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The role of insects and other arthropods as inhalant allergens gained our
attention when the incident of positive skin test reaction was found to approach
that for pollens, feathers, and even house dust. In the course of routine testing
of a large number of patients with respiratory tract allergy (hay fever and
asthma), over 40 per cent showed significant skin test reactions. Likewise, the
reaginic antibodies were distinct for each of these allergens. These positive
reactions shinved no correlation with the reactions to conveTitioiial altergenic
extracts.

Correlation of positive skin tests to arthnipods uilh the pn>ductiori of clinical
disorders remains unclear. Specific ttiological diagnosis is made by inference
while the specific hyposensitization must rely of such inference. Benefit from
treatment of otherwise refractory cases adds weight to the importance fif arthro-
pods as inhalant allergens.

Insects and other arthropods arc not often consideretl in
the search for inhalant allergens as causes of asthma or aller-
gic rhinitis. Although caddis flies {i) and May flies (2) have
proved important in the (ireat Lakes and Mississippi River
areas, the remaining vast nuiiiber of species have usually been
presented as isolated case reports (.?). This phylum which
represents almost 80 per cent of all animal life, must in sheer
numbers contaminate the earth. To this can be added the
shed structures during their metamorphosis, the debris from
dying generations, and tht secretory substances, particularly
silk and webs which almost all of them produce.
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Fig. I.

Positive scratch test reactions to spider and web with minimal reactifni to house
dust and none to silk or common insects.

Tile probability that most arthropods arc capable of actmg
as inhalant allergens is strengthened when postulates arc ap-
plied to them in a manner usctl tor the allcrgcnic implication
o! pollinating plants {4).

1. Arthropods contain excitants of allergic symptoms as
evidencctl by frequent strong, immediate wheal reactions on
skin testing with a(iueous extracts (Fig, i ) . This is further
demonstrated by the presence of reaginic antibodies in passive
transfer (Fig. 2 ) .

2. Arthropods are widely and abundantly distributed (•;).
;,. Arthropods appear in sulficicntly large numbers to re-

sult 111 air contamination ( 6 ) .

4. Arthropotls at some stages of development, or their
secretory substances, or debris, are sufficiently buoyant to be
carried a considerable distance to reach the respiratory tract
mucosa of the allergic person ( 7 ) .

Tn spite of liillilling these basic postulates, they arc rarely



Fig. 2.
Passive transfer (if serum fri>m D. T. wiih site challenged hy scratch metlux!

after 48 hours resulted in strong immediate ivheal reaction.

considered in the search for inhalant allergens, chiefly because
they are not readily detected in the inhaled air. Deteetion of
airhorne pollens in both numbers aiiil varieties is a simple
matter; on the other hand, present physical or chemical me-
thods cannot reatlily iilentify fine particulate matter of ar-
thropod oriji;in. When such identification can be clearly made,
then correlation ot the contents of air satiiples to skin tests
and clinieal symptoms will become meaningful.

Ant] so with limitation in our studies, it was necessary to
implicate arthropotls by inference. Their presumetl presence
as debris ui the inhalet! thist, the strong positive reactions on
patients suffering trom asthma and hay fever, and the favor-
able results from hyposensiti/.ation injections of appropriate
extracts lend strength to these inferences.

Previously reported findings on 252 unselected patients (;,)
pr()\'Klci.I the follow'infi; observations :
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1. About 50 per cent of patients with allergic respiratory
tract symptoms gave significant skin test reactions to one or
more extracts of arthropods.

2. There was no significant variation in such sensitivity
as to sex, race, occtipation or geographic location.

3. Most frequently such reactions occurretl among chiUh'en
and young adults. This was also true for pollens, house dust
and other common inhalants.

4. There was no strong correlation of reactions to silk
with reactions to arthropods, including silk, moth itself.

5. There was no correlation of reactions to house dust,
epidermals or to pollens with those to arthropotls.

Current patient evaluation will include tliscussion of the
possible presence of arthropod material in house dust ex-
tracts.

TABLE I
Protein Nitrogen Conffjits of Scvrral Freshly Prr/iarcJ Arthropod

and other Inhalant Extracts.

Protein Nitrogen

Aphid 0.65
Beetle 0.82
Cockroach i.io

Housefly 0.+3
Moth 0.50
Spider 1.20
Silk* 1.28
House dust* 0.95
Cow hair* 2.50
Orass pollens (mixed) 2.66

* Concentrated by precipitating with cold acetone.

MATERIALS AND METHODS
Arthropods were in many cases laboratory grown and freed of their culture

media by mechanical removal as well as through starvation for several days.
They were then processed from the live or quick frozen stage (3) by maceration,
defatting with ethyl etber, then lyophilizing and grinding to a fine powder.
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This dry powder wns extracted ivith 50 per cent gylcerosaiine, buffered tn 7.9
ill the proportion of i : 10 dilution hy «eight-vi>iuine. These extracts proved to
retain allergetiicity for periods of months tn year^.

Biochemical analyses of extracts from various arthropods showed varying
nitrogen contents. For example, one sample of moth with a total nitrogen of
2.07 mg per ml contained 0.535 "^S protfi" nitrogen, while a cockroach extract
coTitaininj; a.33 mg total nitrrigeri contained 0.964 mg of protein nitrogen (see
also Table i),

House dust and epidermals were concentrated by precipitating out with
cold acetone the allergenic material (8). Protein nitrogen contents of these
nllcrnens are also included in Table i. Although no attempt was made to ad-
just al! extracts on the basis of protein nitrogen contents, the variation in such
chemical analyses was not sufficiently significant to enter into the wide diffe-
rence in skin reactions among the patients tested.

CLINICAL METHODS

The list of arthropods used for testing were retiuced to
workable numbers with presumption that within the classifi-
cation of this Phylum the level of Order provided several of
the readily available Families which could supply a represen-
tative allcrji;en (9) . In Tables 2 and 3 are shown a proposed
list for routine testing as well as a number of arthropods less
commonly encountered or important only in certain areas.

Skin testing was performed both by the scratch and the
intradermal methods. Scratch testing was done first for safety
since some patients w'ould have very large immediate wheals.
Had the intradermal method been applied first, unquestion-
ably a systemic reaction would have resulted. In several pa-
tients mild systemic reactions were inadvertently produced by
intradermal testing in spite of this precaution.

The intradermal tests v '̂cre made on the flexor surface of
the arm and forearm. A ten-fold dilution was used when tbe
scratch test was negative or equivocal and the injection of
0.02 ml produced minimal non-specific reaction. Selected pa-
tients who gave strong positive scratch test reactions were fur-
ther tested intradermally with highly tliluted extracts to quan-
titate the level of dilution a which hyposeni/.ation treatment
witb arthropod extracts should be started.
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TABLE 2
Proposed List o) Inseits for Rmitnti' Trsling.

C<immini Names of Insects"!'

('lass Hfxapoda

1. t"iileopti-ra beetles, weevils
2. Lepidoptera moths, iiutterflies
3. Hymenoptera honeybees, horntts, yellow jackets
4. Diptera flies, mosquitoes
5. Orthopti-ra grasshoppers, lr»custs, cockroaches
6. Htmoptera box-elili.-r Inijis, s(iuash bugs
7. llomoptera aphids, leafhoppers, cicadas, scales

8. Minor orders mixtijrf of common rt-prt-st-iitative

Class .lra<hiiida

9. Aranea spiders
to. Acarina mites

('lass Crustiuca

11. Isopoda sovvbugs
12. Hranchiopiula ilnphnin, fnir shrimp

* The first four orders will incompass 80 per cent of the common species found
in North America.

t Eamities and species not indicated. A mixture of those most abundant and
mf»st readily available may lie used. (Courtesy, Journal of Allergy).

Patients tor specific hyposensiti/.ation were selected with
the following indications:

1. Clear evidence of symptoms following exposure to dust
laden with arthropod material. Few patients in our area gave
such clear-cut indications except those working with entomolo-
gical materials.

2. Large skin test reactions to arthropod extracts and mo-
derate to minimal reaction to dust, epidermals or pollens.
There was a small numher of patients in this group.

_3. Lack of henelit trom a [irogram ot environmental con-
trol antl treatment with common allergens including dusts and
pollens. This group included the hirgest numher of candidates.
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TAHI.R J
initl and Lrss Cnminiin Insiils for Spnifii Prtihli-ms

Ki Names of

(^lass Hexapoda

I. Order Ephemeroptera
3. Order Trlchoptera
3. Order Neuroptera
4. Order I'hy^anura

Class Myria/>riJtt

5. Order Chilnpnda
6. Order Diplopuda

Class Crusttiiea

7. Order ('npi-poda

M:jy flies
caddis flies
lace wings
silverfish

centipedes
millipedes

planktiin (liriru'l stirimp

(Courtesy, Journal of Allergy).

( I, I \ I C A I. A N D I M M r N O I, 0 C I C A L

O B S F . R \ A T I O N S

In tbe smaller series of 169 unselected patients who were
recently testcti routinely because of a history of respiratory
tract allergy, a number ol interesting observations closely pa-
ralleletl tbe findings t̂ f tbe larger series publisbcti previously.
They may be summan/etl as ftillows:

1. Reactions to one or more ot the arthroptnl extracts
occLMTcd in 69 case or 41 pci' cent.

2. Reactions to more than one artbropotl \\"as the rule.
(>ccasionatly reactions occurrctl to almost all of those tested;
freijuently many of tb t orders \\'ithin a class reacts (especially
hexapotla or true insects) ; usually within a single ortler most
of tbe families represented tlitl react.

},. Silk \̂ 'OLild in some give strong reactions «'hile artbro-
pods, including liiotb, failed to give any reaction (Fig. ,?). The
reverse, with positi\'c reactions to artbropotls ami none to
silk, also occLirretl (Fig. 1 ).
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H'oi'ss, fAO^^

Strong scratch test ri-actirm ID epidermnls, house dust, and silk but negative
reaction to arthropods including insects and spider -vveb.

4. Reactions to one or more epidermals occurred in 83
cases or 49 per cent.

5. Reaction to house dust extracts occurred in 100 patients
or 59 per cent.

When 22 patients were testctl with extracts of house dust
obtained from various areas of the United States and Japan
(f-igs. 4 and 5), comparable stronjj skin test reactions were
obtained. Only the house tlust material prepared from the
Florida sample f̂ ave equivocal reactions. It was noted that
the crutle tkist contained material chiefly from carpetinjr. It
was later learnetl that the vacuuming was done in the phy-
sician's newly furnished oifice and there was evidently very
little "aged" material in this "house dust" (see Discussion).

The other house dust extracts prepared In the various labo-
ratories were strongly allergenic but no biochemical adjust-
ment was attempted to provide any uniformity of nitrogen
contents. It is interesting to note that in spite of the diverse
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Fig. 4-
Strong scratch test reaction to hmist tUist from various sources (except Floridu,

see CHniciil Observatifnis) ; negative reactions to all arthropnds tested.

sources of these iiouse tlusts and differing methods of pre-
paring them, the skin test reactions suggestctl some common
allergens m all. It was also notetl that none varied in their
luck of relationship to the allergens in epitlermals, pollens antl
arthropods.

6. Attempt at correlation of reactions to arthropod extract
with those of house dust revealed the following:

a. Of 69 patients with positive reaction to arthropods, ne-
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"Unas

Stning srrntch test reaction tf» various hou^e dusts and t(i "iild feather dust".
Minimal reaction to unaged cotton liiiters and kapok and Florida dust. Nn

reactions to the group oi arthropods as listed in Table 2.

gative or c(iiiivocal reaction to house dust occurred in 12
^(Kig.6).

h. Of 100 patients with positive reactions to house dust,
negative reactions to arthropods occurrctl in 41 (Figs. 4
and 5).



251

Strong ^cinlfh test rfactiiiii iii arthinpods; negative reaction tn himst- dust
exccpi fur slight rtactiiiri with that from Ort-goii.

D I S C U S S I O N

It is evident that the extract of arthropods contain aller-
genic material and that a significant number of patients with
respiratory symptoms ot allerfry possess reaginic antibodies
for them. The allerjj;cns are probably multiple and varieil, and
it is unlikely that a common allergen or that even a small
^roup ot them will be found to represent this phylum. The
excellent and painstaking work done with caildis fly ( in)
suggests a method for identifying this intrinsic allergen but
only the method can be applied to the study of other arthro-
pods. Testing with silk has olten been proposed for the de-
tection of insect allergy, but it was foiintl that even the atlult
silk moth itself did not consistently react on patients who were
sensitive to silk.

It appears, therefore, that testing with arthropotls must be
done individually in a manner similar to that tor testing with
\'arious epidermals antl pollens. To reduce the burden ot'
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numerous skin tests the arbitrary grouping into orders proved
reasonable {Tables 2 and T,) . The significance of positive
reactions remains unclear in spite of the ubiguitous nature of
particulate matter ot arthropod origin. It would be desirable
to have some methotl of quantitating the presence of this ma-
terial in the inhaled air rather than to rely on positive skin
test reactions and siibsetjuent benefit from the hyposensitixa-
tion with the extract.

The (juestion has frequently arisen of considering arthro-
pod material as an integral part of house dust. Early in the
study of house dust Cooke (11) expressed the view that this
substance contains a specific allergen not necessarily identi-
fied with the sum of any individual animal or vegetable aller-
gens in the house. Although this view has been frequently
challenged, it has withstood the test of time. Recently immu-
nological studies by J'oorhorsI (12} and l^h'iUtp & Nnrlhcy
(13) eontirnied the clinical observation that bouse dust aller-
gen probably has characteristics of a single substance.

Demonstrations by Cohen, Nclsoyi & Re'inharz (14) gave
strong evidence tbat in house dust there were allergens closely
related to those found in "aged" cotton linters, kapok, and
feathers {Fig. 5). This would then raise the question of whe-
ther particulate matter of arthropod origin in "aging" would
become identified with house dust. Such a question deserves
serious consideration. Arthropods share our household in large
numbers and in successive generations. In the winter additional
hordes join us to share the warmth and shelter; and all year
tbey are continually being attracted by light and by food (i ^) •
The resultant debris accumulates, blends, and ages with other
particulate matter in the household.

In our studies, although most extracts were prepares! from
the live or freshly killed organisms, several of them, speci-
fically moth and cockroach, migbt quality as "aged or old"
material. These and several other arthropods which were
grown in large quantities were fro/en, lyophylized, and finely
powdered. After that they were stored in the desiccator for
months and, in case of moths, for several years before being
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recently prepared into aqueous extract for skin testing. Yet
tbese are lnckuletl among the group ot testing material which
gave strong skin reactions where bouse dusts tailed to react
or which showed no reactions in subjects who gave strong
whealing with house dust extract. Therefore, at present we
must presume that arthropods and house tlust do not share
skin reactive allergens in common except as gross contami-
nants. Routine testing wouKl best be done separately with the
various arthropod extracts as well as with house dust, epider-
mals, and pollens.
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