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ing females ovipositing in these standing
water areas.
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TRANSMISSION OF SEMLIKI FOREST VIRUS BY
ANOPHELES ALBIMANUS USING MEMBRANE
FEEDING TECHNIQUES

WILLIAM E. COLLINS 1

With the Technical Assistance of
Mr. Leo E., Chester and Mrs. Jean R. Westhrook

The Semliki Forest virus (SFV) was
first isolated from a group of Aedes ab-
normalis  mosquitoes from Uganda
(Smithburn and Haddow, 1944) and lates
isolated from .dedes argenteopuncratus
collected in  Portuguese Fast Africa
(Melntosh, ez al., 1961). Semliki Forest
virus belongs to Group A of the arthro-
pod-borne viruses.

The virus has been shown to be trans-
mitted by dedes aegypsi (Davies and
Yoshpe Purer, 1954, and Woodall and
Bertram, 1950) and by dedes togoi (Nye
and Lien, 1960) using suckling mice as
the transmission animal.

The infection of mosquitces by allow-
ing them to feed through membranes
onto virus containing mixtures has been

* Department of Health, Education. and Wel-
fare, Public Health Service, National Institute of
Allergy and Infections Diseases, Laboratory of
Parasite Chemotherapy, Section on Epidemiology,
P.O. Box 195, Chamblee, Georgia.

reported by a number of workers. Aedes
aegvpei mosquitoes have been infected
with dengue virus using a guinea pig skin
(St. John, ¢z al., 1930) and with Chikun-
gunya and Makonde viruses using a bat-
wing membrane (Ross, 1956). This mos-
quito has also been infected with Zika
virus (Boorman and Porterfield, 1956),
Uganda 8 virus (Boorman, 1958), and
Semliki Forest virus (Nye and Bertram,
1960) using mouse skin as a membrane.

Reported here are the results of studies
to infect Anopheles albimanus mosquitoes
with Semiiki Forest virus using an animal
derived membrane, and to determine the
quantity of virus inoculated during mos-
quito feeding using this membrane.

MzrHODS aAND ProcEpures. The virus
was Semliki Forest virus (SFV), strain
R-r-1, mouse brain passage 12, obtained
through the courtesy of Dr. Telford
Work, Communicable Disease Center, At-
lanta, Georgia.
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The Anopheles albimanus mosquitoes
were the A-g strain originally from El
Salvador and were obtained through the
courtesy of Dr. H. G. Simkover, Shell
Development Company, Modesto, Cali-
fornia. The colony has been maintained
since 1960.

Mosquitoes were infected by allowing
‘hem to feed through a Baudruche (un-
:reated) membrane? on a SFV-defibri-
sated chicken blood pool. Comparable
virus pools for the several experiments
were prepared by aseptically harvesting
he brains of two mice dying from SFV
ofection. The brains were ground in three
nilliliters of Bacto-heart infusion broth
'Difco) and centrifuged for 15 minutes at
i500 r.p.m. The supernatant was then
{iluted 1:9 in the defibrinated chicken
slood, warmed to 37° C. and put in a
imall 1V4-inch diameter plastic tube, the
vottom of which was covered with the
nembrane. This was then placed on top
»f a cage containing the mosquitoes which
‘ed directly through the screening and the
nembrane to obtain the infectious blood
neal. Feeding was allowed to continue
‘or 30 to 60 minutes after which the en-
rorged mosquitoes were transferred to
1olding cages and stored in an incubator
it 25° C. to 26° €. The mosquitoes were
ed 5 percent honey solution daily on a
‘otton pledget.

In membrane transmission studies, mos-
juitoes were caged individually in small
slastic tubes, both ends of which were
overed with nylon bobbinet. A one mil-
iliter aliquot of defibrinated chicken
slood was placed in a small glass tube con-
aining a rubber tipped plunger. The
lood was forced to the top of the tube
vhich was then covered with a piece of
he Baudruche membrane. This piece of
‘quipment enabled the mosquito to feed
lown into the blood pool. The blood tube
vas then held under the mosquito cage
intil the mosquito had fed. The blood

2 Obtained from Long & Long, Manufacrurers
£ Baudruche Capping, Pad Skins, Kindred Prod-
cts, 20 Roosevelt Avenue, Belleville g, N. J.

was removed with a hypodermic syringe
by piercing the membrane.

In control animal transmission studies,
infected mosquitoes were allowed to feed
individually on wet baby chicks. Ap-
proximately 48 hours later, blood samples
were taken by cardiac puncture and the
blood inoculated intracerebrally into four
mice. Presence of virus in the chick blood
constituted evidence of virus transmission
by the mosquito. Cause of mouse deaths
was confirmed by serum neutralization
tests using the brains from dying mice and
hyperimmune chicken serum.

To determine virus titers, mosquitoes
were ground individually in a mortar with
a one milliliter aliquot of Bacto-heart in-
fusion broth containing 1000 units of peni-
cillin and two milligrams of streptomycin
per milliliter. The suspension was cen-
trifuged for 15 minutes at 1500 r.p.m. and
serial ten-fold dilutions made. To deter-
mine virus titers in the membrane trans-
mission blood pools, the blood was first
diluted 1:1 with the broth containing
penicillin and streptomycin and then the
serial ten-fold dilutions were made. Five
3-week-old mice were inoculated intra-
cerebrally per dilution and the LDso’s
were calculated by the method of Reed
and Meunch (1938).

Resurrs. A total of 104 mosquitoes
were used in the membrane transmission
studies. The results of the membrane
transmissions are shown in Table 1. Of a
total of 81 infected mosquitoes, 30 trans-
mitted SEFV in detectable quantities. The
feedings were on days 6, 8, g, 10, II, 12,
13, and 14 days post infection. The results
on days 6 and 8 were similar and have
been grouped. The remainder of the feed-
ings have been grouped into 2-day inter-
vals for convenience in tabulating. It is
apparent that high levels of transmission
{31 to 64 percent) were obtained by day
g and continued through day 14. The
virus titers in those mosquitoes which
transmitted the virus in detectable quanti-
ties ranged from 5.7 to 7.5 mouse log
IC LDsy.

The results of the viral titrations of the
mosquitoes and blood-membrane trans-
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Tasre 1.—Mean Semliki Forest viras titers and transmission rates in studies with
Anopheles albirnanus mosquitoes using Baudruche membrane and
chicken blood pools.
SEV titers {Mouse log IC LDso)
Mean virus  Transmitting mosq. Blood pool Positive
Days post titer in all Mecan* trans./ Percen:
infection mosquitoes Mean Range Mean Range difference attempts trans.
6, 8 6.6 6.8 2.0 1.5-2.3 4.8 3/31 9.7
9, 10 6.5 7.0 2.5 1.2-3.%7 4.5 13/22 59.1
11, 12 6.3 6.5 2.9 1.5-3.6 3.6 7/17 41.2
13, 14 6.1 6.5 2.8 2.0-4.0 3.7 7/11 63.6
Mean 6.4 6.7 5.7-%.5 2.6 1.2—4.0 4.1 30/81%* 37.0

* Difference between SFV titer in transmitting mosquitoes and that found in blood pool.

*# Totals.

mission pools are also shown in Table 1.
The mean viral titers for the transmitting
mosquitoes were on all davs higher than
that of all the infected mosquitoes. There
was, however, a considerable amount of
overlapping in that some mosquitoes with
high titers failed to transmit and some
with lower titers transmitted SFV in de-
tectable quantities.

The quantity of virus inoculated
through the membrane ranged trom 1.2
to 4.0 mouse log IC LDgy. The mean dif-
ference between the quantity of virus pres-
ent in the mosquito and that inoculated
was higher earlier in the extrinsic incuba-
tion pericd than after longer incubation.
For all of the transmitting mosquitoes,
the mean difference between mosquito
virus content and virus inoculated was on
the order of 4.1 mouse log IC LDgo or
approximately 0.0r percent.

The results of transmissions of SFV to
wet baby chicks by Anopheles albimanus
mosquitoes are shown in Table 2. The

mean SFV titer in all the mosquitoes usec
in these transmissions was approximatels
the same as in the membrane transmis
sions with a2 mean of 6.3 mouse log IC
LDso as compared to 6.4. Here again
the mean titer of the transmitting mos
quitoes was higher than the group as :
whole. The rate of transmission was 3.
percent as compared to 37 percent for th:
membrane teedings. The results of trans
missions using membranes thus appear
be comparable to those obtained usin;
baby chicks. The virus titers in thos
mosquitoes which transmitted the virus
baby chicks ranged from 5.5 to 7.3 mous:
IOg IC LD50.

Drscusston.  Attempts to determine th
quantity of virus inoculated during th
teeding of mosquitoes have been reporte:
by several workers. Davis (1934) allowe;
vellow fever-infected Aedes aegypti mos
quitoes to feed on new-born white micc
The mice were immediately killed, ex
tracted and inoculated into rhesus mor

TasLE 2.—Transmission of Semliki Forest Virus by Awnopheles albimanus
mosquitoes to wet baby chicks.

Mean SFV titers

Days post Percent
infcction Trans. trans. All mosq. Trans. mos
7 2/7 20 6.0 6.8
10 12/34 35 6.3 6.5
Mean 14/41%% 34 6.3 6.6

** Totals.
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keys. Titrations showed that the mosquito
injected at least 100 infective doses of the
virus. A comparison of the amounts of
virus in the whole mosquito and in the
baby mouse after being fed upon showed
that about 1 percent of the total virus con-
tent of the mosquito was injected at the
time of feeding. Chamberlain, e al.
(1954) allowed Aedes aegypti mosquitoes
infected with Eastern encephalitis virus to
feed on chicken serum through fresh or
fixed chick skins or to feed on a fragment
of solid blood agar. Their studies indicated
that the majority of infected mosquitoes
inoculated less than 100 mouse intra-
cerebral LDjs¢ during feeding, and that
occasionally 15000 to 10,000 mouse IC
LDgsop may be injected and rarely 10,000
o 100,000.

In the present work, the use of an ani-
imal-derived membrane has enabled the
determination of the quantity of virus
inoculated by Anopheles albimanus mos-
quitoes infected with Semliki Forest virus.
The detectable virus quantities were
found to be as high as 4.0 mouse log IC
LDjo. The transmission rate of 37 per-
cent was comparable with that obtained
using baby chicks. The mean of the de-
rectable SFV titers inoculated was 2.6 wich
2 mean difference between the virus pres-
ent in the mosquito and that inoculated
being 4.1 mouse log IC LDjq. It is there-
fore estimated that those mmosquitoes
which transmit Semliki Forest virus in-
oculated approximately o.0r percent of
‘he virus present in their bodies.

Summary. A technique is described
asing a Baudruche membrane to deter-
nine the quantity of Semliki Forest virus
noculated during the feeding of .{no-
sheles albimanus mosquitoes. The mos-
quitoes inoculated detectable virus quanti-
ies as high as 4.0 mouse log IC LDse
~ith a mean difference between virus pres-
:nt in the mosquito and that inoculated
seing 4.1. It is estimared that those mos-

quitoes which transmit SFV inoculated
approximately o.01 percent of the virus
present in their bodies.
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