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Prevalence of respiratory symptoms and
sensitization by mould antigens among
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Riddle, H. F. V. (1974). British Journal of Industrial Medicine, 31, 31-35. Prevalence of res-
piratory symptoms and sensitization by mould antigens among a group of maltworkers.
The prevalence of allergic alveolitis, chronic respiratory symptoms, and sensitization by
antigens from mould spores was investigated in 114 men employed at five maltings. Twenty-
five carpet workers were used as a control group. Chronic respiratory symptoms were
commoner among maltworkers than among the controls. One probable case of allergic
alveolitis was discovered in a maltworker. More than half the maltworkers were found to
have precipitating antibodies in their serum against antigens from mould spores of Aspergillus
clavatus, Penicillium granulatum, Penicillium citrinum or Rhizopus stolonifer. There was no
obvious correlation between sensitization to these and the presence of chronic respiratory
symptoms.

French maltworkers, who were inhaling dense clouds
of the spores of Aspergillus fumigatus and Mucor
mucedo rising from mouldy barley being turned in
the poorly ventilated and confined spaces of malt
barns, developed a severe respiratory illness charac-
terized by fever, breathlessness after work, a dry
cough with little sputum, and loss of weight (Vallery-
Radot and Giroud, 1928). The serum of the affected
men contained precipitating antibodies against
antigens extracted from the moulds, and their skin
reacted by an immediate wheal response followed
some hours later by a brawny swelling to prick
testing with these antigens. In an almost identical
situation inhalation of the spores of Aspergillus
clavatus caused an illness with similar features, and
bronchial provocation tests confirmed the diagnosis
of allergic alveolitis in a Scottish maltworker
(Riddle et al., 1968). A year later the same authors
recorded a further incident in another maltings
(Channell et al., 1969).
A survey to test the hypothesis that allergic

alveolitis and respiratory illness are common among

maltworkers and are caused by precipitins to mould
antigens inhaled at work is recorded below.

Methods
The survey was conducted among the 114 maltmen
working in five separate maltings in Fife during the 1968
and 1969 malting seasons. Twenty-five male carpet
workers, employed in very dusty work, were used as
controls. The serological results were also contrasted
with sera collected from 100 paper workers at a routine
blood collection for the Blood Transfusion Service.
The investigation was divided into three parts.

(1) Mycological survey
Each maltings was visited on several occasions, and
samples of mouldy malt and dust were collected. The
moulds present were isolated and after identification
three moulds, Penicillium granulatum, Penicillium
citrinum, and Rhizopus stolonifer, found commonly in
each of the maltings were chosen for routine screening
together with the two strains of A. clavatus isolated in
Fife and the East Lothians (Riddle et al., 1968; Channell
etal., 1969).
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(2) Immunological survey
The five mould strains were grown separately in bulk and
the antigens from the spore crop were extracted in
pyridine acetate buffer and concentrated by elution
through Sephadex G200 and lyophilization (Riddle, 1970).
The presence of precipitating antibodies was detected by
gel diffusion (Longbottom and Pepys, 1964).
The same antigens were used for skin testing after

being sterilized by passage through a micropore filter.

(3) Clinical survey
Each man was interviewed using the standard Medical
Research Council Questionary on Respiratory Symptoms
(1966) with additional questions relating symptoms to
work situations and times of occurrence related to work.
Physical examination was restricted to the respiratory and
cardiovascular systems unless the clinical history sugges-
ted that a fuller examination was necessary. Respiratory
function was assessed using a wedge spirometer to
record the forced expired volume in one second (FEVy)
and forced vital capacity (FVC), and after collection of
serum each man had a chest radiograph. Only the first
36 men were skin tested because of concern that the
procedure might sensitize men who could subsequently
be at risk if exposed to the antigens. The presence of
persistent cough or the regular production of sputum for
more than two consecutive months, with or without the
presence of breathlessness or wheezing, were accepted as
evidence of chronic respiratory illness with or without
associated physical signs.
The data from these investigations were related to age,

length of service in the maltings, smoking habits, im-
munological response, and other relevant factors such as
the personal and family history of atopy. Recurrent
respiratory symptoms were compared in maltworkers
and carpet workers.

Results

Among the 114 maltmen and 25 carpet worker
controls examined, eight of the maltmen had
symptoms and signs of disabling respiratory disease.
In none of these cases was it possible to relate the
illness to their work, though one man (H.G.), who
was asthmatic, has had very little time off work
since finding a more sheltered occupation as night
watchman in a recently built electronics factory.
In addition to the eight there was one probable case
of allergic alveolitis (J.C.). His symptoms had
suggested an episode of acute bronchitis but he was
found to have a high titre of precipitating antibodies
against the A. clavatus antigen. When followed up
at home to find out why he had left his job and not
attended for x-ray examination, his wife described
the symptoms of allergic alveolitis while explaining
why he had changed his work and how these
symptoms had abated since leaving. He refused
further investigation.

In addition to this man 10 other maltmen (in-
cluding five who worked at the site of the original
outbreak) were found to have precipitating anti-
bodies in their serum against the A. clavatus antigen.
The sera of 6 of these 10 men cross-reacted with
the other antigens. Of the 11 men with precipitins,
7 had symptoms of chronic respiratory illness and
5 complained of symptoms late in the day after work
(Table 1). Two men (H.G. and A.C.), the first of
whom was a heavy smoker, had the symptoms and
associated clinical signs of chronic bronchitis. They
had worked in the industry for 18 and 25 years
respectively.

BLE 1
SUMMARY OF DATA ON 11 MEN WITH PRECIPITINS AGAINST Aspergillus clavatus ANTIGEN

Respiratory History of
Length Smoking Chronic symptoms atopy Precipitins present FEyV

Age of service habits respiratory at work
(yr) (cigs./day) symptoms FVC

Early Late Personal Family A. P. P. Rh.
clavatus granulatum citrinum stolonifer

T.L. 47 14 None + - + - + + + - + 83
J.C. 37 3 20 + - + _ _ + + - + 79

G.B. 30 2 15 + + + _ + + + - + 80
J.B. 31 4 20 + _ _ - + + - - + 48

J.C. 22 3 None - _ _ _ - + - _ _ 87
G.S. 22 1 30 _ - _ + A - - - 79

H.G. 48 18 30 + + - + + + + - + 58
D.G. 42 15 20 + - + - _ + + - - 74

J.M. 29 6 20 _ _ _ - + + + - - 73
J.A. 64 35 Past _ _ _ _ + + + - - 62

A.C. 46 28 15 A+ - + -+ - -+ _ - - 8
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Sixty-eight of the 114 maltmen were found to have
precipitating antibodies against the four antigens
chosen but none of the sera collected from 25
carpet workers reacted with these antigens. Only 14
of 100 additional control sera collected at a paper
factory reacted with the Rh. stolonifer antigen
(Table 2). However, when these data were related

TABLE 2
PREVALENCE OF POSITIVE SEROLOGY

Precipitins' Maltworkers Carpet Paper
workers workers

Present 68 0 14
Absent 46 25 86

Total 114 25 100

'against one or several of the four antigens chosen.

to the prevalence of respiratory illness (Table 3) the
proportion of men with precipitins in their serum
did not differ significantly from those without
symptoms, nor were any significant differences found
when the serological data were compared with the
other reference data chosen.

TABLE 3
CHRONIC RESPIRATORY SYMPTOMS AND PRECIPITINS
AGAINST MOULD ANTIGENS AMONG MALTWORKERS

Respiratory symptoms
Precipitins

Present Absent Total

Present 33 35 68
Absent 27 19 46

Total 60 54 114

X2 = 1-32; p > 0.50

When the prevalence of respiratory symptoms
among the maltworkers was compared with that
among the carpet workers, there was a significant
increase in symptoms among the maltworkers (X2 =
8X357; p < 0 02) (Table 4). Unfortunately the
carpet workers did not strictly match the maltworkers
in age and length of service and for this reason these
observations are open to question.
As expected the prevalence of respiratory symp-

toms increased as the age of maltworkers increased
and there was also an apparent increased prevalence
with length of service (Table 5). However, this latter
finding could equally have been due to the increasing
age of the men.

TABLE 4
PREVALENCE OF RESPIRATORY SYMPTOMS AMONG

MALTWORKERS AND CARPETWORKERS

Malt- Carpet / Total
workers workers

Present 60 5 65
Absent 54 20 74

Total 114 25 139

X2= 8-357; p < 0-02 > 0-01

TABLE 5
PREVALENCE OF RESPIRATORY SYMPTOMS IN MALT-

WORKERS IN RELATION TO LENGTH OF SERVICE

Length of service (yr)
Symptoms _

11-6 7-17 18-43 Total

Present 16 19 25 60
Absent 21 18 12 51

37 37 37 II1

X2= 4-18; p < 0-2 > 0-1

'Three men had worked for less than one year and were
excluded from this and Table 6.

Though the prevalence of chronic respiratory
symptoms increased with the number of cigarettes
smoked, the differences while suggestive were not
significant. This apparent absence of cause and
accepted effect was also noted in another survey
(Channell et al., 1969).
When other conditions, which might also be

expected to contribute to an increase in respiratory
illness, were considered, three factors were note-
worthy. The first was the statistically significant
decrease in the numbers of men with a history of
atopy among the older workers in the industry
(Table 6). The second was the occurrence of symp-
toms related to work among one-fifth of the malt-
workers in contrast to none among the carpet
workers. There were no significant differences
between the serology of this group and the other
maltworkers, nor did age, length of service, or
smoking habits differ significantly. Finally, six men,
five of whom were heavy smokers, complained that
after cleaning 'culms' out of bins (when they were
exposed to large concentrations of spores in confined
spaces) they were unable to smoke during the
following evening. The sixth man said his wife
complained that he wheezed in bed after doing this
job. These men did not obviously differ from the
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TABLE 6
HISTORY OF ATOPY AND AGE

History of Age (yr)
atopy _

Less than 40 40-49 50 and older Totals

Present 10 5 2 17
Absent 28 34 32 94

Totals 38 39 34 II1

X-= 6111; p < 005 > 001

main population in any other way. It is difficult to
attach any significance to this item, but anything
which stops smokers smoking is noteworthy.

Discussion

The survey data suggest that the prevalence of
allergic alveolitis in the malting industry is not large.
Men suffering from acute allergic alveolitis are very
ill, and the paucity of reported cases in the literature
(Vallery-Radot and Giroud, 1928; Riddle et al.,
1968; Channell et al., 1969) supports this view.
However, a similar incident (Shawyer, 1969, personal
communication) in another maltings contaminated
by A. clavatus was only recognized in retrospect
when the two affected maltmen were reinvestigated,
and this suggests that some cases may pass un-
recognized. Also, Mickolczy (1958) attributed a
respiratory illness among Hungarian maltworkers
to the physical properties of the dust inhaled rather
than to the many mould spores present, and Filip
and Barborik (1966) considered a similar illness
among mainly female Czechoslovakian maltworkers
to be a mycosis. With increasing awareness of this
condition no doubt further instances will be reported.
Management and the workers should be aware of

the potential danger of the situation described by
Vallery-Radot and Giroud (1928) and Riddle et al.
(1968). Fortunately these situations, when the
barley being malted at high ambient temperatures
contains damaged or split corns and is contaminated
with mould, constitute something of a malting
disaster and to this extent are avoided by the
industry. When these dangerous conditions arise, the
men should be protected by the use of effective face
masks or the malting should be stopped until
conditions improve.
Though Thackrah (1832) drew attention to the

occurrence and severity of respiratory disease among
maltworkers who were exposed to sulphurous fumes
and dust as they turned malt in the kilns, and the
Factory Inspectorate (McNair and Middleton,
1925) reported respiratory symptoms among malt-
sters screening malt contaminated by spores of

Rhizopus nigricans, the present survey does not
suggest that chronic respiratory illness is a major
problem in the malting industry but it poses some
questions.
The prevalence of respiratory symptoms among

the maltworkers was significantly greater than
among the controls. The controls sorting and
carding wool worked in very dusty conditions and,
though not strictly comparable in age or length of
service, and having different smoking habits, these
groups were two distinct working populations. In
addition, while no controls complained, one-fifth
of the maltworkers were aware of respiratory
symptoms at or after work.

Pepys, Longbottom, and Jenkins (1964) have
drawn attention to the wide variety of organic
antigens which stimulate antibody production on
inhalation, and the potential of mould spores to
produce potent antigens is emphasized by the
positive serology found among the maltworkers.
The lack of any correlation between these serological
results and the other data was perhaps disappointing,
but the absence of precipitins among the controls
cannot be ignored and it does indicate that the
maltmen are potentially at risk. It is possible that
the moulds arbitrarily chosen because of the limited
nature of this investigation were not the important
antigens.
The significant decrease in the number of older

men giving a history of atopy raises the possibility
that these individuals are leaving the industry by
self-selection because they are physically unsuitable,
and if this were confirmed there would be a case for
excluding men with such a history from the industry.

Pepys (1969) has drawn attention to episodes of
bronchospasm in non-atopic subjects having pre-
cipitins with a delay in onset after exposure to
antigens similar to that in allergic alveolitis. The
present survey did not reveal any illness of this
nature, but many of the men who complained of
symptoms after work mentioned wheezing. This
observation should be checked in any future survey,
and perhaps men so affected should be subjected to
bronchial provocation.
On the basis of these observations, a survey on a

large scale is justified. In addition to the men
continuing to work in the maltings it is very im-
portant to know when and for what reasons men
leave and the state of their health before and after
working in the maltings.
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freely given by Dr. I. W. B. Grant, The Northern General
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