Occupational asthma following inhalation
of moth particles

Donald D. Stevenson, M.D., and Kenneth P. Mathews, M.D.,
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Because their larvae are desirable live fish bait, bee moths (Galleria mellonella; waz-
worm) are raised in captivity. One of 18 persons, employed over a period of eight
years at a commercial fish bait establishment, developed bronchial asthma resulting
from heavy exposure to emanations of this moth. Skin tests, passive transfer, in vitro
histamine rclease, and provocative bronchial inhalation tests indicated an immuno-
logic mechanism to be responsible for the adverse effect. Extracts of other types of
moths also elicited passive transfer rcactions, as well as extracts prepared from
different stages of the life cycle of Cecropia moths. In this particular case, however,
cxtracts of scveral insects outside of the Lepidoptera order failed to produce positive
passive tramsfer tests.

mong the many reported cases of allergic disease following inhalation of
inseet emanations,’*! a few have been ascribed to members of the Lepidoptera
order (moths and butterflies). Vaughan,'? in 1928, apparently was the first 1o
recognize the role of this latter order in producing asthma, and subsequent case
reports in the following decade'®'® further suggested that moth emanations in
certain specialized circumstances were etiologic in the produetion of asthma.
However, these papers provided little evidence substantiating an immunologic
basis for the reactions. The best documented case report on this subject was
published in 1941 by Urbach and Gottlieb.* These authors deseribed asthma in
a boy who was sensitive to clothes moths (Tineole biselliella), which were in-
festing the patient’s home. He had positive skin test reactions to an extract of
clothes moth, as well as to coddling moth. Negative skin test controls were
observed on the parents. In addition, a crude bronchial challenge was effected
by assigning the patient the task of grinding clothes moths with a mortar and
pestle. Five minutes later, the boy developed an attack of bronechial asthma.
The purpose of this report is to describe an occupationally induced case of
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hypersensitivity to another genus of moth and to present special studies which
demonstrate an immunologie basis for the reaction.

Case History

D. McK., a 22-year-old reliable white man, was first seen in June of 1965 for asthma
of 214 years’ duration. The patient’s family and childhood history were devoid of atopic
disease. In the summer of 1962 (age 18), he began working for a bait company in southern
Michigan. His major responsibility was raising and caring for moths (Galleria mellonella), the
larval stage of which is used as fish bait. The moths were encouraged to complete their com-
plicated metamorphosis under closed, artificial conditions and consequently thrived throughout
the year. The patient spent much of his six-day work week confined in the moth domicile,
which was heavily contaminated with dust, insect particles, and dead insect bodies. Three
months after starting this job, he first developed rhinitis and asthma. The rhinitis gradually
disappeared, but the asthma continued until the time he was first seen by us. The asthma was
not confined to working hours but did tend to be more severe in the afternoon and evening of
working days. Vacations were associated with partial improvement of symptoms. Asthma was
slightly increased in the warm months but did not correlate with pollen seasons. Dusty houses,
attics, and basements, other than his home and place of work, did not seem to increase
asthmatic symptoms. Mold spores did not seem to be historically significant, except possibly
for the increased summertime symptoms.

Because of increasing dyspnea and wheezing, failure of a standard bronchodilator treat-
ment program, and realization that the bait shop was related to symptoms, the patient dis-
continued this employement in the summer of 1964. Since then he had been working full time
as an inspector in an aluminum processing plant. During this time there had been gradual,
but definite, improvement in his asthma. However, persistence of moderate symptoms prompted
referral to our clinie in June of 1965. Additional history indicated that one visit to the bait
shop in the preceding 10 months had been followed within several hours by a 6 hour attack
of asthma. Two weeks prior to the initial evaluation in our allergy clinie, the patient moved
from an old house to a new home without change in symptoms. The same overstuffed furni-
ture, beds, rugs, ete. were used in both houses. Retrospectively, it was noted that the patient
always wore his dirty working clothes home from the bait shop, up until his resignation in the
summer of 1964.

Physical examination revealed a healthy appearing 6 foot 2 inch, 210 pound man. No
abnormalities were noted except for generalized expiratory wheezes throughout both lung
fields. The forced vital capacity was 4.5 L., FEV, was 3.2 L., and maximum expiratory flow
rate was 275 L. per minute.

Chest roentgenogram, VDRL, urinalysis, and hematocrit were normal. Scratch and intra-
cutaneous skin tests with animal danders, pollens, and individual molds were negative, but
intracutaneous testing with house dust and a mold mixture produced small reactions. The pa-
tient returned one week later with dust samples obtained by vacuuming his own mattress, rugs,
and stuffed furniture. After brief extraction in Coca’s solution, scratch tests with these ma-
terials all gave 3+ reactions. Dust obtained from the aluminum factory was negative on testing.
Ground adult insect, Galleria mellonella, in Coca’s solution produced a 4+ reaction (scrateh)
with a negative control on the physician.

Before the authors saw the patient, he was started on hyposensitization to stock house
dust and mixed mold extracts on a weekly basis. A follow-up visit in July of 1965 indicated
that his asthmatic symptoms were decreasing, but physical examination still revealed expiratory
wheezes. Forced vital capacity was 5.2 L., and FEV, was 4.2 L. with an MEFR of 500 L. per
minute. A nasal smear revealed 10 per cent eosinophils. The patient returned in October of
1965 stating that his asthma had disappeared in the interim. Physical examination was nega-
tive. Forced vital capacity was 5.8 L., FEV, was 4.9 L., and MEFR was 600 L. per minute.
Results of intracutaneous skin tests on the patient with extracts, to be deseribed in a later
section, are given in Table I. Further special studies will be described. The patient has re-
mained entirely asymptomatie to the time of submission of this paper. A visit to the bait
shop revealed that the owner, who has been in the “moth larva” business for 8 years, has never
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Table 1
| : W heal Erythema | Graded
Extract i H,/V fmm.) {mm.) L oreaction
(ralleria wings 1:100,000,000 12+ 25 4+
pseudopods
Ceeropia moth 1:50,000 9 20 3+
May fly 1:10,000 3 0 —
Sitk 1:50 3 0 —

had respiratory tract symptoms. A total of 18 employees have worked there during the 8
vears, with known allergic symptoms appearing only in our patient. The owner and one of
his current employees were skin tested intracutaneously with Galleria extraet, 1:1,000,000,
and both were negative.

EXPERIMENTAL DATA
Preparation of extracts

Adult bee moths (Galleria mellonella) were obtained from the bait shop.
Representatives from all stages of the metamorphosis of Cecropia moths were
obtained from the University of Michigan Zoology Department.* The insects
were frozen alive or shortly after dissection and stored at —20° C. They were
broken up into smaller sections with seissors. Defatting in a soxhlet apparatus
was continued until the returning ether was approximately clear (slightly vellow
tinged). Moth parts were then ground with a mortar and pestle, weighed, and
extracted in phosphate buffered saline, pI 8.0, for 48 hours at about 4° C.
The extraects were eentrifuged at 1,600 g for 30 minutes at 4° C., and the super-
natants were recentrifuged in the same manner. After passage through a 1.2
mieron clarifying filter, sterilization was achieved by passage through a Milli-
pore filter. (lalleria and Ceceropia extracts were prepared without phenol or
other preservatives. The total nitrogen (TN) and phosphotungstic acid precipi-
table nitrogen (PTA-N)'" content of the extraects, as measured by the micro-
Kjeldahl method, were as follows: Galleria mixturef 1:10 (W/V) contained
788.8 ug PTA-N per milliliter (78,880, PNU per milliliter) and 4,732.8 pg TN
per milliliter. Cecropia wing 1:50 (W/V) contained 43.38 pg PTA-N per milli-
litey (4,338 PNU per milliliter) and 201.38 pg TN per milliliter. In addition,
representatives from other inseet orders were obtained from IHollister-Stier
(mayfly, caddis fly, mosquito, Hymenoptera mixture, and deerfly). Extracts of
silk moth, noetuid moth, and wax mothi supplied by Dr. Frank Perlman had
been prepared as described in his publication.®

Special tests

Passive transfer or Prausnitz-Kistner (P-K) tests. Tenfold serial dilutions
of inscet extracts were prepared with phosphate buffered saline, pH 7.0, until

*Through the courtesy of Dr. David G. Shappirio.

1 This mixture consisted of wings, hodies, and emanations,

{Wax moth used by Dr. Perlman was the same insect as our Galleria. To avoid confusion,
Dr. Perlman’s extract will be referred to as wax moth and ours referred to as Galleria.
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Table Il. Results of P-K tests. The sites had been sensitized 24 hours previously
by 0.1 ml. quantities of the patient’s serum and challenged with 0.02 ml. of the
indicated allergen dilutions injected intracutancously

P-K recipient No. 1 P-K recipient No, 2
Extract Ery- Ery-
dilution Wheal thema | Graded | Wheal thema | Graded
Testing (W/V) (mm.) (mm.) | reaction | (mm.) (mm.) | reaction
Sept. 18,1965

Diluent con-

trol 4 0 — 4 0 —
Galleria mix-

ture 1:1,000,000 6 27 2+ 5 25 24
Galleria

wings 1:1,000,000 5 27 2+ 6 32 2+
Galleria

wings 1:100,000 11 38 3+
Cecropia

wings 1:500,000 5 24 2+ 6 20 1+
Cecropia

body 1:500,000 4 11 + 4 21 1+
Ceeropia

pupa 1:100,000 6 30 2+ 8 32 24
Cecropia

larva 1:500,00 6 28 2+ 5 31 2+
Mayfly 1:100,000 5 0 — 6 21 24%
Mayfly 1:10,000 3 0 — 10 26 2+%
Mosquito 1:100,000 4 0 - 3 0 —
Mosquito 1:10,000 2 0 — 4 ¢ +
Hymenop-

ter mixture  1:100,000 4 0 — 4 0 —
Hymenop-

ter mixture  1:10,000 3 0 — 4 0 —
Deerfly 1:10,000 4 0 —
Caddis fly 1:500 3 0 —

April 8,1966

Diluent con-

trol 6 0 —
Galleria

wings 1:100,000 7 47 2+
Wax motht 1:25,000 12 55 3+
Wax motht 1:2,500 15 57 4+

Pseudo

Noctuid

motht 1:50,000 7 27 2+
Noctuid

motht 1:5,000 10 45 3+
Silk worm

motht 1:30,000 10 32 3+
Silk worm

motht 1:3,000 9 35 3+

*P-K recipient No. 2 also had 2+ reactions to 1:100,000 and 1:10,000 mayfly allergen at
control test sites not sensitized with the patient’s serum. Otherwise, the control tests with all
other antigens on both recipients were negative.

tProvided by Dr. Frank Perlman.
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intracutaneous skin tests on the nonsensitized skin of 2 potential passive transter
Tecipients were unequivocally negative when compared with diluent control sites.
All P-K testing was carried out in September of 1965 and January and April
of 1966, with aliquots of the patient’s serum stored at about ~20° (. and extraets
stored at about 4° (. There seemed to be no diminution in reactivity during this
period. P-K testing was performed on two recipients in the usual manner.'
Results are presented in Table I1. Additional observations showed that 1:5
and 1:25 dilutions of the D. McK. serum gave a passive transfer reaction when
challenged with 1:100,000 Galleria wing extract, while results were negative
with 1:125 serum dilution. When the P-K sites, which had failed to react with
Caddis fly, were subsequently challenged with Galleria 1:100,000 and waxworm
1:25,000, significant reactions were observed.

In vitro histamine release tests. (Galleria wing extract was added to 3 ml.
aliquots of the patient’s whole blood, and histamine was measured in the super-
natant plasma after 30 minutes incubation at 37° C. by a modifieation of the spee-
trofluorometric method of Shore, Burkhalter, and Cohen.?® Preliminary tests with
normal blood indicated that 0.1 ml. of tenfold dilutions of Galleria wing extraet
higher than 1:1,000 did not produce nonspecific histamine release, but 0.1 ml.
of 1:1,000,000 extract vielded a 70 per cent release of histamine from its bound
form in D. McK.’s leukocytes.*" *

Gel diffusion and immunoelectrophoresis. The patient’s serum was diffused
against varying concentrations of (falleria wing extract in Ouchterlony plates.
Immunoelectrophoresis was carried out by the miero method of Scheidegger.?
Galleria mixture extract 1:10 was electrophoresed in the gel at pH 8.2, and
D. MeK’s serum was added to the longitudinal troughs. As expected in atopie-
type hypersensitivity, no precipitin bands were visable after staining either type
of preparation.

Provocative bronchial inhalation challenge. This test was performed in
October, 1965, when the patient was clinically asymptomatic and receiving no
medications. The test extracts were placed in a DeVilbiss No. 40 nebulizer
connected through a Y tube to a compressed air source. By occlusion of the
open end of the Y tube during inspirations, 1 ml. of solution was delivered to
the patient in about 3 minutes. The physician’s auscultatory findings and the
patient’s subjective appraisal of asthmatic symptoms were noted each time
triplicate tracings were made of the patient’s maximal expiratory effort, with a
Pulmonor Spirometer recording at a speed of one ineh per second. The above
studies were obtained hefore challenge, immediately afterward, and every 5
minutes for the next 15 minutes. Immediately thereafter the next challenging
inhalation was administered. The patient was consecientious, and the tracings
were felt to represent maximal effort. From them, the foreed vital capacity,
FEV,, and the MEFR were measured. The patient was first challenged with the
buffered saline diluent. He knew that he would eventually receive Galleria
extract, but he was unaware when this would be. Three adults who had ex-
perienced reeent asthma and had negative skin test reactions to Galleria extract
served as eontrols and were challenged with the same 1:100,000 Galleria extract
which produced definite airway obstruction and asthmatie signs and symptoms
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in the patient. None of the control subjects developed measurable bronchespasin
or symptoms following inhalation of Galleria extract. These control challenges
scemed reasonably to exclude the possibility that the extract was funetioning as
an irritant rather than as an antigen. Results of the tests on the patient ave shown
in Table I1I. Inspection of the data shows a marked difference in pulmonary
funetion values before and after ehallenge with 1:100,000 Galleria wing extraet,
and paired t test analysis of the V.C., FEV,, and MEFR values shows the differ-
ences to be significant at the 5 per eent level of confidence or less.

DISCUSSION

The elinical history obviously implicated Galleria mellonelle emanations as
being responsible for much of the patient’s reported asthma, and the skin tests,
passive transfer, and histamine release data strongly support the hypothesis
that an immunologic mechanism is involved. However, in view of the frequent
occurrence of skin test and passive transfer reactions to various insect allergens
upon routine testing of allergic patients,** * the possibility that the skin test
reactions were coineidental was considered. Hence, 50 allergic outpatients were
skin tested with Galleria mixture extract (1:1,000) and noctuid moth extract
(1:500). Twenty-six responded with significant wheal-and-flare reactions to at
least one of these eoncentrated moth extracts. In addition, 4 of 7 normal subjects
gave immediate-type intracutancous reaetions to Galleria wing extraet (1:10,000)
and/or to wax moth extract (1:2,500). One of the 7 reacted to the 1:1 million
concentration of (ialleria wing extract which had produced the positive immedi-
ate-type reaction in the patient’s skin. These observations led to the performance
of the provoeative inhalation challenge tests. The fact that the patient’s respira-
tory tract responded to a high dilution of (falleria antigen supports the assump-
tion that this material is capable of eausing obstructive airway disease in this
case. The finding that other patients with recent bronehial asthma failed to react
to the same concentration of moth allergen strongly suggests that the patient’s
response was due to immediate-type hypersensitivity rather than to an irritant
effect.

Tt is noteworthy that other eases of inhalant inseet allergy have resulted from
heavy oeeupational exposures; for example, mushroom fly allergy in persons
employed in growing mushrooms,” beetle allergy in a muscum curator,* or moth
allergy in an entomologist.’® In our ease the patient was exposed to emanations
from the bee moth (Galleria mellonella), also known as the wax moth or wax
worm. This common beehive inhabitant and pest is found throughout Europe and
the North American continent with increased concentration near apiaries. The
cggs are laid near or in the honeyveomb and hatch into larvae which burrow
through the honeyeomb, feeding upon and destroying the comb. Pupation occurs
in thick, tough, bee-proof cocoons. The evolution of a erysalis and transformation
into an adult moth (Fig. 1) complete metamorphosis. In nature, there are three
broods per vear.?¢ Some commereial bait shops have raised and stimulated this
moth species in captivity to produce many broods per vear. In addition, meta-
morphosis ean be stopped at the larval stage and the larvae held in storage until
seasonal fishing demands provide a market for their sale. The closed rooms in
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Fig. 1
Adult Galleria moths are shown at the right. Corrugated paper at the left has heen torn in
order to expose larval forms.

which the adult female moths lay their eggs are filled with inseet parts and
““‘dust.” Employment in this rather unique environment provided the setting
whereby our patient was exposed to a high concentration of airborne moth
particles on a prolonged, daily basis. It is noteworthy, however, that ID.McK.
was the only one of 18 employees to develop clinieal hypersensitivity to Galleria
emanations under these conditions of intense exposure.

In addition to reacting with Galleria antigens, the patient’s serum gave posi-
tive passive transfer test reactions with extracts of Ceeropia, noetuid moth, and
silk moth at high dilutions of allergen. It seems most likely that these results are
due to eross-reaction antigens within the order Lepidoptera. Using skin and
passive transfer tests, Perlman?” has reported that cross-reactions within insect
orders are frequent and that eross-reactions outside the order are not uncom-
mon. Langlois, Shulman, and Arbesman®® have reacted rabbit anticaddis fly sera
against a variety of insect extracts in double gel diffusion and demonstrated mul-
tiple eross-reacting lines of preecipitation. The relationship of these precipitating
antigens to human allergens is uncertain, but such studies do indicate the ex-
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istenee of common antigens in o number of hoth elosely and distantly relaved
inscets. Unfortunately, the antigenic complexity of insects and the enormous
number of species are so overwhelming that systematie, comparative immunologie
studies have not heen pursued in any depth, Although the existenee of cross-
reacting antigens between different orders of inscets seems established, it is
interesting that the serum of our patient failed to react with extraets of several
inseets outside the Lepidoptera order. Tt alse is noteworthy that the serum
did react with extracts prepared from different stages of the life eyele of
(feeropia moths.

An incidental finding was the frequent oceurrence of delaved, ervthematous,
indurated skin lesions at the site of intracutancous injections of Lepidoptera
extracts. Five out of 7 normal individuals exhibited reactions at 24 hours to
relatively coneentrated (1:2500) wax moth extraet, and 2 of 7 reacted in this
manner to coneentrated (1:10,000) Galleria wing extract. These responses did
not correlate with the previously mentioned immediate skin reactions to these
concentrated extraets, and in one individual delayed reaetions could be elicited
with a high dilution (1:1,000,000) of Galleria wing extraet, which did not eliecit
immediate-type reaetions in anvone exceept the patient and one normal person.
These data are insufficient to determine with ecertainty whether irritant effects or
delayed hypersensitivity are vesponsible for these delayed skin test reaetions.
The latter possibility merits consideration in view of a report? that a group of
seamen developed contact dermatitis from sleeping in sheets eontaminated with
crushed moth hodies. Thirty-one out of the 45 erewmen developed the dermatitis
6 to 24 hours after exposure, and delayved skin test reactions with moth extracts
were positive in those afflieted with the dermatitis. The high incidence of this
delayed-type reaction in an otherwise normal population contrasts strikingly
with the highly selective immediate-type hypersensitivity demonstrated by the
patient reported in this paper.

Finally, there was the question as to whether the spontaneous symptoms
in this case were due entirely to ({alleria allergy. Although improved, the patient’s
svimptoms did not disappear completely after terminating his employment at the
bait shop. e also gave slight intracutancous test reactions to a mixed fungus
and one house dust extract, but our experience with these particular cxtracts
has indicated that they apparvently contain small amounts of irritants capable
of producing small nonspecific reactions. On the other hand, it is noteworthy that
the patient customarily wore his work elothes home from the bait shop, and
extracts of his own house dust produced pronounced serateh test reactions
whereas stock house dust extracts vielded negative skin tests by the scratch
teehnique. The history also did not indieate difficulty on exposure to ordi-
nary house dust. Furthermore, his complete clearing of symptoms in the late
summer of 1965 followed moving in June to another house where contamination
with ({alleria allergen through the household effeets might well have become
dissipated over a period of time. Thus, we helieve that the moth allergen(s)
caused all of the diffieulty, but this interpretation is open to question because,
unfortunately, hyposensitization with mixed fungus and the house dust extracts
had bheen instituted by another physician shortly before we first saw the patient.
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Addendum

Sinee submitting this manuscript for publication, the patient was seen again
in November, 1966. He continues to be entirely asymptomatic but has under-
standably avoided further visits to the bait shop. Physical examination and
pulmonary funection studies were again normal.

The technical assistance of Miss Pauline Pan is gratefully acknowledged.

REFERENCES

1. Wilson, H.: Preliminary Report of a Case of Sensitization to Mayfly (Ephemera),
JLAMA. 61; 1648, 1913,

2. Figley, K. D.: Asthma Due to the Mayfly, A. J. M. Sc. 178: 338, 1929.

3. Parlato, 8. J.: A Case of Coryza and Asthma Due to Sand Flies (Caddis Flies), J. ALLERGY
1: 35, 1929.

4. Sheld,on, J. M., and Johnston, J. H.: Hypersensitivity to Beetles (Coleoptera), J. ALLERGY
12: 493, 1941,

5. Frankla’nd, A. W.: Locust Sensitivity, Ann. Allergy 21: 386, 1950.

6. Sternberg, L.: A Case of Asthma Caused by the Cimex Lectularius (Bed Bug), J. ALLERGY
1: 83, 1929,

7. Kern: R. A,: Asthma Due to Sensitization to a Mushroom Fly (d4phiochacta Agaria),
J. ALLERGY 9: 604, 1938,

8. Osgood, H.: Allergy to Caddis Fly (Trichoptera), J. ALLERGY 28: 113, 292, 1957.

9. Perlman, F.: Ingects as Inhalant Allergens, J. ALLERGY 29: 302, 1958.

10. Perlman, F.: Arthropods as Causes of Allergy, in Harris, M. C., and Shure, N., editors:

Sensitivity Chest Diseases, Philadelphia, 1964, F. A. Davis Company, p. 157.

11. Brock, T.: Resume of Insect Allergy, Ann. Allergy 19: 288, 1961.

12. Vaughan, W. T.: SBome Causes of Failure in Specific Treatment of Allergy, J. Lab. &
Clin. Med. 13: 955, 1928.

13. Randolph, J.: Allergic Response to Dust of Insect Origin, J.A.M.A. 103: 560, 1934.

14. Parlato, 8. J.: Emanations of Flies as Exciting Causes of Allergic Coryza and Asthma.
ITI. Hypersensitivity to Moths and Butterflies (Lepidoptera), J. ALLERGY 3: 125, 1932.

15. Wittich, F. W.: The Nature of Various Mill Dust Allergens, Lancet 60: 418, 1940.

16. Urbach, E., and Gottlieb, P.: Asthma From Insect Emanations: Report of A Case Due to
Moths, J. ALLERGY 12: 485, 1941.

17. Cook, R. A.: Allergy in Theory and Practice, Philadelphia, 1947, W. B. Saunders Company,

. 530.

18. II)’erlman, F.: Allergenic Extracts, A Comparison of Their Quality and Reliability, J.
ALLERGY 20: 24, 1959.

19. Sheldon, J. M, Lovell, R. G., and Mathews, K. P.: Manual of Clinical Allergy, Philadelphia,
1953 W. B. Saunders Company, p. 40.

20. Shore, P. A., Burkhalter, A., and Cohen, V. H.: A Method for the Fluorometric Assay
of Histamine in Tissues, J. Pharmacol. & Exper. Therap. 127: 182, 1959,

21. Noah, J. W.: Anaphylactic Histamine Release and the Schultz-Dale Reaction, in Ackroyd,
J. ¥\, editor: Tmmunological Methods, Philadelphia, 1964, F. A. Davis Company, p. 293.

22. Vaun Arsdel, P. P., Jr., Middleton, E., Jr., Sherman, W. B., and Buchwald, H.: A Quanti-
tative Study on the In Vitro Release of Histamine From Leukocytes of "Atopic Persons,
J. ALLERGY 29: 429, 1958,

23. Scheidegger, J. J.: Une Micro-Methode d’immunoelectrophorese, Tnternat. Arch. Allergy
7: 103, 1955.

24, Feinberg, A. R., Feinberg, S. M., and Benaim-Pinto, C.: Asthma and Rhinitis From
Insect Allergens. I. Clinical Importance, J. ALLERGY 27: 437, 1956.

25. Wiseman, R. D., Woodin, W. G., Miller, H. C., and Myers, M. A.: Insect Allergy as a
Possible Cause of Inhalant Sensitivity, J. AtLerRey 30: 191, 1959,

26. Essig, E. O.: Insects and Mites of Western North America, New York, 1959, The Mae-
Millan Company, p. 707.

27. Perlman, F.: Insect Allergens: Their Interrclationship and Differences, J. ALLERGY 32:
93, 1961.

28. Langlois, C., Shulman, 8., and Arbesman, C.: Immunologic Studies of Caddis Fly, J.
ALLERGY 34: 385, 1963.

29. Hill, W. R., Rubenstein, A. D., and Kovaes, J.: Dermatitis Resulting From Contact With
Moths (Genus Hylesia), J. A. M. A. 138: 737, 1948.



