cr-amylase in 26 of 83 subjects.'n

Skin prick tests, RAST, and specific bronchial
provocation tests (BPT) have been used to show
sensitization and occupational asthma caused by
enzymes. Skin testing and RAST have a wide
range of sensitivity and specificiry in cross-sec-
tional studies for identif ication of workers with
symptoms: skin test results were positive in 237o
of 91 papain workers with symptoms.* The RAST
was positive to enzyme allergens in 33% of slx
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Bacillus subtilis-exposed workers with symptoms.'t
Others found positive skin test results with pro-
teolytic enzymes in 72% of. 49 exposed workers
with symptoms.'7 Baur et al.o reported 13 subjects
with symptoms among 29 workers exposed to
papain, 10 with positive RAST and \2 with posi-
tive skin test results, thus yielding a sensitivity of
77Vo for RAST and 927o for skin tests.

RAST and skin tests probably have higher
specificity than sensitivity: positive skin tests were
rarely found in control subjects.32' 33 The number
of false-positive skin reactions can be reduced by
the use of more diluted extracts, that is, 1 mg/ml
or less." False-positive RAST results in control
subjects were reported in few studies."' "

Specific BPT have never been applied as the
"gold standard" of diagnosis in enzyme allergy.
Also BPT have been performed in a limited
number of subjects and mostly with only one
enzyme. One investigation of 83 a-amylase-ex-
posed pharmaceutical workers demonstrated pos-
itive bronchial reactions in 6 of 14 subjects.'n The
low sensitivity of BPT was attributed to exposure
to further enzymes not being tested. Several case
reports of immediate asthmatic reactions after
inhalation of different enzyme preparations,
mostly proteases, have been published. Such ob-
servations have been made for papair,'' *' 

" p"p-
sin,s amylase,'o' 3s subtilisins,tt' 36 bromelain,t
trypsin,e' to and cellulase.t'

There have been few methodic investigations of
RAST with enzymes. Inhibition experiments v/ith
papain coupled to the solid phase revealed inhi-
bition with fluid-phase papain. Inhibitory rates
were the same when the enzymatic activity of the
fluid phase was blocked with chemicals." Others
reported nonspecific interference of RAST with
proteases and thus recommended inactivation of
protease activity when protease-containing aller-
gen extracts are used in RAST.3t

Because a high percentage of false-positive
symptoms among subjects with enzyme exposure
could be anticipated from results of previous
studies, in the present investigation we used the
results of BPT as the gold standard for identifying
enzyme allergies. There is good evidence to be-
lieve that BPT are the most specific tests for
enzyme allergies; positive tests in control subjects
have not been reported.' l '  5' e' r3-ro' :3' ' tt Almost all
subjects with a positive BPT result also exhibited
both positive skin test and positive RAST re-
sults.*' 5' ru' 36 Thus sensitivity of the latter tests can
be assumed to be far higher when BPT is used
instead of symptoms as the diagnostic standard.
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I t  was the a im of  th is  s tudy to  eva luatc  the
sensit iviry and specif icir ,u- of specif ic skin prick
test ing and enzyme a l lergosorbent  tes t  (EAST)

techniques for  d iagnost ic  and ep idemio log ic  pur-
poses. EAST is a modif icat ion of the Phadebas
RAST (Pharmacia. Freiburg, Germany). This was
performed with BPT serving as the gold standard
and with the use of dif ferent enzyme preparations
and s imple s tandard procedures.

METHODS

Subjects

A total of -16 workers from an enzyme manufacturing
plant were referred to the pulmonary department be-
tween November 1989 and Dccember 1990 by the
ÌVl inistry of Social Welfare for a medical evaluation.
Thcse rvorkers gave historics of 'asthma. chronic cough,
rhinit is, or conjunctivi t is. Al l  had reported work-related
symptoms in a cross-sectional survcy that had been
taken from November 1988 to Apri l  1989. 'o Thirty-one
werc actual ly exposed (20 production workers, 4 labo-
ratory assistants, 7 workmen with occasional exposure
to enzymes) and 15 subjects had been removed from
enzvme exposure because they were thought to have an
occupational disease (12 production workers, 3 labora-
torv assistants). Tests were performed 16 (L to 120)
months after these subjects had been removed from
exposure.

Of the 46 subjects 42 underwenr BPT with both
methacholine and at least one enzyme. No BPT with
enzymes were performed in four subjects: two of these
had airway obstruction (FEV, in percent of inspiratory
v i ta l  capac iw 59% and24%).  one inha led on ly  r ice f lour
beetle as an occupational antigen, and one had hyper-
sensit ivi ty pneumonit is. For control purposes we inves-
t igated 10 patients from our outpatient cl inic with a
history of al lergy and a posit ive skin prick test result to
at least one common al lergen. Also 10 healthy members
of our cl inical statf  with negative skin test results to
common al lergens were examined. Control subjects had
no occupational exposure to enzymcs and did not use
meat tenderizers. No subject had taken any medication
tor at least 4[ì  hours before the tests. and neither
steroids nor antihistamines were administcred for at
Icast 4 wceks. Al l  subjects signed informed consent
s ta tcmcnts  tbr  i i l l  tes ts .

Test protocol

Dutu about  occupat iona l  cxposurc  t ime.  smoking
his tory  symptoms,  and thc t imc betwcen thc onsct  o f
occupat i< lna l  cxposurc  to  cnzvmcs and thc Occurrencc
o t  svn rp toms  l scns i t i za t i on  pc r i od ) .  t ogc thc r  w i t h  a
pcrsonal  or  iami lv  h is tory  o i  bronchi t is .  as thma.  or  anv
tvpe of  a l lc rg ic  d iscascs,  wcre rccordcd . , i i th  a  c tucst ion-
na i r c .  E rv th rocv t c  scd imcn ta t i on  ra t c .  i vh i t c  and  r cd
[ r looc l  cc l l  c r lunt .  to t l l  scnr rn  IgE.  EAST * , i th  cnzvmcs.
c l cc tn r ca rd iog r r rm .  rocn tgcnogn rm o I  t hc  chcs t .  sp i r om-
c t r r .  und  sk in  t cs t  r csu l t s  l r i t h  cnzvmes  anc i  common
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allcrgcns wcre rccordcd from al l  subjccts. Control sub-
jccts did not undergo BPT. EAST-inhibit ion expcri-
ments werc performed with scra of two workers sensi-
t ized to enzymes and with that of control subjects. Al l
sera wcre examined by immunoprint with amylase, but
not with other enzvmcs.

Skin prick tests

Modif ied skin prick tcsts were performed on the
volar part of the fbrearm with 18 common al lergens
(grass and tree pol len, animal dander, and house-dust
mites) and with 19 molds. sov bcan, r ice f lour beetle,
and whcat and rye f lour (Al lergopharma, Reinbek.
Germany, and Bencard, Neuss, Germany). Tests were
also performed with cnzvmes handled by the subjects at
work (Ròhm, Darmstadt. Germany)). We used the raw
matcrìals provided b,v the plant and did not adjust to a
certain protein concentrat ion. The protein concentra-
t ions of the 100 mg/ml enzyme extracts were measured;
proteases from animal (4.7 my'ml), plant (23.8 mg/ml),
and Aspergillus niger (11.8 mgiml) and bacterial origin
(3.2 mlml) were assaved, as well  as amylase from
Aspergillus oryzae (4,1.9 mg/ml), pectinase (11.3 mg/ml),
cellulase from Aspergíllus niger (.73.3 mg/ml), amyloglu-
cosidase from Aspergilhn niger (25.6 mg/ml), and hemi-
cel lulase (36.4 m/ml). Tests were performed as dose-
response curves with concentrat ions of 1, 10, 20, 50,
and 100 mg/ml. Enzymes were dissolved in 0.9% NaCl
for 16 hours, and phenol 0.4Vo and glycerol 50Vo were
added. Extracts for al l  tests (with the exceprion of IEF)
were filtered through filter paper and a bacterial filter.
The stock solution was stored at 4' C for not longer
than 4 weeks. Di lut ions of the stock solut ions were
performed with NaCl 0.gVo, phenol 0.4o/c, and glycerol
50%. Control tests rvere done with NaCl 0.9% and
histamine 1 mg/ml. Tests were performed in dupl icate
on the ventral forearms with number 20 needles. The
histamine equivalent concentrat ion ( i .e.,  the enzyme
concentrat ion that caused a wheal of the size of the
histamine control or greater) was calculated with a
Hewlett Packard 11C calculator (Hewlett Packard,
Frankfurt,  Germany) from individual dose-response
curves. A posit ive skin test result was defined as a
wheal diameter greate r than or equal to the histamine
control with the 10 mEml enzyme extract or the stan-
dard a l lergen so lu t ion.

Lung funct ion and BPT

Lung funct ion tcs ts  (FEVr.  insp i ra torv  v i ta l  capac i ty ,
specif ic airway rcsistancc IsR.*l) were performed
with a volumc-constant botlv plcthvsmograph (Jaeger,
Wùrzburg,  Gcrmanv) .  N lcasur inq condi t ions werc  cho-
sen as recommcndcd bv Quanjcr . " "  Bronchia l  hyperre-
spons iveness was asscsscd ' ,v i th  mcthachol ine (A ldr ich,
S tc i nhc im .  Gc rmanv  No .  A1 .800 -1 ) .  A  s tock  so lu t i on  o f
. i0  mg,ml  in  0 .9 ' i  NuCl  rvus uscd.  I t  rvas s torcd at  -1"  C
t ì r r  not  longcr  thun I  rvceks und d i lu t ions werc donc
l ' rcsh lv .  A l l  tcs ts  r ' "c rc  pcr t ì r rnrcd bct rvccn 9 and l l  r r , r .
Thc  sR , ,u ,  wus  r ccu rdcd  I  m inu t c  a f t c r  10  b rea ths
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TABLE l .  Anamnest ic data of  exposed subjects (n :  42) and control  subjects (n :  20)
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Symptoms Smoking

BPT positive
(decrease in

Pack-years sG"* > 507o)

BPT negative
(decrease in
sG"* < 50%)

Subjects' workplace
Actually exposed

Production

Production

Production
Production
Production

Laboratory
Previously exposed

Production
Laboratory
Confection
Workman
Laboratory
Production
Production

Total (n :  13)

BPT negative
(n : 29)

Atopic controls
(n : 10)

Nonatopic controls
(n : 10)

Smo

Smo

ExS
ExS
Smo

NoS

ExS
NoS
ExS
ExS
ExS
Smo
ExS
Smo:4,  ExS:  7 ,
N o S : 2
Smo:  11,  ExS:  11,
NoS: 7
Smo: 2, ExS: 1,
NoS:  7
Smo: 1, ExS: 0,
NoS: 9

30 Papain

50 Pectinase

8 Amylase
63 Amylase
14 Cellulase

0 Amyloglycosidase

7 Bacterial protease
0 Amylase
6 Amylase
1 Amylase
3 Cellulase

15 Hemicel lulase
7 Hemicellulase

7 (0-63) 13 Tests
(7 enzymes)

Amylase, hemicel-
lulase

Amylase, hemicel-
lulase

ND
Hemicel lulase
Amylase, hemicel-

lulase
ND

Amylase
ND
Hemicellulase
ND
Amylase
Amylase
Amylase
11 Tests

(2 enzymes)
58 Tests

(9 enzymes)
ND

ND

A , R , C

A , R , C

A ,  R ,  C .
A
A , R

A , R

A,
A,
A,
A,
A,
A,
A,
A:

A:

A:

R , C
R , C
R , S
R , S
R , C , S
R
C , S
1 3 ,  R :  1 1 ,

C : 7 , S : 4
16, R: 19,

C :  1 1 ,  S :  7
7, R: 9,

C : 4

10 (0-s0)

ND

ND

ND

ND

j

i l
ll
ì f

i1*

of each methacholine concentration (0.5, 1, 5, and

25 mg/ml). Inhalation of methacholine was done with a
jet nebulizer (Heyer, Bad Ems, Germany). An estimate

of the amount of aerosol released from the nebulizer

was made by weighing the aerosol reservoir. These

measurements were used for the calculation of provo-

cation doses." PDro was calculated from the linear

curve between the two data points of the cumulative
dose-response curve adjacent to the 50% fall in specific
airway conductance (sG.*) by interpolation with a
Hewlett Packard 41C calculator. Bronchial hyperre-
sponsiveness was defined as a 50Vo or greater fall in
sGo* with a provocation dose of less than 1 mg.

The same enzymes as used in the skin tests were
used for BPT. The number of tests is given in Table I.
The enzyme was chosen because of exposure and skin
test results. In the case of a posit ive reaction with the
fìrst enzyme, a second BPT was performed, primari ly
with amylase or hemicel lulasc. These were also the
main enzymes used in the subjects with negative skin
test results. Extracts contained 0.4Vo phenol, but no
glycerol.  The inhlat ion procedure was the same as for
methachol ine.  Inha la t ion o f  the enzvmes was Der-

formed with 10 breaths of freshly prepared lO-fold

dilutions of the 100 mg/ml solutions in intervals of 10

minutes. In accordance with nonspecific hyperrespon-
siveness and anamnestic data, BPT started with enzyme
concentrations of 10-o to 5 mgiml. Individual dose-

response curves were obtained and PDrosGu* was cal-

culated as for methacholine. A positive reaction was

defined as a fall in sG.* of 50% or more with enzyme
concentrations of 10 mg/ml or less (highest concentra-

t ion used for inhalat ion). Time-response studies were
performed by measuring sR"* at 0, 10, 20, 30, and 60

minutes after the inhalation of the highest enzyme
concentrat ion. Peak f low measurements were recorded
for 5 hours with a Mini-Wright peak flowmeter
(Airmed, London, England). Measurements for longer
periods were not possible because subjects left the
cl inic after that t ime.

Total serum lgE

IgE levels were measured with Phadezym PRIST
(Pharmacia). Measurements were performed in dupl i-
cate accordins to the manufacturer 's direct ions.
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EAST

Cyanogcn bromidc-activated cel lulose discs were
provided by Al lergopharma. Enzymes were di lutcd to a
concentrat ion of 20 pg/ml with incubation buffcr (0.05
mol /L  phosphate-buf fered sa l ine,  pH 7.4 ,0 .05% NaN. ,
0.9% NaCl, and 0.3% human serum albumin). Ten
discs pcr mil l i l i ter were incubated for l6 hours at 4" C
in the incubation buffer. Enzyme discs werc washed
twice with 0.1 mol/L NaHCO-, and incubated in 0.1
mol/L NaHCO-, and 0.05 mol/L ethanolamine for 3
hours at 4'  C. Then they were washed once with 0.1
mol/L NaHCO-, and three t imes with sodium acetate
butfcr 0.1 mol/L, pH ,1.0. They were stored in incuba-
t ion buffer at - 20' C for not longer than 4 weeks.
Further aniilysis was performed with Phadez.vm RAST
according to thc manufacturer 's direct ions. Rcsults
were expressed in Phadebas RAST units (PRU). A
posit ivc rcaction was defined as 0.35 PRU or morc
(RAST class I or higher).

EAST inhibit ion

We performed inhibit ion experiments with the sera
of two cl inical ly sensit ized workers with high binding in
the EAST. One subject had cutaneous reactiviry to
papain, but not to amylase. The other was sensit ized to
both amylase and papain. In addit ion, fwo control sera
with high titers of specific IgE to nonoccupational
al lergens were used: the f irst subject was highly sensi-
t ized to grass and birch pol len and not to house-dust
mite and the second was al lergic to mites without
pol len sensit izat ion. Two enzymes (papain and amy-
lase), grass pollcn, and Dermatophagoides pteronyssinus
(Pharmacia) coupled to paper discs were used as sol id
phase. The same al lergens were used as inhibitors;
grass pol len and house-dust mite extracts were pro-
vided by Al lergopharma. Fif ty microl i ters of serum was
incubated for 30 minutes at 20" C with 50 pl of di luted
al lergen (1, 0.1, 0.001, and 0.000i mg/mi) or NaCl 0.9
mgiml and NaN, 0.05 mgiml. EASTs were performed
as already described except that the serum samples
preincubated with inhibitor were added to the tubes
instead of serum alone. Percent inhibit ion was calcu-
latcd as fol lows:

.có Inhibit ion : 100 - (

P ro te in  measu remen ts

Protcin was measured according a modif icd Lowry
mcthod.' :  Brict lv, 99 ml of Lowrv 1 solut ion (20 mgml
Na,CO-,  and 0.27 mg/ml  sod ium-potass ium tar t ra tc  in
0. lN NaOH) was mixcd r .v i th  I  ml  o i  Lowrv 2  so lu t ion
(1 .5ó  mg im l  CuSOr ) .  Samp lcs  ( t { ) 0  p l )  we re  i ncuba red
iv i th  l0  p l  o f  3  mgiml  sod ium dcsoxvchola tc  (a l l  rc -
rugcnts  f rom l lc rck .  D: r rmstadt .  Gcrmanv)  for  t5  min-
u t cs  i ì t  10 "  C .  Onc  m i l l i l i t c r  r t f  co ld  t r i ch lo roacc r i c  ac id
(Boch r i ngc r .  l l annhc im .  Gc rmanv )  r vas  ac ldcd .  and
af tcr  incut 'x i t ion ior  l -5  minutcs thc  samplcs wcrc  ccn-
t r i fuqcc l  a t  S(XX) ,g  t i r r  - l -<  minutcs a t  8 '  C.  Thc samplcs
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werc dccanted and I ml of the mixture of Lowrv 1 and
2 solut ion was added. After a rvashing step the samples
wcrc incubated with 100 pl of Lowry 3 solut ion (Fol in
Ciocalteu reagent, Merck) for 30 minutes at 20" C in
the dark. The extinct ion was measured at 740 nm.

lmmunopr int

IEF was performcd with a modified method accord-
ing to Haas et al.o'with the use of agarose thin-layer
gels of 0.23-mm thickness that contained 0.9Vo agarose
IEF (Pharmacia, No. 17-0468-01), 12% d( - 

)-sorbitol
(Mcrck, No. 7759), 3Vc polyampholytes for IEF, pH 3 to
10, and lo/o Servalytes, pH 4 to 6 (Serva, Heidelberg,
Germany, Nos. 42940 and 42904). The cathode strip
was soaked in t  mol/L NaOH and the anode str ip
(Electro-focusing str ips, Pharmacia, No. 18-100a-40) in
0.05 mol/L FI2SO1.oo Amylase was di luted to 0.757o and
passed fwice through a folded f i l ter (Schleicher &
Schùll ,  Dassel, Germany, No. 311645). Ten-microl i ter
al iquots of the sample were applied per 5-mm slot.
After completion of the electrophoretic separation one
part of the gel was stained in Coomassie blue solut ion
(0.5% CuSOo, 0.05% Coomassie Bri l l iant Blue G-250

[Serva, No. 42655], 0.05% Crocein Scarlet [Serva, No.
17598ì, 25Vo isopropyl alcohol, 107o acetic acid) and
destained under visual guidance for a few seconds in
18% isopropyl alcohol and 97a acetic acid. For immu-
noprint analysis the focused enzymes were transferred
to the nitrocellulose membrane (NCM, 0.45 pm pore
size, Bio-Rad, Munich, Germany No. 162-0115) by
means of a modified print technique.o' Then the NCM
was incubated at 20' C for t hour either in TRIS
buffered saline (TBS: 100 mmol/L TRIS/T{CI, 100
mmol/L NaCl, 2.5 mmol/L MgClr; 0.02% NaN.) with
Tween 20 (Merck, No. 822I84"u) (TBS-Tw) for sub-
sequent India ink staining or for subsequent anti-
body detection in TBS-Tw with non-fat dry milk
blocker (TBS-Tw-M: Bio-Rad, Munich, Germany, No.
170-6404). A part of the NCM, which was saturated in
TBS-Tw, was incubated for 16 hours in 0.I% Fount
India ink (Pelikan, Hannover, Germany, No. 518-22 A
143) and 0.75% acetic acid in TBS-Tw. Antibody de-
tect ion was performed with a modif ied method accord-
ing to Leary et al.'" and Reese et al.'* The NCM strips
were incubated wi th  4  ml  o f  d i lu ted sera (1 :40 in
TBS-Tw-M) for 16 hours. Then they were incubated
wi th  4  ml  o f  a  I  :2000 d i lu t ion (TBS-Tw-M) o f  b io t in-
labe led e-chain  spec i f ic  goat  ant ihuman IgE (Medac,
Hamburg, Germanv, No. H 15715) for 3 hours. The
st r ips  were then incubated wi th  a  I  :800 d i lu t ion (TBS-
Trv-NI) of alkal ine phosphatasc-conjugated strcptavi-
d inc (Dianova,  Hamburg,  No.  01ó050084)  for  15 min-
utcs .  Thcy wcre s ta incd wi th  chromogcn subst ra te  so-
lu t ion (0 .016 ' /c  5-bn lmo-- l -ch loro-3- indo ly l  phosphate,
Scrv 'a .  No.  15257.  and 0.033% n i t ro  b lue tc t razo l ium
chlor ide,  Scn 'a .  No.  i05-50.  d i lu tcd r , , i th  thc  pH 9.5
bui fc r )  a t  37 '  C for  l0  minutcs in  thc  dark .  A band
in tcns i tv  :ca lc .  rang inr :  i rom t )  t ( )  J  acc( ) rd ing to  Bcrn-
s tc in  c t  l ì1 . ' "  rv Í rs  uscd to  scmiquant i ta tc  thc  ant ibodv

L
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responses. Because there was one main band at pH 3.4,
only this band was considered.

Statistical analysis
Mean values, if not indicated otherwise, are medians.

The time-response curve for BpT was drawn as a
Box-and-Whisker plot with medians, maximal and min_
imal values, and upper and lower quartiles. Differences
between subjects were compared by the two-tailed U
test (Wilcoxon-Mann-Whitney). For both tests a 5Vo
level of significance was assumed. For the calculation of
sensitiviry specificiry and positive and negative predic_
tive values we used the results of BpT of eiposed
workers or ex-workers; tests of control subiects were
not considered.

RESULTS
Actually exposed workers

Stx (I9Vo) of 31 workers actually exposed to
allergens who had work-related symptoms showed
a fall of sGu* of at least 50Vo after inhalation of
the enzyme. One person who did not inhale an
enzyme because of obstructive airways disease
had no signs of allergy. Another subject was
allergic to both rice flour beetle (positive results
of BPT) and enzymes as evidenced by skin tests
and EAST. The remaining 23 subjects did not
have a 50% fall in sGu* after inhalation of en_
zymes. Thus the prevalence of occupational
asthma among actually exposed subjects with
symptoms was 22.6Vo (7 of 31).

Ex-workers

Seven (46.7%) of 15 formerly exposed workers
had positive BPT results in response to at least
one enzyme. Six subjects showed negative BpT
results with enzymes: one of these had a positive
EAST (without a cutaneous reaction) and five
were hyperreactive to methacholine. Two ex-
workers did not undergo BpT with ena.,mes: one
worker had clinical signs of hypersensitivity pneu-
monitis and the second, showing airways obstruc_
tion, was considered allergic to en4rmes as evi-
denced by positive results of skin tests and EAST
to various enzymes. Because the time interval
between the end of exposure and the actual study
was longer in subjects with a positive BpT result
(58 months, range IZ to 120 months) than in those
with a negative result (34 months, range 1 to g4
months), false-negative BpT results because of
longer periods without exposure were improbable.
The prevalence of enzvme allergy was 53.3%
(8 of 15) for workers who had been removed
from enzyme exposure because of work-related
symptoms.
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Total

Thirteen of the 42 subjects who underwent BpT
had a 50Vo or greater fall in SGu* after inhalation
of the enryme. Eleven tests with a second enzyme
showed negative results in these subjects. positive
bronchial reactions were identified with papain,
bacterial protease, pectinase, amylase, cellulase,
amyloglucosidase, and hemicellulase. It should be
emphasized that the number of tests varied be-
tween enzymes with amylase (n : 31), hemicellu-
lase (n : 29), and papain (n: 9) being the most
frequently used extracts. Allergies to further oc-
cupational substances were rare: one subject al-
lergic to enzymes was also sensitized to flours.
Sensitization to occupational molds was found
in one subject without enzyme allergy (positive
skin test result for Asperyill^).Six subjects with
enzyme sensitization were sensitized also to
molds, almost exclusively to Asperyillus species.
There were no differences in parameters (history
skin tests, EAST, nonspecific hyperresponsive-
ness) between actually exposed subjects and ex-
workers.

The time-response cutve of the subjects with
positive BPT results showed a typical immediate
reaction. Severe asthmatic reactions occurred
rarely, but baseline values were not reached 1,
hour after the end of the enzyme inhalation (Fig.
I, top). No dual or late reactions were observed
during the 5 hours after inhalation of the highest
enzyme concentration. The concentrations that
elicited a 50% fall in SGu* ranged from 0.001 to 5
mgiml. The small numbers of positive BpT results
did not allow a comparison of provocation doses
for the different enzymes; descriptive analysis did
not show any evident differences. Fourteen of 69
negative BPT (11 tests in 13 BpT-positive subjects
and 58 tests in 29 BPT-negative subjects) showed
an equivocal reaction (fall in sGu* 30Vo or greater,
but less than 50Vo). Equivocal reactions were
observed with amylase and hemicellulase, but not
with other enzymes, and occurred with one excep-
tion in persons with nonspecific bronchial hyper-
responsiveness. Five equivocal test results oc-
curred in subjects considered allergic to a further
enryme, leaving nine equivocal test results in sk
subjects considered not allergic to enzymes, all
with a negative EAST and one with a positive skin
test result. Moderate clinical symptoms after in_
halation of the enzyme were recorded in three
subjects with equivocal test results and no signs of
sensitization. Thus irritant effects of the aqueous
extracts were not important.

Most affected individuals were production

!
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F lG.  1 .  T ime-response curve of  pos i t ive  (n
with seven enzymes.

workers (Table I). All had asthma, gTVo had
rhinit is, 46% had conjunctivit is, and 31% had skin
lesions. Of workers with a positive BpT resulr
857o were smokers or ex-smokers, as were 72% of

lhose with negative BpT results. When smoking
habits were expressed as pack-years, ther" *u, nò
difference between the groups. positive BpT re_
sults occurred with seven different enzymes, pri_
marily starch-cleaving enzymes. cutaneous sensi-
tizations to more than one enzyme were found in
10 subjects. Interestingly, all these subjects had
sensitizations to both proteases and staich-cleav-
ing enzymes.

Occupational exposure time was similar in both
groups (100 months,  range 19 to 370 months,  in
subjects with positive BpT resulrs versus 120
months,  range 9 to 437 months in those with
ncgat ive BPT resul ts) .  The per iod befween start
of exposure and fìrst symptoms was the same (59
months.  rangc I  to 394. versus 6l  months,  range I
t o  3 6 0 ) .

Si . r  subjecrs wirh posi t ive BpT resulrs (46qó).
bu t  on lv  rh rec  w i th  ncgat ivc  Bpr  resur ts  i roqa i .
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1 0  2 0  3 0

m  i n  u i e s

:  13, topl and negative (n = 6g, bottom) BpT results

gave a history of allergy in their family. A history
of allergy before employment was reported by two
subjects with positive BpT results (I5%) and by
three with negative BpT results (I0%). In both
groups we identified eight subjects with positive
results on skin tests to common allergens. Smok_
ers and ex-smokers were more frequent among
those with positive BpT results (g5Vo u.rrrri
76Vo). Thus there was a trend for atopic subjects
and smokers to acquire enzyme allergy more
often.

Bronchial hyperresponsiveness was present in 12
of the 13 subjects with positive BpT results and in
17 of the 29 with negarive BpT resulrs (Table II).
Allergy to nonoccupational allergens as the cause
of hyperresponsiveness was detectable in only five
subjects with negative BPT results. In four subjects
we found positive skin reactions to enzymes that
were not used in BPT. False-negative BpT results
might be suspected in these subjects; however,
EAST was found positive in onlv one of them.
Eight subjects had bronchiai  hyperresponsiveness
rvi thout any detectabie cause.

I

f ' ^ I
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TABLE l l .  Synopsis of  parameters
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--

PDuosG"*
enzymes

(mg)

PDuosG,* SPT SPT
methacholine enzymes standard

( m g )  l + / - )  ( + / - l

EAST Total
enzymes lgE
( + / - )  { U / m l }

+
+
+
-Î-
+
+

+
+
+
+
+
+
+
13

2

0

0

+
-r

+
+
+
+

8

56
r52
54

1,87
25
1 A
J+

1000
1 A

497
1000
384
28

172
7

1

1 0

1

Note: Numbers given indicate the number of tests, not the number of subjects.
SP7', Skin prick tests; ND, not done.
*Positivity criteria: PDrosGu- (methacholine): 1 mg or less; skin prick tests enzymes greater than or equal to histamine control with

the 10 mg/ml enzyme extract; skin prick tests standard: greater than or equal to histamine control; EAST: 0.35 pRU or greater;
IgE: 100 Uiml or more.

Results in subjects with
positive BPT
Actually exposed

Papain
Pectinase
Amylase
Amylase
Cellulase
Amyloglycosidase

Previously exposed
Bacterial protease
Amylase
Amylase
Amylase
Cellulase
Hemicellulase
Hemicel lulase

Total (n : 13) positive test
results*

BPT negative (n : 29)
positive test results

Atopic controls (n :  10)
positive test results

Nonatopic controls (n : 10)
positive test results

0.001
4.716
0.004
1.359
0.095
0.067

0.396
0.090
1.709
0.063
0.0 i3
8.702
0.328

13

ND

ND

0.660
0.460
r.229
0.241
0.183
0.641,

0.043
0.041
0.878
0.281
0.445
0.516
0.r45

1 2

1 7

ND

ND

+

+

+

+

+
+
+
+
8

+
+

1 0

Skin prick tests

Cutaneous sensitizations were demonstrated
with all enzymes (Fig. 2) and occurred mostly as
sensitizations to more than one enzyme (10 sub-
jects). One subject was allergic to all enzymes. A_ll
subjects with positive BPT results had a positive
skin reaction with the corresponding enzyme (Ta-
ble II). When all BPT (n : 82) were considered,
we calculated a 100Vo sensitivity and a 93Vo spec-
ificity of skin testing with a maximal concentration
of 10 mg/ml (Table III). None of the aropic and
nonatopic control subjects had cutaneous reactiv-
ity to enzymes.

Calculating our results with skin prick tests (at
a concentration of 10 mg/ml) used as the gold
standard, BPT were l00Vo specific and 7Z.Z%
sensitive: f ive of 82 BPT results were negative
despite a positive skin test result with the corre_
sponding enzyme. False-negative BpT results

could be suspected in three subjects who were
allergic to further enzymes; however, only one
person also had a positive EAST with the corre-
sponding enzyme. The remaining two subjects had
a positive skin test result with one enzyme without
any other positive test result. Thus false-negative
BPT results were probably seldom, although this
could not be excluded in a small number of tests
(as was the case with false-positive skin tests when
BPT was used as standard).

Total  serum lgE

Total serum IgE level was elevated in 547o of
subjects with positive BPT results and in 24Vo of
those with negative BPT results. The difference
between the groups was statistically sisnificant
(p < 0.05). Both sensitivir,v and specificity were
too low to use total serum IsE as a diagnostic tool
(Tab le  I I ) .
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FlG. 2. Skin prick test results with enzymes for subjects who underwent BPT with corresponding
enzyme and for control subjects. X-axis represents enzyme concentrat ion for wheal díameter of
size of histamine control.  BPT-posit ive: fal l  in sGu* 5Oo/o or greater, n :  13 tests, sotid dots;
BPT-negat ive:  fa l l  in  sGu* less than 50%,69 tests ,  open dots ;  a top ic  cont ro ls :  n :  10,  so l id  s tars ;
nonatopic controls: n :  10, open sfars. SpI Skin prick test.

TABLE l l l .  Dose-response re la t ionsh ip  o f  sk in  pr ick  tes ts

Enzyme
concentrat ion

(mg/ml)

No. BPT
posit ive
( n  :  1 3 )

Specificity
( % l

Posit ive
predict ive

va lue
( % l

Negative
predict ive

va lue
( % l

No. BPT
negative Sensit ivi ty
( n :  6 9 )  l % l

100
50
20
1 0
I

1 3
1 3
I J

l a
T J

9

L )

1 . 1t +

8
5
.,

100
100
100
100
10

67
79
88
93
96

36
48
o.L

72
15

100
100
100
100
96

Resul ts of  BPT and the skin test  resul ts wi th the corresponcl ins enzvmes were used for  calculat ion.

EAST and EAST inhibi t ion

A posi t ive EAST resul t  could be demonstrated
with seven enzvmes (Fig.  3) .  Eight subjects wirh
posi t ive BPT resul ts had a posi t ive EAST resulr
wi th the corrcsponding enryme. Among 69 nega-

tive BPT results we found only three positive
EAST resul ts wi th the corresponding enzvme.
Two of  the fa lsc-posi t ive EAST resul ts occurred
in subjects who had a posi t ive BPT resul t  wi th a
second enzyme (one had a posi t ive EAST resul t
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FIG' 3'  EAST results with enzymes (groups and enzymes as in Fig. 2). RAST classes were drawn
with doffed lines.

grass pollen disc. This effect could be because of
cross-reactivity of papain and grass pollen, which
has also been described by others.2'

lmmunopr in t

Immunoprint assay was performed only with
amylase. A total of 31 BPT were performed with
this enzyme; five tests were positive. These results
showed very dark bandings in three cases; the
other results were considered dark and moderate.
Eighteen of the 26 subjects with a negarive BpT
result with amylase showed bandings (Fig. 5). The
arithmetic mean intensity score was 3.4 for subjects
with a positive BPT resulr with amylase (n _ 5)
and 1.58 for those with negative BpT results
(n : 26). Among the 18 subjects with negative
BPT results with bandings were six persons who
had a positive BPT result with a second enzyme
(the arithmetic mean score of these six persons was
2.33). All results for control subjects, atopic and
nonatopic, showed no bandings. Thus immuno-

and a positive skin test result). We calculated a
sensitivity of only 62Vo and a specificity of 96Vo.
Positive EAST results in two control subjects were
found with papain (rwo tests), cellulase, and amy-
loglycosidase. These results were found exclu-
sively in the atopic control group and these sub-
jects were classified as being in RAST class I.
Both persons were sensitized to birch pollen; the
second person was also sensitive to grass pollen.
Five control subjects had pollen sensitizations
without specific IgE to enzymes. Thus low binding
in the EAST with enzymes should be interpreted
with caution in individuals sensitized to pollen.

For inhibit ion experiments, two samples of sera
of workers allergic to enzymes were used (Fig. a).
In the homologous svstems there were 70Vo and
69% inhibit ion rates and cross-reactivity was not
present between enzvmes. Enzymes as inhibitors
did not affect inhibit ion in the mite or grass
pollen systems with the exception that papain in
its highest concenrration inhibited bindins to rhe
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print assays gave positive reactions in exposed sub-
jects without further signs of sensitization, but not
in control subjects without exposure.

DISCUSSION

It  is  d i f f icul t  to interpret  epidemiologic studies
without standardizat ion of  the diagnost ic tech_
niques. It is obvious from several cross-sectional
studies in cnzymc-manufactur ing plants that  there
were more subjects wi th svmptoms than subjects
with sensi t izat ions as asscssed bv means of  skin

n o n - o i o p i c
BPT c o n l r o l s

F lG.  5 .  lmmunopr in t  ana lys is  wi th  amylase (groups as in  F ig .  2) .  Rat ing sca le  was graded 1
(weak) ,  2  (moderate) ,  3  (dark) ,  and 4 (very  dark) .  Only  one main band at  pH 3.4  was cons idered
as quanti tat ively most important.

tests or RAST..' o This difference may be a result
of inappropriate methods, further unknown spe-
cif ic allergens, or toxic or irritant effects of en-
ryme dust. Because BPT with enzymes have never
been reported to have positive results in control
subjects, we established BPT as the gold standard
and evaluated sensitivity and specificity of skin
prick tests, EAST, and immunoprint.

Among 46 enryme-exposed subjects with symp-
toms we ident i f ied a total  of  i5 (32.6qÒ with
enzyme al lergy (13 posi t ive BPT resul ts and 2

P o p o t n

p o l  I  e n
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positive skin test results in persons who were not
challenged). Among 31 actually exposed subjects,
enryme allergy was present in 22.6%.

With the enzyme extracts used in this study we
found almost no nonspecific skin test reactions at
a concentration of 10 my'ml (specificiry of 93Vo,
no positive results in control subjects). Specificity
was poorer with higher concentrations; similar
results were reported in an earlier study.32 We
found a I00% sensitivity of skin prick tests with
nonstandardized enzyme extracts. The high sensi_
tivity is remarkable considering the protein con_
tent varied widely between the extacts. Thus skin
prick tests are the diagnostic tool of first choice
for suspected enzyme allergy.

Sensitivity of EAST was poor (62%). We did
not block the enzymatic activity, thus interference
of the enzymes with the assay cannot completely
be ruled out,37 although preincubation of 

-serum

from subjects allergic to mite or pollen with en_
zymes did not inhibit binding. Specificity of the
EAST was high (96Vo), however some control
subjects allergic to pollen also had positive reac_
tions. Cross-reactivity of papain and grass pollen
can be assumed by the results of the EAST
inhibit ion experiments and by studies of others.2r
Interestingly, two of four positive EAST results in
control subjects were found with starch_cleaving
enzymes (the two others with papain), which
indicated cross-reactivity between enzymes and
pollen antigens. Although we used no pure en_
Tyme preparations, the sensitization to more than
one enzyme and the sensitization to both proteo_
lytic and starch-cleaving enzymes in most subjects
is highly suggestive of cross-reactivify between
enzymes, independent of their enzymatic activity.

Immunoprint studies were performed with the
amylase extract. We did not detect any bandings
in studies in control subjects, but even when onlv
dark and very dark bandings were used, specificity
of this method was poor (73%). Sensitivity wai
highea but of the five positive results, one had
only moderate bandings. It would be of interest to
do longitudinal suweys to evaluate the clinical
implication of these findings, that is, to find out
whether "sensitization" as assessed by means of
immunoprint is more than a marker of exposure.
The difference in the mean intensity score be-
fween groups might be caused by a higher expo_
sure of those with positive results.

Alternatively, with the use of skin prick tests (at
a concentration of 10 mg/ml) as the gold stanrJard,
BPT were I00% specific, but only 72.27c sensitive.
The low sensitiviry was because of f ive positive
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skin test results in subjects with a negative BpT
result. A false-negative BPT result was suspected
in one case because of a clearly positive EAST
result and an equivocal BPT result with the en-
ryme.There were no further data that supported
the hypothesis of false-negative BpT results in the
remaining subjects. Because all these subjects
showed bronchial hyperresponsiveness, there was
no better prediction of enzyme allergy with the
use of methacholine challenge and skin test in-
stead of skin test alone.

In this highly selected group, equivocal reac-
tions (defined as fall in sGu* of more than 30%o
and less than 50Vo) occurred infrequently in sub-
jects without positive results of skin test or EAST
with enzymes. Our data give indirect evidence
that inhalation of the aqueous extracts used in
this study does not induce relevant immediate
bronchoconstriction without sensitization.

In a recent study, only 21 of 47 workers in a
pharmaceutical setting who had symptoms were
considered sensitized to ct-amylase.', For the
others sensitizations to further enzymes were hy-
pothesized. Our study indicates that occupation-
related symptoms in enzyme-processing plants are
not confined exclusively to occupational sensitiza-
tions. We are convinced that further occupational
allergens were not overlooked inasmuch as (1) we
used materials that were handled by the subjects
at work, (2) we chose the enzyme for the BpT
according to both anamnestic data and skin test
results, (3) we used a large spectrum of further,
possibly occupational allergens as flours, molds,
insects, mites, and so on, and (4) only one subject
(of 105 actually exposed subjects) was found ro
have skin sensitization to enzymes when 30 en-
zymes were used in the cross-sectional study, as
compared with nine enzymes in the present study.

Bronchial hyperresponsiveness to methacholine
was common in our study population, with 29
(69%) of 42 tests considered to be positive. Thir-
teen subjects with bronchial hyperresponsiveness,
but without occupational sensitizations, reported
work-related symptoms. It is impossible to con-
clude from our data whether there might be a
certain potential for enzyme-dust exposure to
induce nonspecific bronchial hyperresponsiveness
without sensitization. This has to be addressed by
a longitudinal controlled survey. However, irritant
effects of enzyme dust have to be considered
inasmuch as about one third of workers with
work-related symptoms had bronchial hyperre-
sponsiveness without sensitization to occupational
al lersens.
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We have provided data that wil l allow a better

interpretation of symptoms, skin tests, EAST, and

immunoprint assays in subjects exposed to various

enzymes. We suggest that studies on occupation-

related asthma should address the problem of a

valid standard. If there are discrepancies between

symptoms and results of tests, BPT should be

considered to stand ardize further techniques. For

enzyme allergy both BPT and skin prick test were

appropriate diagnostic tests.
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