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Abstract. 87 adult patients from our allergy clinic were skin tested with budgerigar and canary feathers,
hen's egg white and egg yolk and common inhalant allergens. Of 59 patients found to be atopic, 17 (290/o) werc
concomitantly sensitized to bird dander and egg proteins, l0 ofthem being symptomatic to bird dander andlor
egg exposure. All but I ofthe egg-symptomatic patients were exposed to pet birds. The patients with strong se-
rological reactivity to bird antigens were also exclusively sensitized to egg proteins, in particular to livetins
(water-soluble fractions of egg-yolk proteins). Extensive RAST-inhibition studies demonstrated identical pat-

terns of cross-reactivity between bird dander and hen's egg proteins, livetins being the major cross-reacting an-
tigens. This peculiar IgE-mediated allergy is designated as'bird-egg syndrome'. It is suggested that egg intoler-
ance in adults is mainly due to sensitization to egg-yolk livetins and can be provoked by inhalation of pet bird
dander. Thus, it must be distinguished from the common egg-white allergy of atopic children. Our study fur-
ther underlines the importance of respiratory sensitization in adult food allergy. On the other hand, exposure
to cross-reacting antigens by ingestion might also influence the allergic manifestations to inhalant allergens.

lntroduction

Hypersensit ivi ty to hen's egg white is rather fre-
quent in atopic individuals, especial ly in Children,
and has been extensively studied t1-91. Whereas IgE-
mediated hypersensit ivi ty to egg-yolk proteins is sel-
dom reported in the l i terature. The major egg-white
al lergens are known to be ovalbumin, ovomucoid and
ovotransferr in, and IgE-class antibodies to egg white
are usually found in patients with egg intolerance

[ 0- l2].  However, the antibody t i ters are not clearly
correlated with the severity of the cl inical manifesta-
t ions t5-71. The lgE-mediated reactions vary from ur-
t icaria and angioedema, f lare-up of atopic dermatit is
and gastrointestinal symptoms to asthma or even ana-
phylactic shock [2, 8].  These manifestat ions usually
subside gradually throughout l i fe and intolerance to
egg or egg products is much less frequent in adults
than in infancy. The ingestion of egg proteins seems
to be the major route of sensit izat ion, but occasional

I  Th is  work  was suppor ted by the Swiss Nat iona l  Sc ience Foun-
dat ion,  grant  No.  3 .278-0.85.

reports on al lergy to inhaled egg material have been
publ ished [3,  14,32] .

Food-al lergic adult patients are often sensit ized to
pol lens and such syndromes as concurrent  IgE-medi-
ated a l lergy to t ree pol lens and f ru i ts  [15,16]  or  to
Compositae pol lens and vegetables (parsley family)

U7 , l8 l  are now wel l  recognized and thought  to  be due
to antigen cross-reactivi t ies. One oI our patients, who
started with asthma due to her budgerig ar at the age of
42 and subsequently developed egg al lergy, was ex-
clusively sensit ized against bird feathers, egg-white
and egg-yolk proteins, and made us aware that a simi-
lar cross-reactivi ty might exist for hen's eggs and
other avian antigens. Indeed IgC antibodies against
egg-yolk proteins have been described in workers ex-
posed to egg spray [13, 14, 30] and recent research on
extr insic al lergic alveol i t is (pigeon's breeder lung)
demonstrated cross-reactivi ty of precipitat ing anti-
bodies to bird antigens among several species [9, 201
and with the water-soluble egg-yolk proteins known
as ' l ivet ins' 

î21-231. However, only I  patient with
asthma was recently reported to have parrot-specif ic
IgE antibodies cross-reacting with crude egg-yolk ex-
tracts [24].
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The present paper describes the results obtained in
59 atopic adults systematically skin tested with
budgerigar and canary feathers, egg white, egg yolk
and pure livetin extracts and all the common
pneumo-allergens. We found that simultaneous al-
lergy to bird antigens and egg proteins is rather com-
mon and, in l0 patients symptomatic to egg and/or
bird feathers, serological investigations were per-
formed. In all the patients with elevated specific IgE
antibodies to budgerigar antigens, we could demon-
strate serological cross-reactivity with egg proteins.

Our results suggest that, in adult patients with a
predominant sensitization to bird and egg proteins,
the major cross-reacting determinants are the livetins.
The route of sensitization seems to be primarily re-
spiratory in some patients, with ensuing food allergy
to egg by cross-sensitization. On the contrary in other
patients, sensitization by ingestion of egg proteins
might precede the respiratory allergies elicited when a
bird is introduced to the home. We propose to desig-
nate this particular cross-reactivity as 'bird-egg syn-
drome'.

Materials and Methods

C lin ic al I nv e s t igat io n s
Skin tests were performed in 59 atopic and 2g nonatopic sub-

jects in a standardized manner with r0-14 perennial inhalant anti-
gens and 8 pollen antigens. A careful history was faken in particu-
lar for the presence of a bird at home and eventual symptoms after
egg ingestion or contact with birds.

The skin tests included intradermar tests to perennial antigens
(Bencard 0.5%): house dust, feathers, two different mould extracts
and various animal hair extracts (sheep, horse, goat, camel, eventu-
al ly cat, dog, guinea pig and rabbit according to the patient 's expo-
sure to these animals), scratch tests with Dermatophagoides ptero-
nyssinus and D.farinae (Pharmacia 10,000 BUlml) and prick tests
to pol len antigens (Stal lergenes) including a mixture of f ive grasses,
Timothy pol len l /20, rye l /20, two groups of tree pol lens, two
groups of weeds and mugwort. In addit ion, intradermal tests to
budgerigar and canary feathers (Bencard 0.2v0) and to hen's egg
white and egg yolk (Stal lergènes l /100) were performed in al l  pa-
tients. In l9 patients, purifìed livetins, prepared as below, were
tested intradermally at several concentrat ions (0.0001, 0.001, 0.01.
0.1, I  mg,/ml) as wellas ovalbumin ( l  mg,zml; Sigma).

The livetins from hen's egg yolk were prepared as follows: using
fresh unfertilized eggs, the egg yolk was carefully separated from
egg white and rolled over an absorbant paper. The vitelline mem-
brane was then opened with a needle and the egg yolk collected.
The yolk was st irred with the same volume of 0.16 M Nacl and the
yolk granules were removed by centrifugation at 20,000 g for 2 h at
4"c. The supernatant was separated into r ivet ins and l ipoproteins
by ultracentrifugation as previously described 125,261.

S e rologic al I nv e stiga t ions
Routine RAST tests were performed with commercial antigen-

coated paper disks and reagents (pharmacia) following the proce-
dure recommended by the manufacturer.

For ovalbumin and l ivet in RAST, ovalbumin (sigma) or l ivet-
ins, purified by ultracentrifugation as described above, were cou-
pled covalently to paper disks: 300 mg CNBr-activated[27] paper
disks (whatman filter paper) were incubated with l5 mg livetins in
2 ml 0.5 M NaHCor at pH 8.4 for 24h at4'c. The supernatant was
aspirated and the disks were washed. The remaining active groups
were blocked with ethanolamin ( l0 ml, 0.05 M îor 2 h at room tem-
perature). After several washes in NaHCOT (0.1 M, pH 9.5), Na ace_
tate (0.1 M, pH 4) and NaCHO, (0.5 M, pH 8.4), the disks were
stored at 4"c in 0.1 M phosphate buffer (pH 7.a) containing 0.3 %
bovinè serum albumin, 0.01 M EDTA, 0.20/o azide and O.2'/oTween
20.

RA S T I nhibition S tudie s
Preliminary experiments indicated that patient 2had such high

IgE antibody titers against bird and egg proteins that they com-
pletely saturated the disks. Di lut ion of serum to 0.1 st i l l  resulted in
RAST classes 3-4, comparable to the titers of undiruted serum of
patient l .  Thus for al l  inhibit ion studies, the serum of patient I  was
used undiluted and that of patient 2 was di luted to 0.1. The fol low-
ing antigens were used in fluid phase: (a) egg white from fresh un-
fertilized hen's eggs in phosphate-buffered saline (pBS); (b) puri-
fied livetins in PBS, the protein contents of both preparations were
estimated by using an extinction coeffìcient at 280 nm : I AU,/cm
for I mg,/ml protein; (c) a crude water-soluble extract from budger-
igar dander. The concentrat ion is given by dry weight per mil l i l i ter,
the extract contained less than I % protein.

one volume of antigen solution at different concentrations or
buffer alone was mixed with 4 vol of serum and reft overnight at
4'c before performing RAST experiments. 50 pl of this mixture
were added to each disk. The percent inhibition was calculated as
fol lows:

cpm (RAST serum * antigen) 
\1 | nnx 100.

cpm (RAST serum + buffer)

controls showed that none of these extracts had any inf luence on
RAST against unrelated antigens, i .e. grass pol len or house dust
mites.

Results

Case histories are described for the patients found
to be symptomatic to bird feathers and,/or egg pro-
teins.

Case Reports
Cese I. A 47-year-old female, who had never experienced aller-

gic manifestat ions before the age of 42, is indeed very similar to the
case reported by de Maat-Bleeker et al.1241. After acquisition of a
budgerigar, she developed al lergic perennial rhinoconjunctivi t is
and asthma attacks while cleaning the bird's cage, rapidly asso-
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Trbl.I. Cliriical findings in 49 atopic patients, withoùt symptoms to €ggs or bird antigens, systematically skin tested for common inhe-

lant allcrgens and bird and egg proteins
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In some patients, the partial responsibility of bird antigens for perennial symptomatology cannot be completely excluded.

ciated with a strong intolerance to eggs evoqued as abdominal pain
and throat pruritus but no systemic manifestations. The patient
also noted conjunctivitis and contact urticaria of the hands when
manipulating raw eggs, especially the egg yolks. The skin tests were
exclusively and strongly positive to bird feather, egg white, egg yolk
and livetin extracts.

Case 2. A 24-year-old female was known as allergic to eggs
throughout her entire life. Eating half-cooked eggs had always eli-
cited immediate vomiting and Quincke edema of the buccal region
without systemic symptoms. She acquired a budgerigar an'd within
a few weeks experienced for the fìrst time rhinoconjunctivitis and
exercise-induced symptoms, namely asthma and generalized urti-
caria of noncholinergic type. These symptoms could not be attri-
buted to any other allergen than bird feathers, since all other skin
tests and serological investigations, except for hen's egg white, egg
yolk and livetins, were negative and the symptoms subsided after
removal of the bird from the house.

Case 3. A 3O-year-old female, with symptomatic pollinosis and
severe animal allergy since puberty, suffered from asthma when she
came in contact with various animals such as cats, dogs, horses,
guinea pigs and hamsters. The skin tests were strongly positive to
animal dander, egg proteins and budgerigar extracts. She precisely
remembered that after acquiring a budgerigar during adolescence,
she experienced a severe intolerance to eggs during a few years
which rapidly disappeared when the bird was given away. She had
no respiratory symptoms at that time and had never possessed a
bird since then.

Case 4. A male patient, aged 30, suffered since childhood from
severe vomiting, diarrhea and urticaria when eating eggs. The skin
tests to hen's egg white, egg yolk and livetins were strongly positive
and he also reacted intensively to budgerigar extracts although he
had never possessed or been in contact with pet birds. He also suf-
fered for years from pollinosis and cat allergy and the skin tests
reacted accordingly.

Case 5. A female patient, aged 20, had pollinosis since infancy
and atopic dermatitis for 3 years. She kept 40 birds at home but
never had any perennial respiratory symptoms. She had almost
never eaten eggs because she disliked them, but could not remem-
ber any reaction to egg ingestion. Except for pollens and animal
dander, the only strongly positive skin tests were to budgerigar fea-
thers, hen's egg white, egg yolk and l ivet ins. Although the history of
egg intolerance was questionable, this patient is included here be-
cause of her intense exposure to birds and strong skin reactivity to
egg proteins in the absence of conscious and voluntary egg expo-
sure.

Case 6. A 44-year-old female was referred to the clinic for
chronic urticaria and Quincke edema attacks for I year. She also
had asthma, which disappeared as urticaria started, and egg intol-
erance characterized by gastralgias. The skin tests showed a strong
reactivity to dog hair and bird feathers and a slight reactivity to
hen's egg white. All other investigations were negative. The patient
gave her budgerigar away and went through an egg-free diet which
improved her symptoms.

Case 7. A 4O-year-old female had suffered from pollinosis and
asthma elicited by house dust and cats for more than l5 years. She
kept canaries at home for l0 years without precisely related symp-
toms until a few weeks before consultation, when cleaning the
bird's cage provoked several asthma attacks. Except for urticaria to
strawberries, she had no food and particularly no egg intolerance.
The skin tests were strongly positive to many inhalant allergens in-
cluding canary feathers, and to commercial hen's egg-white and

egg-yolk proteins.
Case 8. A 36-year-old female had symptoms of allergic peren-

nial rhinitis and asthma for a few months and exclusively when she

stayed at home. She had previously suffered from chronic rhinitis
as a child but had never experienced intolerance to egg or egg prod-

ucts. She kept a dog,2 cats and a bird at home. Except for a sensiti-

zation to grass pollens, the only positive skin tests were to canary
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Case 9. A female patient, aged 30, who was asymptomatic until
1986, had an asthma attack while cleaning the cage of her canary.
The skin tests showed that she was sensitized to many animals, in-
cluding birds, cats, horses and guinea pigs, but also very strongly to
hen's egg white but not to egg yolk. She had always eaten eggs with-
out problems and there was no evidence of atopy in the family.

Case 10. A 45-year-old female, who had no previous history of
allergic manifestations, came to the clinic for the investigation of a
chronic asthmatiform cough and several urticarial outbreaks which
developed a flew months before consultation, clearly when the pa-
tient was staying at home. She had acquired a budgerigar a year be-
fore and the symptoms were attributed to the presence of this bird
since they subsided when it was given away. She had no clinical in-
tolerance to eggs. The skin tests were strongly positive to bird fea-
thers and egg white but not to egg yolk.

In conclusion, all l0 patients symptomatic to bird
feathers and/ or egg proteins concomitantly reacted in
skin tests to bird antigens as well as hen's egg-white
and/or egg-yolk proteins to varying degrees. The 2
patients who were most severely symptomatic to both
bird and eggs (patients I and 2) had the strongest skin
reactivity to bird feathers (budgerigar and hen), hen's
egg yolk and purified livetins, and were exclusively
sensitized to these antigens. They also had strongly
elevated RAST to all the bird antigens tested (budger-
igar feathers, budgerigar dung, budgerigar serum pro-
teins, hen's feathers, goose feathers, duck feathers), as
well as to hen's egg white and livetins but not to oval-
bumin. These findings suggested the possibility of a

cross-reactivity between hen's egg and other avian an-
tigens.

Of the other 77 patients tested as described in
methods, 49 were found to have IgE-mediated symp-
toms to various antigens other than bird an egg pro-
teins. The findings of these 49 atopic patients are sum-
marized in table I. The results are presented in 4
groups according to the skin reactivity to egg and bird
proteins. Only 7 patients (14%) were sensitized in skin
tests to both bird and egg proteins. Interestingly only
3 of these patients kept a bird in contrast to the 90% of
bird-exposed patients in the symptomatic group. Of
the 28 patients without reactivity to all common inha-
lant allergens, none was positive to hen's egg pro-
teins, purified livetins or bird antigens.

S er olo gical I nv e s t igation s
Extensive serological investigations including

RAST-inhibition tests were undertaken in the patients
I and 2 with strongly positive RAST to bird antigens
and hen's egg proteins. The RAST to hen's egg white,
livetins and budgerigar feathers were elevated in both
patients (class 3-4), and we performed RAsT-inhibi-
tion tests with fresh egg white, budgerigar dung and
livetins. Budgerigar dung extract was used to repres-
ent bird antigens in all RAST-inhibition tests, since
we had previously demonstrated that all the bird anti-
gens (budgerigar serum proteins, feathers and dung as
well as duck, goose and hen feathers) could be iden-
tically inhibited by this extract.

In the fìrst patient, the RAST to budgerigar fea-
thers and budgerigar serum proteins could not be in-
hibited by ovalbumin (2 mg/ml), but surprisingly.
could be inhibited with a high concentration of hen's
egg white (3 mg/ml). Repeated experiments showed
that this inhibition was reproducible but of variable
intensity (data not shown). However, within the same
experiment, the amount of inhibition by high concen-
trations of hen's egg white was similar for different
avian antigens (fig. 1).

These results suggested that the cross-reactive anti-
gen(s) is present in variable but minor quantities in
egg white. To study the nature of the cross-reacting
antigen(s) further, we systematically investigated
RAST inhibition by fresh hen's egg white, purified
livetins and budgerigar dung towards commercial egg
whité and budgerigar feather RAST disks, as well as
livetins covalently coupled to paper disks.

RAST inhibition by egg white at low concentra-
tions of 0.5-60 ytg/ml confirmed that budgerigar anti-

RAST budgerigar
serum pro te in

RAST hen feathers

RAST budger igar
feathers
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r l
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gens could not be substantially inhibited. Also the
RAST to livetins could not be inhibited with egg
white, indicating that no substantial amount of cross-
reacting egg-white antigen was present in our livetin
preparation. Even RAST to egg white was only inhib-
ited by 70 and 300/0, respectively, in patients I and 2
(fig.2), suggesting that other antigens might be pres-
ent in the commercial egg-white RAST disks.

The RAST-inhibition tests with livetins showed
that less than 60 p,g/ml of livetins could inhibit the
RAST to budgerigar feathers by 40-600/oin both pa-
t ients (f ig.3). Higher doses of l ivet ins up to
1,000 1tg/ml did not increase the inhibit ion (data not
shown), indicating the presence of noncross-reacting
antigens in bird extracts. Interestingly, the RAST to

egg white was inhibited with livetins by 80-90% in
both patients, suggesting either contamination of the
commercial egg-white RAST disks with egg yolk or
the presence of a major antigen in egg white cross-
reacting with a l ivet in component I  I  ,  28, 29,311. As
expected the RAST to livetin could be totally inhibi-
ted by livetins.

Finally, the inhibition tests with budgerigar dung
antigen showed the same inhibition of RAST reac-
tions to budgerigar feathers and livetin extracts
(fig.4), suggesting that all l ivetin antigens are present
in bird dúng extracts. Budgerigar dung could inhibit
the RAST to egg white by l0% in the first patient and
by about 500/o in the second patient, confìrming our
interpretation of the results given in figures I -3.

r____+_:_:€ 
lî:i
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All patients with clinical symptoms to one or the
other antigen had at least some reactivity in skin tests
to both antigens. The clinical findings in patients I
and 3 indicate that the respiratory sensitization to
budgerigar allergens might have been responsible for
the egg intolerance. On the other hand, a previous
sensitization to egg proteins could also predispose
some patients to respiratory symptoms from birds.
For example, patient 2, who was stronlgy allergic to
eggs experienced respiratory symptoms immediately
after acquiring a bird. In this patient, there is even a
possibility that the egg allergy started with a sensitiza-
tion to egg white in infancy and turned during adult
life to a predominant allergy to egg yolk after expo-
sure to a bird.

All patients symptomatic to eggs but I were ex-
posed to birds and were all strongly sensitized in skin
tests to hen's egg-white as well as egg-yolk proteins.
Patient 4 who was severely allergic to egg proteins
and sensitized in skin tests to egg white and egg yolk
was also strongly sensitized to bird feathers although
he had never been exposed to a pet bird. In this pa-
tient, a predominant, albeit weak, serological reactiv-
ity was found to egg white and also to a minor extent
to budgerigar antigens and livetins. As a matter of
fact, the predominant sensitization to egg-yolk pro-
teins could partially explain the discrepancy between
the antibody titers to egg white and the severity of
symptoms in some adult patients symptomatic to eggs
Í5,71.

Even in the 5 patients with asthma anamnestically
due to pet bird dander but with no or doubtful symp-
toms to eggs, we found a positive skin reactivity to.
bird dander and egg proteins. This might represent a
subclinical sensitization to certain egg antigens. Inter-
estingly none of these patients had positive RAST
tests to bird or egg antigens and therefore the antigens
responsible for the symptoms cannot be definitely
identified.

The 2 patients who were serologically positive to
bird proteins were also clinically symptomatic to bird
and egg antigens. In RAST tests they both reacted
equally to the different bird antigens tested and to liv-
etins. The pattern of RAST-inhibition experiments
was almost identical in both patients with a total inhi-
bition of livetins by budgerigar excreta and a partial
inhibition of bird antigens by livetins. These results
demonstrate that major cross-reacting antigen(s) are
present in egg-yolk livetins. It also suggests that the
IgE antibodies in these patients recognize very con-

RAST egg white

RAST t ivet ins
RAST budgerigar
feathers
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Fig.4. RAST inhibition of budgerigar excreta a'ntigen on RAST
to egg white, budgerigar feathers and livetins in patient I (a) and
patient 2 (b).

In summary, both patients were clinically and sero-
logically exclusively sensitized to bird and egg pro-
teins. The results of our investigations suggest that a
major component of the antigenic reactivity in the
serum of both patients is due to the livetins, which are
responsible for the cross-reactivity between hen's egg
yolk and bird proteins.

Discussion

The skin-test results in 59 atopic patients showed
that the concomitant sensitization to bird and hen's
egg proteins is in fact a rather common fìnding (29%).

' . 4

s'
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served 
'archaic' epitopes or proteins which are pres-

cnt in dander and serum of different avian species as
u'ell as in hen's egg-yolk livetins.

The reactivity to egg white is more difficult to inter-
pret. In contrast to livetin RAST which were always
strongly positive, there was a considerable variability
in RAST results to egg white (class I -4) with different
batches of commercial egg-white RAST disks (data
rrot shown). Also the positive RAST to egg white were
inhibited by livetins. Both patients were negative to
ovalbumin, a major egg-white protein. Nevertheless
some cross-reacting antigens (for example ovotrans-
ferr in) might also be present in egg white [11,29,3l l .

Further studies should identify the nature of the
cross-reacting antigen(s) in livetins. Preliminary im-
munoblotting experiments show an identical antigen
pattern in both patients, with the presence of a major
antigen in livetins not present in egg white. More ex-
tensive serological investigations are necessary to de-
termine whether this pattern is the rule in patients
with positive RAST to bird feathers and its preva-
lence. However, seropositivity to bird dander is rather
rarely found even in patients with unambiguous re-
spiratory symptoms to bird exposure (i.e. patients
6-10). In order to explain this, one might speculate
that the cross-reacting IgE antibodies are cleared
from the circulation by livetin proteins passing the in-
testinal barrier, especially in patients with low bud-
gerigar-specifìc IgE antibodies and no recognized egg
intolerance. Even the occurrence of oral desensitiza-
tion towards cross-reacting antigens by chronic inges-
tion of eggs cannot be excluded.

In a survey of our sera collection, all sera positive
to budgerigar feathers were also strongly positive to
livetins, variably positive to egg white and negative to
ovalbumin [Dahinden and Mandallaz, unpublished].
This would further document the very high preva-
lence of the 'bird-egg syndrome' in patients seroposi-
tive to bird antigens, which is caused by a sensitiza-
t ion to l ivet ins. The cl inical implication of this obser-
vation remains to be determined. In particular, it is
not known whether it is necessary to recommend an
egg-free diet for these patients in addition to avoiding
exposure to bird dander.
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