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EXPERIMENTAL STUDIES OF ST. LOUIS ENCEPHALITIS

VIRUS IN VERTEBRATES

R. G. McLean, D. B. Francy, and E. G. Campos

Division of Vector-Borne Viral Diseases, Center for Infectious Diseases,
Centers for Disease Control, Public Health Service,
U.S. Department of Health and Human Services,
P.O. Box 2087, Fort Collins, Colorado 80522, USA

ABSTRACT: Serologically negative birds and mammals of species, known from other studies to
be exposed naturally to St. Louis encephalitis (SLE) virus in Memphis, Tennessee, and other
selected species were inoculated experimentally with strains of SLE virus to determine their
potential as natural hosts. Mosquitoes (Culex sp.) were allowed to feed on some of the inoculated
vertebrate species, held for 14 days, and tested for SLE infection. The cardinals (Richmondena

cardinalis), robins (Turdus migratorius), and baby chicks (Gallus gallus) all became viremic;
97% of the bobwhites (Colinus virginlanus) and 20% of the Japanese quail (Coturnix coturnix)

became viremic. No viremia was detected in raccoons (Procyon lotor), opossums (Dideiphis

mrginiana), or adult cotton rats (Sigmodon hispidus). Only 20% of cottontail rabbits (Sylvilagus

audubonii), 50% of wood rats (Neotorna mexicana), and 75% of hamsters (Mesocricetus auratus)
but all the young cotton rats and least chipmunks (Eutamias minimus) were susceptible. Robins
had the highest titered viremia but were viremic for the shortest period of time. Bobwhites had
lower peak viremia titers but for a longer duration. Biologic differences in the response of some
vertebrates to different SLE strains were noted. Culex pipiens quinquefasciatus mosquitoes readi-
ly became infected after feeding on viremic cardinals. Comparisons of the experimental data
with information obtained from field investigations provided a better understanding of the con-
tributions of the various vertebrate species to the transmission and maintenance of SLE virus in
nature.

INTRODUCTION

St. Louis encephalitis (SLE) virus is

found throughout the Americas and pe-

riodically causes epidemics among hu-

mans in North America. Natural SLE in-

fections are most common in avian hosts

and aviaphilic mosquitoes, although SLE

virus isolations have been obtained from

mammalian hosts (McLean and Bowen,

1980), non-aviaphilic mosquitoes (Mitch-

ell et al., 1980), and even other types of

vectors (McLean et al., 1985). Field in-

vestigations conducted during epidemic

and endemic periods of transmission have

identified a number of avian species as the

primary hosts for SLE virus (McLean and

Scott, 1979) and a few species of culicine

mosquitoes as the principal vectors

(Mitchell et a!., 1980) in North America.

However, there are regional differences in
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the species of birds that serve as the im-

portant reservoir and amplifying hosts and

in the species of Culex responsible for

transmission of SLE virus. Also, differ-

ences in the effectiveness of vertebrate

species serving as hosts for mosquito-borne

viruses such as SLE are caused by a num-

ber of factors. Some of the factors include

intrinsic host susceptibility, viremia of suf-

ficient titer and duration to infect mos-

quito vectors, attractiveness to vector mos-

quitoes, and tolerance of mosquito feeding.

Some aspects of these factors were inves-

tigated in this study. Of course, biologic

characteristics of the host, vector, and vi-

rus and ecologic factors influencing their

interactions are equally important. Stud-

ies of these complex interactions were be-

yond the scope of this study.

Field studies were conducted in rural-

suburban habitats of Memphis, Tennessee,

by the staff of the Division of Vector-Borne

Viral Diseases (DVBVD), Centers for Dis-

ibis OO.#{176} --
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ease Control, to determine the important

vertebrate hosts for and the factors af-

fecting vertebrate involvement in the en-

zootic transmission of SLE virus in that

metropolitan area. Information on SLE

transmission within peridomestic avian

populations in urban habitats was avail-

able from the arbovirus surveillance sys-

tem of the Memphis-Shelby County

Health Department (McLean et al., 1983).

Some species of birds with higher SLE an-

tibody titers and prevalences compared

with the house sparrow (Passer domesti-

cus) were present in relatively high den-

sities in selected rural-suburban habitats

and appeared to be important mainte-

nance hosts for SLE virus in Memphis.

These field data allowed us to concentrate

the laboratory studies on a few selected

avian species and further examine their

potential as enzootic hosts. In addition,

several species of mammals were found to

have SLE antibody in an area in Memphis

from which an SLE virus strain was iso-

lated from ticks [Derrnacentor variabilis

(Say)] (McLean et a!., 1985); these mam-

mals were included in the study to deter-

mine their suitability as hosts for SLE vi-

rus. We also used selected avian and

mammalian laboratory animals to com-

pare them with the sylvatic species and to

investigate their capability to serve as a

source of virus for future transmission

studies with the tick strain.

Birds

MATERIALS AND METHODS

Cardinals (Richmondena cardinalis) were
captured with Potter traps in Memphis, Ten-
nessee, in February 1980, and shipped to Fort
Collins, Colorado, for the study. Robins (Tur-

dus migratorius) and house sparrows were cap-
tured with mist nets in Fort Collins during July.
Bobwhites (Colinus virginianus), Japanese quail
(Coturnix coturnix), and white leghorn chick-
ens (Gallus gallus) were all obtained in July as
newly hatched chicks from commercial sources
in Fort Collins. Only birds negative for SLE
virus neutralizing (Nt) antibody were used in
the study. The birds were maintained in the
laboratory during the acute infection phase

(August 1980) and in an aviary before and after
the 30-day experimental period under condi-
tions similar to those described elsewhere
(McLean et a!., 1983). Uninoculated controls of
each species were housed with the inoculated
birds and were handled similarly.

Mammals

Raccoons (Proc yon lotor) and opossums (Di-

deiphis virginiana) were captured with Nation-
al traps in Memphis in February 1980, and
shipped to Fort Collins for the study. Addition-
al raccoons trapped in Larimer County, Colo-
rado, were also used. These mammals were kept
in monkey cages (0.8 x 0.8 x 1.0 m) during
the experiment. Cotton rats (Sigmodon hispi-
dus) were obtained from a laboratory colony in
Lawrenceville, Georgia, and maintained as de-
scribed elsewhere (McLean, 1982). Wood rats
(Neotoma mexicana), least chipmunks (Euta-
mias minimus), and cottontail rabbits (Sylvil-
agus audubonii) were all captured in the foot-
hills region of Larimer County, Colorado,
during June and were maintained as described
by Bowen et al. (1981). Hamsters (Mesocricetus

auratus) were obtained from a colony main-
tained at the DVBVD laboratory for more than
15 yr. Only seronegative mammals were used
in the experiment.

Virus

Three strains of SLE virus were used. Strain

MSI-7 was isolated from a nestling house spar-
row in Mississippi (Bowen et al., 1980) and
passed twice in suckling mice (SM). Strain 69M-
1143 was isolated from a raccoon in Florida
(Wellings et al., 1972) and passed four times in
SM. Strain 79V-10028 was isolated from ticks
(D. variabilis) removed from a raccoon in
Memphis, Tennessee (McLean et a!., 1985), and
passed twice in SM. Approximately 2,000 to
4,000 plaque-forming units (PFU) of each strain
of virus were inoculated subcutaneously (sc) into
all the animals except one group of bobwhites,
which received 25,000 PFU.

Feeding of mosquitoes

Three-day-old adult female mosquitoes, Cu-
lex nigripalpus (Florida strain) and Cx. p. quin-

quefasciatus (Missouri strain), were obtained
from established laboratory colonies main-

tained at the DVBVD laboratory at 24 C and
80% relative humidity in chambers with a 16-
hr light and 8-hr dark cycle. The mosquitoes
were provided with 5% sucrose, except for 12
hr before they were used in feeding trials, which
were conducted inside the controlled chambers.
Birds and mammals were placed in wire cages
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small enough to restrict some of their move-
ment and to prevent them from pursuing the
mosquitoes. The mesh of the wire cages was
large enough for mosquitoes to have easy access
to the animals. The animal cages were placed
into larger cages covered with mosquito-proof
netting with a sleeve through which mosquitoes
could be introduced each night at 1900 hr and
extracted the next morning at 0800 hr by as-
pirator. Engorged mosquitoes were placed into
#{189}-pintcartons and held in the controlled cham-
ber for 14 days. The surviving mosquitoes were
placed into screw-capped vials and kept at -70
C until tested for virus. The vertebrate hosts for
the mosquitoes were bled immediately before
the mosquitoes were introduced.

Laboratory procedures

Birds were bled from the jugular vein with
a 1-ml syringe and 26-gauge needle. Large
mammals were bled from the femoral artery
with a 5-ml syringe and 20-gauge needle after

being immobilized with ketamine hydrochlo-
ride and acepromazine. Small mammals were

bled from the suborbital sinus with a capillary
pipet after being anesthetized with ether. Blood

specimens were obtained daily from all animals
for days 1-7 and on days 10, 15, 21, and 30

postinoculation (P1). Blood (0.2 ml) from the
birds and small mammals was mixed with 0.9
ml of diluent; blood from large mammals was
left undiluted. The procedures for handling
blood specimens and inoculating sera into cell
culture have been described (Scott et al., 1983).
Vero cell cultures grown in 25-cm2 flasks were

used for initial viral screening, and six-well

plastic plates were used for virus titrations. The
presence of Nt antibody in heat-inactivated sera

was determined by the plaque-reduction neu-
tralization test in Vero cell cultures in six-well
plates as described by McLean et al. (1983).
Single mosquitoes were ground in a mortar and

pestle with 1.0 ml diluent, the suspension was
centrifuged at 2,500 RPM for 20 mm, the su-
pernatant was separated, and 0.2 ml was inoc-
ulated onto monolayers of primary Pekin duck
embryo cells grown in 25-cm2 flasks. Identities
of some of the virus isolations were confirmed
by the complement fixation test (Calisher and
Poland, 1980) to ensure that no other viruses
were infecting the vertebrates or mosquitoes.

RESULTS

All of the five avian species inoculated

were susceptible to SLE virus infection,

although not equally. All cardinals, robins,

and baby chickens, 97% of the bobwhites,

and 20% of the Japanese quail became vi-

remic (Table 1). The bobwhites, robins,

and chickens had the highest viremia ti-

ters, and the bobwhites and chickens had

the longest duration of viremia. Viremia

titers of the cardinals were intermediate,

and their total viremic response was quite

similar to the response of house sparrows

infected during a previous study (McLean

et a!., 1983). At the lower virus dosage, all

the viremic birds tested for SLE Nt anti-

body developed it by 30 days P1, and all

but one of the nonviremic Japanese quail

produced antibody.

The viremic response of bobwhites re-

ceiving the lower virus dosage was signif-

icantly less (P <0.01) in 6-wk-old than in

3-wk-old birds for both peak mean titers

(3.03 ± 0.23 vs. 4.41 ± 0.27 log10 PFU/

ml) and overall mean titers (2.81 ± 0.16

vs. 3.53 ± 0.14 log10 PFU/ml). Further-

more, the eight 3-wk-old bobwhites were

viremic for a total of 42 days P1 (average

of 5.3 days per bird), and the eight 6-wk-

olds were viremic for a total of only 16

days (average of 2.0 days per bird) for the

same time period and for the lower virus

dosage. In addition, 71% of the 42 viremic

days for the 3-wk-olds were at or above

3.0 log10 PFU/ml, and 50% of the 16 vi-

remic days for the 6-wk-o!ds were at this

level. A single adult bobwhite inoculated

with the 79V-10028 strain only produced

a peak titer of 3.0 log10 PFU/ml and was

viremic for 3 days. The response of 3-wk-

old bobwhites to the two different concen-

trations of virus inoculated was also sig-

nificantly different for both peak (P <

0.05) and overall mean titers (P < 0.01),

with the lower viremia titers occurring in

birds inoculated with the higher dosage.

The mean peak titers of viremias in 6-wk-

old bobwhites inoculated with the 79V-

10028 strain were significantly higher (P <

0.05) than in bobwhites inoculated with

the MSI-7 strain. The combined viremia

results for the 24 bobwhites inoculated

with the MSI-7 strain demonstrated that

some daily viremia titers exceeded 4.0 log10
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TABLE 1. Response of birds inoculated with strains of St. Louis encephalitis virus.

Species Age
SLE virus

strain used�

No.
tested

Per-

cent
vire-
mic

Mean viremia (PFU/ml)b
Mean

duration
(days)

Percent
Nt Ab

positivePeak titer’
Range of
peak titer

Overall
titer’

Bobwhite
(Collnus

vlrginianus)

6 wk

3 wk

6 wk
3 wk

79V-10028

MSI-7

MSI-7

MSI-7’

8

8

8

8

100

100

88

100

4.1 ± 0.3

4.4 ± 0.3

3.0 ± 0.2

3.7 ± 0.1

3.0-5.1

3.4-5.3

2.0-3.8

3.3-4.6

3.1 ± 0.1

3.5 ± 0.1

2.8 ± 0.2

2.9 ± 0.1

4.3

5.3

2.3

4.9

NT

100

88

88

Robin
(Turd us
migratorius)

2-3 mo MSI-7 9 100 4.6 ± 0.4 2.0-6.0 4.2 ± 0.3 1.9 100

Japanese quail
(Coturnix

coturnix)

3 wk MSI-7 10 20 3.2 ± 0.6 2.6-3.7 2.6 ± 0.3 3.0 89 (9)

Chicken
(Gallus gallus)

3 day 79V-10028 6 100 4.8 ± 0.4 3.6-5.6 3.5 ± 0.2 4.7 NT

Cardinal
(Rlchmondena

cardinalis)

Adult MSI-7 5 100 3.5 ± 0.5 2.0-5.3 3.0 ± 0.3 3.2 100

House sparrow’

(Passer

domesticus)

Adult MSI-7 21 100 3.5 ± 0.1 2.6-5.1 3.0 ± 0.1 2.9 100

#{149}MSI-7 = SM, passage of nestling house sparrow isolate; 79V-10028 = SM, passage of Dermacentor variabilis isolate.
Titers expressed as the mean ± standard error log0 plaque-forming units (PFU) per ml of viremic blood.

‘Peak titer includes only the highest titer for each bird.
Overall titer includes all of the daily titers for all birds.

#{149}25,000 PFU/ml in Vero cell culture of SLE virus inoculated subcutaneously in this group and 2,000-4,000 PFU/ml in all

other groups.

‘These results are from a previous study (McLean et al., 1983).

Nt Ab = neutralizing antibody; NT = not tested; ( ) = number of animals tested.

PFU/ml on 6 consecutive days P1 (Fig.

1). Also, the daily percentage of viremic

bobwhites was greater than 50% for 5 days

P1. Three bobwhites had delayed onsets

of viremia (day 7 Fl for two birds and day

10 Fl for one bird); however, because of

the bleeding schedule, only one virus-pos-

itive blood was obtained from each of

these birds.

Mammals were less susceptible to SLE

virus, and no viremia could be demon-

strated in inoculated raccoons or opossums

(Table 2). Females of Cx. nigripalpus

readily fed on raccoons and opossums, but

none became infected. Cotton rats were

quite resistant to the two strains of SLE

virus inoculated, although very young cot-

ton rats developed intermediate viremia

of short duration. Wood rats and cotton-

tail rabbits were intermediate in suscep-

tibility; chipmunks and hamsters were

quite susceptible. Hamsters produced the

highest titers and were viremic the longest

of the mammalian species tested. The vi-

remic response was similar in hamsters in-

oculated with the 79V-10028 strain and

the MSI-7 strain. There were striking dif-

ferences, however, in the viremia profile

and the overall and daily percentage of

hamsters viremic (Fig. 2). Even though

many of the experimental mammals were

not tested for Nt antibody, there was an

obvious difference in the antibody re-

sponse of cotton rats inoculated with dif-
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FIGURE 1. Viremia in 24 bobwhites (Colinus vir-

ginianus) after inoculation with St. Louis encepha-
litis virus (MSI-7 strain).
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ferent strains of SLE virus (0% positive

with the MSI-7 strain vs. 100% positive

with the 79V-10028 strain).

Cardinals were tolerant of Cx. p. quin-

quefasciatus mosquitoes feeding on them;

74% of the mosquitoes became fully en-

gorged, and 13% of all the engorged mos-

quitoes became infected (Table 3). The

SLE infection rate was significantly higher

(P < 0.01) when the blood titer of the vi-

remic cardinals on which the mosquitoes

fed was greater than 3.0 log10 PFU/ml.

The highest infection rate occurred when

the blood titer was greater than 5.0 log10

PFU/ml. Some mosquitoes even became

infected by feeding on viremic cardinals

with titers between 2.3 and 2.6 log10 PFU/

ml.

DISCUSSION

Experimental infection studies of ver-

tebrate species found naturally exposed to

SLE virus are necessary to determine their

involvement in the epidemiology of SLE.

Field studies conducted in Memphis iden-

tified species of birds and mammals that

could be important natural hosts for SLE;

however, the results from this study sug-

gest that only three of the avian species

studied are effective hosts. The three

mammal species from Memphis appeared

to be resistant to the SLE virus strains used.

These results are consistent with those of

previous experiments (McLean and Bow-

en, 1980).

The least chipmunk and the hamster

were exceptions to the low susceptibility

and poor viremic response of the mam-

malian species tested in this study and in

previous studies. The available data sug-

gest that some rodents, particularly sci-

urids including the least chipmunk, cri-

cetids, and heteromyids, develop viremia

adequate to infect mosquitoes (McLean

and Bowen, 1980). There are a few species

of sciurids present in sufficient densities

and habitats in many midwestern urban

areas to serve as natural hosts for SLE vi-

0

rus, although there is no evidence that SLE

mosquito vectors feed on them.

The hamsters were quite susceptible to

sc inoculation with the 79V-10028 strain

of SLE virus used in this study, which is

in contrast to previous studies where they

were not susceptible by this route of in-

oculation but were susceptible by other

routes of inoculation only (Karabatsos,

1980). With at least some SLE strains,

hamsters can serve as a good source of

virus in the laboratory and should provide

the opportunity for further laboratory

studies of virus, vector, and host.

The striking difference in the suscepti-

bility, magnitude and duration of viremia

in hamsters inoculated with the two dif-

ferent strains suggests significant biologic

differences between the strains. Bob-

whites also produced a greater viremic re-

sponse to the 79V-10028 strain than to the

MSI-7 strain, and cotton rats responded

with a significantly greater serologic re-

sponse when inoculated with this strain.

In previous studies, the 79V-10028 strain

was shown to be somewhat attenuated for

3-wk-old mice compared with the fully
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TABLE 2. Response of mammals inoculated with strains of St. Louis encephalitis virus.

SLE virus No.

Per-

cent
vire-

Mean viremia (PFU/ml)b
Mean

duration

Percent
Nt AbRange of Overall

Species Age strain used tested mic Peak titer peak titer titer (days) positive

Raccoon Adult MSI-7

(Procyon lotor) 79V-10028 11 0 - - - - 18

69M-1143

Opossum Adult 69M-1143 3 0 - - - - 100

(Didelphis

marsupialis)

Cotton rat 5 day MSI-7 9 100 3.4 ± 0.2 2.8-4.5 3.1 ± 0.1 1.7 NT

(Sigmodon 3 mo MSI-7 12 0 - - - - 0 (8)

his pidus) 3 mo 79V-10028 8 0 - - - - 100 (6)

Wood rat Adult 79V-10028 2 50 2.5 - 2.4 ± 0.1 3.0 NT

(Neotorna

mexicana)

Least chipmunk Adult 79V-10028 2 100 3.4 ± 0.9 2.5-4.3 2.9 ± 0.3 4.5 NT

(Eutamias
minirnus)

Cottontail rabbit Adult 79V-10028 5 20 2.8 - 2.8 ± 0.1 2.0 100 (3)

(Sylvilagus

audubonii)

Hamster 3 wk MSI-7 6 50 3.6 ± 0.9 2.6-5.3 3.9 ± 0.5 2.0 NT

(Mesocricetus 3 wk 79V-10028 6 100 4.9 ± 0.2 4.4-5.6 3.8 ± 0.2 4.8 NT

auratus)

#{149}MSI-7 = SM, passage of nestling house sparrow isolate; 79V-10028 = SM, passage of Dermacentor varlablll.s isolate; 69M-

1143 = SM, passage of raccoon isolate; 2,000-4,000 PFU,’ml in Vero cell culture of SLE virus inoculated subcutaneously.

Titers expressed as the mean ± standard error log0 plaque-forming units (PFU) per ml of viremic blood.

Nt Ab = neutralizing antibody; NT = not tested; ( ) = number of animals tested.

virulent MSI-7 strain in the same host

(McLean et a!., 1985). Both strains, how-

ever, had similar RNA oligonucleotide

patterns (Trent and Naeve, 1980). SLE

strains previously isolated from culicine

mosquitoes in Memphis were similar to

the MSI-7 strain in their virulence for

3-wk-old mice (Monath et a!., 1980) and

not like the intermediate virulence of the

79V-10028 tick strain. The bird and mam-

mals species used in these experiments ap-

peared to be more susceptible to and

responded with a greater viremia to the

79V-10028 strain, despite its partial atten-

uation in 3-wk-old mice. The higher vi-

remogenic capacity of the 79V-10028

strain does not coincide with the lower

virulence of this strain, because these bi-

ologic markers were positively correlated

with the MSI-7 and other SLE strains used

in other studies (Bowen et a!., 1980; Mon-

ath et a!., 1980). The uniqueness of this

strain from ticks and the possibility of co-

circulation of two biologically distinct SLE

strains within a single locality needs fur-

ther investigation.

Of the three avian species found sus-

ceptible to SLE virus, the robin produced

the highest viremia titers, higher than the

baby chicks used in this study and higher

than those reported for baby chicks in oth-

er studies (McLean and Bowen, 1980).

They were also viremic for the shortest

period of time. However, the response of

the robins in this study may not reflect

natural infections as they were stressed by
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0

TABLE 3. Culex pipiens quinquefa.sciatus mosqui-
toes exposed to SLE virus-inoculated cardinals (Rich-

mondena cardinalis); percent engorged and infected

with SLE virus.

U

�25 �

0�

E

�4.0

3.0

>

I� 11171
#{149}P1 = postinoculation.

Titers expressed as log10 plaque-forming units (PFU) per ml

in Vero cell culture.
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- 1000
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FIGURE 2. Viremia in hamsters (Mesocricetus

auratus) after inoculation with two strains of St. Louis

encephalitis virus.

lack of adequate diet, and half of them

died during the first 10 days P1. Robins

had the highest prevalence of SLE Nt an-

tibody of any bird species tested during

the 1975 SLE epidemic in Chicago

(McLean and Bowen, 1980), and SLE vi-

rus was isolated from a robin during an

epidemic in St. Louis in 1966 (Kokernot

et a!., 1969). Their seasonal presence in

high densities in many urban areas, such

as Chicago, St. Louis, and Memphis, com-

bined with their susceptibility to SLE vi-

rus, as documented by the high titers of

circulating virus demonstrated in this

study, confirm their potential as an im-

portant amplifying host for SLE virus.

The cardinal was equally as susceptible

to SLE virus as the robin but produced

moderate titers and duration of viremia.

However, even these lower levels of vi-

remia were sufficient to infect vector mos-

quitoes on 4 of the 5 days that cardinals

were viremic, and four of the five viremic

cardinals provided an infective source of

virus to mosquitoes. No minimum thresh-

No. Per-
mosqui- cent Per-

Blood titer No. toes en- cent
Day P1 (PFU/ml)b birds fed gorged infected

1&2 2.0 3 106 86 0

5 2.0 1 35 17 0

4 & 5 2.3-2.4 3 80 84 10

2&4 2.6 2 62 68 5

3 3.0 1 32 85 0

3 3.3 1 24 100 21

2 3.9 1 37 60 55

3 5.2 1 21 71 80

old of blood titer necessary to infect Cx.

p. quinquefasciatus could be established,

because a few mosquitoes became infect-

ed even on viremias of very low titers.

Nevertheless, mosquito infectivity greatly

increased when the titer was above 3.0

log10 PFU/m! and was greatest when the

titer was above 5.0 log10 PFU/ml. Viremic

cardinals, on the average, had titers of cir-

culating virus above 3.0 log10 PFU/ml for

1.2 days and thus were capable of infect-

ing at least 50% of the mosquitoes that fed

upon them during that time. This proba-

bly represents the minimum viremic re-

sponse for cardinals, since adult birds were

used in this study; younger birds, partic-

ularly nestlings, usually produce higher

viremic responses (Bowen et a!., 1980).

Generally, hosts that have greater amounts

of virus in their peripheral blood should

infect more mosquitoes if, as shown for

cardinals in this study, they are attractive

to mosquitoes and tolerant of their feed-

ing.

The cardinal has been implicated as an

amplifying host of SLE virus during sev-

eral urban epidemics in Texas (Lord et a!.,

1974), and SLE virus was isolated also

from a cardinal in St. Louis in 1966 (Ko-
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kernot et a!., 1969); their population den-

sities in urban areas in Texas, however,

were too low for them to have contributed

greatly to those epidemics. Cardinals could

be an important enzootic maintenance host

for SLE throughout the eastern part of the

United States, where their densities are

higher, because of their susceptibility, at-

tractiveness to mosquitoes, tolerance of

mosquito feeding, and ability to infect

mosquitoes, as well as their temporal, spa-

tial, and ecologic association with the

mosquitoes which serve as vectors.

The bobwhites were investigated more

intensively, i.e., inoculated with different

strains, dosages, and at different ages, be-

cause of their very high prevalence of SLE

antibody in Memphis and because little

information was available on their suscep-

tibility and natural exposure to SLE virus.

As was found with chickens in other stud-

ies (Sudia and Chamberlain, 1959; Bowen

et a!., 1980), bobwhites were quite suscep-

tible, and their viremic responses de-

creased with increased age and dosage of

virus inoculated. Since young bobwhites

had higher and longer viremias, they

should be capable of infecting three to four

times more mosquitoes than older bob-

whites. The seasonal presence of young

bobwhites in July in Memphis (McLean,

unpub!. data), their susceptibility and ad-

equate viremia of long duration discov-

ered in this study, and the high preva-

lence of SLE antibody in Memphis a!!

strongly suggest that this species is an im-

portant enzootic maintenance host for SLE

virus in Memphis and possibly other areas.

This species could also be used as an ef-

fective sentinel for SLE; it was success-

fully used for eastern and western (now

Highlands J virus) encephalitis viruses in

Maryland (Williams et a!., 1971, 1972).

Three other sylvatic avian species, the

blue jay (Cyanocitta cristata), the mock-

ingbird (Mimus polyglottos), and the

mourning dove (Zenaidura rnacroura),
which could also be important hosts for

SLE in Memphis because of their anti-

body prevalences, densities, and distribu-

tions, were studied previously in the lab-

oratory (Jennings, 1969). All three species

were quite susceptible to inoculation with

SLE virus, although the blue jay was more

susceptible to lower dosages. This infor-

mation, combined with the laboratory re-

sults obtained from this study, has con-

firmed some of the field data on the

important enzootic avian hosts of SLE and

the incidental role of at least some of the

mammalian species. A synthesis of these

data should provide a more complete un-

derstanding of the epidemiology of SLE

and should enable us to better design our

future research efforts to fill in some of

the gaps and enlarge upon undefined as-

pects.

ACKNOWLEDGMENTS

The authors thank Moises Montoya for pro-
viding and taking care of all the mosquitoes

used in this study, Jake Mullenix and William
Kelly for assisting in the shipment of animals
from Memphis, and Ron Shriner for assisting

with the mammals in Colorado. The technical
assistance of Larry Kirk, Diane Inglish, Ann
Hunt, Richard Bolin, Carol Frank, Scott
MacGregor, and Thomas Scott is greatly appre-
ciated.

LITERATURE CITED

BOWEN, G. S., T. P. MONATH, G. E. KEMP, J. H.

KERSCHNER, AND L. J. KIRK. 1980. Geographic

variation among St. Louis encephalitis virus

strains in the viremic responses of avian hosts.
Am. J. Trop. Med. Hyg. 29: 1411-1419.

R. B. SHRINER, K. S. POKORNY, L. J. KIRK,

AND R. G. MCLEAN. 1981. Experimental Col-

orado tick fever infection in Colorado mammals.

Am. J. Trop. Med. Hyg. 30: 224-229.

CALISHER, C. H., AND J. D. POLAND. 1980. Labo-

ratory diagnosis. In St. Louis Encephalitis,

Thomas P. Monath (ed). American Public Health

Association, Washington, D.C., pp. 571-601.

JENNINGS, W. L. 1969. The vertebrate reservoir of
SLE virus in the Tampa Bay area of Florida. In

St. Louis Encephalitis in Florida. Florida Board

of Health Monograph No. 12, pp. 73-89.

KARABATSOS, N. 1980. General characteristics and
antigenic relationships. In St. Louis Encephali-

tis, Thomas P. Monath (ed). American Public
Health Association, Washington, D.C., pp. 105-

158.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 18 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



MCLEAN ET AL-VERTEBRATE STUDIES WITH SLE VIRUS 93

KOKERNOT, R. H., J. HAYES, R. L. WILL, C. H. TEM-

PELIS, D. H. M. CHAN, AND B. RADIv0JEvIC.

1969. Arbovirus studies in the Ohio-Mississippi

Basin, 1964-1967. II. St. Louis encephalitis virus.
Am. J. Trop. Med. Hyg. 18: 750-761.

LORD, R. D., C. H. CALISHER, AND W. P. DAUGHTY.

1974. Assessment of bird involvement in three

urban St. Louis encephalitis epidemics. Am. J.
Epidemiol. 99: 364-367.

MCLEAN, R. G. 1982. Potentiation of Keystone vi-
rus infection in cotton rats by glucocorticoid-

induced stress. J. Wildl. Dis. 18: 141-148.
AND G. S. BOWEN. 1980. Vertebrate hosts.

In St. Louis Encephalitis, Thomas P. Monath

(ed). American Public Health Association,
Washington, D.C., pp. 381-450.

D. B. FRANCY, T. P. MONATH, C. H. CAL-

ISHER, AND D. W. TRENT. 1985. Isolation of

St. Louis encephalitis virus from adult Derrrza-

center varlabills (Say) (Acari: Ixodidae). J. Med.
Entomol. 22: 232-233.

J. MULLENIX, J. KERSCHNER, AND J. HAMM.

1983. The house sparrow (Passer domestlctss)

as a sentinel for St. Louis encephalitis virus. Am.
J. Trop. Med. Hyg. 32: 1120-1129.

AND T. W. ScoTT. 1979. Avian hosts of St.

Louis encephalitis virus. Eighth Bird Control
Seminar, Bowling Green State University, Bowl-

ing Green, Ohio, Proc., pp. 143-155.

MITCHELL, C. J., D. B. FRANCY, AND T. P. MONATH.

1980. Arthropod vectors. In St. Louis Enceph-

alitis, Thomas P. Monath (ed). American Public

Health Association, Washington, D.C., pp. 313-

379.

MONATH, T. P., C. B. CROPP, G. S. BOWEN, G. E.

KEMP, C. J. MITCHELL, AND J. J. GARDNER.

1980. Variation in virulence for mice and rhe-

sus monkeys among St. Louis encephalitis virus
strains of different origin. Am. J. Trop. Med.
Hyg. 29: 948-962.

SCoTT, T. W., R. C. MCLEAN, D. B. FRANCY, C. J.
MITCHELL, AND C. S. CARD. 1983. Experi-

mental infections of birds with Turlock virus. J.
Wild!. Dis. 19: 82-85.

SUDIA, W. D., AND R. W. CHAMBERLAIN. 1959. The

virus of St. Louis encephalitis in chickens. Am.
J. Hyg. 70: 197-207.

TRENT, D. W., AND C. W. NAEVE. 1980. Biochem-
istry and replication. In St. Louis Encephalitis,

Thomas P. Monath (ed). American Public Health
Association, Washington, D.C., pp. 159-199.

WELLINGS, F. M., A. L. LEWIS, AND L. V. PIERCE.

1972. Agents encountered during arboviral eco-

logical studies: Tampa Bay, Florida, 1963 to 1970.

Am. J. Trop. Med. Hyg. 21: 201-213.

WILLIAMS, J. E., 0. P. YOUNG, D. M. WATTS, AND

T. J. REED. 1971. Wild birds as eastern (EEE)

and western (WEE) equine encephalitis senti-

nels. J. Wildl. Dis. 7: 188-194.

AND . 1972. Trans-

mission of eastern (EEE) and western (WEE)

encephalitis to bobwhite sentinels in relation to

density of Culiseta melanura mosquitoes. Mosq.

News 32: 188-192.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 18 Apr 2024
Terms of Use: https://bioone.org/terms-of-use




