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INTRODUCTION
Bakers' asthma has been known
since ancient Rome. Slaves working
in bakeries and grain mills Put on
gloves and masks before starting
work.' Ramazzini gave the first sci-
enti f ic descript ion in l7l3 and De
Besche in 1929 included it as an
occupational allergic disease.2
Thereafter, other authors have con-
tributed to knowledge of the mech-
anisms of the disease's develoP-
ment.

Cereal flour has been considered
the main allergen involved in bak-
ers' asthmas-t but there are other
substances described as causing
bronchial asthma: molds,s mites,e
and dust flour obtained from non-
cereal sources such as buckwheatro
and chick Fea,rr and enzymes used
to improve the flour.

We describe the studies carried
out on two bakers with bronchial
asthma and another two with rhin-
oconjunctivitis, in whom we found
the alpha amylase derived from,4s-
pergillus oryzae and used as a flour
additive to be the causative allergen.

CASE REPORTS

Case l
Patient l, a 27-Year-old male
smoker, has been a baker for 7 Years.
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He had a 3-year history of rhinocon-
junctivitis related to his job. He re-
mained asymPtomatic on weekends
and holidays and became worse
upon using flour additives. The clin-
ical examination revealed nasal mu-
cosal congestion. Total blood cell
count and biochemical studies were
normal. Total serum IgE was 507
IU/mL. Spirometry was normal.

Case 2
Patient 2 is a 40-Year-old male ex-
smoker, and baker since the age of
20. He had a 2-year history of ocular
and nasal itching, rhinorrhea, and
sneezing. His sYmPtoms worsened
when hé worked with flour and im-
proved on holidays. Clinical exam-
ination and biochemistry were nor-
mal. White blood cell count was
5500/mm3 with 330 eosinoPhils/
mm3. Total serum IgE was 80 IU/
mL and spirometry was normal.

Case 3
Patient 3 is a 46-year-old male baker
with intolerance to nonsteroidal an-
tiinflammatory drugs for 22 Years.
During the last 3 Years, he has had
oculai and nasal itching, sneezing,
rhinorrhea, wheezing, and dYsPnea
on exposure to flour dust at his
work. He remained asYmPtomatic
during hotiday periods. Clinical ex-
aminàtion, biochemical studies, and
total blood count were all normal'
Sinus radiographs disclosed opacity
of both maxillary sinuses. Chest ra-
diograph was nonnal. SPirometric
valùes-we re 7 l% for FEV r and 8l%

for FVC. Total serum IgE was 101
IU/mL.

Case 4
Patient 4 is a 25-Year-old male
baker. Four Years ago, 2 months
after starting his job, he had nasal
congestion and rhinorrhea, ocular
and nasal itching, tight chest,
wheezing, and dYsPnea after expo-
sure to lour dust. Clinical exami-
nation revealed a pale nasal mucosa
and expiratory wheezes upon hYPer-
ventilating. White blood cell count
was 5,100 with an absolute eosino-
phil count of 969. Biochemistry and
ipirometric values were normal. To-
tal serum IgE was 251 IU lmL.

MATERIAL AND METHODS

Preparation o.f WheaÍ Flour and
Alpha Amvlase Dtrst Extract
Four grams of alPha amYlase (Sigma
Chemical Co., St. Louis, Mo) were
extracted in 40 mL of 0.01 mol/L
of phosphate and 0.15 mol/L of
NaCl, pH 7 .4 (PBS), and the mix-
ture (1:t0 *t/uol) was stirred for 12
hours af 4'C. The susPension was
hltered through a frlter Paper
(Whatman Ltd., Maidstone. Eng-
Ìand), and sterilized bY 0.22 Pm fú-
tration (MilliPore, Molsheim',
France), having a hnal concentra-
tion of 18 mglmL in Protein as
determined bY Bio-Rad Protein as-
say (Bio-Rad Laboratories, Rich-
mbnd, Califl. The solution was ali-
quoted and stored at -20 "C until
used. The same Procedure was used
to prepare extracts with standard
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wheat flour (Aristegui Laboratory,
Madrid, Spain), and with patients'
wheat flour.
Skin Tests
All skin tests were performed by the
prick technique beginning with a
dilution of l0-ó wt/vol of the alpha
amylase extract and were progres-
sively increased in tenfold steps un-
til a positive reaction was obtained.
A standard battery of, common in-
halants and food allergens (Abello
Laboratory, Madrid, Spain) were
tested by epicutaneous routes.

Five patients with hay fever and
five normal individuals were tested
with the alpha amylase and wheat
extracts as controls. Histamine
phosphate (10 mg/mL) was used as
a positive control and 50% glycerol
was used as a negative control. All
skin test sites were read after 15
minutes and four to eight hours
later. A positive reaction was de-
fined as a wheal at least 3 by 3 mm
in the presence of a negative reac-
tion to the 50% glycerol and a pos-
itive test with histamine phosphate.
Precipitin Test
The patients' sera were tested for
precipitating antibodies to undi-
luted alpha amylase and wheat flour
extracts by Ouchterlony diffusion
gels . r2

D etermination oJ' Alpha Amylase
and Wheat-Specific IgE
Circulating IgE-specific antibodies
to alpha amylase and wheat flour in
serum were determined by a com-
mercially available immunoassay
(Phadezym, Pharmacia, Uppsala,
Sweden), following the instructions
given by the supplier. Briefly, 50 pL
of undiluted sera were incubated
(four hours at room temperature)
with allergen-coated paper discs
(Pharmacia). After a washing step,
p-galactosidase-labeled monoclonal
antibodies with specificity for hu-
man IgE were added (50 pL) and
incubated 20 hours at room temper-
ature. After a final washing, 250 pL
of a substrate solution were added
and the enzymatic reaction allowed
to develop for two hours at 37 "C,

stopped and read at 405 nm. The
results were expressed in Phadebas
Rast Units (PRU) per milliliter of
serum, by extrapolating optical den-
sity values from a curve established
with specific standards (Phadexect
Reference IgE, Pharmacia). Inhibi-
tion assays were performed as de-
scribed,r3 using wheat flour as inhib-
itor when detecting alpha amylase-
specific IgE.
B ronchial C hallenge Test s
Bronchial challenges with metha-
choline, standard wheat flour, and
alpha amylase extracts were per-
formed by the method of Cockcroft
et al,'o and Juniper et alr5 with some
modifications as described previ-
ously. 16' r7 These tests were per-
formed during an asymptomatic
period, after seven days without ex-
posure to wheat flour dust. The fol-
lowing modifications were used: the
aerosol was generated in all in-
stances by the same DeVilbiss 646
nebulizer (DeVilbiss Co, Somerset,
Pa) with an output of 0.28 ml/min,
delivered into a mask held loosely
over the subject's mouth and with a
noseclip over the nose. The patient
inhaled the solution at tidal breath-
ing for two minutes, starting with
phosphate buflered saline (PBS) so-
lution as a control followed bv an
increasing concentration of métha-
chol ine: 0.04, 0.09, 0. 19, 0.39, 0.78,
1.56,  3.12,  6.25,  12.5,  and 25 mg/
mL, at 6-minute intervals. Measure-
ments of FEVr and FVC were made
using a precalibrated Vitalograph-
PFT spirometer (Buckingham, UK)
before the test, at 30 seconds, and
every four minutes after each inha-
lation. The test was terminated
when the FEVr had fallen by 20%
or more from the post-PBS level.
The result was expressed as the pro-
vocative concentration of metha-
choline required for the induction
of a 20% fall in the FEV, (PCro),
which was interpolated from the
dose-response curve.

Bronchial challenge testing with
alpha amylase and standard wheat
flour extracts were performed as for
the methacholine inhalation tests

but in a double-blind protocol. A
control test day, with exposure to a
PBS inhaled for two minutes. was
carried out to ensure that the pa-
tient's FEVr was stable over at least
eight hours and that any possible
physiologic changes observed on
challenge days were not attributable
to normal circadian changes in pul-
monary function or changes in eÈ
fort.r8 Different dilutions of these
extracts were inhaled by the patient.
Phosphate buflered saline was used
as placebo. The highest allergen ex-
tract concentrations prepared for
the patient's inhalation tests was
l:100 wt/vol of alpha amylase and
1:10 wt/vol of wheat flour, so that
there would not be a significant dif-
ference in color, odor, or taste be-
tween these dilutions and the PBS.
A member of the staff randomized
all challenges so that the investiga-
tors and patients were unaware of
the content of any challenge. FEVr
was measured before and at inter-
vals of five minutes after each in-
halation for the first 30 minutes, at
one hour, and later on, hourly, for
the next eight hours. Inhalation was
stopped when there was a fall in
FEVr of 20% or more from PBS
inhalation control. The following
inhalation tests were conducted on
different days: alpha amylase or
wheat flour extract from
I : 1,000,000 to I  :  100 or I  :  l0 wt/vol,
respectively, in tenfold steps. Two
unexposed subjects with asthma
were also challenged with a single
blind, 1: 100 wtlvol dilution of alpha
amylase extract after having ob-
tained informed consent.
l,{asal Challenge
Nasal challenges (NC) were per-
formed by a method previously
suggestedte'20 6u1 with some modi-
fications. The patient's baseline na-
sal function was assessed in the lab-
oratory for 20 minutes before de-
positing any material in the nose.
Nasal patency was measured as na-
sal inspiratory peak flow using a
mini-Wright peak flow meter con-
nected to an anaesthetic mask. The
patients were first trained to use the
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equipment and when reproducible
values were achieved. three consec-
utive measurements were per-
formed and the highest value used
to express patency. After nasal chal-
lenge with 0.1 mL PBS in each nos-
tril, dilutions of d-amylase or wheat
flour extract (from I : 100,000 wt/vol
to highest concentration in tenfold
steps) was sprayed in each nostril
using a deVilbiss spray No. 15. Be-
fore challenge, the patient inspired
maximally and held his breath to
avoid inspir ing al lergen into the
lung. The allergens were applied at
l0-minute intervals and the proce-
dure was continued to maximum
strength or until a convincingly pos-
itive reaction was achieved. All tests
were performed on separate days.
The conditions for a positive reac-
tion were achieved in at least two of
the three parameters: >5 sneezes,
>0.5 mL of secretion (collected in a
funnel connected to a syringe) and
>20% decrease in peak flow from
PBS control challenge.

Two nonexposed patients with al-
lergic rhinitis were also challenged
in a single blind manner with a
l:100 wt/vol di lut ion of alpha am-
ylase extract.

RESULTS

Skin Tests
The patients exhibited a strong, im-
mediate, positive reaction after skin
prick testing with alpha amylase ex-
tract. All of them also showed a
positive reaction to our wheat flour

Table 1. Skin Prick Test Results

extract (Table I ). The four patients
also presented a strong reaction with
their own wheat flour that con-
tained alpha amylase as an additive
(not shown). Patient I also had a
positive skin reaction to cat dander,
L. destructor, and grass and olive
pollens. Patient 2hada positive skin
test to grass, olive, and Artemisia
pollens. Patient 3 showed a positive
response to mites. Patient 4 had a
positive prick test to mites, danders,
and grass pollens. None of the four
patients experienced a late skin re-
action.

The control subjects did not have
reactions to alpha amylase or to
wheat flour extracts. This proves the
nonexistence of any nonspecific re-
action in spite of the concentration
used. Neither of the control subjects
had positive skin reactions to the
remaining commercial common al-
lergen battery, except for the atopic
control subjects who had reactions
to several pollens and/or mites.
Precipitin Tests
Antibodies to alpha amylase and
wheat flour extracts were not ob-
served in our patients' sera as de-
tected by double-diffusion gels.
Specific IgE Measurement
To confirm in these patients the
presence of IgE antibodies to alpha
amylase, we looked for specific IgE
antibodies in vitro. As shown in
Table 2, there was IgE activity to
alpha amylase and also to wheat
flour. IgE activity to these antigens
was not detectable in serum samples

Table 2. lgE Reactivity with Alpha Amylase
and Wheat Flour as Detected by EIA
(Phadezym, Pharmacia).

Patient Alpha Amylase Wheat Flour

1
2
3
4

(Controlf) 1
(Controlf)2

1 . 9 8
> 1 7 . 5

0 .76
0.93

<0.35
<0.35

3 . 1 8
1 . 5 7
0 .81
2.43

Alpha-Amylase Extract Wheat Flour Extract

'Results are expressed in Phadebas RAST
units per mil l i l i ter.
f Sera from two unexposed subjects with
lgE serum levels of 86 and 371 lU/mL.

from two unexposed subjects with
hay fever and serum IgE of 86 and
37 | IU lml- (Table 2).lgE reactivity
with alpha amylase could not be
inhibited with high concentrations
of (over I mg/ml-) our wheat flour
extract (not shown), indicating that
it was essentially free of alpha amy-
lase.

Bronchial Challenge Tests
Methacholine challenge showed
slight bronchial hyperresponsive-
ness in patient 3 (methacholine PCzo
: 2.7 mg/ml-). On the control day
of exposure to PBS, there was no
significant change in spirometry in
patients 3 and 4 throughout the day.
In contrast, both patients had im-
mediate asthmatic responses after
chal lenge with the l :10,000 and
1:100,000 wt/vol dilutions of the
alpha amylase extract, respectively.

In patient 3, as depicted in Figure
l, at ten minutes there was a 23%
lall in FEVr that returned to the
baseline approximately one hour
later. No late reaction was observed.
In contrast, no bronchial response
was observed in this patient after
the inhalation of l:10 wt/vol dilu-
tion of wheat flour extract (Fig I ).

In patient 4, as shown in Figure
2, there was an immediate positive
response also to the undiluted ( 1:10
wt/vol) wheat flour extract. The two
unexposed asthmatic patients
showed methacholine PCzo of 0.9
and 1.3 mg/ml. In contrast, they
did not react to the l:100 wt/vol a-
amylase extract.

Patient Wheal '
1 : 1 0

wt/vol

End Pointf
Titration
wt/vol

Wheal*
1 :10

wt/vol

End Pointt
Titration'
wt/vol

1
2
3
4

Controlsf

1 3 x 1 2
1 7 x 1 1
2 2 x 1 5
1 8 x 1 2

<2

1 : 1 0 , 0 0 0
1:100,000
1:1 ,000,000
1:100,000
1 :100

3 x 2
2 x 1
3 x 3
3 x 3
<2

1  : 1 0
1 : 1 0
1  : 100
1 : 1 0
1 : 1 0

'Wheal largest diameters in mm.
t Extract dilution enough to elicit a small wheat of 2 mm.
f Five patients with hay fever and five normal individuals.
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Figure l. Bronchial provocation test with l:10,000 wt/vol alpha amylase (A) and with l:10
wt/vol wheat flour (t) extracts in patient 3.

F

IJJ
IL
ra-
o
o
o(u
o
L
o
o
o
f

tr
o
o
L-

o
o.

hay fever patients used as controls
with the l:100 wt/vol alpha amylase
extract, indicating that our a-amy-
lase extract lacked irritating effect
on the nose.

Immediate onset of rhinitis re-
sponse was not observed in patients
I and 2, when they were nasal chal-
lenged with our wheat flour extract
(Fig 3).

DISCUSSION
Alpha amylase used in baking is a
glycolytic enzyme obtained mainly
from A. oryzae. It has a molecular
weight of 52,000 daltons and cata-
lyzes carbohydrate hydrolysis. It is
added to the flour in order to im-
prove the bread's quality. In other
words, it compensates for the low
natural content of alpha amylase in
flour, increases the quantity of car-
bohydrates lermentable by yeast,
and stimulates the growth of Sac-
charomyces cereviciae, which im-
proves the ability of dough to rise.

Among the hrst descriptions of
bakers' alpha amylase allergy is that
of Baur.2r who studied bakers ex-
posed to alpha amylase-contami-
nated flour. In some of these symp-
tomatic bakers, he found specif,rc
IgE by prick and RAST tests and
positive reactions to the bronchial
challenges to the enzyme. He con-
cluded thaf 2% of the exposed pop-
ulation and 34% of the asthmatic
bakers were sensitized to this alier-
gen. Subsequently, other authors22-25
have reported their investigations
on this disease, and it seems that its
importance is increasing due to the
extensive use of this enzyme in the
bread and food industries in some
countries.

Our patients experienced rhino-
conjunctivitis and asthma within a
few months or years after starting
work as bakers. Furthermore, the
onset of nasal and respiratory symp-
toms within minutes of exposure to
alpha amylase-treated flour dust
and the noticeable improvement
while away from work during holi-
days point to the symptom's occu'
pational nature. It may be argued,
however, that in view of their posi-
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Figure 2. Bronchial provocation test with l :100,000 wt/vol alpha amylase (A) and with l :10
wt/vol wheat flour (l) extracts in patient 4.
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lVasal Challenge Tests
A marked decrease in PIFRN was
seen in both patients I and 2 after
challenge with alpha amylase ex-

Time

tract (Fig 3). In addition, they had
nasal pruritus and a measurable na-
sal secretion (Fig 3). This nasal re-
sponse could not be induced in two
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Figure 3. Nasal provocation test with l:100 wt/vol (patient 1) and l:100,000 wt/vol (patient

2) alpha amylase (A) and with l:10 wt/vol wheat flour (l) extracts in both patients. February 9,
1993

tive methacholine challenge, the
subjects had pre-existing asthma
and the dusty atmosphere at work
simply aggravated their underlying
condition. Bronchial asthma is
known to be associated with airway
hyperreactivity to various nonspe-
cific stimuli and to drugs such as
methacholin..zo-za The negative
bronchial response, however, to
PBS in the patients and the negative
bronchial response to the highest
concentration ( I : 100 wt/vol) of al-
pha amylase extract in two unex-
posed asthmatic patients with simi-
lar nonspecific bronchial hypersen-
sitivity denote a true specific
immediate bronchospastic reaction
to the alpha amylase extract. These
conclusions are supported by the
presence of an immediate response
in the prick tests and by the presence
of specific IgE to the alpha amylase

extract. The negative results ob-
tained in a group of unexposed nor-
mal and atopic subjects support the
specificity of these f,rndings.

On the other hand, the antigen(s)
must be a macromolecule since it
does not cross a dialysis membrane
that should retain compounds with
molecular weight larger than 6,000
to 8,000 daltons.

One of the patients, patient 4, also
had positive prick, RAST, and bron-
chial challenge tests with wheat
flour extract. Because of this and
the positive prick and RAST tests
to wheat flour obtained in the other
patients, one might think that we
used alpha amylase-contaminated
flour. We could not, however, dem-
onstrate alpha amylase in our wheat
flour by inhibition assays, indicating
the alleryic independence of these
substances. We therefore consider

that these findings are a manifesta-
tion of the polysensitization that
could take place in bakers when
they are exposed to additive treated
flour.

In conclusion, the results of the
investigation carried out support al-
pha amylase as an important anti-
gen to be considered in bakers' in-
duced asthma. It can function as the
only cause or in conjunction with
other allergens. An IgE-mediated
immunologic mechanism appears
to be operational in the underlying
pathogenesis.
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HANTAVIRUS PULMONARY SYNDROME

The authors describe 17 patients with confirmed infection with a newly
recognized strain of hantavirus. Ages ranged from 13 to 64 years;72%
were native American.

Prodro_mal symptoms included fever and myalgia in all; cough or dysp-
nea in 76%; nausea, vomiting, abdominal pain ór dianhea i; 76%;-aid
headache in 7l %. The most common physical findings were tachypnea in
t00%,.tachycardia in 94%, and hypotension in 50%. There were iéukocy-
tosis, increased hematocrit, thrombocytopenia, prolonged prothrombin
and partial thromboplastin times, elevated serum lactate dehydrogenase,
decreased serum protein, and proteinuria. There was rapidly-progressive
acute_pulmonary edema in l5 of the 17 patients. Thirteen patients died.
All of those who died had had profound hypotension.

Infection with this newly described hantavirus causes the hantavirus
pulmonary syndrome with a prodromal il lness oî 2 to l5 days (mean 5.4
days) followed by rapidly progressive, noncardiogenic pulmonary edema.

-RMS
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