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EXPERIMENTAL TRANSMISSION OF VENEZUELAN EQUINE
ENCEPHALITIS VIRUS BY DEINOCERITES PSEUDES
DYAR AND KNAB, 19091

Liv Margaret A. Grayson and Pedre Galindo®

Abgtroct ;. In 3 different experiments, adult femmale labarato-
ryergareld Defnecerifer prondes mcaquitoes, which cngorgod on
infectod guines pigs circulating 1077 LI, or mare of Y eneeae-

lan couire encepbalitds virus in the blood, transmitted infections

to normal guinea pigs or hamsters 7 to 27 dave after exposure

to the donor anirmals, The infection rare in 30 mosguitocs tested
LG to 20 davs alter lecding on o viremic guines pig was 969,
Wirus titers i 18 af the specionens tested ranged from 109® 1o
LO** LI pes. The ransmission sate in 13 infected individuals,
each of which engorged on a single hamsier 13 o 16 days afier
mgestion of an infective blood nweal, sas 425, The potentizl
role of this specivs in natural transmission oycles of Venceoelan
equine encephalitis in Panama 15 disoussed.

Venezuelan equine encephalits (VEL) virus was
first showwn 1o be arthropod-borne by Gilvard (1944
during the investization of an equine epizootic which
occurred in Trintdad from 1943 to 1944, In stedies
of this outheeak, Marsonie d6fiflans was found natral-
ly infected with the virus and wild-caught mos-
quitoes of this species wansmitted a fatal infection
to a healthy donkey,

Subsequently, several species of anopheline and
culicine mosquitoes were found nalurally infected
with WEE virus in Colombia {Groot et al. 19611,
Venezuela [Sellers er al. 1863) and Guatemala
(Sudia et al. 1971), countries in which extensive
human and equine outbreaks have ocourred, Viruses
of the VEE complex have also been isolated from
sabethine mosquitoes in Brazil (Shope et al, 1964,

In field studics carried out in Panama [Grayson &
Galindo 1968), Trinidad {Jonkers et al. 1968) and
Florida (Chamberlain et al. 156%), VEE was shown
to be endemic in certain regions, Although the virus
was delected in g variety of anopheline, culicine and
sphethine species from these areas, inlections were
most prevalent in mosquitoes of the Culer (Malano-
eonton) complex,

In Mezico, where endemic foci of VEE have also
been found {Scherer ot al. 1964), a crab-hole
breeding mosquito, Deinocerites fucuder, was found
harboring the virus (Scherer, pers. commun.), This
species, which was described from material collected
in Panama, 15 disiributed along the Pacific and
Atlantic coasts of Middle America from casiern
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Panama north to Texas (Pevion et al. 1964), It
15 very abundant in the Pacific coastal flats of
Panama where it has been found infected with 5t
Louis encephalitis (SLE) wirus [(Gravson et al
1967).  This natural ccourrence of VEE and SLLE
i L3 peendes, a common but htde-known culicine,
prompted us to investigate the ecology and veclor
potential of this mosquite in Panama,

Accordingly, 0, grendes, collected from an avea of
Panama devold of VELE, was established as a colony
at the Gorgas Memorial Laboratory, where studies
on the bionomics of this species were carried out
(Galinde 1967). The results of transmission ex-
periments with VEE wirus and laboratory-reared
£ fireudes mosguitoes mom this colony are presented
here.

MATERIALS AND METHODS

Mosquitoes used in hese expeoriments were ob-
tained from a D, prewdes colony in the 10th menera-
tiort, This colony was established ar the Rand
Insectary of Gaorgas Memorial Laboratory from 150
larvae collected at Nueva Gorgona, District of
Chame, Provinee of Panama, Republic of Panama.
The #3880 strain (Johnson et al. 1968) of VEE
viras was used at the Sth passage level for infec-
tion of donor animals, all of which were adult guinea
pigs (Cavia porcelinsy. Recipient vertebrates used in
these studies were either guinca pigs or golden
harnsters {Mesoericsius amratus],

Female mosquitoes were obtained from pupae
isolated individually in shell vials. Newly emerged
specimens were transforeed in groups of 200
plaster-of-Paris-lined  glass beakers with a small
hole in the bottom and a taped cardboard cover
containing an aperture in the center for introduc-
tion and removal of insects, A slit in the plastered
wall permitted vision inside the container, Beakers
with mosquitoes were held in pans containing just
enough water for capillary rise to occur along the
plastered walls, thus maintaining a high humidity
inside the comtainer. Females were given aceess
to sugar solucion for 2 davs by means of a scaked
dental wick inserted through the opening in the top,
after which they were starved for 3 days before ex.
posure o the donor host,
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Guinea pigs used as donors in these transmission
experiments were injected intraperitoneally with
0.2 ml of VEE virus suspension containing 1080 or
1045 median lethal doses (LD} for weanling mice,
the inoculum being titrated immediately priov o
injection of the guinea pig. Two e 3 days after
ineculation of the donor vertebrate, starved adule
fernale 1. psender mosquiroes, hatched within 24 hr
of cach other, were rransferred in groups of 30 or
100 1o a small round plastic cage, with a screen disk
inserted in the cover. One cage was attached to
each side of the infected guines pig with the screen-
ed top in contact with the clipped skin of the im-
mehilized animal. COne hundred  or 2000 mos-
fuitees were allowed to feed through the screen disks
on the donor hest for 4 1o 5 hee Blood for in-
fectivity titrations was obtained from the donor
animal near the end of or shortly aller the exposure
period.

The fellowing morning fully engorged mosquitoes
were transferred to the original beaker and held
for the desired incubation period ar 26.5°41.2°0
with 83-100%, relative humidity, during which
time fresh sugar solution was made available to them
every 2 days, Mosguitoes were deprived of all
food % or 4 days belore exposure to recipient hosts.
Only mosquitoes which engorged upon an infective
donor guinea pig were given access Lo recipient ani-
mals. Guinea pigs wore exposed to groups of in-
fected mosguitoes in the manner described for ex-
posure of the donor vertebrates, Hamsters used as
recipients were cxposed to the bites of single mos-
quitoes by means of a small covered plastic box
with a screened bottom taped o the shaved skin of
the hamster,  Infected mosquitoes were allowed to
feed on recipient hosts for 4 to 5 hr,

All avternpes to isolate virus were made in Swiss
white mice, 3 to 4 days of age, using 0.02 ml of
inoculum per mouse for each route of injection
emploved,  Healthy mosquitoes were sacvificed at
specified intervals following exposure by quick-
freczing,  Morlbund or dead mosquitoes were re-
moved from beakers twice a day, guick-frozen and
stored at —65°C. Mosquito pools of 1 to 10
specimens were triturated in L0 ml of 10%, rabbit
serumn saline (RS8) solution {Grayson & Galindo
19681, adding 0.1 ml of diluent for every addicional
5 mosquitoes.  Suspensions of sacrificed mosquitoes
were contrifuged ar 2000 rpm for 30 min, at 4°0
whereas suspensions of dead mosquitoes were spun
at 4000 rpm for 60 min. in the cold, All clarified
mosquito  suspensions  were  inoculated  without
dilution in a litter of baby mice by the combined
intracerebral  and intraperitoneal routes.  Blood

Equine encephalitis virus e

sera from puines pigs were diluted with 9 volumes
of R8S and injected intracerebrally in infant mice.
Samples of liver, heart and brain tissue from mori-
bund or dead amimals were collected  aseptically,
pooled by individual, and processed for virus isola-
tion altemnpts.  The procedures used for processing
tissue samples and for the serial passage of suspected
virung izolates are described clsewhere [Grayson &
CGralindo 19687,

Virus titrations were performed in male weanling
mice, 3 to 4 weeks of age. Inocula were injected
intraperitoneally, using 0.02 ml per mouse. Titra-
tion end-points, based on the number of mice
surviving on the 8th post-inoculation day, were
determined by the method of Reed & Muench
{1938). Deaths occurring on the st or Znd day
of the rest as well as those resulting from cannibalism
were considered non-specific and were therefore
excluded from the results,

Virng isolates were idencdified by complement-
fixation (CF) technigque (Kerr 1932}, A crude
antigen was prepared for each isolate using lst or
nd passage infected mouse brain,  Antigens were
tested at a dilution of 1: & with serial dilutions
of antisernm prepared by 2 injections of VEE virus
(438807 in adult mice. Some of the isolates [rom
mosquitoes, donors and recipients were compared
with the reference VEE wirus swain in cross grid
titrations  emploving  one-injection  antisera. Al
tempts to detect antibody conversions in surviving
recipient animals were made by testing sera collect-
ed at specified intervals during the first 6 weeks alter
exposure for hemagglutination-inhibiten (HL) an-
tibodies to VEE virus,  Serum specimens were titrat-
e with 4 units of VEE (£3880) hemagglutinating
antigen, utilizing the technigue of Clarke & Casals
(1938). The preparation of reagenis employed in
the OF and HI tests and modifications thereol are

described in another report by Grayson & Galindo
(1968).

RESULTS

VEE virus infections in mosquitess.  ive  infected
giinea pigs, circulating at least 1072 LI, of VEE
virus per ml of blood, were exposed to the bites of
000 ). preudes females, of which 207 [23%} en-
zorged.  Twenty-two mosquitoes, found dead on
post-exposure days & through 33, were tested in 10
poals for the presence of virns and found positive.
A single specimen found dead 2 days after exposure
to an infected guinea pig gave negative results,
Four additional pools containing 26 live mosquitoes
sacrificed on post-exposure days 9, 16, 20 and 32
were also positive for virus.
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TABLE |, Tranamission of Venesselan eguine encephalitis
virns 1o guinea pigs by experimentally infected Defnocerifer
faendes mosguiloe,

RECIPEST FLEDING

JJf.'_fs.
[D0MGE FEEDING i
mlee
Live
Experiment i Eug-r.ur:l;::d e Engorged T
nurber titer Bxposed ing  Expossd  titer
1 7.2 200 7 1216 5.4r
1 T.2* -E{J,'E'I'JI:I Lo I
2 ] 5,200 L3 7
3 8.3 8/200 19 !
4 8.7 257100 19 83

*Log,, LIgesiml of guinea pig blood scrum injected in-
traperitomeslly in weanling mice.

Por estimation of the infeclion rate, 25 live mos-
quitoes, which engoreged on an infected donor guinea
pig with a serum titer of 1079 LD . of viros, were
sacrificed [6 1o 18 days alter exposure and tested in-
dividually for the presence of virus,  VEE virus was
isolated from 24 ol these,  Another 23 mosquitoes,
sacrificed 20 days after feeding on the blood of an
infected guinea pig with a tter of 107* LD_..
were also processed singly for wvirus isolation at-
tempts,  Twenty-four were pesicve. Thus,  the
infection rare in 30 mosquitoes sacrificed 16 to 20
days afler ingestion of an infective blood meal was
HG%,.  Eighieen of the infected mosquitoes selecoed
for titration had virus concentrations ranging [rom
102t 1P LD, with a mean titer of 1057,
The resulis
of altempts to transmit VEE virus to guinea pigs
through the bites of infected I, puender mosquitoes
are surnmarized in TARLE 1. Virus titers in the hlood
sera of 4 donor guinea pigs near the end of the
exposure period ranged from 1072 o 1087 LD,
All of the denor animals

Transmision of FEE wirus o guinsa figs.

became ill and were
sacriliced or found dead on the 3rd or 4th posi-
injection day. O the 700 mosquitoes exposed to
4 infected guinea pigs, 138 (19.7%) were observed
to take a blood meal,

Following the infective feeding, engorged mos-
quitoes were held 7 o 18 days before exposure to
normal adult guinea pigs., In these experiments,
83 (72.2%) of 113 mosquitoss given access to 5
recipient guinea pigs engorged,  VEE virus was
transmitted o cach of the recipients which exhibited
viremias wilh titers ranging from 1053 o 1083
LDg.; on the 2nd or 3rd post-exposure day, All
5 reciplent puinea pigs succumbed to infection
3 to 7 days after exposure to mosquitoes, and tissue
samples from the 3 animals tested vielded VEL virus,
Transmission of VEE virus to hamsters. In Experiment
5, an infecred guinea pig was exposed (o the bites

Exnt, Yol 8. no. 3

of 2000 7). prewdes mosquitoes and 69 engorged.
Blomd serum obrained from this donor during the
latter part of the exposure period had a titer of
1072 LD,y ., of virus. The animal was found dead
2 days later at which time VEE wirus was also
iselated from cissue samples. Fifteen days after
this donor feeding, 30 golden hamsters were cach
exposed Lo the bites of a single D, psendes female, of
which 8 engorged. VEE virus was transmitted to
6 of the hamsters in this group.  The following day,
14 additional mosquitoss were allowed o leed in-
dividually on another group of golden hamsters.
Six of these mosguitoes ook & blood meal and 6 of
the recipients in this group were also positive for
VEE wirus,

In addition, 11 mesguiloes exposed in a previous
experiment to a denor guinea pig circulating 1087
LDy of VEE virus were each given access to a
single golden hamster 27 davs alter ingestion of the
infective meal. Four of these mosquitoes were
observed o feed and virus transmission was ohrained
in 2 instances.

Tri summary, 35 72 foendes mosquitoes were given
access individually o normal golden hamscers 15
to 27 days aller the initial infective feeding and 18
engorged,  Iourteen of the 55 recipient hamsters
were moribund or dead on the 2Znd or 3rd day
following exposure.  In each case, organ pools of
liver, heart and brain tissue yvielded VEE wvirus,
The 41 surviving hamsters remained serologically
negative for 2 10 6 weeks following exposure, during
which lime they were sacrificed or died.  Thus, 14
:Eb‘“\(}: of the 55 uxpmed I j?a'f,'r!rff,‘,,-“ ﬂmsquiluus trans-
mitted VEE wirns to a recipient hamster.  Trans-
russions were ellected by 7 (39%) of 18 engorged
and 6 (179%) of 36 unengorged mosquiloes, re-

TABLE 2. Transmission of Venesuslan equine encephaliti
virus to hamsters by experireatally  infected  individual
Dletnocerites foendes mosguiloes,

TrarsM1oN TO

SFECIMER WIRUS TITER RECIPIENT
MNUMRBER I NO@QI'_I:ITD HAMSTER
TE 72 5% -
TE 63 +.7 —
TE 75 4.4 =
TE 59 5.1 -
TE 74 el -
TE i 3.3 =
TE fil 3 -
TE 76 6.3 -1
TE 2% X! |
TEL 67 .6 —
TE 52 3.4 —
TE 70 [A -t

*Logy LDy for wennling mice injeceed in-
traperitoneally.
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spectively, One D). paender female which was not
classified with respect o engorgement also trans-
mitied.

These results indicate that some of the mosquicoes
which fed upon the recipient host either did not
Liccome infected during the donor feeding or were
unable to transmit the infection under the conditions
of the experiment, The fact that several unengorged
mosguitoes also transmitted VEE virus to hamsters
suggests that they probed or partially fed upon their
host,  Since it was not ascertained il all 55 females
were infected as a result of the initdal donor leeding
or if all unengorged mosquitses probed their re-
spective recipient hoses, the rate of virus transmission
was determined from the results of exposures em-
ploving only infecied, engorged specimens,  Ac-
cordingly, 12 mosquitoes, cach of which had en-
gorged upon a normal hamster 15 or 16 days after
the donor feeding, were sacrificed 2 or 3 days aller
the recipient feeding and wwested individually foc
the presence of virus, All vielded VEE wirus in
high concentration, with titers ranging from 10%3
to 1070 LD,... The transmission rate in this
group of mosquitoes, all of which were known 1o
be infected and to have fed upon the recipient hos,
was 429, As shown in TasLe 2, only those specimens
comaining 1083 LD, or more of virus transmicted
the infection.  However, the ability to transmit
was not correlated with the amount of virus in the
latter group of mosquitoes,

DISCTUSRION

Tn spite of numerous isolations of VEE virus from
mosquitoes in Panama (Galindo et al. 1966}, only
1 species, Cuwler [(Melanscomon) aikenii, has been
shown conclusively to transmit the virus in nature
(Galinde & Grayson 19711 In Almirante, an
endemic area of Panama, VEE virus infections in
Culex fifiens quinguefasciatus and Culex (Melanoconion)
faeningies were found in close association with in-
fections in humans and sentinel mice, respectively,
but proof of transmission was not obtained (Grayson
& Galinde 1968],

Although ). peeudes and several related species
occur abundandy in Panama, members of this
group have not yet been found infected with VEE
virus there, a fact which may be due to theie dis-
tribution, Teeding habits, susceptibility o infection
or lack of sufficient testing. Between 19064 and 1967,
nearly 21,000 Deinocerites mosquitoes, of which D
poeuder comprised less than 5.0%, were collecied
from areas of central, eastern and western Panama
for arbovirus surveys. VLRI virus was not obtained
from any of these specimens [unpubl. datal.

In studies on the feeding habits of this genus in
Panama, Tempelis & Galindo (1970 found that all
of the 5 species tested showed a preference for avian
and/or reptilian blood. 1), peendes, in particular,
attacked reptiles, birds, mammals and amphibians
in order of decreasing frequency,  Host preferences
of female D. preudes in this study were correlated
with the availability of vertehrate fauna in the im-
mediate vicinity of the collecting site, a Tact which
15 not too surprising in view of the short flight range
exhibited by females of this species (Peyton et al
19641,  Lizards were extremely abundant arcund
the crab-holes inhabited by these mosquitoes,
Shore birds, wading birds, vultures, doves and
numerous species of passeriform birds were present,
Wild mammals were relatively scarce except for some
species of rodents, opossums, slochs and bats. Domes-
tic mammals, on the other hand, were quite common
inn the area, a detailed description of which is given
by Tempelis & Galindo {1970}, In this study,
horses, cows and dogs provided most of the mam-
malian blood meals for £, psender.  Avian blood was
abtained largely from columbiform, ciconiiform and
passeriform species while lizards constituted the sole
gouree of reptilian blood for these mosquitoes,

Pevion ot al. (1964) have also found chat, given
the opportunity, £ peeudes females readily bite man
Thus, this
species exhibits truly versatile feeding habits, attack-
ing humans, domestic animals and a variety of
terecstrial and arboreal wild vertebrates,  As point-
ed oul by Tempelis & Galindo {1970}, no other
species or group thus far studied has shown the host
range exhibited by T peeudes, [ gpitedens and Db
gancer, cach of which feeds upon animals in all 4
classes of land vertebrates,

Many of the wveriebrate species which serve as
hosts Tor D). fisendes have been found nfecred with
VEE virus in the field (Grayson & Galindo 1968).
Oihers have produced viremias of varying intensity
and duration after experimental infection with the
virus [(Grayson & Galinde 196%), Several of these
are of particular interest as potential donors of VEE
virus 1o Defnocerites mosquitoes in nature.

The Green Heron (Buforides sireseens), a common
resiclent of the brackish swamps in which D, paeudes
and related species breed, has been found naturally
infected with VEE virus in Almirante,  Vieus was
isolated from 2 nestling herons, one of which proved
to be viremic {Grayson & Galindo 19G8). A close
relative, the Striated Heron (5. sirialis), also ap-
pears to be a potentally good reservoir of VLEE
virus., After injection with low doses of the virus,
these birds cxhibited fairly high-titered viremias of

under certain atmospheric conditions,
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several days duration (Grayson & Galindo 1969),

Experimentally infected three-toed sloths { Hrady-
fries grizens) circulated VEE virus for 1 to 2 weeks
presenting high titers during periods of peak viremia
(Grayson & Galindo 19695,  This species is a
common arboreal  inhabitant of the mangrove
swamp at Nueva Gorgona where 0. prender was
collected  for hostfeeding studies (Tempelis &
Cralindo 19707, Some of the blooded females
this study were found to have fed upon sloths.

Very little informadon has been accumulated
with regard to VEE virus infections in lizards, which
are apparenty the preferred hosts of D preudss
In the field, low-titered antibodics o
VEE wvirus have been encountered in the common
tguana (lgwana igueng) and, low-titered
viremias have been experimentally produced in this
species {unpobl, dara’.

The results of transmission experiments presented
in this report indicate that £ peender fomales, after
feeding on a viremic host circulating high levels of
virus, are highly susceptible to infection with VEE
virus and readily transmit it under laboratory con-
ditions,  Thus, the potential for transmission of
VEL wirus in nature by at least 1 species of
Lreinoceriter exists. However, additional feld and
laboratory  studies, particularly transmission  ex-
periments with natural reservoirs such as herons,
are indicated before the vector patential of £
poeudes and its relatives in Panama can be ae-
curately assessed,

oS uItoes.

recently,
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