SEPTEMBER, 1965

Mosquito News

293

cal assistance and Mr. Chester Ball for
reading the manuscript.

References

Canoon, J. B. 1961. Formulating X-ray tech-
nics. Duke Univ. Press, Fifth ed., xvii - 351 pp.

CHRISTOPHERS, S. R, 1960. Aedes aegypri (L.)
The yellow fever mosquito. Cambridge Univ.
Press, xii - 739 pp.

CreMenTs; A. N. 1963. The physiology of
mosquitoes. The Macmillan Co., ix -+ 393 pp.

KnoereL, P. K. 1961. Radiopaque diag-
nostic agents. C. C Thomas, ix 4 157 pp.

MrrcHELL, . P., RuoTen, M. L., and McMas-
TER, R. C. 1962. The Ohio State University—
Watertown Arsenal X-ray-sensitive television im-
aging system. News in Engineering, Engineering
Experiment Station, The Ohio State University,
April number.

TreEmBLEY, H. L. 1952. The distribution of
certain liquids in the esophageal diverticula and
stomach of mosquitoes. Amer, J. Trop. Med.
Hyg. 1:693-710.

INFECTION AND TRANSMISSION THRESHOLDS OF EASTERN
ENCEPHALITIS VIRUS TO AEDES AEGYPTI AS DETERMINED
BY A MEMBRANE FEEDING TECHNIQUE

WILLIAM E. COLLINS, ANDREW J. HARRISON axp JOHN R. JUMPER

National Institutes of Health, National Institute of Allergy and Infectious Diseases, Laboratory of
Parasite Chemotherapy, Section on Cytelogy, P.O. Box 190, Chamblee, Georgia

The use of a membrane feeding tech-
nique to determine infection and trans-
mission thresholds of Semliki Forest virus
to mosquitoes has been previously re-
ported (Collins et al., 1964). The appli-
cation of this technique to other mosquito
virus systems would appear indicated.

Reported here are the results of studies
with Aedes aegypti mosquitoes and east-
ern encephalitis virus (EEE) using the
membrane feeding technique.

MareriaLs anp Merrons. The eastern
encephalitis virus (EEE strain NJO-60),
was obtained through the courtesy of Dr.
Telford Work, Communicable Disease
Center, Atlanta, Georgia.

The A. aegypti mosquitoes (CD strain)
were originally obtained from Technical
Development Laboratories, Communica-
ble Disease Center, Savannah, Georgia.

Mosquitoes were infected by allowing
them to feed through a Baudruche (un-
treated) membrane on serial ro-fold dilu-
tions of EEE in fresh heparinized rabbit
blood. The brains of six moribund mice
previously inoculated with EEE, NJO-6o,
MP-4, were ground in four milliliters of
Bacto heart infusion broth (Difco) and

centrifuged for 15 minutes at 1500 r.p.m.
Serial to-fold dilutions of the supernatant
were. made in broth. For mosquito feed-
ing, one part of each dilution was added
to four parts of blood. This was warmed
to 37° C. and placed on the membrane
which formed the bottom of a % pint
feeding cup. The feeding period was 15
minutes, after which time the engorged
mosquitoes were transferred to holding
cages and stored in an incubator at 25°C.
to 26° C. The mosquitoes. were fed five
percent Karo solution daily on a cotton
pledget.

After 11 and 25 days of extrinsic incu-
bation, mosquitoes were allowed to feed
individually on wet baby chicks. Approxi-
mately 24 hours later, blood samples were
taken by cardiac puncture and the blood
inoculated intracerebrally into five mice.
Presence of virus in the chick blood con-
stituted evidence of virus transmission by
the mosquito.

Samples of mosquitoes were collected
and killed by freezing immediately after
initial feeding and after varying periods
of extrinsic incubation. These were stored
in a mechanical freezer at —65° C. to
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~—70°C. until titrated. To determine
virus titers, mosquitoes were ground in-
dividually in a mortar with a one milli-
liter aliquot of Bacto-heart infusion broth
containing rooo units of penicillin and
two milligrams of streptomycin per milli-
liter. The suspension was centrifuged for
15 minutes at 1500 r.p.m. and serial ro-fold
dilutions were made in the broth, Five
three-week old mice were inoculated in-
tracerebrally per dilution and the LDggs
calculated by the method of Reed and
Meunch (1938).

Resuwrs.  The  relationship  between
virus ingested by 4. aegypn and that
present after 11, 25 and 32 days of ex-
trinsic incubation is shown in Table 1.
On day 11, the mean titer of virus in-
gested which gave initial infection (in-
fection threshold) was 4.5 mouse log IC
LDzo. On day 32, however, one mos-

quito was positive which had fed on the
EEE virus pool which gave a mean in-
itial titer of 3.4 mouse log IC LDj,.
Based on the results of all three days
examined, the 50 percent infection thres-
hold was at approximately 4.9 mouse
log IC LD50.

The quantity of virus present in the
infected mosquitoes indicated only minor
variation in these levels on the three dif-
ferent days. It is of interest that once
infected, these mosquitoes had compar-
able virus titers even though the mean
quantity of virus ingested ranged from
3+4 to 7.4 mouse log IC LDy,

The results of the transmission studies
are shown in Table 2. In these tests, a
total of 16 mosquitoes transmitted EEF,
virus. ‘The transmission threshold was
equal to or less than 4.9 mouse log IC
LDsp. The titers of the transmitting mos-

TasLE 1.—Relationship between eastern encephelitis virus ingested by Aedes aegypti mosquitoes
and that present after 11, 25 and 32 days of extrinsic incubation.

Initial EEE Ingested
Days
Mean Individual Post- Pos./ % Positive EEE Titers
Titer Titers Infection Tested Infected (Mouse log IC LDs)
7.4 8.0,7.7,7.2, i1 9/12 75 6.9,6.8,6.4, 6.1,
7.0,7.0 6.0,6.0, 5.9, 5.5,
5.2
25 9/10 90 6.5,6.3, 6.1, 6.1,
6.0, 5.5, 5.3, 4.8,
4.7
32 4/4 100 6.8,5.0,5.0,4.4
6.1 6.8, 6.2, 6.1, 11 8/12 67 7.0, 6.7, 6.0, 6.0,
5.9,5.7 6.0,5.3,5.1,3.9
25 9/10 90 6.3,6.1, 6.1, 6.0,
6.0,5.9,5.7, 5.3,
5.1
32 9/10 90 6.8,6.0,5.3,5.2,
5-1, 5.0, 4:8, 4.7,
4.1
4.9 5.3, 5.1, 5.0, I 5/10 50 6.8,6.7,6.3, 6.3,
4.8, 4.1 0.0
25 4/10 40 6.2,6.2, 6.0, 5.5
32 6/10 6o 5.9, 5.9, 5.5, 5.5,
5.3, 5.2
4.5 495 4.5, 4.5, 11 2/10 20 55555
4.3, 4.1 32 1/10 10 5.7
3.4 4.0, 3.8, 3.1, iI o/10
3.1,2.8 32 1/10 10 5.0
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TasLe 2.—Fffect of initial EEE titer on virus transmission by dedes aegypti.
Day 11 Day 25
Initial
FEE Trans./ EEE iiter in Trans./ EEE titer in
Ingested Attempts Trans. Mosq, Attempts Trans. Mosq.
7.4 3/12 6.8, 6.4, 6.1 5/10 6.5, 6.1, 6.1, 6.0, 4.7
6.1 3/12 7.0, 6.7, 6.0 3/10 6.1, 6.0, 5.3
4.9 1/10 6.3 1/10 5.5

quitoes ranged from 477 to 7.0 mouse log
IC LDsyo.

Discussiox. The EEE infection thres-
holds in A. aegypti were studied by
Chamberlain e al. (1954) using either
infected suspensions of chick embryo or
mouse brain sweetened with 1 gram of
sugar per 8.0 milliliters, or upon animals
circulating various concentrations of virus
in their blood. The A. aegypy animal
blood virus infection threshold —was
around 1039 and the so percent infection
level 10%°.

In the present investigation using un-
sweetened blood and membrane feeding,
the 50 percent infection threshold was
4.9 mouse log IC LDsg and the 5 percent
infection threshold (combining results of
day 11 and 32) was 3.4 mousc log IC
LDse.

It was reported by Chamberlain ez al.
(1954) that A. aegypri mosquitoes which
fed upon chicks having blood virus titers
of from 1080 to 10 gave a transmission
rate of 56 percent (14 out of 25) after 13
days of extrinsic incubation. It was esti-
mated that the mosquitoes ingested blood
virus titers of from 107° to 10",

In the present investigation, the trans-
mission rate of 50 percent was obtained
here after 25 days of extrinsic incubation
with those mosquitoes having an initial
virus titer of 7.4. This is almost identical
with that reported by these previous in-
vestigators. The rates of 30 percent and
10 percent for the succeeding 10-fold
dilutions indicate relationship between the
amount of virus ingested and the trans-
mission rate,

It is of interest that although the per-
centage of infection decreased with a

decrease in the amount of virus ingested,
the virus titers present in individual mos-
quitoes were essentially the same. The
titers of infected mosquitoes fed on the
two lowest dilutions (3.4 and 4.5 mouse
log IC LDyo) were 5.7, 5.5, 5.5 and 5.0
mouse log IC LDg. All of these ex-
ceeded the highest individual initial titer
for these groups by from 0.6 to 1.0 mouse
log IC LDyg. It would appear that once
infected, the A. aegypti mosquitoes sup-
port the production of EEE virus to a
relatively high level.

SummMary. Serial 1o-fold dilutions of
an Eastern encephalitis virus suspension
were fed upon by Aedes aegypri mosqui-
toes using a Baudruche membrane. The
50 percent infection threshold was 4.9
mouse log IC LDjy and the 5 percent
infection threshold was around 3.4. The
50 percent transmission threshold was 7.4
and the initial transmission threshold was
approximately 4.9.

The results using this membrane feed-
ing technique corresponded closely with
those previously reported by workers
using animal feeding techniques.
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