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EXPERIMENTAL STUDIES TO DETERMINE THE SUSCEFTIBILITY
TO INFECTION WITH ST. LOUIS ENCEPHALITIS ‘JIHL'E: OF FIVE
SPECIES OF PANAMANIAN MOSQUITOES

G, HAYES! B. E. DUTARY. W. C. REEVES® A. J. ADAMES! anp P. GALINDOD
Grorgas Memorial Laberatory, APO Migmd, FL 34008002

ABS'I‘EMC'I'. The susceptibility to infection with & Pangmoenian isolate of St Louis encephalitis
SLE! wirus was evaluated in Culer quinguefosciotus, Hoemagogus equines, Mansonin dyart, Jabetfes
evanels and Deinocerites pseudes. When fed on blood-virus suspensions using the hanging drop or
pjcc.ge[ technique, the median infective dose (1D al SLE virus for colonized strains of Cx, i ”Ef'dpfﬂ“
cuxtis and He. equinus was 107" plague forming units (PFUL2 ¢ and 10* PFUSZ ul. cespectively. The
susce:uumhtl. of Fy and Fy Cr. quinguefoscalus ftmales was similar to the colonized steain by the same
techmque When fad on viremic chicks. the 1D, for both O quinguefascictus and Hp, equinus was 10"
FFLU/% pl. These results and suecessful transmission rrials indicate that koth of these species have the
potential to serve as vectors of SLE wires in Penama. Beeause of their poor feeding response, complete
susceptibifity profiles were nol ohtained for the vther 3 species tested. They appear 1o be less sscept ikle
than Cx r;_u:n,n_,ej.:ncmiua and M 1@&:'?2“ although Mo, dvar wag read: |'~r infected after engorping on &
lopd-virus suspension with a vieer of 107" PFLE ul

INTRODUCTION METHODS

The ecoldgy of 5t. Louis encephalitis {SLE) Mosquitoes; The following colanized species
virus remains poorly defined in the tropical  were used in these experiments: Cx. guinguefas-
Americas. Although SLE virus has been isolated  eigrue, Panama Cirv colony established in 1975
frem & number of different mosquito apecies in Hp equines Theobald, Maje colony establizshed
this region, their importance as vectors remains  in 1975; De. pseudes, Plava Corgona colony es-
unclear (Spence 1980, Tsai and Mitcheil 1958).  tablished in 1966; and Sa. cvamews (Fabricius),
In Panama, SLE virus bas been isolated from 7 Ipeti/Maje colony estabiished in 1979, In addi-
genera of mesquitoes, Nine isolates have been  tion o these colonies, we evaluated Cx, guingue-
made [rom Mansonda dvari (Belkin, Heinemann  foscletus F) and F. females from Panama City
and Pagel, four from Sabethes chlorapterus  and Juan Diaz. respectively, and ¥, Ma. dvar
{Huinbeldt) and a single isolate eack frotm Hae-  {emales from Rio Chapres.
mapopus lucifer (Howard), Culexr nigripolows Viruses: The strain of SLE virus used was
Theobald, Deinocerites pseudes (Dwvar and  PaAr 4336 isolated from Ma dvar! collected at
Knah}, Wyeomyia spp., Trichoprosopon spp. and  Ales de Maje, Panama, in 1877, Two virus
Sabethes spp. (Galinde et al. 1959, 1264; Grav-  stocks were prepared: 1) a 109 suckling mouse
zon et al, 1987, Gorgas Memorial Laboratory,  brain (3MBr} suspension at the 2nd laboratory
unpublished datal. Culer guinguefasciarus Say,  passape level, and 2} a moesquite suspension
4 well known vector of SLE in the eastern  prepared by the parenteral inoculation of the
United States (Tsat and Micchell 1988), also 15 original Mo dvar? pool directly into Toxorfian-
ghundant in Panama City (Galindo 1978). The chites c}amoﬁ.rzl LD;ﬂr and Knab) acdults. After
importance of any of these mosquitoes as well  holding for 12 days at 27°C, 80 inoculated T
as other possible vector mosguitoes in the trans- theobald: adults were triturated in 80 ml of me-
mission evele of SLE in Panama has not been  dium 199 with 10% fetal calf serum. The super-
determined. Because of this situation, the pres-  natant from this suspension was used as Lhe
ent study was undertaken with several indige.  virus stock . _ .
nous mosquito species to determine their sus- Infection of mosguitses: Te determine oral sus-
centibilitv to infection with SLE virus. ceptibility, females from each mosguite species
: - were exposed to viremic chicks and to SLE virus
suspensions prepared in defibrinated chicken
blond. In the latter technigue, serial 10-fold di-
lations of the SMBe vivus stock were prepared

# Vieat Fxant : SET R in the defisrinated blood to determine che me-

iral Exenthems snd Herpesvious Branch, Divi- gy 4 i : ey
G e e Riokettsiat Dideases, Coniere Jor:  DIED Lpfectne‘dbu:é,e 1D} for each species. After
Disease Control. Atlanta, GA 30533, warming 1o 37°C, drops ef the blood-virus sus-
> University of Panama, Estafera Universitaria,  pension were placed directly on the nylon mesh
Panama, Hepublic of Panzma, tops of the cartons containing the females, or

! Nawval Medival Hesearch {nstiture, Maoonal Neval
Medical Center. Bethesda, M1 30889-4055.
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small cotton gauze pledgets placed on the nylen
mesh were soaked with the blood-virus suspen-
sjon, The females were allowed to feed at 27°C
for 1-2 hours, Pre- and posifeeding interval
samples of the blood-virus suspensions were fro-
zen at —=70°C for later virus titration. All females
that engorged during feeding were incubated for
14-21 days at 27°C and 80-90% HH, and were
then frozen at —70°C.

To feed mosquitoes on viremic animals, 1-
day-old chicks were inoculated intramuscularly
with 0.1 mlof a 1:10 dilution of the T theobalu:
stock preparation. Female mosquitoes were ex-
poszed for 4 b to the chicks at different intervals
after inoculation, Pre- and postfeeding bioad
samples were taken from each chick for viral
aszay. Females that engorged were incubated as
before for 14-21 days and then frozen for viral
aszay.

Transmizsion trigls: To determine transmis-
sion efficiency, infected mosquitoes were held
from 8-20 davs at 27°C and individuallv exposed
to l-dav-old chicks, After exposure for 1-2 h,
any females containing blood were frozen for
assay, The chicks were bled at 24-38 h after
removal from the cartons to detect viremia, and
wers rebled 2-3 weeks later to detect antibodies
to SLE virus,

Viries and antibody azsay: Far wviral assay,
individual mosguitces were triturated i 2 ml of
medium 198 with &% fetal ealf servm and anti-
bioties and eenteifuged at 1,000 rpm for 13 min.
The supernatant was tested by plague assayv in
Vero cell cultures (Earley et all 19671 The 1T
of SLE virus for each mosquito species was
caleulated by the mechod of Spearman and Kar-
ber {Finnew 1871). To determine the vters of
blood-vires suspensions and chick bloods. serial
10-fold dilvstions were prepared and inoculated
on manclavers of Vero cells. The dose of SLE
virus imbibed by each meosguito was caleulated
as the mean of the pre and post feeding titers/2
plof the bleod-virus suspensions or chick bleods.
Antibodies 1o SLE virus in chick blond were
measured by plague reduction neuttalization as-
say in Vero cell culouees {Earlev et al. 18G7),
Seyrmour et al. 1983)

RESULTS

The [ Tor che 3 populations of Cx. guingue-
fosclatus were 2.5-7.0 fold lower than the 1D,
for Hg equinus when PaAr 4336 was ingested
from hanging drops/pledgets (Table 13, The long
established Panama Citvy Cr gulnguefosciatus
colony was as susceptible as the Iy and Fa prog.
eny of wild females collscted from the cltv or a
nearby suburban ares.

The [T of Padr 4358 for the other 3 species
of mozsquitors could not be determined. How-
ever, when Ma. dvert and De. pseudes females
fed onoa high tieered blood-wirus suspension
(o™ PFUSZ wl), 20/20 (100%) and 10/28
[34.5%) of the engorsed females became in-
fected, respectively. Culexr guinguefosclatus fo-
males fed simultanecusly on the same dose also
had & 100% (19/19) infection rate. The suscep-
tibility of Sa. evaneuws could not be determined
because the females did nov engorge.

Culex guinguefasciatus (F, Panama City) was
more sugceptible to infection with PaAr 4336
when infected by feeding on wiremic chicks
(Table 2) compared with feeding on blood-virus
suspensionsz (Table 1), The 10, by the chick
feeding route was 10Y* PFUSE o, almost 400
times less than that by pledger feeding, The [Dey
of Padr 4336 for Hp. eguenus also was 109 PFUY
2 ul when the females engorged on viremic
chicks, Mansania dvari, Sa. cvanews and e
pseudes did not become infected after engoeging
on viremic chicks: however, Ma dvart were ex-
posed only o chicks with low titered viremiaz
(Table 23,

Table 1. Median infective dosa ([D..) of SLE virus®
for Culer guinguefoscians and Hoemagogus equinus
from Fanzma determingd by feeding on

Mood-virus suspensions.

Speciest® Histore  1D..x SE
Lx quinguefosciones
Panama City Colony DB+ DLy
Panama Ciry E Al & 10
Juzn Diaz F; 2E+=015
Hr eguinas Colony 55+ 0172

* Panarmanian stram of SLE virus (Padr 4336
izolated from: Mo averd, 1977,

** For each serial wirus dilnion used. ar least 30
females that had engorged were gasgved.

e Log PFL/2 ul.

Tuble 2. Susceptibility of Culey gurenguefasriaties (o
innlectian with SLE virus by feeding on
vitemic chicks,

Titer % positive

Mo, pasitive1atal
2.0-2.4% 3417 144
2.4-0.0 TG ani
32.38 32745 BYLG
77793 B2.A8
o7 b
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Table 3. Susceptibilicy of 4 species of Panamanian
muosquitoes e 3LIE virus hy feeding on
viremic chicks,

Titer of Mo,
chick nositive %
Species blond total pasitive
Hp. egudrals ZB-3.0% 1100 1.0
B i-4. 3 31435 BEG
4.5 8443 BH.4
A, dvar 2 3 2 3 070 0
So. pvaneus 0,59 0
.UE psem'..e.s (a4 1]

* Hange of the masn pre- and postfeeding titers
expressed as Loz, PEFU/m! of biood.

Culex quinguefascatus efficiently transmitted
SLE wiruz to chicks by 16 days pest-feeding
{Table 4}. Hoemogogus equinus infected by feed-
ing on aviremic chick (10 PFU/2 p1) alzo were
able to transmit SLE virus (575 females) after
16 days incubation, Transmission ability was
not evaluated for the other 3 species.

DISCUBEION

Although SLE wirus has net been izolazed
from either O guinguefoscintes or Hg equinus
in Panama, this study shows that both species
cauld be vectors. Poor feeding responses did not
allow as complete an evaluation of the other 3
species, but the dats obtained suggest that they
are less susceptible to infection with SLE virus.
Culex guingquefescizrus has been identified as an
important vector of epidemic SLE virus in the
Eastern United States where it 15 involved in an
urhan transmizsion cyvele with wild hirds az the
am ]:ulif‘-.fir-g nost {Taan and Micchell 1988), and
it may play a similar role in Panama, Although
epidernice have nor heen reported, approxi-
mately 7% of Panama City residents have been
four‘d S&mp{)silive to SLE virvs {Galinde 1978).
5t. Liouis encephalitis viruz alse has heen izo-
lated from wild birds captured in urban areas of
Panzama (Galinde et al. 1964, Galindo 197580,

Haemagopus eouinus could serve as a vector
of BLE virus in the Panamanian forest where
infection has been documented in man, wild
mammals and birds {Galindo ev al, 1959, Rodan-
iche and Johnson 1981, Rodaniche and Galindo
1961, Sevmour et al. 1983). This is the most
ubiguitous Heemagogus species in the forest and
feeds readily on man and a number of forest
dwelling vertebrates (Galindo et al. 1950, Gal-
indo et al. 1951, Trapide et al. 1955). Hagmago-
s eqlings alse could serve as a disseminating
vector to transfer SLE vims from an enzootic
farest cvele into the urban habitay since it lives
in cleared areas on the forest periphery and has

L

been reported from peridomestic halatats (Gal-
inda et al. 1951, Trapido and Galindo 1956],

The vector competence studies reported
herein used laboratory models for the unknown
natural vertehbrate hosts. The hanging drop/
pledget technique may not aceurately estimate
the susceptibility of & vector (Turell 1985). Bath
Cx. guinguefasciatus and Hy. equinus were |ess
susceptible when fed by this method compared
with feeding on viremie chicks. In a previous
study, however, eolonized females [rom 2 Pan-
ama population of Cx. guinguefosciotus also wers
found to be less susceptible to SLE virus infec-
tion when fed on viremic sloths, Choloepus haoff-
mannl and Bradvpous variegatus, which are sus-
pected natural hosts of SLE virms in Panama,
compared with viretnie chicks (Seymour et al.
1883). Unfortunately, a direct comparizon be-
tween the level of susceptibility found in that
experiment and in our experiment cannot be
made because different assay svstems were used
to determine viral titers.

An adequate dose-response profile was not
cbtained for De. pseudes, S cvaneus or Ma.
dyari with either technigue. However, 100% of
the Afa dvari females that fed on a high titered
blood-virus suzpension did become infected. and
presumably would be fest as susceptible i ox-
posed to a viremic host, This laboratory finding
sapperts field data implicating 1his species as
an epizootic SLE virus vectar in Panama ander
apprapria*e EEU[LF.‘:iLE-LJ conditions. The 9 SLE
viruzg isolates from wild Mae dvart females were
abtained at a dey tropical forest site over a
pe]’i::u{] of a few months in 1977 when serocon-
versions also were recarded in sentinel animals
and anti-SLE virus antibody rates were high in
wild mammals and birds {Gorgas Memaorial Lab-
aratery, unpublished datal. Eccological changes
at this site, caused by the formation of a large
man-made lake, resulted in a tremendous pop-
ulation explosion of Mo, dvar? during the time
of the SLE virus outhreak,

The vector competence of other spectes from
which SLE wirze has been izolated in Panama

Table 4. Transmission of SLE vinos 1o
chicks by infected Culer grangeefosciot s
(Farama City colonyv)® after different
ircubaton pericds at 2770,

tolav-ald

Dave post- Mo, transmitting g
infection ro. feeding Erensmitiing
& 045 i
16 20732 g%

265-34 11412 52

* Females were infected by feeding on 2 hlnad- "in'i
]-sn,m.] (10 PR el ar on & vitemic chick (10

SAEY
PFU/
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needs to be determined. Culex sifgripalpus is an
important vector in Florida, and SLE virus has
been isolated from this species in other Latin
American countries (Tsal and Mitchell 1988,
Although only a single SLE virus isolate has
been obtained from this mesquito in Panama, it
is abundant in coastal lowland areas where 5LIE
activity has been documented in sentinel ani-
mals (Gorgas Memorial Laboratory, unpub-
lished data), Both Hg. lucifer and Se. chioropte-
rus have been strongly implicated in the tropical
foreat transmission cyele of yvellow fever vims in
Fanama {Galindo 1979 and may play a similar
role in SLE wiruzs transmission, particularly
among arhoreal vertebrates. Because SLE virus
transmission in Panama has been documented
in envirenments as eccologically different as
tropical rain forest and coastal lowland, several
mosquito species probably are important vec-
tors.
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