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The etiologic significance of Anopheles stephensi, a common mosquito species in Delhi, in respiratory allergic
disorders was investigated. Intradermal (ID) tests with the mosquito whole body extract (WBE) were performed on
247 patients with bronchial asthma and/or rhinitis and 50 healthy nonallergic volunteers. Of these 247 patients, 118
(47.8%) had positive (1+ to 4+) reactions including 72 (29.1%) with markedly positive (2+ to 4+) ID reactions. We
did not observe any 2+ to 4+ skin reactions in normal healthy volunteers, giving evidence for the specificity of
markedly positive 1D response. The skin test positivity was not influenced by various clinical characteristics (age at
onset, duration and type of disease, and family history) of patients included in the study. The specificity of positive ID
response was further supported by the results of mosquito RAST with the sera of 14 patients. Ten of the 12 sera (83%)
Jrom patients with positive ID response to mosquito WBE were RAST positive. Sera from two patients with negative
ID reactions were RAST negative. The bronchial provocation tests (BPTs) were uniformly negative in all five healthy
volunteers and two patients showing negative ID responses to mosquito WBE, while the three patients showing 2+ to
4+ responses gave positive BPTs. Our results suggest that mosquito-derived particles are important inhalant allergens

in the etiology of IgE-mediated respiratory allergic disorders in India.

INTRODUCTION

Various insects including cock-
roach, May fly, Caddis fly, and
“green nimitti” midge have been in-
criminated as sources of inhalant
allergens.'® Mosquito is a prevalent
insect in India. During their life
cycle, scales and other emanations
from the body are disseminated into
the air. Furthermore, the detritus
produced after death and decay also
becomes airborne. These mosquito
emanations and detritus may serve
as potent inhalant allergens and
cause symptoms in patients with
respiratory allergic disorders. No
systematic study, however, has been
reported so far on the role of mos-
quitoes as sources of inhalant aller-
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gens. Hence, the present study was
undertaken to investigate the role of
A. stephensi, a common mosquito
species in Delhi atmosphere, in the
etiology of respiratory allergic dis-
orders.

MATERIAL AND METHODS

Study Groups
Two hundred forty-seven consecu-
tive patients (142 males and 105
females) aged 9 to 61 years (average
27 years) with bronchial asthma
and/or rhinitis reporting to the Clin-
ical Research Centre of V.P. Chest
Institute, University of Delhi, India,
were included in the present study.
The patients were selected on the
basis of their personal as well as
family histories, physical examina-
tion, and various routine laboratory
investigations. Each patient com-
pleted a questionnaire indicating
the history of asthma and/or rhini-
tis, season and frequency of symp-
toms, age at onset of respiratory
disease, duration of disease, and his-
tory of respiratory or any other al-
lergic disorders in the first degree
relatives.

All steroid-dependent patients,

those with associated cardiopulmo-

nary diseases and those undergoing
immunotherapy were
from the present study.

As controls 50 healthy nonallergic
volunteers (32 males and 18 fe-
males) aged 17 to 61 years (average
28 years) were also studied. None of
them had a personal or family his-
tory of any allergic disease.

Allergens

Mosquito whole body extract
(WBE). Mosquitoes (Anopheles ste-
phensi) were reared in our labora-
tory in sufficient numbers. The
whole body extract from these mos-
quitoes was prepared by our modi-
fied method.’

Solid phase mosquito allergen.
For preparing solid phase mosquito
allergen discs, the method of
Adolphson et al'® was followed. In
brief, cyanogen bromide-activated
cellulose discs (Whatman filter pa-
per No. 50, 6mm, diameter) were
allowed to react with mosquito
WBE in borate buffered saline (pH
8.0) for 72 hours at 4 °C, on a rota-
tor. Subsequently, the discs were
thoroughly washed and noncoupled
sites were blocked with 1 M etha-
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nolamine. Finally, the discs were
washed and stored in RAST diluent
at —20 °C. Fifty milligrams mos-
quito WBE per 100 paper discs was
used throughout the study based on
the result of preliminary RAST ex-
periments using varying amounts of
mosquito WBE (10, 20, 50, and 100
mg/100 discs) (“Results” not
shown).

Skin Tests
The allergenic significance of mos-

| quitoes was evaluated by perform-
. ing intradermal (ID) tests with mos-
' quito WBE (1:500 wt/vol) on the

patients with nasobronchial disor-
ders. Phosphate buffered saline
(PBS) and histamine acid phosphate
(100 ug/mL) were also tested as a
negative and a positive control, re-
spectively. The tests were performed
and graded according to the method

. and criteria of Shivpuri and Agar-

! wal."' Markedly positive reactions
© (2+ to 4+) were confirmed by re-

peating the tests on the patients the
same day. The tests were performed
by the same trained technician and
graded by one of the coauthors
(MKA) throughout the course of
study.

The specificity of ID reactions in
patients was evaluated by perform-
ing similar tests on 50 healthy non-
allergic volunteers.

Radioallergosorbent Test (RAST)

The disc RASTs were performed ac-
cording to the procedure of Gleich
and Yunginger'? with a few modi-

- fications. In short, 50 uL of the test

serum was incubated overnight with
one allergen disc at 4 °C. After wash-
ing the discs three times, 50 uL of
"*I-labeled anti-human IgE serum
(Phadebas RAST isotope reagent;
Pharmacia Diagnostics, Uppsala,
Sweden) was added and incubated
overnight at 4 °C. The discs were
washed thrice and counted for one
minute in a gamma counter.

For evaluation of results, RAST
binding (% counts bound) was cal-
culated as the percentage of total
counts added.

Determination of RAST Ratio

The counts bound with patient’s
sera in RAST experiments were ex-
pressed in terms of RAST ratio as
per the following formula:

RAST ratio:
% counts bound (CB)

with patients serum

% CB with normal
human serum

A RAST was considered positive
when the RAST ratio was 3 or more.

Bronchial Provocation Tests
(BPTs)

Five asthmatics showing different
grades of ID response (negative to
4+) to mosquito WBE and five
healthy nonallergic volunteers were
subjected to BPT with the homolo-
gous allergen extract according to
the method of Shivpuri and Agar-
wal.!!

Statistical Analysis

A correlation coefficient between ID
response (average diameters of
wheal) and RAST ratios was calcu-
lated and significance tested by ¢
test. The sensitivity and specificity
of the two tests were evaluated in
terms of Youden’s Index.'?

RESULTS

Skin Tests

The results of intradermal tests on
247 patients and 50 controls are
presented in Table 1. Of the 247
patients, 118 (47.8%) had positive
ID responses (14 to 4+), 72 (29.1%)
of them giving markedly positive
(2+ to 4+) reactions. Only 6% of
the 50 healthy nonallergic volun-
teers showed 1+ reactions. We did

not observe any markedly positive
ID reaction in this group.

The distribution of the patients
according to their clinical character-
istics is included in Table 2 with the
ID tests results in each group, sepa-
rately.

Of the 247 patients, 42.1% were
suffering from asthma, 13.4% from
rhinitis, and 44.5% from both
asthma and rhinitis. The relation-
ship between clinical characteristics
of patients and ID test results re-
vealed that there was no significant
difference in the ID positivity to
mosquito WBE in the three groups.
Similarly, duration of disease, age at
onset, type of disease, and family
history did not influence the skin
test results.

RAST

The results of A. stephensi RAST
using the sera of a limited number
of 14 patients with different grades
of skin reactions are presented in
Table 3. Ten of the 12 sera from
patients showing 1+ to 4+ ID re-
sponses were RAST positive. Both
the sera from the patients with neg-
ative ID responses to the mosquito
WBE were RAST negative.

The correlation between the
RAST ratios and wheal diameters
(ID response) was found to be sig-
nificant (r = .69, P < .01). RAST
results were found to be 100% spe-
cific when compared with ID re-
sponse as all the patients showing
positive RAST were ID positive (1+
to 4+) and all the ID negative cases
gave negative RASTs. The RAST,
however, was 83.3 + 10.8% sensi-
tive where 83% patients showing
positive ID were RAST positive.

Table 1. Intradermal Test Responses with Mosquito Whole Body Extract in 247 Patients and

50 Healthy Volunteers

Patients Healthy Volunteers
ID Response —_— A

No. % No. %

1+ 46 18.6 3 6.0

2+ 60 243 0 0

3+ 12 4.9 0 0
1+ to 4+ 118 47.8 3 6.0
2+ to 4+ 72 291 0 0
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DISCUSSION
Insects and other arthropods are the'*

Table 2. Analysis of Skin Test Results with Mosquito WBE According to the Clinical
Characteristics of the 247 Patients of Nasobronchial Disorders

ID Positivity most numerous animals in the
Clinical Characteristics P::)i;ez:s 1+ 104+ Significance world, the number of species de-
N % scribed so far being 80% of all the
animals. According to Sabrosky,'4
Age of onset 625,000 to 1,300,000 insect species
igg )3;: Igg g? 33:2 NSt are present throughout the world,
Duration of disease These insects can be classified
<5yr 133 57 429 b_rqadly‘ as (1) stinging Insects (2)
S5 yr 114 61 535 NS biting insects (3) nonblt'mg' and
Type of disease” nonstinging insects. Mosquito is one
Seasonal 67 27 40.3 NS of the biting insects and a few re-
Perennial and nonseasonal 163 86 52.8 ports of anaphylaxis to mosquito
Diagnosis bites are available.'>'® Even though
Asthma 104 45 433 IgE binding allergenic components
Rhinitis 33 17 51.5 NS in the mosquito WBEs (4edes and
Fa?nsi:hE:t: R(’;;“:I'lzr 110 56 509 Culex species) have also been dem-
Posyitive ry 9y 13 53 513 pnslt7rel1;ed in a few preliminary stud-
Negative 134 61 455 NS 1es, "'° no systematic study on the

role of mosquitoes as inhalant aller-
gens in Type I respiratory allergic
diseases has been reported so far."
In the present study the allergenic
significance of Anopheles stephensi,
a common mosquito species in
Delhi area, was evaluated by per-

* 17 patients had recent onset of the disease.
t NS = not significant, P > .05.

Table 3. RAST Results with the Sera of 14 Patients Showing Different Grades of Intradermal
Response to Mosquito Allergen Extract

RAST Ratio  Average RAST % RAST forming ID, BPT, and RAST exper-
Serum  IDResponse % cpm (RAST +/-)* Ratio + SD Positivity iments. Intradermal tests were per-
NHSt - 0.49 1.0(-) 1.0 0 formed with mosquito WBE in
Patients 1:500 wt/vol dilution as in an earlier
BSY - 0.82 1.67 (~) 177 £ 0.13 0 study this strength of insect aller-
RPC - 091 1.86 () gens was found suitable for ID
KK 1+ 1.21 2.47 (-) 298 + 072 50 tests.’ Of the 247 patients, 48.7%
GS 1+ 1.7 3.49 (+) R showed 1+ to 4+ reactions while
(SDQ g: :3; gg; g;; markedly positive responses (2+ to
' : 4+) were obtained in 29.1% of the

CcP 2+ 217 4.43 (+) f .
HR o 295 6.02 (+) patients. Further analys}s of ID re-
1S 2+ 3.89 7.94 (+) 1111493 88.9 sults showed that the skin positivity
A 24 459 9.36 (+) to mosquito WBE was not related
DC 2+ 6.93 14.14 (+) to various clinical characteristics
LB 2+ 11.13 22.71 (+) such as age at onset, duration and
A 2+ 14.40 29.39 (+) type of disease, and family histories
R 3+ 9.66 19.72 (+) 19.72 100 ?’It: tgf pza)tients included in the study

able 2).

Total ;I :z :I gg.a The specificity of the positive ID

* — = negative and + = positive.
1 NHS = normal human serum.

BPTs

The results of BPTs on five asth-
matics and five controls are in-
cluded in Table 4. The BPTs were
uniformly negative in all the healthy
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volunteers and two patients showing
negative ID response to mosquito
WBE, while all the three patients
showing 2+ to 4+ ID responses had
positive BPTs.

reactions obtained in patients is
supported by the fact that none of
the healthy nonallergic volunteers
showed a markedly positive ID re-
action. Furthermore, even 1+ reac-
tions were three and one-half times
more frequent in patients than in
controls (21% and 6%, respectively)
(Table 1).

The specificity of skin reactions




Table 4. BPT Response to Mosquito WBE in Five Asthmatic Patients and Five Healthy

Volunteers
Subjects ID Response BPT Response* RAST Ratio
Healthy volunteers
SJ - - 1.0
SB - - NDt
PS 1+ - ND
SJ - - ND
RB - - ND
Patients
BSY - - 0.82
RPC - - 0.91
IS 2+ 1+ 7.94
DC 2+ 2+ 14.14
S 3+ 2+ 19.72
* BPT response"’
Reduction in FEV,
negative <15%
1+ 15% to 20%
2+ 21% to 50%
1 ND = not done.
to mosquito WBE was further con- Furthermore, immunochemical

firmed by mosquito RASTs. Of the
sera from 12 patients eliciting a pos-
itive ID response (1+ to 4+), ten
(83%) were RAST positive. The
positivity of RAST increased to
90% in the patients showing mark-
edly positive skin reactions (2+ to
4+). Further, the average RAST ra-
tio increased with the increase in the
grade of ID response ranging from
1.77 in patients with negative 1D
reactions to 19.7 in those with a 3+
response (Table 3). These results
showed significant correlation (r =
.69, P < .01) between ID response
and RAST indicating that the skin
tests graded according to the criteria
. followed in the present study are
| highly specific. The sera from an-
- other two patients who had negative
ID responses to mosquito WBE also
gave negative RASTs.

The reliability of ID positivity is
also supported by the results of BPT
performed on five asthmatics show-
ing different grades of ID response
(negative to 3+). All three patients
who had positive ID responses and
positive RASTs also had positive
BPTs. Both the asthmatic patients
with negative ID responses and neg-
ative RASTSs gave negative inhala-
tion challenge responses.

quantitation studies revealed the
presence of airborne mosquito aller-
gens in Delhi atmosphere (unpub-
lished results), confirming the ex-
posure of our patients to these aller-
gens.

In conclusion results of ID,
RAST, and BPT suggest that mos-
quito-derived allergens are impor-
tant causative agents in Type I res-
piratory allergic disorders in India.
This is probably the first systematic
study on the role of Anopheles ste-
phensi as a source of inhalant aller-
gens.
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EPIDEMIOLOGY OF ACQUIRED IMMUNODEFICIENCY
SYNDROME IN WOMEN

The Centers for Disease Control reports there were 15,493 women with
acquired immunodeficiency syndrome (AIDS) in the United States on
December 31, 1990, 10% of the adults reported with AIDS. In 1985 only
538 women were reported to have AIDS, 6.6% of the adult cases reported
that year. Only part of this increase was due to a change in AIDS case
definition that took effect in 1988.

Cumulative incidence rates through 1990 were 67 per 100,000 women
for blacks, 39 for Hispanics, and 5 for whites. Corresponding cumulative
incidence rates for heterosexual men were 164 for blacks, 127 for Hispanics,
and 14 for whites.

Mean age at the time of diagnoses of AIDS was 36 years for women;
85% were of reproductive age at the time of diagnosis. Areas with the
highest reported cumulative incidence rates were Puerto Rico (71.3 per
100,000 women), New Jersey (62.9), New York (61.0), District of Colum-
bia (59.8), Florida (34.7), Connecticut (24.4), and Maryland (21.0), but
cases have been diagnosed in every state.

Fifty-one percent of women with AIDS were intravenous drug users,
21% were sexual partners of intravenous drug users, 9% were sexual
partners of high-risk men who did not use intravenous drugs, and 9% had
received transfusions, including treatment for hemophilia.

The median survival time from AIDS diagnosis to death was 9.8 months
for women and 9.3 months for heterosexual men. The 3-year survival rate
after diagnosis of AIDS was 20% for women and 19% for heterosexual
men. The median time for progression from human immunodeficiency
virus (HIV) infection to AIDS may be as long as 10 years.

The increasing incidence of AIDS among women indicates need for
education and counseling of women about protection and treatment of
drug addiction and sexually transmitted diseases that contribute to trans-
mission of HIV.

—RMS
Ellerbrock TV, Bush TJ, Chamberland ME, et al. Epidemiology of women
with AIDS in the United States, 1981 through 1990: a comparison with
heterosexual men with AIDS. JAMA 1991:265:2971-5.
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