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Ecology of Venezuelan Equine Encephalitis
Virus in Panama
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SUMMARY

Venezuelan equine encephalitis (vEE) iz widespread in Panama, occurring
in man, hizs domestic animals, and a wide variety of wild mammals, birds,
and reptiles. It is enzootic in forest rodents of which the cotton rat
(Sigmodon hispidus) appears to be the principal reservoir. Many species
of arboreal and ierrestrial vertebrates, however, may coniribute to the
maintenance or amplification, or hoth, of virus activity in a given region.
Birds may play a role, not only in local transmission cycles, but in the
geographic dissemination of this agent. Although vEE virus has been isolated
from several species of mosquitoes, proof of transmiszion has not wyet been
obtained with those species found naturally infected in Panama. However,
the prevalence of infection in Culex feeniopus mosquitoes coupled with
their brecding habits and host preferences suggest that this species is an
important veclor in transmission cycles involving rodents. In other endemic
arcas where veEe has been extensively studied, namely, Trinidad!'® and
Florida,* the requisite factors for the establishment of enzootic foci of in-
fection alzo appear to be Culex (Melanoconion) mosquitoes and small ground
rodents in a lowland tropical rainforest environment.

Tue virus of vee was first isolated and
degeribed during investigations of an
equine disease which oceurred in Vene-
guela from 1936 to 1938.11%  Bubse-
quently, human and equine discase
caused by this virus was reported from
Trinidad,’® Ecuador,*® Colombia,'® and
other South American countries”™ In
1961, 25 vears after the discovery of this
agent, a case of human infection with veE
virus was found in Panama.® Since then,
the geographic distribution of thiz agent
has been extended to Central America,™
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Mexico,™ and the southeastern United
States® areas in which it is apparently
endemic. This report considera some of
the ecologic aspects of vER virus infec-
tiong in Panama.

Vertebrate Reservoirs

Mean.—Although human infections with
vEE have been found in widely scattered
areas of Panama, from Darien province
in the east to Bocas del Toro in the
west,? the most extensive epidemiologic
studies of this agent have been done in
an area of tropical rainforest near the
town of Almirante, a seaport located on
the Atlantic coast of northwestern Pan-
ama.” In this study, veE: virus infections
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TABLE 1—Matural Infections of Vernezuelan Equine Encephalitis in Wild Mammals of Panama
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were found to be widespread in the in-
digenous population, occurring in about
36% of the Almirante residents exam-
ined. Prevalence rates were nearly uni-
form in both sexes, and infections were
positively correlated with length of resi-
dence in the area, indicating that the vi-
rus was endemic in this region. Among
children, infectionz were encountered
most frequently in residents of 2 slum
sectors bordered by extensive swamp
forests and open freshwater marshes,
habitats which produced the greatest
number of infected insccts and wild ver-
tehrates.®?

Domestic Animels—Naturally oc-
curring mfections in domestic ammals,
namely, horses, mules, cows, dogs, and
chickens, have also been found in Pan-
ama.’ The seanty evidence awvailable,
however, suggests that Panamanian
strains of vEE virus produce little or no
clinical discase in eguine animals. In
July, 1961, a peak vear for vEE virus
activity 1n Almirante, 74 horses and
mules in the area were examined.® TIll-
ness was nol detected in any of these ani-
mals, and reports of eguine sickness or
death during the preceding 2 months
were not obtained, even though 849
of the animals tested had antibodies to
vEE wirug at that time.”™ The following

* By Tir. Olio Alverss, o velerinarinn whose services
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vear, some 200 egquine animals died from
eastern equine encephalitis which oc-
curred in the central part of Panama.®
Although isolations of vEE virus were not
made from equine animals during investi-
gations of this epizootic, several cases
of vEE occurred concomitantly in the hu-
man population of the same geographic
area,

Wild Animals—At least 29 species of
indigenous vertebrates have been found
naturally infected with vee wirus?s2
{Tables T and 2). In the Almirante area,
infections were more prevalent in mam-
mals than in birds and reptiles and oc-
curred with the greatest frequency in
rodents, particularly the cotton rat
{Sigmodon hispidus) and  spiny  rat
{Proechimys semispinosus).” In 1961,
for example, approximately 4% of the
cofton rats examined were viremic, and
nearly half had antibodies to the virus.

Nonlethal infections with veg wirus
have heen experimentally produced in a
number of native Panamanian verte-
brates. Investigators at the Middle Amer-
ica Research Unit demonstrated that 4
species of small ground rodents, including
the cotton rat and spiny rat, circulated
virus in the blood for several davs after
subcutaneous injection with moderate
doses.®* A4 the Gorgas Memorial Lab-
oratory, 15 species of mammals and birds
thus far tested have heen found with
viremia within a few davs of injection
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TAEBLE 2—Matural Infections of Yenezuelan Equing Encephalitis in Wild Birds and Reptiles in

Panama
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with low to moderate doses of vEE virus.®
Most of these animals tolerated the in-
fection quite well, with little or no ill
effects. However, the duration and in-
tensity of viremia varied according to
species. Virus concentrations reached
highest titers in the blood of certain
rodents and edentates, namely, the varie-
gated squirrel (Seiurus variegatoides)
and the three-toed sloth (Brodyvpus
grisens) (Table 3). Viremias persisted
for the greatest length of time (1 to 2
weeks) in sloths, a phenomenon probably
due to their lower body temperature® 2
and possibly related to delayed. immune
response®

With 2 of the experimentally infected
species, the wvaricgated squirrel and the
vellow-backed oriole (Icterus chrysater),
evidence was obtained that the initial

infection conferred immunity to subse-
gquent challenge with low doszes of virus
for at least a vear.t

Insect Vectors

Venezuelan equine encephalifis virus
has been isolated from at least & species
of anopheline and culicine mosquitoes in
Panama.®7 14 In the Almirante area, in-
fection rates were highest in Culex (Mel-
anoconion) teeniopus followed by Culex
{M.) vomerifer, 2 closely related species
which are quite common in this region
and usually occur there throughout the
vear. However, in experiments with
golden hamsters and wild-caught Culex
{Melanoconion) mosquitoes from Al
mirante, laboratory transmissions of vER
virus were not obtained from the bites of

TAELE 3—A Comparison of WYenezuelan Equine Encephalitis Virus Concentrations in the
Peripheral Blood of Experimentally Infected Wild Animals
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* Wxpressed s lope toe'o 002 mil, of plasma or serum injected indraperifoncally in weanling mice.

December 15, 1969

2143



nearly 4,000 C. vomerifer tested,® even
though the virus was being actively trans-
mitted to sentinel hamsters exposed in
the area at that time.* The fact that
several isolations were made from C.
vomerifer mosquitoes obtained from the
same collecting pools which furnished
specimens for the transmission experi-
ments suggests that this species, although
susceptible to infection, i3 not capahble
of transmitting virus to susceptible verte-
brate hosts.®

The number of wild-canght C. taenio-
pus fested in transmiszion experiments
was not sufficient to permit any coneclu-
sions concerning its wvector potential
However, observations on the bionomics
of this species incriminate it as the most
likely vector of the virus among rodents
at least. This species 1s known to breed
in deeply-shaded permanent swamps such
as those found on the ouiskirts of Al-
mirante. It iz a nocturnal, svlvan species
inhabiting both the forest canopy and
floor which occasionally invades peri-
domestic habitats. Rodents are the pre-
ferred hosts, but females will frequently
attack man and, occasionally, horses and
hirdsz. On several occasions, virus izola-
tions from sentinel mice have been asso-
ciated with natural infections in this
species,’

The poszsibility of man to man {rans.
mission of VEE virus by Culex (Culex)
pipiens gquinguefasciatus should not be
excluded from consideration. On 2 sepa-
rate oceasions, natural infections of these
mosguitoes were found in close associa-
tion with human infections’?

Aedes (Ochlerotatus) mosgquitoes, spe-
cifically Aedes (0.) angustivittaius, have
alzso been found naturally infected with
vEE virus in Panama.” These mosqui-
toes feed mostly on large mammals such
as horses and, less frequently, on birds®

Members of the crab-hole breeding
genus, Deinocerites, have also been in-
criminated as potential vectors of vEE vi-
rus. Deinocerites pseudes, which proved
to be an efficient vector of the virug in
transmission cxperiments emploving lab-
oratory-reared mosquitoes,® has been
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found naturally infected in Mexico.?! In
Panama, this species has been found to
feed on both homoiothermic and poikilo-
thermic animals, and may be instrumen-
tal in transmitting the virus to reptiles
and hirds, their preferred hosts.?!
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