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A total of 64 childrm less than IS.years of age, with asthma caused. by silk were studied. The diagnosis was based ona history_of wheezing, positive skin tests io slk positíve gonluitriai'_olii"saliiliiliàiiàí,3i'ierum rgE-sw (sitkwaste). The average age oronsa *!:.1 y:or:2 inonths; sei iiio ry,r1 ialía,t.l jói;;tur;ú;iest is essentiatforrhe diagnosis._Coniuncîival provocation tests were performed in 8ò% oi cases beca*r'òtìitniiù,^rrtay, ;;d 
-'-

convenimce. rhe first svmptom.apryary! gy gveràge'of I0 months alíer irliiit ilpóiriL ià'líi.'íiàíyiótpoti^tr,
1t^t!y-1y!: o:::^pgnied bv attergiuhinitis but in oniy,t4To of casós by còiiuriíiiilr.-ii iòilar1.1., astn^ooccurred,n wtnter' due to seasonal use.of bed quihs or clorhes Jilled with sitti. Silk is a nishty potiniitkiiei. rneaverage mean wheal diameter elicited by.silk in prick teuing ias larger than two histaÀinà'ràiiioi*t pirt, t"rii. ,qcross reactivitv exists among mulberry iilk, and-silkworm cócoort, tlotrytiioiiàiiii;;;;;.-;;;'r'iiwor'm chrysatis.

INTRODUCTION
China is the homeland of silk. Seri-
culture dates back approximately
5,000 years. It was transferred to
Japan and other countries later
through the Silk Road. China and
Japan dominate the world silk pro-
duction.' Allergy to silk producìs is
well-known as an occupational haz-
ard in sericulture.2 Allergy to silk
often follows exposure to bed quilts
or clothes filled with silk waste (Sw)
as well as occupational exposure. In
this paper, we report clinical and
immunologic data on children with
asthma induced by silk.

MATERIALS AND METHODS
Children less than 15 years of age
with asthma were seen in our clinic
from January 1987 to May 1988.
The patients were evaluated with
complete medical histories, skin
tests (intradermal or prick tests),
conjunctival and/or nasal provoca-
tion tests and laboratorv studies in-
cluding total IgE, IgE--Sw and Sw
precipitating antibody measure-
ments.

From the Department of Allergy,
lJnion Medical College Hospital,
China.

Antigens
Silk waste, silkwonn cocoons. silk-
wonn chrysalis, and batryticated
silkworms3 all are related io mul-
berry silk. The first three were
bought on the open market. The last
was bought from a traditional
Chinese medicine store. The ex-
tracts of these materials and other
common inhalant allergens were
prepared in our laboratory. The
concentration of extracts of Sw was
l:15 wt/vol, protein content was 1.2
mg/mL.

Skin Testing
All the patients were skin tested with
Sw by either intradermal or prick
testing.

Intradermal tests were done using
silk waste antigen I in 1,500 wtlvol
and a routine battery of 14 common
allergens including molds, house
dust mite, and pollens. The solvent
was used as a negative control. The
reaction was read after 15 to 20
minutes. The intensity of the reac-
tion was judged by the size of the
wheal and compared with the con-
trol reaction. It was graded from 0
to 4+.4

Skin prick tests with extracts of
silk waste 1: l5 wt/vol, cocoons l:15
wtfvol, batryticated silkworms I :20
wt/vol, and chrysalis I:20 wt/vol
were performed. Each skin reaction
was compared with the positive (l

mg/mL histamine hydrochloride)
and negative (phenol solvent) con-
trols. The results were recorded after
15 minutes. The wheal reactions
produced by the extracts of allergen
or histamine were recorded by
measuring the longest diameter (D)
and the diameter perpendicular to
it (d) to obtain the mean wheal di-
ameter (MWD; D + d/2). If the
negative control also produced a
wheal and flare reaction, it was sub-
tracted from the MWD elicited by
extracts of allergen. For the hista-
mine control method the MWD
elicited by extracts of allergen were
compared with that ofhistamine hy-
drochloride as recommended bv the
Northern Society of Allergológy.s
The size of a wheal larger than I
HEB (histamine equivalent prick
test)ó was considered positive. Pa-
tients were requested to observe the
test site four to six hours later for
the development of any late phase
induration.

Intradermal tests to Sw were per-
formed in 50 patients and prick test
to Sw in 44 patients.

C onj unctiv al and ltlas al
Provocation Test
The conjunctival provocation test
was performed on 5l patients by
putting a drop of extract of Sw in
l:150 wt/vol into an eye with the
other eye used as a negative con-
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trol.7 The result was observed after
15 minutes and graded as follows:
(-) no signs and symptoms; (+)
congestion and itching and/or lac-
rimation; (++) eye symptoms ac-
companied with nasal manifesta-
tions such as sneezing, watery
discharge, obstruction, and/or
coughing, swelling of eyelids or face.

Only 31 patients received nasal
provocation tests because of a lack
of suflicient cooperation by many.
The nasal provocation test was per-
formed as described elsewhere.T The
result was graded as follows: (-), no
signs and symptoms; (+), sneezing
greater than five bouts, and watery
discharge, nose itching, and/or ob-
struction, mucous membrane of the
nose appeared edematous, con-
gested or pale; and (++) coughing,
tight chest.

All antihistamines and sympath-
omimetic drugs were withdrawn at
least 24 hours before all tests.

None of the patients was tested
by bronchial provocation.
Total Serum IgE and IgE-Sw
Venous blood was obtained from
80% of the patients.

Total serum IgE was measured by
enzyme-linked immunosorbent as-
say (ELISA) in the central labora-
tory. Measurement of IgE-Sw was
performed using ELISA single anti-
body techniques in a laboratory of
our department. The results were
scored from 0 to 4 according to the
scale.

Precipitins against Sw were deter-
mined by the double gel diffusion
technique of Ouchterlony.

RESULTS
A total of 64 children were identi-
fied as having asthma caused by bed
quilts or clothes filled with Sw. One
ofthem had episodes ofdry cough-
ing only. The diagnosis was based
on the history, positive skin testing,
and conjunctival or nasal provoca-
tion test to silk waste extract.

Age distribution of onset of symp-
toms and sex prevalence are shown
in Table l. The age of onset of
symptoms ranged from 4 months to

13 years and 5 months with an av-
erage age of 4 years and 2 months.
The overall sex ratio (M:F) was
50:14, with boys predominating in
all age groups. A summary of the
clinical characteristics of 64 patients
with asthma caused by silk obtained
from the questionnaire are listed in
Table 2. The patients were consid-
ered atopic when they fulfilled two
of the following three conditions: ( 1)
and (2) personal and family history
of alleryic diseases (asthma, alleryic
rhinitis, atopic dermatitis) and (3)
more than two positive skin tests to
other common inhalant allergens.
Fifty-three percent were graded as
severe. There was also rhinitis in
6l%, but only 14 % of the patients

Table 1. Age of Onset of Symptoms by Sex
( n : 6 4 )

Age of First
Manifestation,

yr
Female

had conjunctivitis. Any cutaneous
eruption was rare.

The results of skin reactions to
intradermal testing with silk waste
and the MWD of skin prick test to
silk waste, silkworm cocoons, batry-
ticated silkworms and silkworm
chrysalis are shown in Tables 3 and
4, respectively. Late phase skin re-
actions to prick tests appeared in
three cases.

The results of conjunctival and
nasal provocation tests to Sw are
shown in Table 5.

Total serum IgE was elevated to
> 1,000 lU / mL(normal value : 27 3
+ 456) in 31 out of 53 patients
(58.5%). A positive (class l-a) IgE-
Sw (ELISA) result was present in
84.4% (38/45) of the cases.

Table 3. Distribution of Positive Reactions in
Intradermal Testing Using Sw

Degree of
Positive
Reaction

No. of o/o ol
Patients Patients

<3
3-5
6-1 0

1  1 - 1 5
Total

2
1 6
32
50

2 9 9
1 1  1
5 4
5 0

50 14

+
++
>+++
Total

4.0
32.0
64.0

100.0

Table 2. Summary of Clinical Manifestations in 64 Silk Waste-lnduced Asthmatic Patients from
Questionnaire

No. of
Patients

o/o Ol

Patients

Sensitization time, 10 months
(20 day-63 mo)

Atopy
Severity of asthma*

Mitd
Moderate
Severe

Symptoms
Sneezing, watery discharge, nose itching
Conjunctival congestion, itching or lacrimation
Fever
Urticaria

Increased density in x-ray
Allergy to batryticated silkworms
Season of symptomatic attacks

Winter
Perennial
Autumn. summer

48

4
26
34

39
I
8
1

1 0
3

53
I
2

75.0

6.3
40.6
53.1

60.9
14.1
12.5
1 . 6

1 5 . 6
4.7

82.8
14.1
3 .1

" Mild : only wheezing or coughing at night, playing as usual, no school days lost. Moderate :

staying in bed most of the day during episodes of asthma. Severe : profuse wheezing, oxygen
inhalation.
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Table 4. Skin Prick Test Reaction to Silk Waste, Silkworm Cocoons, Batryticated Silkworms,
Siikworm Chrysalis, and Histamine Hydrochloride

occurred in half the patients. In only
one patient were symptoms limited
to severe dry coughing without
wheezing. Although coughing usu-
ally accompanies wheezing, occa-
sionally it may be the only symptom
of asthma.t3 Allergic nàsal symp-
toms were not prominent in two
younger patients who had no sneez-
ing, watery discharge, or nasal itch-
ing except for nasal obstruction.
Some patients also had fever and/
or opacifications in chest radio-
graphs during asthmatic attacks.

The time required for sensitiza-
tion from exposure to silk to ap-
pearance of first symptoms was an
average of l0 months. This is longer
than that reported by Johansson,ro
probably because the majority of the
children do not use silk-filled bed-
ding or clothing in constant direct
contact. Silk waste substances in-
volved in Chinese children's daily
life are silk-filled bed quilts or
clothes, toys, and mattresses, while
Sw curtains and carpets are not pop-
ular in China. These children may
wear silk-frlled clothes or lie under
or on silk-filled quilts as the com-
mon sources inducing silk allergy in
China. Asthma may be caused by
other people's clothes filled with Sw
or nearby silk bedding in kindergar-
tens. Unfortunately, only rare par-
ents were aware of what their chil-
dren were allergic to before our eval-
uation. Once the diagnosis was
made, an attentive environmental
investigation should be made to
identify the sources of silk. In two
cases we found the excitant related
to their parents' occupations.

Seasonal symptoms correlated
with the seasonal exposure to silk.
Most patients had used silk-waste
filled blankets during the winter.
Their symptoms usually occurred in
the winter. Often nocturnal asthma
occurred in patients exposed to silk-
filled bedding.

In three patients urticaria devel-
oped immediately after ingestion of
batryticated silkworms as a Chinese
traditional medicine. In addition,
the MWD of skin prick tests for

Silk Silkworm Batryticated
Waste Cocoons Silkworms

Silkworm
Chrysalis Histamine

No. of patients 44
MWD, mm 14.2
sD 4.5
Range 7.5-30

56
9.4
4.0

3.5-16.5

55
10 .6
4.7

3-22.5

55
7.0
2.8

0-12.5

56
5.8
1 . 7

3-10.5

Results of Conjunctival Nasal
Provo-
cation No. of o/- No. of 6t
Test Patients le patients lo

Table 5. Results of Conjuctival and Nasat
Provocation Testing with Sw

diagnosis in silk allergy. Disease
possibility was correlated with the
size of the wheal elicited by skin test.
The larger the wheal, the more likelv
the disease.

An average MWD of skin prick
test elicited by silk waste was 14.2
ffiD, which is apparently larger than
2 HEP. One histamine equivalent
prigk test is equal to 1,000 biologic
units (BU)/mL, which is considerèd
to_be of significance in the diagnosis
of allergy.u Silk waste extract must
therefore contain potent allergens.
A MWD smaller than I HEp was
found to be clinically doubtful or
irrelevant. In addition. late reac-
tions to skin prick tests developed
at the skin test site three to six
hours later in three children; how-
ever serum precipitating antibody
against silk waste could not be dem-
onstrated in any of them.

The conjunctiva is rich in mast
cells and apt to induce an antisen
antibody reaction.r2 Conjunctival
provocation testing was chosen not
only for its safety and convenience,
but also for the frequency of induc-
tion of obvious symptoms, even
though the occunence of histories
of allergic conjunctivitis was rather
low. Furthermore, dropping ex-
tracts of allergen into the eye is eas-
ier and better accepted by the chil-
dren than injection into the skin.
These tests suggested that conjunc-
tival provocation test is an appro-
priate choice for children with silk
allergy.

Serum IgE-Sw in most patients
was positive, but negative results did
not rule out silk allergy.

Clinically, 64 patients had
asthma. The degree of severity is
indicated in Table 2. Cyanosis had

22.6
77.4
0.0

100.0

None of 40 patients had demon-
strable precipitating antibody
against silk waste by the double gel
diffusion.

DISCUSSION
Silk in China is mainly divided into
two groups, the mulberry silk and
x'ild silk. Both of them hàve identi-
cal allergenicity.'0'" Allergy to silk
rs most frequent with mulberrv silk
rather than with wild silk in China
due to its popularity in use.

In the reeling process, the silk
tiiread is reeled off the cocoon. An
unbroken silk thread can be col-
jccted as far as one mile from an
Lrndamaged cocoon. Severely bro-
ken silk threads are only used as a
fìlling for bed quilts or clothes and
mattresses and are known as Sw.ro
This is an important source of aller-
gen. Textile products of silk are con-
sidered to be practically nonaller-
genic owing to the complicated
processing.

Silk thread consists of two main
pafts, fibroin and sericin. Sericin is
a glueJike substance cementing two
fibroin frlaments of silk into a Jinele
thread. The allergenicity of fibroin
is much weaker than thai of sericin.r
^ In this study, skin testing was
found to be very sensitive in the

2
+ 2 0
++ 30
Total 52

3.8
38.5
57.7

100.0

7
24
0

31



patients to the extracts of cocoon,
batryticated silkworms, and chry-
salis were all larger than I HEP.
Cross reactivity among them is very
likely. Patients alleryic to silk may
be alleryic to these substances re-
lated to silk.

Batryticated silkworm is a silk-
wonn that died from a mycotic in-
fection caused by Beauveria bas-
siana. These are commonly used in
Chinese traditional medicine. This
material may contain two antigenic
components, silkworm itself and
Beauveria bassiana. If a patient is
alleryic to batryticated silkworms,
skin tests with both silkworm ex-
tracts and the fungal Beaveria bas-
siana extracts is necessary. None of
these patients showed a positive re-
action to Beauveria bassiana.

Most of the children responded
favorably to exposure avoidance.
Symptoms usually subsided after
two or three days. As Sw has been
so popular in China, it is very diffi-
cult to avoid silk exposure in daily
life; therefore, in some highly sensi-
tive patients complete resolution of
symptoms is unlikely. Specific Sw
immunotherapy has proven to be
effective in our experience.

Due to the high potency of silk
allergens and frequent exposure to
Sw in China, whenever asthma oc-

curs in children in the winter, espe-
cially if accompanied by alleryic
rhinitis, silk products should be con-
sidered a possible cause. Any patient
with multiple atopic diseases should
handle silk waste only with great
care.
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