British Journal of Industrial Medicine 1985;42:312-318

Clinical and immunological reactions to Aspergillus
niger among workers at a biotechnology plant
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ABsTRACT The workforce at a biotechnology plant producing citric acid by fermentation of
molasses with a strain of Aspergillus niger was studied. A combination of a respiratory question-
naire and clinical assessment identified 18 subjects (4-9% of the workforce) with work related
bronchospasm. In nine of these evidence of sensitisation to A niger was obtained by skin prick
tests and radioallergosorbent test (RAST) using as an antigen an extract of the A niger culture
fluid from the process. Of the 325 subjects without work related bronchospasm, only nine (2-7%)
had a positive prick test. There were no subjects with symptoms of extrinsic allergic alveolitis.
Investigation into the source of the antigen showed that whereas, in some areas of the plant, A
niger spores were present, in others there were no detectable spores. In these areas, however,
extracts of filters from air samplers were shown by RAST inhibition to contain A niger antigens,
indicating that the culture fluid was generating airborne antigen. RAST inhibition studies showed
that the A niger culture fluid used in the process contained antigens that were not present in a
commercially available A niger extract, thus emphasising the importance in this type of investiga-

tion of using antigens prepared from material to which the workers are exposed.

Micro-organisms have been used in the production
of food for many centuries; the Egyptians disco-
vered around 4000 BC that the carbon dioxide gen-
erated by the action of brewer's yeast could leaven
bread, and the ability of yeast to make alcohol in the
form of beer was known before that. Nevertheless, it
is only within the past 50 years that micro-organisms
have been extensively used in the synthesis of chem-
icals on an industrial scale. The development of
genetic engineering has resulted in further rapid
growth in the application of micro-organisms to
industrial processes and more than 40 micro-
organisms, including species of yeasts, fungi, and
bacteria, are now used in the production of products
such as food, chemicals, vitamins, enzymes, and
pharmaceuticals.'

One of the potential hazards of these processes is
the sensitisation of workers to airborne micro-
organisms and culture fluid material which may
result in either extrinsic allergic alveolitis or asthma.
Several fungal species have been identified as causes
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of occupational asthma. For example, extracts of
Cladosporium, Verticillium, and Paecilomyces
species gave immediate skin prick test reactions and,
on inhalation, a fall in FEV, in farmers engaged in
harvesting.? Klaustermeyer et al reported cases of
two bakers, one of whom had a positive bronchial
challenge to Aspergillus species and the other a posi-
tive response to Alternaria species.’ At least one
Aspergillus species, A fumigatus, has been recog-
nised as a cause of respiratory disease in farm work-
ers exposed to mouldy hay contaminated by spores.
This is a form of extrinsic allergic alveolitis but is
said to differ from classical farmers’ lung in that
those affected usually have a history of asthma, and
that the attacks develop more rapidly and are
characterised by wheezing and evidence of both
immediate and late skin responses to extracts of A
fumigatus * Similarly, workers at a cane sugar mill
have both immediate and late skin test reactions to
A fumigatus °

The spore of Aspergillus niger may be found in the
air at an average concentration of less than 5 per m*.
Nevertheless, it may not infrequently be cultured
from human lung or sputum, indicating that it shares
with A fumigatus the ability to resist the human
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lung’s defences.® It has rarely been implicated in dis-
ease but may in appropriate circumstances cause
otitis externa, allergic alveolitis, invasive aspergil-
losis, aspergilloma (sometimes producing oxalic
acid’) and endocarditis after open heart surgery.
To our knowledge, it has not previously been
described as a cause of occupational asthma.

The present paper describes an investigation at a
biotechnology plant where one worker was diag-
nosed as having occupational asthma (index case)
and where, in addition, preliminary inquiries indi-
cated that several other employees had work related
respiratory symptoms. The main process at the fac-
tory is the production of citric acid by the fermenta-
tion of molasses with a specially selected strain of A
niger. The fermentation is carried out either by a
“surface method,” in which stainless steel trays are
arranged in racks in cells, filled with molasses, the
cells closed, and A niger spores blown in; or by
*deep fermentation” in large enclosed tanks that are
filled with a dilute preparation of molasses, stirred,
“spurged” with air, and A niger spores introduced.
Fermentation takes place under controlled condi-
tions and when it is complete the culture fluid goes
to the second stage for the recovery of the citric acid
which takes place in a separate enclosed building.
The citric acid is precipitated from the culture fluid
by the addition of calcium hydroxide, to form cal-
cium citrate, which is then purified by a technique of
counter current washing. During the washing proc-
dure the washing water passes through the slurry
three times. Citric acid is recovered from the slurry
by the addition of sulphuric acid, which leaves the
citric acid in solution and precipitates hydrated cal-
cium sulphate (gypsum). In the final stage the citric
acid is crystallised, centrifuged, dried, and packed
for despatch.

In 1975 an employee who had worked on the
recovery process for 10 years began to experience
episodes of chest tightness and wheezing that led to
periods of sickness absence and which increased in
frequency and severity. He noticed that they were
related to his work pattern, and in 1982 a chest
physician diagnosed “occupational asthma”. While
the work reported here was in progress this man (the
“index” case) became so disabled by attacks of
asthma precipitated by his work (although he was
symptom free away from work) that a change of job
was advised. He transferred to the citric acid drying
and packing area, with good effect, suffering many
fewer attacks of asthma.

An examination of the production process sug-
gested that A niger was the most likely cause of
respiratory symptoms at the plant. The survey
reported here was undertaken to establish the pre-
valence of work related respiratory symptoms
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among the work force and the correlation between
symptoms and sensitisation to A niger as determined
by radioallergosorbent test (RAST) and skin prick
test. In addition, RAST inhibition was used to detect
airborne A niger antigen.

Materials and methods

SUBJECTS

Altogether 365 workers were employed full time at
the factory; this included management, staff, process
operators, and laboratory personnel. At the time of
our investigation 343 (94%) were present at the
plant, (the others being absent either on business or
on sick leave); all answered a questionnaire and
were skin prick tested. Blood was taken from a
selected subgroup, those with work related symp-
toms and case matched controls, the serum being
separated and stored at —20°C until assayed.

CLINICAL ASSESSMENT

The first phase of the clinical assessment consisted of
the administration of the MRC respiratory symp-
toms questionnaire that was modified by simplifying
the questions on smoking, and by the addition of
questions on the keeping of birds and farming.

In the second phase subjects were placed into
three groups on the basis of their answers to the
questionnaire: those with no respiratory symptoms;
those with respiratory symptoms, but not chest
tightness, wheeziness or **asthma’’; and those whose
answers to the questionnaire indicated chest tight-
ness or wheeziness, or both. All those in this last
group were assessed clinically and placed in one of
three further groups: those whose symptoms were
either not clinically important or not related to their
occupation; those whose symptoms were occupa-
tionally related, but which suggested direct bron-
chial irritation rather than sensitisation; and, finally,
those whose symptoms suggested a diagnosis of
occupational asthma.

PREPARATION OF ANTIGENS

From A niger culture fluid

One litre of A niger culture fluid, taken after culture
and just before the recovery of citric acid, was dia-
lysed extensively against running tap water at room
temperature and then freeze dried. The freeze dried
material was reconstituted in 300 ml of 0-02 M
ammonium bicarbonate, centrifuged, dialysed
against 0-02 M ammonium bicarbonate at 4°C, and
refreeze dried. The final freeze dried extract
weighed 4-04 g and contained 2:5% protein.
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From counter current washing water

One litre of wash water collected from the final
spray nozzle was freeze dried, reconstituted in
100 ml of 0-02 M ammonium bicarbonate, then
dialysed against 0-:02 M ammonium bicarbonate at
4°C. After centrifugation and refreeze drying the
extract weighed 1-037 g and contained 4-6% pro-
tein.

From air samples

Two Staplex samplers were run for 17 hours at
1600 V/min at two sites in the stage 2 area of the
plant, near the counter current washing, and were
coded A and B. The filters were weighed before
insertion in the Staplex and again as soon as they
reached the laboratory in order to give the total dry
weight on the filter. Each was then placed in a blen-
der with 11 of 0-02 M ammonium bicarbonate and
macerated for 30 s; the resultant pulp was allowed
to stand overnight at 4°C. Filter debris was removed
by filtration through a sintered glass filter and the
filtrate was freeze dried. The freeze dried material
was reconstituted in 25 ml of phosphate buffered
saline, centrifuged, dialysed against 0-02 M
ammonium bicarbonate, and refreeze dried. The
freeze dried extracts were reconstituted in a
minimum volume of phosphate buffered saline
(5 ml, filter A; 1 ml filter B) and stored at —20°C
until used.

PROTEIN DETERMINATION

The protein content of the antigen extracts was
determined by the method of Bradford® using a
Cobas Bio autoanalyser. A freeze dried human
serum (Sero-norm protein; Nygaard, Oslo, Norway)
was used as a standard.

SKIN PRICK TESTS

A niger culture fluid extract was dissolved in Coca’s
solution (0-03 M sodium bicarbonate, 0-086 M
sodium chloride, 0-4% phenol) to give a 2% w/v
solution. Then, under a stream of sterile air, 2:5 ml
was passed through a 0-22 um Millex filter (Milli-
pore Ltd) into 2-5 ml of sterile glycerol containing
0-4% phenol, to give a 1% w/v prick test solution.
Skin prick test solutions of A niger and A fumigatus
were purchased from Bencard, and a 0-5% his-
tamine solution from E Merck Ltd. Skin prick tests
were performed on the forearm of each subject.
Coca’s solution containing 50% glycerol was used as
a negative control, and a positive reaction was
defined as a weal at 10 minutes of 2 mm diameter
after subtracting any reaction to the control solu-
tion; 0-5% histamine was used as a positive control.
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MEASUREMENT OF SPECIFIC IGE ANTIBODY
Specific IgE was measured by RAST. Extracts were
coupled to paper discs activated with cyanogen
bromide'® using, per 100 mg of activated discs, the
following concentrations of allergen extract: A niger
culture fluid extract, 10 mg; extract from filter A,
330 ul; and Bencard A niger and A fumigatus prick
test extracts, 400 ul. Allergen specific IgE in serum
samples was determined by incubating 200 ul of a
1:4 dilution of serum with an allergen disc overnight
at room temperature. After washing the disc, bound
IgE was detected by a further overnight incubation
at room temperature with 50ul of '>I labelled anti-
human IgE (Pharmacia, Uppsala, Sweden). After
removal of unbound '*I, the '**I bound to the disc
was measured with an LKB rackgamma II counter.
All assays were performed in duplicate and the
results expressed as mean percent counts bound to
the disc.

RAST INHIBITION

RAST inhibition was performed by a method
developed from that of Yman et al.!' Briefly this was
as follows; aliquots of a dilution of a serum with high
IgE concentration to the A niger culture fluid extract
were mixed with increasing amounts of soluble
phase allergen, then a solid phase allergen disc
added, and the IgE bound to the disc measured in
the same way as described above. The results were
expressed as the percentage inhibition resulting
from the addition of the soluble phase allergen.

Results

CLINICAL FINDINGS

Of the 343 workers who completed questionnaires,
201 had no symptoms (group A) and 36 complained
of chest symptoms but not of chest tightness,
wheeze, or asthma (group B). The remaining 106
people indicated on the questionnaire that they-had
experienced tightness of the chest or wheeze. These
subjects were examined and an assessment made of
the significance of their symptoms. It was concluded
that in 64 cases (group C) the symptoms were either
of no clinical importance or not related to occupa-
tion. Of the remainder, in 24 subjects (group D) the
symptoms were occupationally related, but clinical
assessment did not suggest episodes of airways obs-
truction. In general it was concluded that the symp-
toms in this group were due to direct irritation of the
upper respiratory tract and were associated with
exposure to citric acid dust in the drying and packing
areas. In the remaining 18 cases it was concluded
that occupational asthma could be diagnosed on
clinical grounds. These subjects formed group E,
and included the index case of occupational asthma.
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Table 1 Grouping of subjects by questionnaire and clinical assessment

Symptom Results from questionnaire and clinical No in No with positive prick test
group classification group to A niger
A No symptoms 201 7(3:5%)
Respiratory symptoms, but not chest tightness, wheeze,
or asthma 36 0
C Complained of chest tightness, wheeze, or asthma but not
occupational, or not clinically important 2(31%)
D Complained of chest tightness, wheeze, or asthma but
clinically not bronchospasm (probably direct irritation) 24 0
E Questionnaire and clinical assessment indicated
occufationally related bronchospasm (asthma) 18 8(44%
Tota 343 17 (5-0%)

Table 1 summarises these findings. None of the 343
subjects gave a clinical history suggestive of extrinsic
allergic alveolitis.

RELATION BETWEEN CLINICAL ASSESSMENT
AND SKIN PRICK TESTS

The skin prick tests were performed at the same
time as the questionnaire was administered. The
interpretation of the questionnaires and the clinical
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Fig 1 Specific IgE levels to A niger culture fluid extract for
subjects with occupational bronchospasm and subjects
without work related symptoms but with positive skin tests
to A niger culture fluid extract.

assessments of the workers, however, were made
without knowledge of the skin test results. Table 1
shows the relation between symptoms and positive
skin prick tests to the A niger culture fluid. Of the
325 subjects without occupational asthma (groups
A-D), nine (2-8%) had a positive prick test,
whereas of the 18 subjects with occupational
asthma, eight (44%) were prick test positive; this
difference in frequency of positive prick tests is
highly statistically significant, x> = 54-3, p < 0-001.

MEASUREMENT OF SPECIFIC IGE TO A NIGER
CULTURE FLUID EXTRACT; RELATION WITH
SYMPTOMS

The presence of specific IgE antibodies to A niger
culture fluid extract was sought in all the subjects
judged to have occupationally related respiratory
symptoms (groups D and E) and in the subjects in
the other groups who were skin test positive. Tests
were also performed on a control group that was
matched with the test subjects for duration of em-
ployment, smoking, and area of work (factory,
office, or laboratory).

The mean RAST per cent binding to the A niger
culture fluid extract for the control group was
1-:75%, standard deviation (SD) 0-26; for the sub-
jects in group D, the mean RAST per cent binding
was 1:65%, SD 0-20. On the basis of the results
from the control group, a positive RAST was
defined as per cent binding to the A niger culture
fluid extract discs of 2:25% or greater (mean for
control group + 2 SD). Figure 1 shows the RAST
results for the subjects with occupational asthma or
with a positive skin test. It is noticeable that all but
one of the subjects with occupational asthma who
were skin test negative were RAST negative
whereas all those with a positive skin test were
RAST positive.

OCCUPATIONAL ASTHMA SUBJECTS, RELATION
BETWEEN SEVERITY OF SYMPTOMS, AREA OF
WORK, AND IMMUNOLOGICAL STATE

The individuals with occupational asthma (group E)
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Table 2 Subjects with occupational allergy. Comparison by area of work, severity of symptoms, and immunological state

Subject  Area of Work Severity of  Skin test (sqg mm) RAST (% binding)
symptoms
A niger  Bencard  Bencard A niger  Bencard  Bencard Filter
culture A niger A fumigatus culture A niger A fumigatus extract
fuid
1 Surface fermentation ++ 25 30 4 135 10:3 54 3-8
2 Surface fermentation ++ 9 9 —ve 33 23 1-5 11
3 Surface fermentation ++ —ve —ve —ve 1-6 NT NT 09
4 Surface fermentation + 9 —ve —ve 25 1-9 1-5 1-3
5 Surface fermentation + —ve —ve —ve 1-4 NT NT 1-1
6 Surface fermentation + —ve —ve —ve 22 NT NT NT
7 Recovery +++ 12 ~ve —ve 71 69 1-5 13-6
8 Recovery ++ —ve —ve —ve 12 NT NT 1-0
9 Recovery + —ve —ve —ve 20 NT NT 09
10 Recovery + -ve —ve —ve 1-8 NT NT 09
11 Recovery + —ve —ve —ve 2-5 1-5 1-6 13
12 Recovery + —ve —ve —ve 1-4 NT NT 14
13 Laboratory and new + —ve —ve —ve 1-5 NT NT 1-1
14 development + 9 9 —ve 46 3-8 19 NT
15 Citric acid drying and
packing ++ 4 4 9 NT NT NT NT
16 All areas ++ 35 16 9 15-4 15-8 165 11-2
17 All areas ++ 49 9 4 163 87 86 3.7
18 All areas + —ve —ve —ve 14 NT NT 1-0

NT = Not tested.
+++ = Index case: disabling illness, change of job.

++ = Condition requiring medical investigation or treatment, or both.

+ = Less severe condition, no specific treatment.
+ = Borderline cases, suggestive history.

were grouped by severity of symptoms on the basis
of time lost from work and the need for medical
advice and treatment, and also by predominant
place of work—that is, the area of the factory
associated with the development of their symptoms.
For this purpose the premises were divided into the
following sections: surface fermentation, recovery,
laboratory and new development area, and *all
areas” (where personnel worked in all sections and
could not relate their symptoms to any one particu-
lar area). Table 2 shows a comparison of severity of
symptoms, by area of work, and immunological
reactivity.
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Fig 2 RAST inhibition of A niger culture fluid extract
allergen discs with: (a) A niger culture fluid extract ® (b)
Bencard A niger prick test extract A. Inhibitions compared
on basis of protein content of material.

It may be seen that the index case (No 7, table 2)
had the most severe symptoms and that there were
seven individuals whose condition was of moderate
severity, warranting medical investigation or treat-
ment, or both. It may also be seen that there were
equal numbers of cases in the surface fermentation
and recovery areas, but of those in the surface fer-
mentation area, three had positive skin tests and
RAST compared with one with positive skin test and
RAST and one with positive RAST only in the
recovery area.

The immunological reactivity of the subjects was
investigated by testing those with positive RAST to
the A niger culture fluid with commercially available
A niger and A fumigatus extracts. All the sera,
except one, gave lower RAST binding with these
extracts than the A niger culture fluid extract. The
remaining serum gave similar responses to each
(table 2). To determine whether the difference in
reactivity seen with the majority of sera was due to
concentration differences between the extracts, or
the presence of different antigenic determinants,
RAST inhibition experiments were performed.

RAST INHIBITION

RAST inhibition was performed with sera from two
sensitised subjects (Nos 1 and 17, table 2). In the
first experiment A niger culture fluid extract allergen
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Fig 3 RAST inhibition of Bencard A niger prick test
extract allergen discs with: (a) A niger culture fluid extract ®
(b) Bencard A niger prick test extract . Inhibitions
compared on basis of protein content of material.

discs were inhibited by A niger culture fluid extract
and by Bencard A niger extract. When the inhibitory
capacity was compared on a protein concentration
basis it was apparent that the Bencard extract was
much less antigenic than the culture fluid extract.
Essentially the same results were obtained with both
sera, and the results from one (No 17) are shown in
fig 2. This difference, however, in antigenic potency
was not seen when the extracts were used to inhibit
binding to Bencard A niger allergen discs (fig 3).
These results suggest that the Bencard extract lacks
antigenic determinants present in the culture fluid
extract.

DETECTION OF AIRBORNE ANTIGEN DERIVED
FROM A NIGER

The finding of subjects with occupational asthma to
A niger among workers in the fermentation area was
not surprising since A niger spores were almost cer-
tainly present in the atmosphere during the charging
and emptying of the fermentation cells. The finding
of sensitisation to A niger among workers in the
recovery area was more difficult to explain since
there was no possibility of A niger spores being pre-
sent in that area. Nevertheless, the counter current

‘\A\
ol P o A
\ Y
é . \i‘g N
2 g9 . N
£ L
: e
*
) | | | \.ﬁ
L 1 p 100 1000

Protein (ug/ml)

Fig 4 RAST inhibition of A niger culture fluid extract
allergen discs with: (a) A niger culture fluid extract ® (b)
extract from counter current washing water -A (c) filter A.
extract A (d) filter B extract O. Inhibitions compared on
basis of protein content of material.
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washing procedure generated a significant amount
of aerosol; consequently to determine whether A
niger antigen derived from the culture was becoming
airborne, air samples were taken. Two Staplex sam-
plers were fitted with fibreglass filters and run for 17
hours at 1600 /min. The total dry weight of material
collected on the filters was 1171 mg for filter A and
148-6 mg for filter B, giving airborne concentrations
of particulate material of 708 and 89 ug/m? respec-
tively.

Antigen was then extracted from the filter and
used in RAST inhibition experiments. In addition an
extract was prepared from the wash water, taking a
sample at the final spray nozzle, at which point the
water has already been through the calcium citrate
slurry twice. The abilities of the A niger culture fluid
extract, the wash water extract, and the filter
extracts to inhibit the A niger culture fluid extract
allergen discs were compared on a protein concen-
tration basis. From the results (fig 4) it was apparent
that airborne A niger antigen was present in the
recovery area since significant inhibition was
observed with both the filter extracts. The finding
that the wash water also contained appreciable
amounts of A niger antigen suggests that the spray-
ing of the wash water was a potential source of air-
borne antigen.

Since nine of the subjects with occupational
asthma did not have a positive RAST or skin prick
test to the culture fluid extract, the upper level filter
extract was used in a direct RAST to ascertain
whether these subjects had specific IgE to airborne
antigen not derived from the A niger culture fluid.
The results (table 2, right-hand column) showed
that this was not the case. Nevertheless, the finding
of positive RAST to the filter extracts in subjects
with specific IgE to the culture fluid provided further
confirmation of the presence of airborne antigen.

Discussion

In a survey of 343 workers employed at a factory
which used A niger in a fermentation process 18
(4-9%) were identified as having occupational
asthma. The diagnosis was made by means of the
MRC respiratory questionnaire followed by clinical
assessment of all subjects who reported chest tight-
ness, wheeze, or asthma. The questionnaire, which
was administered by suitably trained clerical staff,
identified symptomatic subjects, and therefore made
best use of medically qualified personnel in that
their time was not spent interviewing asymptomatic
subjects. Clinical assessment was found to be neces-
sary to enable a judgment to be made as to whether
or not symptoms were work related and to enable a

" “clinical diagnosis of occupational asthma to be
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made. Further confirmation of symptoms by pulmo-
nary function tests was not sought, partly because of
the large numbers of subjects potentially affected
and because, in several cases, the diagnosis of
asthma was made on the history of past incidents.
Current pulmonary function measurements would
have given no information about these. Evidence of
sensitisation to antigens present in the factory envi-
ronment was obtained by means of skin prick tests
and RAST.

From the 18 subjects clinically diagnosed as hav-
ing occupational bronchospasm, sensitisation to A
niger was confirmed by RAST or skin prick test, or
both, in nine. Whereas, in the absence of bronchial
challenge tests, it is not possible to provide un-
equivocal evidence that the symptoms in these nine
subjects were due to A niger, the low level of sensit-
isation in asymptomatic subjects strongly implicates
A niger as the causative agent. In the nine other
subjects the diagnosis of occupational broncho-
spasm was not associated with sensitisation to A
niger, as measured by skin prick test and RAST.
Attempts to demonstrate sensitisation to other air-
borne antigens by using an extract of a filter from an
air sampler in a direct RAST were unsuccessful.
Thus either these subjects were sensitised to A niger
but lacked circulating specific IgE or they were sen-
sitised to an agent we were unable to identify.

Fungal extracts are complex mixtures of proteins;
A fumigatus, Cladosporium herbarum, and Alter-
naria alternata, for example, have been shown to
contain up to 60 different antigens.'> Furthermore,
Wallenbeck et al found that 10 different strains of A
fumigatus showed considerable antigenic variation."?
Thus the finding by RAST inhibition of qualitative
differences between the A niger culture fluid extract
and a commercially available extract is not unex-
pected, and emphasises the importance in this type
of investigation of preparing antigen extracts from
the strain of micro-organisms used at the factory.

In addition to variations in antigenic composition,
it has been shown for A fumigatus that subjects may
respond differently to the various antigenic compo-
nents in an extract.'> In the present study fractiona-
tion of the antigenic components was not carried
out. Thus we have no information as to whether the
subjects are responding to the same allergens. The
finding that one subject gave much higher response
to the filter extracts than the culture fluid extract
(table 2), however, suggests heterogeneity in
response. Since a purified major A niger allergen
was not available, no attempt was made to deter-
mine quantitatively the amount of A niger antigen
collected by the air samplers. The aim of the RAST
inhibition experiments was merely to determine
whether or not A niger antigen was becoming air-
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borne.

The demonstration, by RAST inhibition, that the
counter current washing water contained significant
amounts of A niger antigen, suggested that the
spraying of this water was responsible for the gener-
ation of the airborne antigen detected by air sampl-
ing. The similar antigenic potency, on a protein con-
centration basis, of the wash water and the filter
extracts from the air samplers provided further sup-
port for this suggestion (fig 4). As a result of this
finding recommendations on hygiene methods avail-
able for controlling the aerosol generated by the
washing procedure have been made to the firm.

Finally, this investigation shows that workers in
this type of industry are at risk from sensitisation not
only to fungal spores, but also to protein in an
aerosol of culture fluid, and emphasises the need for
careful hygiene control at each stage of the process.

We thank the employees and management at the
firm for their cooperation, Mr M Griffiths (FI9,
HSE) and Mr P Davies (aerobiology unit, Brompton
Hospital) for running the atmospheric samplers, and
Mr H Mason (biochemistry section, HSE) for per-
forming the protein analyses.
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