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Allergy to inhaled egg material
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Summary
The use of a spray system to coat meat rolls with egg solution resulted in the
development of asthmatic type symptoms in eight of thirteen workers exposed to the
spray. Symptoms were severe in five workers, less severe in two, and one worker
experienced vague symptoms. Even though precipitins were present in nine of the
workers there were no pyrexial episodes nor infiuenza-like symptoms occurring some
hours after inhaling the egg material to suggest extrinsic allergic alveoiitis.

All sera with precipitins reacted against an antigen in egg yolk, two sera only to this
antigen but no precipitins to ovalbumin were detected. Lung function. X-ray and
haematology provided no evidence that the inhalation of egg had lasting detrimental
effects.

There was no correlation between clinical response, skin testing, IgE levels and
precipitins, hence, for each individual none of these parameters is predictive. However,
collectively the results show sensitization and this has been confirmed by lack of
symptoms when a different method of coating the pastry was adopted.

Introduction
Hypersensitivity to egg materials is not uncommon, indeed, the egg component
ovalbumin (OVA) is considered to be one of the most important food allergens
(Gavani, Hyde & Moore, 1978; Beers, 1965). Apart from a few cases of dermatitis
caused by handling eggs (Rudzki & Grzywa, 1977) nearly all other hypersensitivity
reactions described have occurred when eggs or egg products are ingested by
individuals intolerant to egg protein. Egg-specific IgE antibodies, usually determined
against OVA, are found in the sera of these cases although their presence does not
necessarily correlate with a state of intolerance (Gavani et al., 1978; May et al., 1977).

Eggs also contain proteins that have been associated with extrinsic allergic
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alveoiitis (EAA) (Reed, Sosman & Barbee, 1965; Edwards, Barboriak & Fink, 1970)
and inhalation challenge with these proteins (Moore et al., 1974) has evoked the late
influenza like symptoms that characterize EAA. Whereas most cases of EAA to avian
protein are caused by inhaling pigeon or budgie protein (Hendrick, Faux & Marshall,
1978) some cases of EAA to chicken protein have been described in poultry workers
(Warren & Tse, 1974).

Egg proteins, OVA (Gadaleanu, 1982) and egg albumen (Eastham & Muller, 1972)
introduced into the lungs of experimental animals have induced pulmonary lesions
consistent with mixed immunological responses. Immediate (type I) hypersensitivity;
late, (Arthus, or type III) reactions (Eastham & Muller, 1972; Santives et al., 1976)
have been described and a chronic hypersensitivity pneumonitis state has been
achieved by introducing a combination of OVA and muramyl dipeptide into the lungs
of sensitized animals (Richerson et al., 1982).

It was, therefore, of great interest when we were able to investigate the human
response to inhaled egg material.

Materials and methods

Subjects and exposure pattern
Thirteen bakery workers (all female) were investigated at the MRC Pneumoconiosis
Unit, Llandough Hospital.

They had been using chicken egg solution with or without the dye Egyelo (a mixture
of tartrazine and sunset yellow) a permitted food additive, as a glaze for meat rolls. The
egg solution, approximately 25% mixed egg white and yolk in water, was originally
brushed onto the meat rolls but in order to speed up the process a commercial paint
spray gun operating from a compressed air line was installed. Surplus egg spray easily
found its way into the atmosphere and was inhaled by the operatives. Due to the shift
system and other allocated tasks, over 2 working weeks, the workers were exposed to
the egg spray on five occasions for periods of up to 75 min. The use of face masks was
suggested but was not always implemented by the operatives.

Investigations
A clinical history was obtained from each operative using the standard MRC
questionnaire of respiratory symptoms. Additional questions relating to symptoms
experienced at work and to intolerance towards eggs or egg products were asked, as
well as personal and family history of allergy and other avian contact.

Radiology. Standard chest X-rays were taken.
Lung function. The following parameters were determined: forced expiratory

volume in 1 sec (FEVi), forced vital capacity (FVC) before and after bronchodilator
using a McDermott bellows spirometer, flow volume loops, lung volumes by helium
dilution and single breath gas transfer factor (TLco).

Haematology. Two millilitres were used for full blood count, differential and
erythrocyte sedimentation rate.

Skin testing. Skin prick tests were performed using the common allergens, house
dust, Dermatophagoides pterronyssinus, grass pollens, tree pollens, cat's fur and
Aspergillus fumigatus (Bencard, tJ.K.). Subjects were also tested with specific antigens
egg yolk, egg white and chicken serum each at 1/10 and 1/100 in saline with 33%
glycerol. Chicken materials were heated at 56°C for 30 min prior to dilution. Egyelo
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was also used for skin testing. Skin tests were read at 15 min when a weal 2 mm greater
than control was taken as a positive result.

Serology. Serum was used for double-gel-diiTusion testing (Working Party of the
British Society for Mycopathology, 1976) against egg yolk, egg white and chicken
serum each diluted 1/50 in saline. At the same time 200 random sera from the Blood
Transfusion service were similarly tested. Total IgE was determined on each sample by
paper radioimmunosorbant test (PRIST) and OVA-specific IgE by radioallergosor-
bant test (RAST) (Pharmacia). Sera from three other groups of individuals were also
included in PRIST and RAST tests. These were a group of six non-atopies (skin test
negative to the six common allergens); six atopies (skin test positive to two or more of
the six common allergens); six individuals with a previously recorded skin test
positivity to egg of greater than 4 mm above control.

Results

Clinical findings
Eight of the thirteen reported symptoms although there was no consistent definite
pattern for all eight. Four experienced chest tightness, cough, wheeze and dyspnoea
within 5 to 1 hr of starting work with the egg spray. Two others had immediate
symptoms of dry cough. One worker complained of dyspnoea, cough and nasal
congestion that started about half an hour after work finished, i.e. about 2 hr after first
exposure and for one worker the symptoms were vague and irregular, marked as ± on
Table 1. No workers experienced late pyrexial episodes or other influenza-like
symptoms. The symptoms resolved gradually, i.e. up to 5 hr, although a nocturnal
cough persisted but by the next day all were symptom free.

There was little difference in mean age between symptomatic (39-5±9 2 years) and

Table 1. Summary of responses and immunological findings in thirteen bakery
workers exposed to egg aerosol

Skin test Precipitins
Response to one or IgE to to egg yolk,

to inhaled more common Skin test Total IgE OVA white or
Subject egg antigens to egg (iu/ml) (iu/ml) chicken serum

J.A.
A.B.
B.C.
D.M.
E.F.
G.F.
L.J.
A.J.
F.J.
M.L.
S.M.
E.S.
CT.

672
54

160
26

n
<5

9
84
24
6

<5
160

19

3
0
1
0
0
0
0
3
0
0
0
1
0

Key (+) , weak; + , positive; + + , moderate positive; + + + , strong positive.
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asymptomatic (44 4 ± 6 3 years) persons, although the symptomatic group had been at
the factory for a shorter period than the asymptomatic group (23 5+ 121 months v.
42-2 + 8-1 months) and had less exposure to the egg spray (15 5± 10-6 months v.
29 4+16 5 months).

Six of the eight symptomatic and two of the five asymptomatic persons gave a
history of allergy to other substances. Two workers gave a history of intolerance to
ingested cooked egg, one symptomatic, one asymptomatic.

Three ofthe eight symptomatic and four ofthe five asymptomatic persons smoked.
Analysis ofthe MRC questionnaires showed that for the asymptomatic group all those
with cough, wheeze and dyspnoea were smokers whereas for the symptomatics four
non-smokei-s had such symptoms.

Chest X-ray. All chest X-rays were within normal limits.
Lung function. Lung function was abnormal in one case—a symptomatic smoker

with a history of allergy and positive skin test reactions to several allergens. This
subject had a pattern consistent with reversible obstructive airways disease.

Haematology. All haematological results were within normal limits.
Skin testing. Six of the thirteen were positive to one or more common allergens

(Table 1) (four symptomatic and two asymptomatic persons) but only two of the
thirteen responded to chicken proteins, one had symptoms, one was asymptomatic. All
thirteen were negative to Egyelo.

Serology. Nine ofthe thirteen subjects (five symptomatic and four asymptomatic)
reacted to one or more extract, egg yolk, white or chicken serum with varying degrees
of positivity. Two were weakly positive to a single antigen in egg yolk, three were
positive to one or more antigens and four were moderately to strongly positive to at
least one antigen. Immunoelectrophoresis and specific gel diffusion testing with x5
erystalized OVA (Sigma) showed that the precipitin antibody response was not
directed against this component ofthe protein mixture in the whole egg. None ofthe
200 sera from the Blood Transfusion Service, tested at the same time, were positive.

PRIST and RAST testing revealed four ofthe thirteen to have levels of IgE greater
than 80 iu/ml serum and all four had specific IgE antibodies to OVA. However, two
were symptomatic, two asymptomatic (Table 1).

In the additional groups, as might be expected, the atopic persons (five out of six)
and those positive to egg by skin test (five out of six) had increased IgE levels, none of
the non-atopic persons had increased amounts of IgE. None of the sera in these
additional groups had specific IgE antibodies to OVA.

Discussion
Our present findings of an immediate type pulmonary response as opposed to a late
EAA type response to inhaled egg materials were somewhat contrary to expectations
since eggs contain proteins previously associated with EAA (Reed et al., 1965;
Edwards et al., 1970) and particularly since the presence of precipitins usually a
characteristic of EAA were found in most (nine out of thirteen) sera from exposed
workers.

It is difficult to reconcile our findings with the concept of an immediate, type I,
reaction being required to initiate a later Arthus, type III, reaction by allowing the
influx of precipitins into the reacting area due to increased vascular permeability
(Santives et al., 1976). Four of the eight symptomatic patients had both immediate
symptoms and precipitins but in none of these were the late type III reactions observed.
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This concept had in some ways been suspect since we have observed in other studies
(Cockcroft er a/., 1981) late skin test reactions consistent in time course and nature with
previously described type III skin responses but in individuals without detectable
precipitins (Edwards & Cockcroft, 1981).

As far as we are aware immune stimulation in man by eggs produces only
immediate type allergy either by ingestion (Beers, 1965), contact (Rudzki & Grzywa,
1977), or inhalation. An analysis of skin test results on other groups (data kindly
supplied by Dr B.H. Davies, Director, Asthma Research tJnit, Sully Hospital, S.
Glamorgan) shows that all individuals skin test positive to eggs also have a positive
skin reaction to one or more common allergens suggesting that those ultimately
developing skin test reactivity by ingestion are pre-disposed to sensitization by
common allergens. In contrast, inhalation of egg material evokes immediate reactions
in atopies and non-atopies equally, a finding also observed in our studies on animal
handlers (Cockcroft et al., 1981). The clinical significance of a positive skin test to eggs
is dubious, none of the subjects in the serological control group that were skin test
positive to eggs referred to intolerance to ingested egg, neither did the two skin test
positives in the bakery workers. There is little from our work to link skin test reactivity
and oral or inhalation sensitivity to eggs although this is not necessarily the case for all
studies on egg sensitivity (Gavani et al., 1978).

An important finding was that none of the exposed workers formed precipitin
antibody against OVA and other workers have commented on the poor immunogeni-
city of this protein when used without adjuvant (Gadaleanu, 1982). This raises doubts
as to the value of experimental pulmonary pathology induced by OVA as a model of
EAA (Santives et al., 1976). The lesions that have been induced experimentally are
usually in animals previously immunized with OVA in adjuvant (Gadaleanu, 1982;
Santives et al., 1976; Richerson et al., 1982). One study of pulmonary exposure to egg
albumin alone showed animals to respond with features consistent with both
immediate and Arthus-like reactions after multiple exposures (Eastham & Muller,
1972).

Our observations were that the precipitin antibody response was mainly to yolk
components and all subjects with antibodies reacted with one yolk component, indeed,
two reacted only to this component. It may be the case that this antigen represents a
better immunological agent to be used than OVA when immune responses to egg are
under investigation.

Acknowledgments
The authors wish to thank Dr R. Fifield, Protein Reference Laboratory, Cardiff Royal
Infirmary, Cardiff, S. Glamorgan, for performing PRIST and RAST assays and Mrs
R. Hill for manuscript preparation. The cases were first recognised and brought to our
attention by Dr A. Jones, Employment Medical Advisory Service, Cardiff.

References
BEERS, R.J. JR (1965) Skin tests. In:/m»j«no/og/ca/£iueaj« (eds M. Samter and H.L. Alexander) pp. 539-40.

Little Brown and Co., Boston.
COCKCROFT, A.E., EDWARDS, J.H., MCCARTHY, P. & ANDERSSON, N . (1981) Allergy in animal handlers.

Lancet, i, 827.
EASTHAM, W.N. & MULLER. H.K. (1972) Changes in guinea-pig lungs following the inhalation of powdered

egg albumen. Pathology, 4, 235.



432 /. H, Edwards et ai

EDWARDS, J.H., BARBORIAK, J.J. & FINK, J.N. (1970) Antigens in pigeon breeders' disease. Immunotogy, 19,
729.

EDWARDS, J.H. & COCKCROFT, A.E. (1981) The Dolovich reaction. Chest, 80, 764.
GADALEANU, V. (1982) Ovalbumin-induced immunomorphologic reaction of rat lung with emphasis on

bronchus-associated lymphoid tissue (BALT). Morphotogie et Embryotogie, xxviii, 65.
GAVANI, U.D., HYDE, J.S. & MOORE, B.S. (1978) Hypersensitivity to milk and egg white. Skin tests, RAST

results and clinical intolerance. Annals of Attergy, 40, 314.
HENDRICK, D.J., FAUX, J.A. & MARSHALL, R . (1978) Budgerigar-fancier's lung; the commonest variety of

allergic alveolitis in Britain. British Medicat Journal, ii, 81.
MAY, CD. , REMIGO, L. , FELDMAN, J., BOCK, S.A. & CARR, R.I. (1977) A study of serum antibodies to

isolated milk proteins and ovalbumin in infants and children. Clinical Allergy, 7, 583.
MOORE V.L., FINK, J.N., BARBORIAK, J.J., RUFF, L.L. & SCHUETER, D.P. (1974) Immunoiogic events in

pigeon breeders' disease. Journal of Attergy and Ctinicat Immunology, 53, 319.
REED, C.E., SOSMAN, A. & BARBEE, R.A. (1965) Pigeon-breeders' lung—A newly observed interstitial

pulmonary disease. Journal of the American Medical Assoeiation, 193, 261.
RICHERSON, H.B., SUELZER, M.T., SWANSON, P.A., BUTLER, J.E., KOPP, W.C. & ROSE, E.F. (1982) Chronic

hypersensitivity pneumonitis produced in the rabbit by the adjuvant effect of inhaled muramyl
dipeptide (MFP). American Journal of Pathology, 106, 409.

RuDZKi, E. & GRZYWA, Z . (1977) Contact urticaria from eggs. Contact Dermatitis, 3, 103.
SANTIVES, T., ROSKA. A.K., HENSLEY, G.T., MOORE, V.L., FINK, J.N. & ABRAMOFF, P. (1976) Immunologi-

cally induced lung disease in guinea pigs. Journal of Attergy and Ctinicat Immunotogy, 57, 582.
WARREN, C . P . W . & TSE, K.S. (1974) Extrinsic allergic alveolitis owing to hypersensitivity to chickens—signi-

ficance of sputum precipitins. Americat Review of Respiratory Diseases, 109, 672.
WORKING PARTY OF THE BRITISH SOCIETY FOR MYCOPATHOLOGY (1976) In: Serology of Fungal Infection and

Farmer's Lung Disease, (ed. E.G.V. Evans.) University Printing Service, Leeds.






