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ArieN, J. R. Passive transfer between experimental animals of hypersensitivity to
Aedes aegypti bites. Experimental Parasitology 19, 132-137. Attempts were made to
demonstrate passive tranfer between experimental animals of immediate-type hyper-
sensitivity to Aedes aegypti bites. Seven out of eight guinea pig recipients of sera from
donors sensitized by oral secretion and adjuvant showed immediate-type skin reactions
when tested by A. aegypti bite. No passive transfer was demonstrated with sera from
donors sensitized by A. aegypti bites, nor was transfer successful when rabbits were used
as recipients. Spleen cells from donors sensitized by oral secretion and adjuvant were
used in experiments to demonstrate passive transfer of delayed-type hypersensitivity to
A. aegypti bite. Successful transfers were obtained with guinea pig recipients. The cells
were apparently capable of transferring both immediate- and delayed-type hypersensi-
tivities. No success was achieved with rabbit recipients.

INTRODUCTION

Evidence supporting the thesis that skin
reactions to mosquito bites represent allergic
phenomena was reviewed by McKiel and
West (1961). A few reports of successful
passive transfer between human subjects of
hypersensitivity to mosquito bites are in the
literature. Hecht (1929) reported one success-
ful attempt at passive transfer of the imme-
diate-type (wheal and erythema) hypersensi-
tivity to bites of Amopheles maculipennis
Meig. Brown et al. (1938) demonstrated pas-
sive transfer of immediate-type hypersensi-
tivity to Aedes aegypti bite. In this case,
serum from an individual exhibiting “skin
necrosis” after A. aegypti bite was used in the
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Prausnitz-Keustner procedure to transfer the
hypersensitive state to two recipients. In the
literature, there appears to be no report of
any successful passive transfer of the delayed-
type hypersensitivity to mosquito bites. Also,
there are no reports of passive transfer be-
tween experimental animals of immediate- or
delayed-type hypersensitivities to mosquito
bites.

Work described here was designed to dem-
onstrate passive transfers of both types of
hypersensitivity between experimental ani-
mals.

MATERIALS AND METHODS

Oral secretion was collected from A. ae-
gypti (L.) by the method of Allen and West
(1962). Briefly, the method of collection in-
volved inducing mosquitoes to probe a mem-
brane which contained distilled water; as
they probed, mosquitoes injected salivary
components through the membrane, and the
materials collected in this way were concen-
trated by freeze-drying. The freeze-dried oral
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secretion was stored under vacuum in sealed
flasks. Each flask contained a very small
amount of material. The mean dry weight of
oral secretion in 72 such flasks, was 0.433 mg
per flask. However, since the fraction of ac-
tive material in oral secretion was unknown
and possibly inconstant, the doses of oral se-
cretion given in these essentially qualitative
experiments were expressed in “flask units.”

Rabbits and guinea pigs were used as ex-
perimental animals. Rabbits were all-white
males weighing 3-4 kg; guinea pigs were all-
white males weighing 400-450 gm.

Guinea pigs and rabbits were subjected to
injections of oral secretion with Freund’s
complete adjuvant. Oral secretion was dis-
solved in sterile physiological saline, buffered
at pH 7, prepared as described by Evans
(1922). Eight flasks of oral secretion were
dissolved in each milliliter of saline and the
solution was emulsified with an equal volume
of Freund’s complete adjuvant (Difco; 0638)
before being injected. Injections containing
1.5ml of oral secretion solution were given
to guinea pigs; half the dose was given sub-
cutaneously, bilaterally in the neck region,
just anterior to each scapula, and half the
dose was given intramuscularly bilaterally in
the hind leg muscles. Rabbits received injec-
tions containing 3.5 ml of oral secretion solu-
tion, given in similar sites to those used in
guinea pigs.

As previously shown (Allen and West,
1966), such procedures can sensitize experi-
mental animals to 4. aegypti bites. Sensitized
animals may be obtained which show delayed-
type reactions only, delayed- and immediate-
type reactions, or immediate-type reactions
only, corresponding to stages II, ITI, or IV
of reactivity, as described in man by Mellan-
by (1946).

Passive Transfer of Immediate-Type Hyper-
sensitivity

Serum samples were taken from the experi-
mental animals before sensitization and at
various stages during the sensitization course.
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Serum samples were also taken from animals
sensitized by A. aegypti bites.

Various volumes of the different sera were
injected into recipient animals which had no
known previous contact with mosquitoes. In-
jections were given intravenously, intraperi-
toneally or subcutaneously. Twenty-four hours
later, recipient animals each received a test
bite from A. aegypti.

The immediate-type skin reactions in ex-
perimental animals differ from the wheal and
erythema reactions of man. McKiel (1959)
noted that the wheal, in rabbits and guinea
pigs, does not reach a maximum until ap-
proximately an hour after challenge with
allergen, and erythema is usually lacking.

In these experiments, the skin sites for 4.
aegypli test bites were on the dorsolateral re-
gion of the shoulder or flank. And, as de-
scribed by Allen and West (1966), the
criterion for a positive immediate-type reac-
tion was a wheal of more than 3.5 mm occur-
ring 45 minutes after test bite, while the
criterion for a positive delayed-type reaction
was a reaction of at least 4 mm in diameter
measured 24 hours after test bite. A statisti-
cal analysis had shown a very low probability
(p € 0.001) that the diameters chosen rep-
resented too low values.

Passive Transfer of Delayed-Type Hyper-
sensitivity

Animals sensitized by A. aegypti bites show
no macroscopically visible delayed-type reac-
tions to bites (McKiel, 1959). In these ex-
periments, rabbits and guinea pigs were
sensitized, as before, by injections of oral
secretion and Freund’s complete adjuvant.
Both control, unsensitized animals and sensi-
tized animals showing delayed- or delayed-
and immediate-type reactions in response to
A. aegypti bites were used as donors, Spleens
were removed from donors under ether anes-
thesia. The organs were placed in a cold Ty-
rode solution made up as described by Bough-
ton and Schild (1962). Cells were separated
and suspended in fresh Tyrode solution, then
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centrifuged at approximately 2.5 X 10® X g
for 5 minutes. The supernatant was decanted
off and fresh Tyrode solution added. This
washing procedure was repeated twice more.
All manipulations of organs and cells were
carried out at 5°C. The final suspension of
cells was injected slowly, intraperitoneally
into a recipient animal. Approximately 10 ml
of cell suspension were injected in each case,
and an estimate of the number of cells in-
jected was made on an aliquot of the suspen-
sion, using a hemocytometer. Recipient ani-
mals were tested by an A. aegypti bite 48
hours after the transfer of cells. Control trans-
fers were made with cells from unsensitized
animals.

In one experiment, the effect of heating
cells at 60°C for 15 minutes was investigated.
Cells were obtained from the spleens of 4
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sensitized donors; they were mixed and
washed and the suspension was divided into
two approximately equal portions. One por-
tion was injected into a recipient, and the
other portion was held in a water bath at
60°C for 15 minutes before being injected
into a second recipient guinea pig.

ResurLTs AND DiscussSIoN

Passive Transfer of Immediate-Type Hyper-

sensitivity

From the results shown in Table I, it ap-
pears that successful passive transfers of im-
mediate-type hypersensitivity to 4. aegypti
bites were achieved, with guinea pigs as re-
cipients. These recipients, with the exception
of guinea pig H, showed immediate-type
hypersensitivity after receiving serum from
rabbit or guinea pig donors sensitized by oral

TABLE 1
Passive Transfer of Immediate-Type Hypersensitivity to Aedes aegypti Bites by Means of Sera
Donor’s Recipient’s
reaction to reaction to
Serum A. aegypti Serum A. aegypti
donor Imm.o Del.e injection Recipient Imm. Del.
Rabbit U? — — 2mlS/Ce G.pigA —_ —
Rabbit OS 1 -+ — 1.5mlI/V G.pigB + —_
Rabbit OS 1 + — 2mlS/C G.pigC + —
Rabbit OS 1 + — 2mlS/C G.pigD -+ —
Rabbit OS 2 — + 2mlI/V G.pigE — —_
Rabbit OS 3 — + 2mlS/C G.pigF — —
Rabbit OS 4 — + 2mlI/P G.pig G — —
Rabbit OS 5 + + 1.3mlI/V G.pigH — —
Rabbit OS 6 -+ + 2mlS/C G.pigI -+ —
Rabbit OS 7 + + 2ml S/C G.pigJ + —
Rabbit B 1 -+ — 2mlS/C G.pigK —_ —
Rabbit B 2 -+ — 2mlS/C G.pigL — —
Rabbit OS 1 -+ —_ 6mlI/V Rabbit A — —
Rabbit OS 7 + + sSmli/V Rabbit B — —
G. pig OS 1 + - 1mlS/C G.pigM + —
G. pig OS 2 -+ — 2mlS/C G.pigN + —_
G.pig B 1 + —_ 2mlS/C G.pig0 — —
G.pig B 1 + — 2mlS/C G.pigP — —

¢ Imm — immediate type reaction (45 minutes after bite). Del = delayed-type reaction (24 hours after
bite).

v U = unsensitized; OS = sensitized by oral secretion and adjuvant; B = sensitized by 4. aegypii bites;
1/V = intravenous; I/P = intraperitoneal.

¢ S/C = subcutaneous.
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secretion with adjuvant, when the donor
showed immediate-type reactions to 4. ae-
gypti bite.

No transfer of hypersensitivity was de-
monstrable with sera from donors sensitized
by A. aegypti bites. Several other similar at-
tempts, in which sera from bite-sensitized
donors were used, have also been unsuccess-
ful (Dubin et al., 1948; McKiel, 1955).

No transfer of hypersensitivity was evident
in the two experiments in which rabbits were
used as recipients, It is possible that insuffi-
cient volumes of serum were transferred in
these experiments; Gell and Hinde (1954),
for example, used volumes of 50-70ml of
plasma in their successful passive transfers of
the “immediate component” of Arthus reac-
tions between rabbits.

The passive transfers of immediate-type
hypersensitivity that were demonstrated may
well not be analogous to the Prausnitz-Keust-
ner transfers demonstrable in man. The posi-
tive results shown might be interpreted as
being examples of passive cutaneous anaphy-
laxis, a phenomenon which may be demon-
strated in guinea pig recipients but not in
rabbits (Ovary, 1958). Nonetheless, results
in Table I show that sensitized animals may
produce transferrable antibodies which react
with antigens injected by the feeding mos-
quito. They also provide the first direct evi-
dence of involvement of antibodies in experi-
mental animals’ skin reactions to mosquito
bites.

Passive Transfer of Delayed-Type Hyper-

sensitivity

Table IT shows the results of experiments
involving the transfer of spleen cells. Passive
transfer of the delayed-type hypersensitivity
to guinea pig recipients was apparently
achieved with spleen cells from guinea pigs
sensitized by oral secretion with adjuvant.
Cells from donors which also exhibited im-
mediate-type reactions to 4. eegypti bite ap-
parently transferred both the delayed- and
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immediate-type hypersensitivities to guinea
pig recipients.

No successful passive transfers of hyper-
sensitivity between rabbits was demonstrable.
Possibly insufficient numbers of cells were
transferred.

When spleen cells were taken from 4 donors
(guinea pigs 10-13) and pooled, one aliquot
of these cells injected into recipient guinea
pig F apparently produced transfer of hyper-
sensitivity, whereas the second (heat-treated)
aliquot of these cells produced no demonstra-
ble transfer of hypersensitivity to guinea pig
G.

In this type of passive transfer experiment,
it is possible that active sensitization by
transferred allergen may occur. Turk (1961)
has shown this to happen when cells were
transferred from tuberculin-sensitized animals
to normal recipients. Turk concluded that a
transient delayed hypersensitivity could be
transferred by intact leucocytes, spleen cells
or lymph node cells, and that this could be fol-
lowed in some cases by active sensitization
which may persist far beyond the time when
donor cells would have been destroyed by
homograft reaction. Such active sensitization
was presumed to be brought about by small
amounts of allergen transferred with the
cells.

In the experiments reported here, it seems
unlikely that positive reactions obtained in
recipients test-bitten 2 days after cell transfer
could have been the results of active sensi-
tization. Allen and West (1966) showed
that no positive delayed-type reactions were
obtained in guinea pigs sensitized by oral
secretion plus adjuvant until at least 7 days
had elapsed after the injection. Also, from
Table II, it may be seen that heat treatment
of spleen cells for 15 minutes at 60°C ap-
peared to destroy their ability to transfer
the hypersensitivity. Such heat treatment did
not destroy the sensitizing properties of oral
secretion (Allen and West, 1966). It seems
reasonable to conclude that at least a tran-
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TABLE 1I
Passive Transfer of Hypersensitivity to Aedes aegypti Bites by Means of Spleen Cellse
Donor’s Recipient’s
reaction to reaction to
Cell A. aegypti Cells A. aegypti
donor Imm. Del. transferred Recipient Imm. Del.
G. pig
1 — — 2 X 109 .
2 _ . } 1/p G.pigA — —_
3 . + 2 X 109 R
4 . + }> 1/P G.pigB — +
5 . + 2 X 109 .
6 + + } 1/P G.pigC + +
y + + 3 X 109 .
8 + + } 1/P G.pigD + +
9 + + 1 X 109 G.pigE + +
Rabbit
1 — + 2 X 109 .
/v Rabbit A —_ —
2 + + 4 % 109 .
3 1 + } /P Rabbit B — —
4 + + 3 % 102 R
p + + } /P Rabbit C — —
G. pig
10 + + 2 X 109, 1/P G.pigF + +
u + + /
12 — + N 2 X 109 heat-?
13 -+ + treated cells, I/P G.pig G — —_—

¢ See Table I footnotes for explanation of abbreviations.
b Heat-treatment of cells: 60°C for 15 minutes before injection into recipient (G. pig G).

sient passive transfer of delayed-type hyper-
sensitivity was obtained in these experiments.
No such demonstration has previously been
reported.

It is of interest that the transfer of cells
from donors showing immediate- and delayed-
type reactions caused recipient guinea pigs
to show both types of reaction in response to
test bite. The appearance of circulating anti-
bodies as well as delayed-type reactions in re-
cipients of washed cells has been noted by
Chase (1951) and Harris e¢ al. (1954). The
experimental results obtained by us also give
an indication that the transferred cells were
responsible for the production of circulating

antibody (and immediate-type reactions) in
recipients.
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