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Immediate and Delayed-type Reactions
in Caterpillar Dermatitis

Masaru Natsuaki

Abstract

The mechanism of dermatitis induced by Euproctis caterpillars has not been fully clari-
fied, although mechanical stimulation by the spicules as well as chemical irritation by ven-
omous components from spicules have been suggested to be involved. In this study, skin
tests using venomous spicules and the venomous extract from the caterpillar of E. pseudo-
conspersa were carried out on a subject. The test site developed both immediate and de-
layed-type reactions. Next, the cruce extract was separated into 8 fractions (No. 1-8) using
gel filtration HPLC, and a skin test using each fraction was performed in the same subject.
The result showed that only fraction No. 3 caused reactions similar to those in crude
venom extract. Then skin tests using the crude venom and fraction No. 3 were performed
in 10 healthy volunteers. The skin reaction caused by crude venom was similar to that
caused by fraction No. 8 in each subject. Two volunteers showed neither immediate nor
delayed-type reactions, 4 volunteers showed a delayed-type reaction, and the other 4

showed both immediate and delayed-type reacti

ons. These results indicate that allergic re-

actions against venom released by the spicules play a role in the induction of dermatitis by
E. pseudoconspersa caterpillars. Variations in the clinical course of individual patients may
be attributable to differences in the state of sensitization to the venomous components.
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delayed-type reaction

Introduction

The tea tussock moth, Euproctis pseudocon-
spersa (Strand) belongs to the genus Kuproc-
tis (Lymantriidac) and is widely distributed
in Japan. The larva of this moth is covered
by fine venomous hairs, called “venomous
spicules”, which are 0.1 to 0.2 mm long.
Contact with these spicules can cause der-
matitis. The larva feeds on the leaves of
camellia plants, and because these are often
grown in yards and parks, infestations with
. pseudoconspersa can occur in urban areas.
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Accordingly, dermatitis due to contact with
the caterpillar of this moth often occurs in
housing estates and is a very comumon prob-
lem in the ambulatory practice of dermatol-
ogists in Japan.

Clinically, patients with caterpillar dey-
matitis show wheals in the early stage
and/or erythematous papules in the late
stage after contact with the spicules.

Regarding the mechanism of dermatitis
caused by contact with the venomous
spicules of the L. pseudoconspersa caterpillar,
mechanical stimulation by the spicules as
well as chemical irritation by venomous
components released from the spicules have
been suggested to be involved (1,2), but the
details have not been fully clarified so far. It
is known that immediate and/or delayed-
type skin reactions develop in mosquito
bites and the variation of reactivity is associ-
ated with the state of sensitization to anti-
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Fig. 1. HPLC analysis of the crude venom ex-
wact (A) and histamine (B).
The crude venom extract was fractionated
from No. I to No. 8.

gens in the salivary glands (3, 4).

In this study, skin tests with venomous
spicules or extracted venom from the £
pseudoconspersa caterpillar were performed
in healthy volunteers to determine whether
allergic reactions to venomous components
play a role in the development of caterpillar
dermatitis,

Subjects and Methods
1. The larvae of L. pseudoconspersa
Caterpillars of the moth were collected at Am-
agasaki in Hyogo Prefecture for use in the study.
2. Subjects
Induction ol dermatitis by the spicules and

skin tests using venomous extracts were carried
out on the author himself (a 42-year-old male).
The author had a history of several episodes of
dermatitis caused by contact with caterpillars of
L. pseudoconspersa.

Skin tests using crude venom and fractionat-
ed venomous extract were performed in 10
healthy volunteers (5 men and 5 women aged 22
1o 31 years) who gave informed consent to par-
ticipation in the study.

3. Extraction of the spicule venom

Venomous spicules from one E. pseudoconsper-
sa caterpillar in the final larval stage (about
300,000 spicules) were placed in 10 ml of PBS
and stirred for 1 minute, after which the mix-
ture was left at 4°C overnight. The supernatant
(“crude venom extract™) was passed through a
.45 pm filter and stored at =70°C.

4. Analysis and fractionation of the venom

SRL Incorporated determined histaunine and
serotonin levels by using high-performance liq-
uid chromatography (HPLC) and bradykinin
level by radioimmunoassay in crude venom ex-
tract.

A Superdex 75 HR 10/30 column (Amer-
sham Pharmacia Biotech, Sweden) was used for
gel filtration of the crude venom extract, and an
AKTA explorer 108 (Amersham Pharmacia
Biotech, Sweden) was employed for tractiona-
tion of the extract into fractions No. 1 to No. 8.
Each fraction was stored at =70°C.

Results

1. Induction of dermatitis by venomous
spicules

A caterpillar in the last larval stage was
brought into contact with the anterior thigh
of the subject. Mild pruritus developed im-
mediately after contact with the caterpillar,
and wheals appeared 10 minutes later. Thir-
ty minutes after contact, the wheals were ac-
companied by erythema. This erythema
began to disappear after 8 hours, but it ex-
panded again after 6 hours, and the pruritus
worsencd gradually. After 24 to 48 hours,
the infiltrated erythema reached its maxi-
mum extent, being accompanied by local
heat and severe pruritus. After 72 hours, the
erythema began to gradually fade and there
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Fig. 2. Tmmediate and delayed-type reactions in skin testing.
When the venom extract (Fraction No. 3) was imjected intradermally, an imme-
diate reaction (A) and/or a delayed-type reaction (B) were recognized.

was almost complete recovery after 10 days
with only slight pigmentation remaining.

9. Histamine, serotonin and bradykinin
contents of crude venom

The crude venom extract contained 57
ng/ml of histamine, i.e., about 70 ng per
caterpillar in the final larval stage. In con-
trast, serotonin and bradykinin were below
the detection limit (1 ng/ml and 2 pg/ml,
respectively), indicating that there were al-
most no serotonin and bradykinin present
in the venomous spicules of the caterpillars.

8. Chromatography of crude venom cx-
tract

When the crude venom extract was ana-
lyzed and fractionated by HPLC using a gel
filtration column, there was a distinct single
peak in fraction No. 2, and fractions No. 3
to No. 8 showed some smaller peaks (Fig.
1A). For comparison, 1% histamine solu-
tion was analyzed by HPLC under the same
conditions, yielding a single peak (Fig. 1B).
The chromatogram of the crude venom ex-
tract did not show any peak that corre-

sponded to the peak of histamine.

4. Intradermal testing using the crude
venom extract and fractions No. 1 to No. 8

Crude venom extract was injected intra-
dermally into the subject’s forearm at a dose
of 0.02 ml, and the response was followed.
Pruritis and erythema developed immedi-
ately after injection and wheals developed
after 15 (o 30 minutes. After 2 hours, the
pruritus and wheals disappeared, but then
the area of crythema expanded. After 24 to
48 hours. the infiltrated erythema rcached
its maximum extent and was accompanied
by marked pruritus. After 72 hours, the skin
lesions began to subside, and there was al-
most complete resolution after 7 days.

Next, 0.02 ml each of the fractions No. 1
to No. 8 was injected intradermally into the
subject’s forcarm. Fraction No. 3 caused
wheals and erythema after 15 to 30 minutes
(Fig. 2A). The rash then disappeared, but
infiltrated erythema developed after 24 to
48 hours (Fig. 2B). The carly response is
designated as the “immediate reaction”, and
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Table 1. Results of intradermal testing using crude venom extract and venom extract
(fraction 3) in 10 healthy volunteers and the author

Crude venom extract

Venom extract (fraction 8)  pygt history

Subject  Age Sex Immediate  Delayed-type  Immediate  Delayed-type  of caterpillar
reaction reaction reaction reaction dermatitis
1 31 Male - - - -
2 24 Male - - — - -
3 29 Female - + - + —
22 Male - + - + Unknown
5 23 Female + - + -
6 22 Female - + - + Unknown
7 30 Male + + + + +
8 30 Female + + + + +
9 22 Male + + + + +
10 22 Female + + + + Unknown
Author 42 Male + + + + +

the late response is called “delayed-type re-
action” hercafter.

5. Intradermal testing using crude venom
extract and fraction 3 in volunteers

Crude venom extract and fraction 3 were
injected intradermally into the forcarms of
healthy volunteers at a dose of 0.02 ml to ex-
amine the immediate and delayed-type reac-
tions. If a wheal >5 mm in diameter devel-
oped by 30 minutes after injection, this was
Judged as an immediate reaction. If erythe-
ma >10 mm in diameter was preseut at 48
hours after injection, this was judged (o be a
delayed-type veaction. All the volunteers
were subjected to skin prick testing with 1%,
histamine solution, and all of them devel-
oped wheals >10 mm in diameter.

As shown in Table 1, the volunteers (10
subjects) were classified into groups ac-
cording to the reactions detected: neither
immediate nor delayed-type reactions (No.
1 and No. 2), a delayed-type reaction only
(No. 3 to No. 6), and both immediate and
delayed-type reactions (No. 7 to No. 10). In-
terestingly, in each subject, the skin reaction
caused by crude venom extract was similar
to that caused by fraction 3. In these volun-
teers, there was no definite relationship be-
tween a history of caterpillar dermatitis and
the results of skin testing. However, the two

subjects (No. 1 and No. 2) who showed nei-
ther immediate nor delayed-type reactions
had no history of caterpillar dermadtis.

Discussion

A varicty of caterpillars are capable of

causing dermatitis in man (5). In Japan,

caterpillar dermatitis caused by the larvae of

L. pseudoconspersa is a common disease in
dermatological practice. Clinically, it is char-
acterized by wheals in the early stage and
multiple, isolated, red papules centering on
the site of contact with the caterpillar in the
late stage. Since about 80% of patients with
this type of dermatitis cannot recall having
touched a caterpillar (6), it is thought that
there are individual differences in the sever-
ity of the skin reaction and the time of onset
after contact with the venomous spicules.
The development of dermatitis caused by
the spicules of Fupnoctis caterpillars has been
attributed to mechanical stimulation, chem-
ical stimulation, and an allergic response.
De Jong et al. (7, 8) extracted venom from
the venomous spicules of the caterpillar of
the Brown-tail moth, Kuproctis chrysorrhoea
and confirmed that the venom had various
enzymatic activities (including esterases,
proteases, and phospholipase A2). They re-
ported that dermatitis caused by this moth
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was probably due to mechanical stimulation
by the spicules plus chemical stimulation by
venomous components. Kawamoto et al. (1)
found proteinase activity and intestinal con-
traction activity in a component extracted
from the venomous spicules of Euproctis sub-

Sflava caterpillars and concluded that the

main cause of dermatitis was the chemical
action of the venom in the venomous
spicules. Kubo et al. (2) induced dermatitis
due to the spicules of E. subflava and report-
ed that it was probably caused by both me-
chanical and chemical stimulation after
contact with the spicules. None of these au-
thors found any role for an allergic reaction.

In the case of the urticarial reaction that
occurs after contact with the pine proces-
sionary caterpillars, however, it has becn
suggested that IgE against venomous com-
ponents of the caterpillar spicules may be
involved in the reaction and that some of
the components act as allergens (9-11).

In the present study, skin responses that
were classified as immediate and delayed-
type reactions were observed after contact
with the venomous spicules. Histologicial
examination of biopsy specimens taken
from the author’s skin at 48 hours after con-
tact with the spicules revealed a dense infil-
tration of inflammatory cells, mainly T lym-
phocytes, around the skin vessels (the au-
thor’s unpublished data). This suggests the
possibility that not only chemical stimula-
tion but also a delayed-type allergic reaction
is involved in the development of caterpillar
dermatitis. In fact, some reports have sug-
gested that a mechanism of delayed hyper-
sensitivity is involved in the dermatitis
caused by the gypsy moth caterpillar (12,
18) and the saddleback caterpillar (14).

Analysis of the venom revecaled a small
amount of histamine in the venomous
spicules of the E. psendoconspersa caterpillar.
[t is possible that, when the spicules enter
the skin, histamine is released and stimu-
lates a response. However, the concentra-
ton (57 ng/ml) is too litde ro induce an im-
mediate skin reaction. Intradermal testing
with fraction 3 (which did not contain hista-

mine) caused an immediate reaction in the
author and in some of the volunteers, indi-
cating that a type I allergic reaction against
venomous components from the spicules
occurred in these individuals. Fraction 3
also caused a delayed-type reaction in the
author and some of the volunteers, suggest-
ing that type IV allergy may also be caused
by the venomous components. Since a de-
layed-type reaction was also observed in vol-
unteers with no known history of caterpillar
dermatitis, sensitization may occur without
the person being aware of it.

Further analysis of fraction 3 is underway
at present, and the molecular weight of the
compounds is estimated to be 20,000 to
40,000. The results of the present study do
not exclude the involvement of mechanical
stimulation by the spicules, chemical stimu-
lation or effect of lipid-soluble materials in
venomous components. However, the find-
ings suggest that a substance in fraction 3 is
likely to be an allergen that contributes to
dermatitis due to E. pseudoconspersa caterpil-
lars. Variations in the clinical course of indi-
vidual patients may be attributable to differ-
ence in the state of sensitization.
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Clinical Manifestations of Hand Eczema
Compared by Etiologic Classification
and Irritation Reactivity to SLS

Yun Chul Kang, Sanghoon Lee, Sung Ku Ahn and Eung Ho Choi

Abstract

Hand eczema is a common skin disease. Because of its variable etiologies and clinical
manifestations, it is difficult to determine the etiology from the clinical manifestation.
Among the contact allergens, nickel is the most common. Patients with hand eczema and
a nickel allergy have a poorer prognosis than patients without a nickel allergy. The reason
is still uncertain; suggestions include persistent exposure to nickel or a weak skin barrier.
The purpose of our study was to identify the characteristic clinical manifestations by etiol-
ogy and to compare the skin barrier state between patients with nickel allergies and those
without them. Ninety-three patients were classified into 4 types; irvitation contact type, al-
lergic contact type, atopic type and mixed type. After the sodium lauryl sulfate (SLS) test
to compare the skin barrier state, visual score and transepiderimal water loss (TEWL) were
measured and analyzed statistically. From this study, it was not possible to ascertain a sta-
tistical difference, however a few characteristic clinical manifestations according to etiolo-
gy can be stated. There was no difference in the visual scoring system or the TEWL alter
the SLS irritation test between the nickel-allergy group and the non-allergy group. There-
fore, we believe that the poor prognosis of hand cczema with nickel allergy may be due to

the nickel allergy itself rather than skin barrier state.

Key words:  hand eczema; SLS; skin barrier; transepidermal water loss

Introduction

Hand eczema includes allergic contact
dermatitis, irritation contact dermatitis,
atopic dermatitis, nummular eczema, pom-
pholyx and unclassified eczema (1). Tt oc-
curs in approximately 9-11% of the popula-
tion (2). The causes are mainly soap, deter-
gent, oil, water, and various other allergens.

The classifications of hand eczema ac-
cording to clinical manifestation and etiolo-
gy are diverse and complex. Thus, it is diffi-
cult for physicians to choose the appropri-
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ate treatnent and prevention plan based on
the clinical manifestation alone. Although
there have been attempts to develop a classi-
fication system based on the clinical mani-
festations of hand eczema (3, 4), we could
not find any research reports supporting the
linkage of causes and clinical characteristics.
We studied the clinical manifestation of
hand eczema according to etiology. We
found some characteristic differences
among the different groups and used these
clinical differences to identify the causes of
hand eczema.

The nickel positive rate of the standard
patch test in hand eczema patients has var-
ied from 8% to 58%, but it has been more
common than that of other allergens (5-7).
Therefore, nickel is suspected as a cause of
hand eczema. Furthermore, patients with a
nickel allergy are known to have a worse
prognosis than non-allergic patients (8). Al-
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