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A  STUDY  OF  FACTORS  CONTRIBUTINGTO  BAKERS'  ALLERGY  SYMPTOMS

   Yasuhiro Matsumura, Tomoyuki Niitsuma and  Hisao Ito

llhe llhird DePartment oflnternat ll4edicine, 71)kryo Medicat Cetlage

 It has been  known  for many  years  that  bakers,who  work  in an  atmosphere  filled with  wheat

fiour and  other  grain products,  often  suffer  from  bronchial asthma  and  other  allergy

symptoms.  We  examined  36  cooks  (males: 33, females: 3, average  age:  29.1  years>  exposed

to wheat  products  while  baking bread or  making  confectioneries  in a  hotel. Their clinical
symptoms  were  investigated,  and  peripheral  blood eo$inophils,  serum  IgE,  wheat  flour

specific  IgE, IgGl, IgG4, and  antibodies  to a-amylase  and  papain  were  measured.  Clinical

symptoms  were  present in some  cases,  the  most  common  being rhinitis  (13), itching and  skin

eruptions  (8), ocular  symptoms,  including tearing, itching and  conjuctival  injection (8), and
respiratory  symptoms,  including  cough  and  sputum  production  (8). Wheat  flour specific

RAST  was  positive in 44.4%  of  cases.  Peripheral eosinophils  and  wheat  flour specific  IgGl

levels were  increased in those  with  positive RAST  scores.  Total IgE level and  wheat  fiour
specific  IgG4  also  seemed  to be increased in those  with  positive  RAST  scores.  Wheat  fiour

specific  IgGl  and  IgG4  seemed  to correlate  positively with  wheat  flour specific  IgE. The

exposure  duration correlated  with  neither  total IgE  nor  wheat  flour specific  IgE. In  those  who

were  wheat  flour RAST  positiye, wheat  fiour specific  IgGl  levels  correlated  negatively  with

exposure  duration, In RAST  negative  cases,  however,  there  was  no  correlation.  Similarly,

there  seemed  to be a  tendency  for wheat  flour specific  IgG4  levels and  exposure  duration to

correlate  negatively  in RAST  positive  cases.  The  subjects  of  this study  initially worked  in

poorly  ventilated  areas.  There  was  a  tendency  for IgE and  IgGl  levels to decrease after  the

installation of  an  air  purifier and  the  introduction of  other  protective  measures.  We  did not

however,  find a  clear  relation  between  IgG subclass  levels and  clinical  symptoms.  Therefore,
the  IgG  subclass  can  serve  only  as  an  index of  allergen  exposure.  Among  the wheat  flour

RAST  positive  cases,  there  was  a  tendency  to be mite,  barley and  rye  RAST  positive  as  well.

This suggests  that  atopic  mechanisms  contribute  to wheat  flour sensitization.  The  RAST

scores  for baking additives,  such  as  a-amylase  and  papain,  were  also  determined  in 13  cases.

Two  cases  (15.4%) were  both  a-amylase  and  papain  positive. These  results  indicate that

bakers' allergic  symptoms  do  not  result  from  wheat  fiour allergy  alone,  but rather  are  a

composite  of  allergies  to various  materials.
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INTRODUCTION

  It has long been recognized  that bakers, who
work  in an  atmosphere  filled with  wheat  flour and
other  grain products, frequently suffer  from bron-
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chial  asthma  and  other  allergic  disorders. Baker's
asthma  had become well  known  since  Ramazzini's
first report  in 1700 and  Baago's systematic  in-
vestigation  in 1933i), Many  studies  concerning

baker's asthma  have been published  in European

countries  and  the United States2)3)4}. Though ap-

proximately 70 occupational  allergies  have been
reported  in Japan, few investigations have dealt

with  baker's asthma5)6).  Recently, because of  eat-

ing habit changes  in Japan, cooks  and  bakers now
handle large quantities of wheat  flour. Further-
more,  they  usually  work  in insufficiently venti-
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lated areas.

 wneat flour has been identified as  a  major

allergen, and  contains  allergenic substances  such

as gluten, water  insoluble agents,  and  albumin7).

Pfeil et al.8i reported  that water  soluble wheat

flour allergens  were  identifiable components  with

molecular  weights  of 47, 17 and  15 kD. In addition,
other  agents  which  are  found together with  wheat

flour, such  as  house dust, mites,  fungi er  grain
weevils, are presumed  to causes  of allergy9).  Fur-
thermore, Flindt and  Baur et al pointed out that
baking additives,  such  as  a-amylase  and  papain,
have also  been identified as  allergensiO)-i2).  As se-

called  baker's asthma  cannot  be explained  by a

single  allergen,  we  studied  this disease from the
aspects  of sensitization  to wheat  flour and  other

agents,  as well  as  contributing  factors and  clinical

features,

MATERIALS  AND  METHODS

an  enzyme-linked  immunosorbent assay  (ELISA)
with  dried wheat  powder (Torii) and  anti-human

IgGl monoclonal  antibody  (Zymed Laboratories
Inc. San Francisco, USA). Wheat flour-specific
IgG4 was  deterrnined by ELISA  with  dried ex-
tracted wheat  powder  (Torii) and  peroxidase
labeled anti-hurnan  igG4 monoclonal  antibody

(Yamasa Soy Sauce, Chiba, Japan). Eosinophils,
IgE, wheat  flour RAST,  wheat  flour IgGl and

wheat  flour IgG4 were  measured  six months  after

the introduction of protective measures  such  as

wearing  a  mask  (3M, 8710 fer dust) and  installa-
tion of an  air purifier (Hitachi, industrial, RG500
max  velocity  50 m31min,  max  vacuurn  degree 300
mmH20),

 Detection of antibodies  to a-amylase  and  papain
was  performed by the RAST  RIA  method  employ-

ing and  Allergo-Disc anti-a-amylase  (K87, Kabi
Pharmacia>, and  anti-papain  RAST  discs (RK201,
Kabi Pharmacia).

 The  study  population consisted  of 36 cooks

(males: 33, fernales: 3, 19-58 year-old, average  age:

29.1 years, SD: 8.1) who  handled wheat  flour
when  baking bread or  making  confectioneries  in a
hotel (Table 1). Data concerning  occupational

exposure  duration, symptoms  and  any  personal
history of asthma  or  other  aller:gic disorders were

obtained  by questionnaire, After investigating
each  individual's allergy history, immunologic
and  allergic  status  was  evaluated  with  reference

to peripheral blood eosinophils  (lmm3), serum  tgE
(U/ml), wheat  fiour specific IgG (PRU), wheat

fiour specific IgGl (Ulml), wheat  flour specific
IgG4 (U/ml), and  antibodies  to a-amylase  (PRU/
ml, RAST  score) and  papain (PRUfml, RAST
score).  The  total amount  of  igE in serum  was

determined by the RIST (radioimmunosorbent
test [Kabi Pharmacia, Uppsala, Sweden]) rnethod.

Allergen specific  antibodies  against  wheat  flour,
mites,  house dust, barley and  rye were  detected by
the RAST  (radioallergosorbent test [Kabi Phar-
macia])  method.  Positive findings were  catego-

rized  as  class  O (below O.34 PRU); class  1

(O.35-O.69); class 2 (O.70-3.49); class 3 (3.50-17.4);
class  4  (above 17.5). Scratch tests for wheat  flour

(Torii, Tokyo, Japan) were  performed in some
cases.  Wheat  flour-specific igGl was  measured  by

RESULTS

 In the present study,  clinical symptoms  were

present in some  cases,  the most  common  being
rhinitis  (13; 36,1%), followed by itching and  skin

eruption$  (8; 22,2%). Ocular symptoms  included
tearing, itching and  conjunctival  injection (8;
22.2%). Respiratory symptoms  consisted  of cough

and  sputum  production, (8; 22.2%) (Fig, 1). There
was  a  tendency for nasal  symptoms  to appear

somewhat  earlier than other  symptomsi3)  but
incidence decreased as  the duration of exposure
increased. There was  no  significant  relationship

between other  symptoms  and  exposure  duration.

 Wheat  fleur specific RAST  was  positive (RAST
score  above  2) in 44%  of  cases. There  was  a

significant  relation  between wheat  flour specific

-  nastl symptor-s

O  bltaneous sv!ptoms

N  eo"Pnclivot srmphams

e  mspttw  svnytoms

O-5 5-la 10-15 15-10 20-"15 25-3D

       Exposure (years)

   Fig. 1, Syrnptornsandexposureduration,
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RAST  positivity and  allergy  symptorns,  as cal-

culated  by the x2 method  ip<O.05).
 Workers were  grouped according  to RAST

scores.  The  mean  eesinophil  level was  318.8 +1-

188.2fmm3 for the wheat  flour RAST  positive

group  and  178.3 +/-  175,61mm3 for the negative

group. Significantly higher O<O.05) eosinophil

levels were  observed  in RAST  positive cases  as

calculated  using  unpaired  t-test. Total IgE levels
were  also  elevated  in wheat  flour RAST  positive
cases,  but statistical significance  could  not  be

calculated  because two  cases  had levels below the

measurable  range,  The  mean  IgGl level was  O,55

+1-  O.60 Ulml for the RAST  positive group and

O.24 +l-  O.25 Ulml for the negative  group. IgGl
levels were  significantly increased (P<O.05) in
RAST  po$itive cases, as  calculated  using  the

unpaired  t-test. Wheat  specific  IgG4 also  seemed

to be increased in those with  positive RAST  scores

but statistical analysis  was  not  possible because
some  values  were  in an  unmeasurable  range  (Fig.
2).

 Anti-wheat flour IgG subclass  antibodies  qgGl
and  IgG4) measured  by ELISA  showed  no  corre-

lation with  IgE. Wheat flour specific  IgGl and

IgG4 seemed  to correlate positively with  wheat

flour specific  IgE, but statistical analysis  was  not

possible because some  values  were  outside  of the

NII-Electronic  
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,
 wheat  specific IgE, tgGl and  tgG4.

measurable  range  asig. 3).

 There was  correlation  between exposure  dura-
tion and  either  total IgE or  specific tgE. In wheat
flour RAST-positive cases, IgGl levels correlated
negatively  with  duration of exposure  (R=O.52).
However, in RAST  negative  cases,  there was  no

correlation  (R=O.03). Similarly, there was  a

tendency for IgG4 levels and  exposure  duration to

correlate  negatively  in RAST  positive cases.  But
statistical  evaluation  was  not  possible because
some  IgG4 levels exceeded  the measurable  range

(Fig. 4). We  did not  find a clear relation  between
IgG  subclass  levels and  clinical  symptoms,  We
also  could  not  determine the contribution,  if any,
of  IgG subclass  antibodies  to aller:gic symptoms.

  The subiects  of this study  initially worked  in

poorly ventilated  areas.  Most symptomatic  cases

reported  improvement  after  the installation of  an

air  purifier (Fig. 5). Mean  eosinophi]  levels, cal-

culated  from the data of  workers  No. 1, 2, 4, 5, 8,

10, 12, 18, 19 and  23, were  286.8 +1-  182.1/mm3

before and  227.7 +/-  188.81mm3 after  introducing

protective measures,  showing  no  significant dif-
ference. Simlary, the mean  IgE level before was
1375.5 +/-  2365.0 IUIml and  after  903.1 +!-
1972.4 IU/ml for workers  No. 1, 2, 4, 5, 7, 8, 10, 12,
13, 18 and  19, showing  a  significant  improvement
as  calculated  by t-test <P}<O.05). As to wheat  flour
RAST  (PRU), some  levels were  not  within  meas-

urable  range,  values  in the detectable range

seemed  to improve. The mean  IgGl level befere

protective measures  was  O.513 +1-  O.403 U!ml,
while  that after  was  O.338 +/-  O.270 for workers
No. 1, 2, 4, 5, 8, 10, 12, 13, 18, 19 and  23. Thus, a

statistically significant  difference was  observed.

The igG4 level could  not  be calculated  because
some  values  were  outside  of  the measurable  range,

but detectable levels did not  appear  to be signifi-
cantly  different,

  There were  as  significant  correlations,  as  cal-

culated  by the x2 method  between mite  and  wheat

flour RAST  score  CP<O.05), barley and  wheat  flour
RAST  scores  (P<O.05), and  rye and  wheat  RAST

scores  (P<O.05) (Fig. 6).
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 Fig. 5, Comparison of eosinophil,  IgE, Wheat RAST,  IgG1 and  IgG4 before and  after the

introduction of protective measures,  such  as  air  purifiers and  masks,  in the work  place.

 ("P<O.05) (-----) limit of sensitivity  of  assay.

  Certain enzymes  used  as  baking additives, such

as  a-amylase  and  papain, have been suggested  to

be sensitizing  agentsiO)-i2),  When  cr-amylase  and

papain RAST  were  measured  in 13 cases, two

(15.4%) were  found to be both a-amylase  and

papain positive. We  found that  15,4% of  workers

were  sensitized  to each  of  these baking additives.

DISCUSSION

  Baker's asthma,  baker's coryza  and  baker's

eczema  have been reported  to affect 10-23% of

workers  in this filed3), Based on  our  results,  the

incidences of  these  clinical  symptoms  appear  to be
comparable  in Japan. Among  the symptoms  re-

ported, nasal  symptoms  appear  somewhat  earlier

than others.  Rhinitis was  the initial diserder in

many  earlier  investigations, and  this was  also  the

NII-Electronic  
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case  in our  study,  The apparent  decrease in the

incidence of rhinitis  with  increasing duration of

exposure  cannot,  however, be explained  by our

data.

  It is interesting that those exposed  to wheat

flour for a long period of  time  do not  always  have

severe  symptoms.  There is a  possibility that those

workers  who  develop severe  symptems  quit their

jobs, In other  words,  only  workers  who  are  not

sensitized  or  who  have minimal  symptoms  can

continue  their occupation.  It is therefore very

difficult to determine clear relations among  expo-

sure  period, symptoms  and  numerous  contribu-

ting factors such  as serum  IgE, wheat  flour

specific  IgE, wheat  flour specific  IgGl and  IgG4.

  In this study,  we  examined  the distribution of

IgG subclass  anti-wheat  flour antibodies  and

work-related  symptoms.  IgGl is considered  to be

an  anaphylactic  antibody  which  causes  allergic

reactions  identical to those of IgE, or  contributes

to the  late asthmatic  responsei4)i5).  IgG4 is thought

to be a  blocking antibody  capable  of inhibiting IgE-

mediated  reactions,  and  it is said  that  antigen-

specific  immunotherapy  is based on  production of

this antibodyi6)i7),  Some  authors  have, however,
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suggested  that allergen-specific  IgG4 is important
in the production of allergy symptomsi8)i9),  It has
also  been reported  that this can  result  from
antigen  exposure  alone20)2i}, The roles  ef  IgG
subclass  antibodies  are  therefore complicated  and

controversial,  Our results  indicate that elevation
of  wheat  flour specific  IgGl is satistically  signifi-

cant  in wheat  flour RAST  positive cases,  and  that

it correlates negatively  with  duration of  exposure.

These results  are in relatively  good accordance
with  those  reported  in the literature22), Further-

more,  IgG1 levels decreased after  the institution of

protective measures,  suggesting  that igGl plays
an  important role  in allergic  symptoms,  The

decreases in antibody  levels in those who  worked

longer cannot,  however, be explained  by our  data,
The possibility exists that IgG1  is elevated  only  in
the early  exposure  period, and  that this response

declines after  reaching  a  certain  level of allergen
exposure.

  Statistical analysis  of IgG4 was  not  possible
because some  ievels were  in an  unmeasurable

range  with  the technique we  used.  There was,

however, a  tendency for IgG4 levels to be elevated
in wheat  flour RAST  positive cases  and  there
seemed  to be a  negative  correlation  with  exposure

duration.

  These IgG subclasses  may  be thus taken only  as

an  index of allergen  exposure.  Further studies are

being unclertaken  to clarify  the role  of IgG sub-

class  antibodies  in bakers' allergy  symptoms.

  Among  the wheat  flour RAST  positive cases,

there was  a  tendency  to be mite,  barley and  rye

RAST  positive as well.  This suggests  that atopic
mechanisms  contribute  to wheat  flour sensitiza-
tion. In addition  to the duration and  intensity of

exposure  to the antigen,  it has been suggested  that
individual factors, such  as  hereditary allergic

predisposition, are  responsible  for sensitization  to

wheat  flour. However, cross  reaction  is also  a

possibility in cases  in which  other  RAST  scores

were  posltlve.
  Inhalation uptake  of  enzymes  is reportedly  as-

sociated  with  a high risk  of  developing allergic

respiratory  diseases, Various powdered  enzymes

are  extensively  used  in baking to improve the

quality of products. These baking additives  also

make  the baking process shorter  and  more  eco-

nomical.  or-amylase  provides fermentable sugars
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for yeast, improving loaf volume  and  texture.

Papain improves flavor and  texture. The fre-

quency of sensitization to cr-amylase  was  reported

to be 24%, and  that to papain 1%'2', We  found that
15.4% of  workers  were  sensitized  to each  of these

baking additives, indicating that such  enzymes

must  be taken  into account  in determining the
etiology  of  so-called  baker's asthma.  Taken  to-

gether, these data indicate that allergic symptoms
result  not from wheat  flour allergy  alone,  but
rather  from a combination  of allergies to various
materials.

  Allergies related  to or  stemming  from a  specific

occupation  provide an  excellent  opportunity  to

examine  the immunologic mechanisms  underly-

ing atopic  phenomena.  We  have focused on  the

clinical features of  wheat  allergy, which  appears

to be an  atopic  response  to wheat  flour that  may

be exacerbated  to seme  extent  by baking additives.
The  precise roles  of  various  contributory  factors
remain  to be elucidated. Other occupational  aller-

gies have also  been reported  in Japan and  other

Asian countries.  As lifestyles and  eating  habits
change  throughout the region,  these allergies are
likely to become  more  prevalent. However,  inhala-
tion of and  contact  with  such  allergens  can  be
minimized  by proper ventilation,  and  the wearing

of filter masks.  Among  the workers  examined  in
this study,  34 continued  in the same  occupation

whereas  two  (No, 3, No. 5) left their jobs because
of severe  symptoms.  We  feel that this is a  subject

which  merits  extensive  future research.

CONCLUSION

 The  allergic symptoms  of  bakers cannot  be
explained  by sensitization  to wheat  flour alone.
Rather, these symptoms  are a  composite  of aller-

gies to various  rnaterials.  Furthermore, atopic

mechanisms  contribute  to symptom  developrnent,
The  results  of  this study  indicate that IgG sub-

classes  can  serve  only  as  an  index of allergen

exposure.
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製 パ ン
， 製菓 業従事老 に お け る ア レ ル ギ ー症状 と関連因子 に 関する研究

　　　　 東 京医 科 大学第 3 内 科

松村康広　　新妻知 行　　伊藤久雄

　小麦粉な ど を使用 して い る製パ ン ，製菓業従事者36人 （男33，女 3，平均年齢29．1歳） の 臨床症状 と

症状発現 に 関す る と考 え られ る 因 ヂに つ い て 検 討 し た．症状 は 鼻 症 状 が 13例 ，皮膚症状，眼 症状，呼吸

器症状がそれぞれ 8 例 で あ っ た ．44．4％ の 症例 で ・」・麦粉特異 IgE 抗体 が 陽性 で ，陽性者 で は 好酸球数，

IgE 抗体 ， 小麦粉特異 IgG1抗体 が有意 に 上 昇 し て お り，小 麦粉特 異 IgG4抗 体 も E昇傾 向 に あ っ た ．さ ら

に 暴露期間 の 長 い 者 OZど小麦粉特異 IgG1抗体が低値 で ，小麦粉特異 IgG4抗体 も同様な傾 向 に あ っ た．環

境整備後，IgE抗体，小麦粉特異 IgG1抗体 の 減少が認 め られ た ．こ れ ら IgG サ ブ ク ラ ス は抗原暴露 の
一

つ の 指標 と 考 えられ た が症状発現 へ の 役割 は 明 らか で は な か っ た．小麦粉特異 IgE 抗体陽性者 で は ダ

ニ，大麦，ラ イ麦 に も陽性を示す もの が 多 く，ア ト ピ
ー

素因 の 関与が示唆 され た．さ らに ，15．4％ の 症

例 で は α
一ア ミ ラ ーゼ や パ パ イ ン な ど の よ う な添加物質に よ る感作も認 め られ ，従事者 の ア レ ル ギ ー

症状

は ，種 々 の 物質に よ る復合感作 で あ る と考 えられた ．
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