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Grayson, M. A, and P. Galinde (Gorgas Memoriol Laboratory, Paname, Re-
public of Panama). Epidemiclogic studies of Wenezuelon equine encephalitis
virus in Almirante, Panama. Amer. J. Epid., 19468, 88: B0-96.—Forty-thres
isalotions of Venezuelan equine encephalitis (VEE) virus were made from speci-
mens callected or exposed in a fropical rainforest cres of Paname during 1941
and 1242, 5Six isclates were recovered from febrile patients, seven from field ro-
denfs and nine from at leost six species of wild birds. Twelve strains of VEE virus
were obtained from at leost four species of mosquitoes, and nina litters of sen-
tinel mice exposed to the bites of bloodsucking insects also vielded the wirus.

Serologic evidence of VEE virus activity in the area before 1981 was acquired.
Antibodies to WEE virus were detactad in 25 spedies of vertebrates including ha-
mans, equines, bovines, canines and demestic fowl as well as several species of
wild mammals, hirds and reptiles. Human infections with VEE virus were wide-
spread, ceeurred neatly unifermly in both sexes ond were ocssacioted with
length and place of residence in Almirante.

The accumulated evidence suggests that VEE is endemic in Almirante, Panama;
that redents, especially the cotton rat (Sigmodon hispidus), are impertant reser-
voirs; and that Culex (Melonoconion} mosquitces, in particular, €, [M.) toeniopus,
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are the mest efficient vectors of this virus in the orea.
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The virnz of Veéneguclan equine ¢n-
cephalitis (VEL) was first isolated by
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Beek and Wyekofl during investigations
of an equine epizootic which occurred
in Venezuela between 1936 and 1938 (1),
Sinec then the wirns has been reported
irom Trinidad, Ecuador, Colombia, Bra-
zil, Mexieo and the United States (2-7).

In Panama, VEE virus was first re-
coversd in April, 1961 from a fatal hu-
man eaze in Cafifo, & small rural com-
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Trornz 1. Maep of the Bepublic of Panama showing location of study arce.

munity some 20 miles northwest of
Panama City (8). Shortly thereafter,
the virus was detected in a tropical rain-
forest. area near the Atlantic seacoast
town of Almirante, where an extensive
survey for arboviruses had been under-
way sinee September, 1959 (9),

The results of studies relating to the
epidemiclogy of VEE virus in the wvi-
cinity of Almirante, Panama from Sep-
tember, 1959 fo September, 1962 com-
prise the subject of this report.

Deseription of the study oren

The sludy area, which covers a terri-
tory of some 620 square miles extending
from sea level to 6,000 feet in elevation,
5 located In the provines of Boeas del
Tore in northwestern Panama (figure
13, It iz hordered on the south and west
by u series of complex foresled ridges
forming the Continental Ihwvide, which
at  this point rizes io  considerahble
heights with several pesks of over 9,000
feet above sea level. To the north, the
area iz bounded by the Changuinola

River and to the east by the Caribbean
Sea, The hydrography of the area is
dominated by the Changuinola River
and its numerous {ributaries. During
perinds of heavy rainfall, a considerabls
amount of water iz spilled into the flood
plaing of these streams, forming the
complex of ox-bow lakes and freshwater
gwamps which dominate the landseape
of the lowlands. Part of this swampy
land has been reclaimed for grazing
pastures and for the cultivation of ba-
nanas and cacso,

Aceording to available elimatological
information, a tropical rainforest eli-
mate prevails in this region which is
covered by large tracts of broad-leaf
evergreen  forest. Withun  thiz  almost
confimuous cover of evergresn forest,
special  orographie, hydrographic and
edaphie {actors have influenced the de-
velopment of several distinet ecological
assoeiations of which the main cate-
gories reeognized in the study area are:
lowland tropieal rainforest, upland trop-
ical rainforest, cloud forest and open
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freshwater marsh. In addition, human
aetivity has produced a varlety of
domestic and peridomestic habitats in
the region,

Field stations for the collection of
arthropods and wild vertebrates and for
the exposure of sentinel animals were
eztahlished at ten separate localities
representing the major types of ecologi-
pal associations in the study area. A
detailed deseription of the study area
and collecting stations is presented by
Calindo et al. (9),

Dremography

Aceording to the 1960 eensus of the
Lepublic of Panama, the study area has
a total of 2,921 dwellings inhabited by
11,452 persons (10). These individuals
are distributed in two main population
centers, namely, Changuinola and Al-
mirante, which have very distinet demo-
graphic characteristies. Changuinola, a
rural community, iz inhabited largely
bv Indizns of the Guami tribe with a
small percentage of the population con-

sisting of Negroes, Caucasians and Cuna
Indians, Almirante, a deep seaport on
the Caribbean, is used almost exclisively
by the Chiriqui Land Company for the
shipment of bananas and cacao, Most of
the inhabitantz are Necroes of West
Indian orgin engaged in aetivities related
to the export of frult, although s [ew
Cancagians are employed in administra-
tive positions by the company.

The bulle of our epidemiologie studies
were condueted in the town of Almirante
and its environs (figure 2). In 1960 the
population  consisted of 4,920 persons
distributed in 1,188 dwellings grouped in
an urban community scarcely one mile
long and a quarter of a mile wide, with
a few scattered farmhouses on the out-
skirts of town. Almirante is bordered on
the north by swamp forests and open
marshes, on the east by the Chirgui
Lagoon, on the south by Almirante Bay
and on the west by the slopes of Risco
Ridge, part of the complex of hills and
meuntaing eonstituting the Continental
Divide. The town iz divided sapproxi-
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Frauee 2. Almirante collecting srea showing location of field hesdguarters and scclors
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mately north and south by the Chiriqui
Land Company railroad which is aec-
vompanied part of the way by a slough
o1 dark foul water called Cuebrada del
Cedro, The southern part of town, built
against. Almirante Bay, eomprises Fegla
and the eompany compound, which in-
cludes recreational faeilities, housing
for adminigtrative personnel and a hos-
pital with capacity for 200 bed-patients.
Banitary conditions in thiz area are
good, with mesquito-proof  sercening,
chiorinated running water and toilet
facilities in all dwellings. The houses,
which are built of wood with galvanized
iron roofs, are elevated from the ground
and usually shaded by luxuriant coco-
nut palms. The northern part of town,
bordering on extensive swamplands, is
divided into five sectors known from
west to east as One-mile, Half-mile,
Almirante, Tampieo and Patoistown,
Houzes in the first three sectors, even
though of lower grade than those in
Zegla, have satisfactory sanitary condi-
tions, Tampico and Patoistown, how-
ever, with 160 houses and a populution
ol 720 persons (1961}, are wveritable
slums, Dwellings are constructed of
very low grade lumber over swampy
terrain, with no screening, electricity,
private water supply or even pit la-
trines.

MATERIALS AND METHODS

The following methods were usad to
detect VEE virus infections in the study
area: inoculation of field-collected ma-
teriale fer wvirus isolation attempts in
mice; exposure of sentinel animals to the
bites of hematophagous inseets, with
subsequent attempts to recover wvirus;
and serum surveys of vertebrates for
antibodies to VEE and related arbo-
virnses,

Field fechnigues

Blood samples from humans with fever
of unknown origin were obtained from
patients reporting sick ai the Almirante
Hospital and irom field personnel en-
gaged in the eollection of arthropods.
Blood and tizsue sperimens were obtained
from wild vertebrates captured by baited
live-traps, mist netz or shooting. Re-
cently desd, moribund or healthy ani-
mals were bled from the heart or jugular
vein and samples of internal tissue (usu-
ally liver, spleen and kidney) were re-
moved from sacrificed specimens, Aseptic
technigques were emploved for the collee-
tion of all blood and tissue speecimens
which were refrigerated and shipped
twice a week by air freight to the labora-
tory in Panama City. 8kins and for skulls
were prepared for those verichrates not
identified by the field technician or field
ceologist. and submitted to  acknowl-
edmed authorities for definitive identifi-
eation (9),

Diurnal and nocturnzl collections of
bloodsucking insects were made from a
number of different habitats on the
ground and in the forest eanopy using
various methods which ineluded traps,
attractants and hand capture from nat-
ural resting places. Engorged females
were held at ambient temperatures for
at least 24 hours. Live insects, placed in
jars packed in wet iee, were shipped
twice a week by air freight to the

central laboratory  where they were
identified in lots according to species or
SpECipg-group,

Four to six litters of suckling mice
with mothers were exposed once a weck
for 9 to 12 hours overnight at specified
stations in the study area and returned
the following day to the laboratory for
observation.

Human sera for antibody studies were
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obtained in  three successive vearly
bleedings condueted in 1960, 1961 and
1662 from hospital patients, sechool chil-
dren and other residents of Almirante.
Domestie amimals in the vicinity of
Almirante and Changuinela were hled
for these studies in Aupgust, 1961 Wild
mammals, bird: and repliles from vari-
oug loealities in the region were sampled
throughout the three-vear study period.

Details of the field techniques utilized
in thiz study are given elsewhere (9],

Laboratory technigues

Firus tsolation attempts. All virus 1so-
lation attempts from ficld-collected speci-
mens were made in Swiss white mice,
two Lo four days of age, using G.02 ml
volumes of inoeulum and the ecombined
intracerebral (i) and intraperitoneal
(1.p.} romtes of injection. Rabbit sernm
saline (BES) solution was emploved for
processing and diluting sll field mate-
rials. Sterilization of the diluent, which
sontained 10 per cent normal rabbi
serum previously heated at 56 C for 30
minutes, was accomplished by means of
vgcuum filtration through a millipore
filter with pore size of 450 mp. Peni-
eillin and  streptomyein  were added
prior to use in final concentrations of
1,000 units and 4,000 pg, respectively,
per ml

Heparinized or clotted blood speci-
mens, which were allowed to retract in
the cold, were centrifuged at 1,500 rpm
for 10 minutes at 4 C. The separated
plasma or serum was usually clarified
by spinning an additional five minutes
at the same velocity, Sera from acutely
ill febrile humans were injected without
dilution. Serum or plasms  specimens
from domestic and wild animals were
routinely diluted with an egual volume
of R3S before injection.

Tissue samples from the same animal

were  usually  pooled, triturated and
suspended in diluent to 10 per cent
(wiv)h. Clarifieation was carried out in
the cold at 4,000 rpm for one hour, The
supernatant liguid was separated and
injected without further dilution,

Bloodsucking, insectz  were wusually
pooled hy species or species-group and
triturated with 1 to 2 ml of diluent,
During the first two vears of study, the
number of insects in each pool ranged
from 1 to 150 and centrifugation of
suspensions was carried out in the cold
at 2000 rpm for 30 minutes. In the
third year, most mosquito pools con-
talned irom 30 to 60 specimens and
suspensions were clarified at 4,000 rpm
for 60 minutes, The undiluted super-
natant fuid was emploved for virus iso-
lation attempts except in the caze of
proved toxie suspensions when the su-
pernate was diluted with one to three
volumes of LSS,

Sentinel mice, as well as those in-
jected  with  feld-collected  materials,
were kept under observation for a pe-
riod of 15 days during which fime micc
exhibiting signs of illness were sacri-
ficed for serial passage. The brains of
giglk, moribund or recently dead mice
were harvested aseplically, weighed and
triturated with nine wolumes of RE8S,
The resulting 10 per cent (w/v) suspen-
glon was centrifuged at 2000 rpm for
15 minutes in the eold. The supernatant
liguid was then inoculated ie. in suek-
ling and/or weanling mice, using 0.02 ml
of inoeulum per mouse. Tests for steril-
ity of passage materials were performed
routinely, using blood agar medium.

Reference viruses, Locally  izolated
strains were employed as relerence vi-
rusez In this study, D, Pauline Peralta
of the Middle America Research Unit
(MARIDY  furnished us  with VEE
(#3880) and Una (BT 1495-3) wiruses
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whereas the eastern equine encephalitis
(BEL #3847} arcnt was obizined irom
the Panama Veterinary Laboratory
through the courtesy of D, Chester
Gleiser.

Rengents. Stock virus pools for both
test and reference straing were prepared
from infected suekling mice, The brains
of giek or moribund animals were trit-
urated with R3S to make a 20 per eent
{w/v) suspension which was centrifuged
at 10,000 rpm for one hour in the cold.
The separated supernatant liquid consti-
tuted the stoek virus suspension.

Crude antigens were prepared from
the brains of infected suckling mice,
using, slightly modified techniques of
Clarke and Casals (11), Hemagglutining
were made from tissue triturated with
four volurmnes of borate-saline, pH 9.3,
The: resulting 20 per eent (w/v) suspen-
siong were ineubated at 4 O approxi-
mately 48 hours prior to centrifugation,
In the case of complement-fixing anti-
rens, homogenization was earried out at
pH 90 and suspensions were refriger-
ated for about 24 hours hefore elarifica-
tion. Protamine sulfate treatroent was
not employed. Antigens for suspected
VEE virus isolates were prepared from
geeond to fourth passape mouse brains,
Reference  antigens were made from
brains of infected mice at the sixth to
tenth passage level. Tissuc control anti-
gens for use in complement-fixation
{CF) tests were prepared from the
brains of normal suckling mice after
several serial blind passages.

Immune sera for test and reference
strammz of VEE virus wore prepared as
follows: Bwizs albing mice, soeven to
eight weeks of age, were injected ip.
with 0.2 m] each of a 10 per cent (w/v)
suspension of infected suckling mouse
brain in normal saline solution contain-
ing 0.3 per cent formalin, the inoculum

previously incubated for approximately
24 hours at 4 C. Specific immune serum
for use in CF identification procedures
was obtained from mice hled from the
heart 10 to 12 days later. Antisera used
in eross neutralization (N) tests were
prepared in mice given three ip. injec-
tiong ol wvirus administered 10 days
apart. The first inoculation, employing
formalin-treated virus, was carried out
as deseribed above. Inocula for the
second and third injections consisted of
10 per cent (w/v) infecied suckling
mouse brain in physiclogical saline solu-
tion administered in 0.2 ml doses. Mice
were bled out for immune serum by
cardiae puncture 10 to 12 days after the
third injection. Single and multiple in-
jection sera for use as normal controls in
CI" and N tests, respeetively, were oh-
tained from mice treated as deseribed
above with the exception that inoecula
were prepared from the brains of nor-
mal, rather than infected, suekling mice,

All resgents were tested for sterility
on blood agar medium prior to storage
at —20 C or —65 C.

Serologie fests, Hemagglutination-in-
hibition (HI} tests were performed in
lucite plates according to the techniques
described by Clarke and Casals (11).
All sera were treated with kaolin for the
removal of non-speeifie inhibitors. Tests
were incubated and read at room tem-
perature after the addition of goose
erythiroeytes. SBera rescting with eight
units of virzl antigen at dilutions of 1,20
or greater were considered positive, Sera
inhibiting more than one hemagglutinin
were considered positive only for the
antigen reacting at ihe highest serum
dilution, HI antibody titers were ad-
justed, when necessary, to those ex-
pected with eight units of antigen.

A modification of the CF technique
described by Kerr (12} was used in
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these studies. Veronal buffered saline
solution was employed as diluent (13).
Two exact uniis of complement were
used. Sheep ecll suspensions were ad-
justed spectrophotometrically to contain
approximately 5 x 10% erythrocyles per
ml. Sensitization was obtalned by ineu-
bation with an egual volume of hemol-
ysin containing two to four uniis Ior
15 minutes at room temperature. All
sera were inactivated in fourfold dilu-
tion at 86 C for 30 minutes. Grid fitra-
tions were utilized for the udentification
of virns isolates, titers being expressed
as the reciproeal of the highest serum
or antigen dilulion giving three or four
plus fixation of complement with any
dilution of antigen or serum, respec-
tively. Paired human sera were tested
with two to four units of VEE antigen.
In addition io the usual anticomple-
mentary controls, all sera and antigens
were tested for non-specifie reactivity.
Appropriate hemolytic, cell and comple-
ment controls were also included in each
test,

N tests, performed in weanling mice
three to four weeks of age by the ex-
trancural route of inoculation, were ex-
geuted according to the method of Len-
nette and Koprowski (14) with some
modifications. All sera were inactivated
at 656 C for 30 minutes, Hach serum-
virus mixture was inoculated, without
prior incubation, in six mice by the ip.
route of injection, employing 0.02 ml of
inpculum per mouse, Stock virus suspen-
glons were routinely diluted in RSS. The
pongtant-serum  varving-virus  dilution
technigue, in which serial teniold dilu-
tiong of virus were mixed with egual
volumes of undiluted sera, was em-
ploved in all virus identifieation pro-
cedures. This technigue was also utilized
for the detection of anfibody conver-
siong in human infections. Tests of

paired human sera were conducted si-
multaneously, wusing  normal  rabbit
serum  for the econtrol virus titration.
Differences of more than one log in N
indices of sera under comparizon were
considered significant. In surveys of
vertebrates for neutralizing antibodies
te YEE wirns, undiluted sera werc
screened for abilily to neutralize ap-
proximately 100 median lethal doses
(LDgy) of wvirus, the doses in these
tests ranging from 2% o 316, Control
virus titrations were performed in the
presence of normal rabbit serum. Test
sera protecting 676 or 5/6 mice were
considered positive; 476, 3/6 or 276
equivocal; and 1/6 or 046 negative. In
all N tests, titration end-points, based
on the number of miee surviving on the
fourteenth day, were caleulated by the
method of Reed and Muench (15).
Dieaths occurring before the fourth day
of the test or as a result of cannibalism
were considered non-specific and, there-
fore, exeluded from the results.

Resvnrs

Varus wwolations

Twenty-two of 2,008 vertebrates ex-
amined during this study yielded isola-
tions of VIR virus (table 1), This azent
wius also recovered [rom 12 of 2,098 in-
seel pools tested (table 2) and from nine
litters of sentinel mice exposed to the
bites of bloodsueking arthropods. Further
information on the types of insects and
vertehrates examined during the survey
with negative results can be found in a
report by Galindo el al. (8). Details con-
cerning isolations of VEE virus from
speeimens collected or expozed In the
study area are presented here.

Humans. Isolations of VEE wirus
were made from 6 of 157 febrile humans
examined during the study period (table
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VEE vivus isolates from verlehrales of Aimirante, Pancma

87

Class Specics o, af specimens Ko, of isolstes
Mammals:
Humsn Huma sapiens 157 i
Cotion rat Sigmedon hizpidus 170 7
Other apecies i3 0
Birds:
Cireen heron Buforides virescens 20 2
Groeve-billed ani Crofophagn sulcirosirds 15 1
Soeial flycatcher Myinzeictes sinmilia 17 1
Gray-capped flyeatcher Myinzeleles gronadensis 16 1
Urdetermined flycatcher Mpiozeteles spp. 21 1
Black-cowled orinle Feterus prosthemelas 2 1
Searlet-rumped tansger Famphocelus passerind a0t 2
Other species 951 0
LReptiles 331 0
Amphibians 3 ']
Taotals 2,008 [I 22
1}, Four of these were obtained from TanrLe 2

patients admitted to the Almirante Hos-
pital or attended at the outpatient elinie
during June and July, 1961, Analvsis of
the case histories of these individuals
indicated that all had probably ac-
quired infection in one of the two slum
sectors of Almirante, namely, Tampico
and Patoistown. The other two isola-
tlons were made In July and August,
1962 from persons residing or working
in Patoislown, All isolates were re-
covered from blood sera of patients with
aeute febrile discase characterized by
sudden onsct, headache, chills, malaize
and, oecasionally, vomiting. Duration of
fever ranged from two to eight days, the
highest recorded temperature being
105.5 F in & severely 11l patient.

Four of the patients exhibited four-
fold or greater rises in HI and CF anti-
body titers to VEE virus during con-
valescence, and significant increases in
N antibody levels were observed in two
of these, Although the quantity of
aente-phase serum from the other two

VEE virus dsolates from blosdsucking {nsects af
Alnifrante, Panama

: No. ol | Mo,
Species 1;Ewl'; ap?n:{;u:!na jgﬁltg

Aedea (Grehleretadus) angpusti- 0 3,784 1

wiltnd iy
Aedes (Crebleratatus) spp, 1220 22,656 1
Culex (Culer) pipiens pringue- Q5 o 3G 2

Sassiatua
Culer (Melanecetion ) deeniomus 180 7,883 5
Culex [(Melarereaiin) vomerifer 1528 10, 504 3
Cther apeeina 1,425 | 143, 504 il
Tatals 2,008 | 145,513 12

patlents was not sufficient for compari-
son by N technique, specimens collected
during the recovery phase neutralized
1084 or more LDy, of virus. Unfortu-
nately, serum obtained during the acute
phase in the remaining two cases was
not available for serologic testing. How-
ever, high levels of HI, CF and N
antibodies io0 VEE virus were observed
in these patients four to six weeks after
onset of illness,

Reisolation of VEE virus from acute-
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phise seram, stored 1 o 30 months at
—65 C, was obtained in five of the
eazes, Althourh attempts to relzolate the
virus from one positive specimen stored
17 months at —65 C were unsuceessful,
serologle  conversion during  eonvales-
gence of this patient was detected by
HI, CF and N techniques.

Eodents, Seven of 170 cotton rats
[ Sigmodon hisgpidug) tested in this study
vielded VEE virus {table 1}. Theze 1s0-
lates were obilained {rom blood sera of
rodents captured during May and Jung,
1961 in the grassy edge of an open
freshweater marsh approximately  iwo
miles northwesh of Almirante.

The virus was reisolated from each of
the positive specimens after more than
two years of storage at —65 C.

Birds. VEE wvirus was obtained from
9 of 1,244 avian blood and tissue speeci-
mens  examined  (table 1), Infections
were found in at least six species of
birds nesting between AMareh and Sep-
tember, 1962 in the margins of open
freshwater marshes, [rouil orchards and
ahandoned fields covered by carly sco-
ond-growth, With the exception of one
agent. from an adull female black-
cowled oriole (foterus prosthemelos),
all wirus isolates were recovered from
nestling and fledgling birds, Kight of
these strains were izolated [rom pools of
liver, spleen and kidney tissue. One
avian isolate came from the plasma of a
siek nestling  preen heron  (Bulorides
ireseens) capiured on Aupgust 15, 1962
in the rrassy edgze of 2 {reshwaler marsh
near fleld headguarters. Thiz bird was
shipped back 1o the central laboratory
where it was zerially bled and kept un-
der observation until 168 death 13 days
later, HI antibody tilers o VEE virus
of 1720 and 1780 were detected in
plasma specimens collected 6 and 13

days, respectively, after the recoverv of
virus from the blood.

Reigolation of the wiras was  ae-
complished  from esch of the positive
avian specimens after 7 to 16 months of
storage at —350 C to —05 C.

Mosguitoss. Isoclations of VEE wirus
were tmade from 12 of 2,008 insect
pools, comprising 195513  specimens,
tested In this study (table 2). At least
four species of mosquitoes in two genera
yvielded wirus. Eight of the 12 lsolates
were oblained ifrom two closely related
species, Culer (Melanoconion) vomeri-
fer and €. (M) taeniopus. Eleven iso-
lations were produced by Insects col-
leeted between Marech and November,
1361 and one by a pool of C, feentopus
captured in July, 1962, Naturally in-
fected mosguitoes were found in swamp
forests and open marshes as well as n
domestic and peridomestic habitats of
Almirante,

Three of the €. faeniopus izolales
came from mosquito pools recovered on
sentinel animals. One of these pools was
eolleeted on June 27, 1861 from three
litters of senlinel mice exposed In a
silica palm swamp. Four suckling mice
in one of the litters also vielded virus.
Another positive pool was taken from
three sentinel mouse groups exposed in
the edge of an open freshwater marsh on
Oetober 3, 1061, VEE virus was subsze-
quently recovered from the mother of
one of these litters.

The two izolations from Culex pipiens
quinguefusciotus were made from inseets
colleeted late in June, 1961 from dwell-
ings in Paloistown, One isolate came
from speeimens taken in the home of an
individual who was viremic at the time
of collection. The other was recoverad
from a pool of mosquitoes captured in
the domiciles of two Patoistown resi-
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dents, one of whom had experienced in-
fection with VEE virus about two weeks
before,

Seven of 11 attempte to reisolate
VEE virus from positive mosquito sus-
pensions held from 3 to 20 months in
dry-iee cabincts were successful. The
four unsueccessful attempts were made
irom suspensions which had been stored
16 to 280 months at the temperature of
dry ice, Reisolation attempts were not
made from one of the positive pools be-
cause of insufficient material.

Sentinel mice. Between December,
1960 and October, 1962, 436 litters of
sentinel mice were exposed to the hites
of bloodsueking arthropods in the study
area. Although nine litters yielded 30
isolations of VEE virus, multiple re-
coveries of this agent from the same
group of sentinel animals are considered
84 a single izolation in this report. All
virus isolates were obtzined from senti-
nel mice exposed nocturnally between
the hours of 6:30 P.M. and 6:30 AM.
Infections were detected in five sentinel
mouse groups exposed between June and
October, 1961 and four exposed in July
and September, 1962. All of the isolates
exeept one from a sentinel mouge mother
were recovered from suckling mice. Ex-
posure sites of positive senfinel animals
were located either in swamp forest or
open freshwater marsh associations,

Virue identifications

In CF sereening proeedures employ-
ing polyvalent and hyperimmune refer-
ence sera or ascitie fluids prepared for
certain arboviruses in groups A, B and
C, several of the early isolates were found
to be antigenically reluted to VEE virus.
Tpon zerial passage of these agents, avar-
age survival times of 1.5 and 3 days were
observed in suckling and weanling mice,

respectively. Subsequently, all new virus
isolates which produced similar rapidly
fatal infections in mice were direct]y
eompared, by CF technique, with the
reference strain of VEE virus, omitting
the usual preliminary serologic [ro-
cedures,

Antigens prepared for five of the iso-
lates from sentinel miee were tested in
CF grid titrations with & specifie VEE
immune serum. The remaining 38 strains
from all sources were identified by
means of cross CF grid titrations, The
results of these tests, shown for six of
the isclates in table 3, indicate that all
of the Almirante strains are closely re-
lated to the MART #3880 strain of
VEE virus,

The identitics of six of the agents,
previously shown to be related to VER
virus by CF technique (table 3), were
confirmed by means of cross N tests in
mice. Neutralization of at least 1076
LDy of virus was obtained in each test,
obzerved differences in N indices of
hemologous and heterclogous sera not
exeeeding one log,

Antibody surveys

HI tests. A total of 2468 vertebrates
representing at least 122 species, 57
families and 28 orders of marmmzals,
birds, reptiles and amphibians were ex-
amined for HI antibodies to three group
A arboviruses, namely, VEE, EEE and
Una. Seventeen (lesz than 1.0 per cent)
of the samples tested were positive for
EEE or Una virus. However, 842 (34.1
per cent) of the specimens were positive
for VEE wvirnz, Of these, only 37 (4.4
per cent) reacted at lower titers with the
EEE and/or Una antigens, HI antibody
titers of VEE positive sera ranged from
1/20 to 172,560, the highest titers in
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Tazre 3

Results of cross UF grid titrations with VEE virus and six {solafes from Almirante, FPanamria

Antiseram
Antigen - ;
VEE Crespo BT EHTS ETNI | ETiNE BTEM
% 3540 1333 3713 1751 2070-B 104-A
VIEIS { # 3880) 3204 A2/064 32764 16,64 16,64 16,64 1616
Crespos 32,64 £
BT 1383k 16,64 fid, i
BTS 4713 32/16 32/52
BTNF 173-Bd a2/64 aZ/i64
BETHNF 2070-B: 327128 | 327128
BTSM 104-Af 16,32 | 2204
® Repym titer/antigen titer.
» Tsolated from blood serum of febrile humen,
 Jaolated from pocl of Culer laendopis mosquitoes.
¢ [aolatad from blood serum of o cotton rat (Sdgmodon hispidus).
2 Jgolated from tissues of a social fiyeatcher (Myfozeletes simdilis).
o Tzolated from blood plasma of & green heron {Bautorides virescens).
[ [solated from o seatinel suckling monze,
TapLE 1 The distribution of positives by

Distribution of VEE seropositive individuals by
Length of residence in Abndrante, Parama, 1360

Individunls exnmiced [or

HI antibedies to VEE virms
Years of residence
Mo, tested | Mo, positive] 9§ positive

<1 11 2 I 18,2

1-5 av a0 | 206
10-19 117 43 [ 41.0
20-39 127 G2 48.8
40-51 fia 38 0 a0

G- b3t B 24 | al.&

o | H
Tatals 436 1494 42 8
mammals, birds and reptiles  being

1/2,560, 1/160 and 1,/20, respectively.

Humana: Antibodies to VEE virus
were detected in 416 (36.6 per cent) of
1,136 single serum samples obtained
from Almirante residents in 1960, 1961
and 1962, The distribution of serologic
positives by sex was not significantly
different, prevalence rates in 613 males
and 523 females being 34.7 per cent and
38.8 per cent, respectively.

length of residence in the area is shown
in table 4 for 456 individuals, including
3587 indigenous residents of Almirante,
examined in October, 1960, Seropositiv-
ity and length of residence in the area
sre positively correlated. A similar trend
wags observed when the 69 immigrants
in this group were examined separately,

The distribution of seropositive In-
dividuals by place of residence in
Almirante is shown in table & for 431
school children, 6 to 12 vears of age, ex-
amined in July and August, 1961. Chil-
dren [rom the slum sectors of Tampico
and Patoistown exhibited significantly
higher rates of VEE seropositivity than
those from the other more sanitated
parts of town. Bines the six groups
shown in table 5 are similar o one an-
other in age and sex composition, sero-
positivity also appears to be related to
place of residence in Almirante.

A number of families from Tampieo
and Patoistown were included in the
group tested for VEE antibodies in
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1961, Although several households had
two or more seropositive members, evi-
dence of clustering of positive familics
within the slum area was not acquired,

Elood specimens from 131 of the per-
gons examined in 1961 were collected
for antibody studies in September and
Oetober, 1962, Four (85 per cent) of
the 47 members of this group who were
serologically positive for VEE virus in
1961 became negative in 1962, whereas
gight (9.5 per cent) of the 84 ncgative
individuals converted to positive the
following vear.

Domestic animals: Fiftyv-two (712
per ocent) of 73 domestic animals ex-
amined in August, 1961 exhibited HI
antibodics to VEE wirus {table 6).
Herologic positives were widely distri-
buted in these animals, oceurring in
guines, bovines, canines and gallina-
caous birds.

Wild animals: A total of 758 mam-
mals in 21 species, B families and 3
orders were examined by HI technique
for antibodies to VEE wvirus. Three
hundred and sixty-three individuals
(479 per cent} in 11 species and 7
families of rodents, marsupials and bats
zave positive reactions (table 7).

Herologie pesitives were encountered
with the greatest frequency in rodents,
oeeurring in 320 (541 per eent) of 592
specimons  examined, More than two-
thirds (67.1 per cent) of 231 spiny rats
{Proechimys semispinosus) tested had
antibodies to VEE virus and nearly half
{46.6 per cent) of 324 cotton rats exam-
ined throughout the study period were
serologically positive for this virus, Of
the latter, positive reactions were ob-
served in 4004 per cent, 56.1 per cent
and 31.4 per eent of the samples col-
lected in 1960, 1961 and 1962, respec-
tively, Other rodent species in which
VEE antibodies were detected included

TasLE 5
Thstribution of VEE seropositive children, age
G io 12 gears, by place of residence in
Almarante, Panama, 1061

Individuals exzmined for
HI antibieedies to VEE virus
Place of Tesidence
| Mo, teated IN’v. positive) % positive
Fegla #1 7 | 8.6
Almirants fify 7 10,1
Half-mile Th 12 171
Cng-mile 77 15 204
Tampico 55 27 4%.1
Patoistown 73 A | 40,8
Tolals | am 108 | 25,1
Tasre 6

Distrilmtion of HI aniibodies fo VEE wirus in
domestic antmals of Almirante, Panema, 1061

: Mo, Mo,
Speciey Ltﬁutm:l DDSJ'E.\'-!

Morse (Eguus caballus) Pt 19
Mule - S
Cow (B faures) 2 @
Do (Canis familiaris) 1 2
Chicken {Fallus gallus) 13 1
Totals | 73 52

the spiny rat (Hoplomys pymnuwrus),
rice rat (Oryzomys caliginosus), com-
mon rat (Ratfus raftus), paca (Agouts
pacal}, red squirrel (Sciurus granatensis)
and variegated squirrel (Sciwrus varie-
gatoides),

Forty-two (30,2 per cent) of 139
marsupials examined were positive for
VEE wvirus. Antibodies were demon-
straled in 16 (33.3 per cent) of 48 com-
mon opossums  (Didelphis marsupiolis)
and 26 (31.0 per cent) of 84 Philander
OPOSELmS.

Among the 27 chiropterans tested for
HI antibodies, 1 of 12 hig fruit-eating
bate (Artibeus lituratus) gave a positive
reaction for VEE virus,
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Tanue 7
Distribution of HI anilodies o VEE vires fn wild endmels of dlmirante, Pangma, 1860-7062
Class Species No. tested Ho. poaitive
Mammals:
Cotton rat Sigmoden hispidus 324 151
Epiny rat Froechimys semispinosus 231 155
Epiny rat Hoplomys gymnirus 4 1
Tice rat Cheyzopiye coliginosus f 12 7
Common ral Trativs vatius | 5 1
Taca Agoutt g 1 1
Red eguirrel Seturus grenelensis s 3
Variegated squirrel Hetwrus varisgalotdes 1 1
Clomman apossum Bidelphis marsuptaliz 48 16
Four-eved opossum Philander opossion bnl 26
g fruit-eating bal Artdbeus Hivratus 12 1
Other species 2h 0
Birds:
Bearlet-rumped tanager Fomphocelus passeringt in) 4
Cathbirvd Drumelelln carolinensts 3 1
Keel-billed tonenn Foniphasies sulfuratus 13 1
Ewalnson's touean Homphasics swainsonit 4 1
Clollared aracsri Pleroplossus forqualus 15 1
Black wulture Coragyps afratus 4 1
Other speeics 3 0
Reptiles:
Cayman Catiman Jusous i3 1
Common iguana Jpueana tguanc 16 1
Oher speeies TH ]
Amphibians 2 0
Totals 1,259 a7d
A total of 399 serum or plasma sam- tuws) and black wulture (Coragyps
ples representing at least 8D species, afrafus).

34 fumilies and 17 orders of birds were
examined for seropesitivity, Of these,
only nine rescted with VEE virus, These
positive specimens belonged to six avian
gpecies in four families and three orders
(table 7). Four (6.0 per eent) of oY
searlet-rumped tanagers (Hoemphocelus
paszering) had antibodies to this virus
and each of the following species in-
eluded one positive individual: eatbird
(Dumetelln  corelinensiz),  keel-hilled
toucan (Ramphaztos sulfuratus), Swain-
gson's louecan (Rampheslos swainsonti),
collared aracari (Pleroglossus lorgua-

One hundred reptiles representing at
least 15 species and 9 families of liz-
ards, snakes, turtles and crocodilians
were examined by HI technique. Low-
titered antibodies to VEE virus were
encountered In oone of sk cavmans
(Caotman fuscus) and 1 of 16 common
ipuanas (fguana iguana) tested (table
7).

Two amphibians ineluded n these
tests were serologically mnegative for
VEER virns.

N lesfs. A total of 208 zera repre-
senting 20 species of vertebrates sam-
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Tanegy 8
A comparison of HI and N antibodies to VEE virus in verfebrates of Almiranis, Panama, 1860-1 962

HI pasilive HI nmegative
Class Epecies No. tested E g :?.I E E g
= = = A &
Mammeals:
Hurman Homo sapiens 108 B2 16| & 1123
Harse Eauwus eaballys 14 11 3
Mule i1 |6 213
Clow | Bos tawres : 2
Dhag | Canis familioriz 1 1
Cotton rat Sigmados hispidus 12 6] 1 G
Spiny ral Proschimys semispinosic 12 G i}
Spiny rat Hoplomays gimnurus 4 1 3
Ttice Tat Oryeomys caliginosus 5 1] =9 1 1
Cummaon TRt Rettus rallus 7 1 i
Apoutl Dasyprocia punciaie 3 1 2
Faen Agouli poce 1|1
Hed aguirrel Seturud granalensis | 1 3
Variegated squirre] Setirus voriegatoides L 1
Commaon opossum Didelphis mareupializ i 1] 2 [ 3
Four-ewed opoazum Philander opossum & e I B 3
Birds: |
Zearlet-rumped tanager Ramphocelus posserinig 1 | 1
Cathind Daemedelle carolinonedis P 1 ' 1
Reptilea:
Cryman Codtean fuicus & 1 1
Commen 1gusng Tgunna fguana ] 1 L
Bub-totals Wo |25 |10 6| 5|40
Tatals 206 135 il

pled throughout the study period were
tested for N antibodies to approximately
100 LIy of VEE virus, The results of
these tests with 135 HI positive and 71
HI negative sera are shown in table 5.
I antibodies to this virus were en-
countered in 13 of 20 zpecics examined
and 741 per cent of the HI positive
individuals were also unequivocally
positive in the N test. It is noteworthy
thut the 10 HI positive sera in which
N antibodies were not detected pre-
sented HI biters of 1/80 or less. A high
degree of eorrclation was also obfained

m these tests with HI negative sera,
#4.5 per cent of which had no detectable
N antibodies to VEE virus.

Dizcussion

The interpretation of results of anti-
body surveys in vertebrate populations
with respeet to virus etiology is at best
diffienlt. However, the evidence pre-
senled here suggests that the majority of
positive HI reactions to VEE virus en-
countered in our study represented in-
fection with this agent rather than with
some other related arbovirus, At present,
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only three other group A arboviruses
are lnown Lo ocour in the study area,
namely, EEE, Una and Mayaro. Al-
though numerous isolations of VEER
virus have been made in Almirante from
insects, vertchrates and sentinel ani-
mals, other group A arboviruses have
been recovered there only from mos-
quitoes on very few oceasions (9, 16},
In our surveys of vertebrates for HI
antibodies to group A arboviruses, the
low rates of positive reactions to EEE
and Una wirus contrasted sharply with
the resulte obtained with VELE virus,
in which approximately one-third of
all vertebrates examined were positive.
The detection of speeifie ¥ antibodies to
VEE wirus in more than 70 per cent of
the HI positive individuals examined
by both techniques lends further support
to this hypothesis.

The recovery of VEE virus from s1x
febrile patients and the deteetion of
serologic conversions in eight individuals
examined conseculively in 1961 and
1962 indicate thab the virus was active
in the human population during this
peried. Serologic evidence of human n-
fection acquired before 1961 was also
obtained, The results of serum surveys
of Almirante residents condueted in
1960, 1961 and 1962 revealed that VEER
virng infeetions wers widespread among
populations sampled, oecurred nearly
uniformly in both sexes and were asso-
clated with length and place of residence
in the town. VEE scroposilivity was
encountered more {requently in children
from Tampico and Patoistown than
from four other sectors of Almirante,
All of the acute febrile cases detected
in this study were individuals residing
or working in one of these slum sectors,
and ease history studies of four patients
vielding the virus in 1961 indicated that
the infections were acquired there. In a

population that is approximately 85 per
sent indigenous, the correlation of VEE
seropositivity with length of residence in
the area points to the probable endemic-
ity of this agent in Almirante.

Although  antibodies to VEE virus
were prevalent in many species of
domestic and wild mammals, our find-
ings sugeest that rodents are the most
important reservoirs of this virus in the
study area. Antibodics were encountered
in 8 of 11 species tested and several of
these, such as the spiny rat, rice rat and
cotton rat, exhibited high rates of sero-
positivity. However, the cotton rat was
the only wild mammal from which the
virus was recovercd In our study, In
1961, wiremiss were detected in 4 per
eent of the cotton rats tested, and nearly
hali of the specimens examined [rom
1960 to 1962 had antibodies to this
viruz. The cotton rat 13 also the most
common species of field rodent in the
study  area, inhabiting the [ringes of
forests and often occurring nesr human
habitations bordering on swampy, [or-
ested arcas.

The prevalence of VEE wvirus in-
fections in two closely related Culex
{Meloroconion) mosquitocs, O, foenio-
pus and (. vomerifer, suggests that these
two species, which were frequently found
feeding on gentinel mice, cotton rats and
other wild rodents, are instrumental in
transmitting the wvirus among rodents,
These insects are among the most com-
mon mosquito speecies in Almirante, oe-
curring in the study area throughout
the vear, Population peaks seem to vary
from wyear to year depending on the
rainfall pattern. In 1961 and 1962, they
were predominant from April to Oeto-
ber, the months during which almost all
of the isolations of VEE virus were ob-
talned, They are nocturnal, sylvan mos-
quitees which inhabit both the forest
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canopy and floor, oceasionally invading
peridomestic habitats. Although they do
not enter houses, large numbers of these
mosquitoes have been observed biting
man at dusk on the porches of dwellings
i Patoistown. These two species exhibit
similar feeding habits, being readily
attracted to humans, equines, birds
and rodents, the latter apparently being
the preferred hosts (9). The frequency
of virus isolations from these mosguitoes,
coupled with their feeding habits, par-
ticularly their associztion with rodents,
sugmests that they are among the most
important vectors of VEE virus in the
study area. Recently, transmission studies
employing wild-eaught mosquitoes have
indicated that C. faeniopus may prove
to be more significant in thiz respect
than €. vomerifer (17), The former is
known to breed in freshwater swamps
such as those surrounding Tampico and
Paloistown and was found in abundance
there, together with the cotton rat,
during the pesk months of VEE virus
activity in 1961,

The possibility of man to man transg-
mizsion of this agent by domestic Culex
pipiens mosquitoes iz also worlhy of
consideration. On two separate occasions,
natural infections of these mosquitoes
were found in elose association with
human infections.

Although birds have previously been
shown to be suseeptible to infection with
VEE wvirus in the laboratory (18], the
isolation of this agent from wild birds
in Almirante represents the first un-
equivocal report of naturally infected
avians. IL is noteworthy that one of the
avian isolates was recovered from the
peripheral blood of a green heron. Sinee
this specimen was taken from a nest in
the study area in August, 1962, it was
obvigusly a member of a resident popu-
latien, probably Butorides wirescens

maculatus, A close relative, Butorides
virescens virescens, which is s common
winter visitor in Panama from October
to April, breeds from Canada south
through the eastern United States to
Mexico (19). Certainly, the potential
role of viremie birds, not only in loeal
transmission eyeles, but in the geo-
graphic dissemination of VEE virus
merite further investization.

It iz evident that the epidemiclogie
aspects of VEE virus infections in an
endemic tropical area such as Almirante
present & complex picture involving
many speeles of insect and vertebrate
hosts, Most likely several eyeles of virus
transmission oeeur, some or all of which
may operate in the same area at the
same timne. Both terrestrial and arboreal
animals appear to be nvolved as well
as several different types of habitats.
The transmission eycles which prevail
in a given area during 4 given period of
time are probably determined to a great
extent by such factors as vector po-
tential, immunological status and popu-
lation densities of available host species.
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