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Sindbis virus was first isolated from
pools of Culex sp. mosquitoes in the re-
gion of Sindbis village, Egypt, by Taylor
and Hurlbut (1g53). Hurlbut (1953)
was able to demonstrate the experimental
transmission’ of Sindbis virus by Culex
pipiens and C. univittatus mosquitoes to
suckling mice. Collins and Harrison
(1966) demonstrated the experimental
transmission of this agent by Anopheles
albimanus and Aedes aegypti mosquitoes
to baby chicks.

During our previous studies, Sindbis
virus titers in mosquitoes were individu-
ally determined immediately after taking
their infectious blood meal and after vari-
ous periods of extrinsic incubation. With
the An. albimanus mosquitoes it was ob-
served that, on some occasions, the titra-
tions had abnormal mortality patterns in
that the highest concentration of virus sus-
pension resulted in very low mouse mor-
talities whereas high mortalities were ob-
tained with more dilute concentrations.
This did not occur with suspensions of
infected Ae. aegypti mosquitoes, but a
series of titrations with An. siephensi mos-
quitoes also showed an inhibition of
mouse mortality in higher concentrations.

This reaction appeared to be analogous
to the pattern one sees as a prozone reac-
tion in the complement fixation test, and
further confirmation and possible explana-
tion was desirable.

Reported here are the results of titra-
tions of three species of mosquitoes in-
fected with Sindbis virus, in two of which
this phenomenon is demonstrated.

MareriaLs aNp MeTHoDs. The virus was
Sindbis virus AR-1055, obtained through
the courtesy of Dr. Phillip Coleman, Na-
tional Communicable Disease Center,
Atlanta, Georgia, US.A.

The Ae. aegypti were the CDC strain
originally obtained from Technical Devel-
opment Laboratories, CDC, Savannah,
Georgia and maintained in our laboratory
since 1959.

The An. albimanus mosquitoes were the
A-g strain originally obtained from San
Salvador and maintained in our labora-
tory since 1960.

The An. stephensi, originally from
India, were obtained from the London
School of Hygiene and Tropical Medicine
and have been maintained in our insectary
since 1963,

Mosquitoes were infected by allowing
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them to feed through a Baudruche (un-
treated) membrane on a virus suspension
in heparinized rabbit blood. The virus
suspension was prepared by grinding the
brains of dead or moribund suckling mice
previously inoculated with the seventh
mouse passage of Sindbis virus in 20 per-
cent chicken serum in Bacto-heart infu-
sion broth (Difco) at the rate of one
brain to 0.2 milliliter of diluent. After
centrifugation for 15 minutes at 1,500
r.p.m., one milliliter of the supernatant
was added to eight milliliters of freshly
drawn heparinized rabbit blood.

For the mosquite feeding, the suspen-
sion was warmed to approximately 37° C.
and placed on the membrane which
formed the bottom of a % pint feeding
cup. The cup was then placed on top of
the cage containing the mosquitoes. The
feeding period was 10 to 30 minutes, after
which time the engorged mosquitoes were
transferred to holding cages and stored
in an incubator at 25° to 26° C. During
the incubation period, the mosquitoes
were fed 5 percent Karo solution” daily
on a cotton pledget.

Immediately after feeding and at vari-
ous times during the incubation period,
mosquitoes were killed by freezing, and
stored in a mechanical freezer at —68° C.
until titration. To determine the virus
titers, mosquitoes were ground individu-
ally in a mortar with a one milliliter ali-
quot of broth to which 1,000 units of
penicillin and two milligrams of strepto-
mycin per milliliter had been added. The
suspension was centrifuged for 15 min-
utes at 1,500 r.p.m. and serial 10-fold dilu-
tions of the supernatant were made in
the broth. Each dilution was used for the
inoculation of one litter of 1- to 2-day
old suckling mice (average of eight mice
per litter). Each mouse was inoculated
intracerabrally with 0.2 ml. of the dilution.
The procedures and results of the trans-
mission attempts are presented in the pre-
vious report (Collins and Harrison, 1966).

Resurts. The results of the virus titra-
tions obtained with the different species

of mosquitoes are presented in Table 1.
None of the titrations from five Ae.
aegypti mosquitoes taken directly after
feeding and none of the six taken 12 to 19
days later exhibited this inhibition. Of
the six positive mosquitoes, three were
able to transmit the infection by bite.

The titrations from 15 An. albimanus
mosquitoes sampled at the time of infec-
tion all gave an expected pattern of mor-
tality in that 100 percent of the mice died
as a result of inoculation with the 107!
and 10~2 dilutions of the mosquito-virus
suspension. Atfer 12 days of incubation,
however, titrations from eight mosquitoes
resulted in mortality patterns in which
the 1o~ dilution failed to kill any mice
and the higheest percentage mortality was
with the 10~ dilution. Titrations from
ten mosquitoes had expected patterns of
response. A similar distribution occurred
after 14 and 19 days of extrinsic incuba-
tion. Titration from 4 out of 12 and 2
out of 8§ mosquitoes respectively showed
inhibition with the more concentrated
dilutions of the mosquito-virus suspension.
For the period of 12 to 19 days, 14 out of
38 titrations (37 percent) demonstrated
inhibition patterns. Two mosquitoes
transmitted  Sindbis virus and. both of
these failed to show the inhibition pattern
upon titration.

Titrations from ten An. stephensi mos-
quitoes sampled immediately after infec-
tion all gave normal patterns of mortality
in that 100 percent of the mice died when
inoculated with the 10~! and the 10—2
dilutions of the mosquito-virus suspension.
All 32 titrations from mosquitoes sampled
after 4 to 13 days of extrinsic incubation
illustrated the inhibition pattern of mortal-
ity. No transmissions were attempted.

With the 46 titrations in which the in-
hibition effect was noted, the maximum
percentage mortality was with the 1072
dilution of the mosquito-virus suspension.

Driscusston. It would appear from these
results that this inhibition cffect is a com-
mon occurrence with two anopheline
mosquitoes cxamined. Since transmissions
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Taprr 1.—Percentage mortality in suckling mice inoculated with suspensions of triturated mosquitocs
infected with Sindbis virus.

Number of
mosquitoes show-
ing inhibition Percent mortality per dilution
Mosquito Days post
species infection Present Absent 107 107 107" 107 107
Ae. acgypt o 5 .. 100 61 17 5 0
12 3 100 100 88 74 27 10
19 3 100 100 100 96 59 6
Total 12-19 6 100 100 93 83 45 7
An. albimanus 0 .. 15 100 100 97 63 11 3
12 8 0 8 67 18 3 ..
. 10 100 8o 60 33 7
14 4 . 19 52 75 54 18
.. 8 100 96 96 76 41
19 2 0 10 70 25 0
.. 6 100 96 100 20 5
Total 12-19 14 .. 5 20 69 27 i
.. . 24 100 89 82 44 18
An. stephensi 0 . 10 100 100 82 40 4 1
4 4 15 29 48 3 0
6 4 19 28 68 36
8§ 7 2 13 66 35 ..
10 4 6 3 70 26 10
12 9 3 45 70 27
13 4 9 62 76 26
Total 4-13 32 . 9 31 67 26 6

occurred only with those mosquitoes lack-
ing the inhibition effect, its presence may
in some way inhibit the transmission of
this virus by an individual mosquito. The
difference in distribution of this phenom-
enon among the three species of mosqui-
toes may suggest why one species is more
capable of transmitting the infection than
another. For example, three of six posi-
tive Ae. aegypti were able to transmit the
virus whereas only 2 of 38 An. albimanus
were capable of such transmission.

At present, the cause of this phenom-
enon is not clear. Tt can be postulated that
since none of the 25 samples of An. albi-
manus and An. stephensi taken on day o
illustrated this effect, it is not associated
with the mosquito itself nor with the
mouse-brain suspension containing the vi-
rus. Tt would appear that its presence is
therefore associated with the incubation of
the virus in the invertebrate host. The

phenomenon whereby higher concentra-
tions of virus result in lower mortality
rates when inoculated into normally sus-
ceptible animals is commonly referred to
as interference. It can be explained by the
production of incomplete or non-infectious
virus particles. Upon animal inoculation,
these incomplete forms will not destroy
the host cell, but will nonetheless block
entry of the host cell by the infectious vi-
rus particles. However, upon dilution,
fewer of these host cells are protected and
the multiplying infectious virus particles
are able to infect and destroy a sufficient
number of cells to result in the death of
the host. Another mode of action of the
non-infectious virus particles could be the
penetration of cells with stimulation of
interferon production which could protect
the majority of the cells against the live
virus component of the inoculum. In the
present study one would therefore suppose
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that the An. stephensi and to some extent,
the An. albimanus mosquitoes supported,
in addition to the infectious forms, the
production of a large amount of incom-
plete or non-infectious virus. The mosqui-
toes titrated immediately after feeding did
not show this phenomenon since there had
been insufficient time for the multiplica-
tion of the non-infectious virus.

Of interest is the possible application of
this observation to the isolation of viruses
from mosquitoes collected in the wild.
The standard procedure as used by many
workers, eg. Kokernot ¢t al., 1957; An-
derson ¢t dl., 1957; Causey ez. al., 1961;
Groot et al., 1961; and Dow et al., 1964,
is to triturate the mosquito or mosquitoes
in a small amount of diluent and, after
centrifugation, to inoculate the concen-
trated suspension intracerebrally and/or
intraperitoneally into 1- to 2-day old mice.
If such a procedure were used in attempts
to isolate Sindbis virus from mosquitoes
such as An. albimanus or An. stephenst,
litle or no mortality and therefore no
apparent isolation would be obtained with
the undiluted material. It would appear
that an inoculation of the 102 dilution
would more likely result in mortality and
isolation if indeed the virus was present
in the mosquitoes. Whether this phe-
nomenon is applicable to other viruses or
to mosquitoes other than anophelines is
not at present known.

Summary. The titration of mosquitoes.

infected with Sindbis virus resulted in
mortality patterns in suckling mice indic-
ative of an inhibition phenomenon. This
response was not found in mosquitoes
tested immediately after feeding but only
after extrinsic incubation periods of 4 to
19 days. Its presence appeared to be more

prevalent in An. stephensi than in An.
albimanus and was not detected in Ae.

aegypi.

It is postulated that the mosquitoes pro-
duce incomplete or non-infectious virus
particles in response to:infection with this
virus. Upon inoculation into suckling
mice, these non-infectious forms interfere
with the invasion of the host cells by the
infectious virus and thus the mortality of
the mice. Its effect on the virus isolation
procedures presently employed in arth-
ropod-borne virus investigations is dis-
cussed.
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