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The =urvey herein reported was initiated in
Bopteraber 1950 as the first part of a long-term
projeet to study the ceology of arthropod-borne
viruses (arbovirnses) in & tropical roinforest area
of Papama. Investigations in the field were
carried cut for three vears during which fime
virgs izolation attempiz were made from blood-
sucking Insects, blood specimens from bumans,
blocd and tissue samples itom domestie and wild
vertehrates and sentinel mice. In the first two
vears of worle all blood-sucking insecls collected
were identified in lots according te species ov
gpecies-group, Hall of the insects in each ok were
examined for wirug at the Gorgas Memorial
Laboratory (GML), the romainder being sent to
the Middle America Reseaveh Unit (MARU) in
the Cansl Zome for virpe isolation atteropls
Insects collected during the thivd year of the
survey were processed exclusively ab GML. All
virns isolation attempts from blood and tizsue
samples and from zentinel mice were made ab

[zolgtions of Ilhéus encephalitis vivns aod of
two new gronp O arbovimzes obtained during
thiz  survey Thave already Dbeen reportedt®
Viruses isolated and characterized at MARU
are being reported elsewhere?® Tsolations of
Veneguelan  equine  encephslomyelivis  {VELE)
virng and eertsin group O srbovirses ohtained at
GMTL will be reported separstelv, 7 Some data
fram these manuzeripts have been ineluded here
in arder Lo present o more somplete pleture of
resulls ohéained in the survey.

ttempla to isolate virnses from the blood of
humsan inhabitants of the study area  wers
earried oul throughout the study period with the
help ef the medical serviees of the Chivigui Land
Company, a subsidisry of United Truit Company
which operstes in Almirante. Collestion of wild
vertebrates  for  wirelogical  and  serologleal

* This work was zupported in pert by Grants
AT-02984 and 19-4228 from the National Institule
of Allergy and Infecltionz Diseszes,

T Gorgas Memorial Loaboratery, Panama, L. 1°.

1 University of Pansma Medieal School, Panp-
ama, L. P,

ol

investigations was begun early in 1960 bat work
along these lines was not intensified uniil the
frdlowing wear. Weekly cxposures of senlinel mice
in the field were mitiated in December 1960 and
earried out without interruption uniil September
1962, Definitive identification of vertebrates was
accormnplizhed with the help of Mr Eustorgio
Méndes, GML; Dis. Alexander Wetmaore (birds)
snd Charles O, Handley  (mammals), Smith-
sonisn Institution; Dirs. Norman Harteeg and
Charles F. Walker (lizardz and spales), TIni-
versity of Michizan; and Dr. John Legler
{tartles), University of Tlah.

Degeription of the Study Area

The study arca surrounds the lown of Almi-
rande in Boeas del Tore provines, within the ex-
treme northwestern quadrant of the Republie of
Panama, A series of complex forested vidges,
reaching elevations of over 9,000 {ect, vises to the
soutl and west of the stndy avea, which iz de-
limided on the novth by the Changuinola River
and om the east by the Caribbean Hea (Fiz. 1).

Ratnfoll. The high mountain barder fovmed by
the continental divide produees an extreme up-
lifting of the moist air masses brought in by
northeasterty trade winds, cavsing abundant pre-
cipitation throughout the year. Table 1 gives (he
monthly reinfall averages taken at five rain-gaugs
stations operated by the Chirigui Land Company
within the study area or in iis immediste vicinity.
It should be pointed out that all rain-ganges ave
located in the lewlands and that precipilation iz
even grester on the densely forested slopes of the
eaontinental divide. As may be noted in eolumn
fwerr, Lhe vears in which the survey was conducted
{1959-1962) were quite drv compared with the
preceding 1O vears, averaged in colimn one. One
of the characteristics of the rainfall patiern of the
stndy area is the great variation in the amount of
monthly presipitation from yesr to year. How-
ever, Beptember is generslly the driest month
with snother relatively dry spell in Mareh and
April, The maximum amonnt of rainfall ceeurs in
the month of Deeember although July snd
Movember are also very wet,
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Frovee 1. Uellecting stafions wilhin sludy area: Station No, I—Yellow Fever Station; Slatinn No.
2—Nigger Ureek Station; Station No, 3—Mile-2 Station; Station No. 4—Lower Changuena Station;
Stetion Moo F—Upper Changuena Btation; Station Moo G- Mile-d Station; Station No. 7—Paetaistown
Sration; Station No, 8—DBanans River Station; Station No. 9 Western Biver Htation: Station No.
10—Boea del Drago Btation,

TABLE 1
Avirage monthly rainfoll

Manta Eux—u:g;:f-liggi:lﬂﬁﬂ!nv{;-rl:g[l_',::cl.-'fi?i?ﬁ NI ST E0-1951 11960 102
I |

Beptembar. ..o 4.21 343 352 4.10 2067
B a1 T .32 372 2,52 [ 316G 5,47
Wonember. . v s sm i menes 1, 3 7.90 0 | i_Bh T.85
Drovermber. ..o 15,54 .60 708 12.33 86T
T ML R O R Bl i 545 705 852 4.0 T80
Y 0 T e R e 7.3 A 47 G.41 | 146 3.14
| Y 4 .56 §.40 662 | .08 | 3.50
April. e | 5.08 .0 3.7 125 0.76
Ielade s S e e 4 G0 TR 1,77 055 T.H2
DT e o s S i st | B0 926 BAK 1183 T.70
L1 R T PP 1204 .50 .42 11,18 % 55
August. .., 0.0 7048 T.RT 8,07 4.28
B P o 104 30 BLE3 To.49 ! £5.70 l 722

Temperaliure and humidity. Temperatures dur- high of 81.8°F in June 1960. Sinee recording
ing the period of surveying operstions vavied from thermographs were placed in 1he open, these data
a low of G5°F to o maxivaum of 93°F, while the  do net present & true pisture of the microclimates
monthly aversges of the daily mean temperature  to which most speeies of animals inhabiting the
varied from a low of TR.5°F in January 1962 to o region are exposed. Pertinent data coneerning the
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ranges of ground snd canopy temperatuee and
relative humidity in the forested slopes aoach-
west of Almirante during 193] and 1952 have been
presented by Trapide and Calindo ®

Avatlable climatologics] information places the
study srea within the “tropieal vainforest eli-
mate” of the Kippen system of elimatic clas=ifi
cation as defined by Trewartha,?

Winieds. Allhough no dats are available, strong
winds are reported almost every year as damaging
bansng plantationsz, The area iz not in the path of
hurricsanes,

Feologienl associelions. Since the region has a
ropical rainforest elimate it i= mostly covered by
large tracts of broadleai evergreen forese. The
trees pever lose their leaves, thas foming an
everpresent unbroken canopy which prevents pas-
sage of sunlight fo the ground and inhibits ber-
baerons  growth.

Within this almost continuons eover of broad-
leal evergreen forest a number of distinel eealosi-
eal sszociations bave developed, influenced by
special crographie, hwdrographic and  edaphis
conditions or by human activity. The five main
categaries of ecological asseciations recognized in
the study arcs are:

gy Lowlond ropicnd rainforesl or swamp forest:
Thiz type of foresl grows on periodically flooded
ground, which tends to form more or less per-
manent, deeply-shacded swamps. The trees, in
meneral, do not veach the bedght observed Inowell-
drained rainforests bt the woody vegetation near
the ground is mueh denser, sometines forming al-
miosl ampenetrable thickets, The chemiesl na-
bove of the water (breekizh ov fresh), the Lype of
soil snd the permaneney and depth of water on
the ground infinence the development of various
eealogical associstions within this genede type of
environment., Heldridse and Bodowski recog-
mized & murnher of these associations in the Al-
mivante srea as follows;!o

Mangrove gesociafion—Composed mainly of rmod
mangrove [fEhizophere mangle), black mangrove
il vfcenmin marina) snd white mangrove (Langu-
enfarie racemigsa). The vegelalion cover ranges
from very shortl red mangrove trees in deep =aline
waters Lo g mixture of tall rod, black and white
mangrove trees i brackish waters,

“fhrey" assoctabion—Thi= is a brackish-waler
aszaciption compozed of almost pure stands of
Horey™ trecs (Compmosperma ponamensiz), s
boundaries gre established by the salinity of the
water, giving way to mangrove in more brackizh
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walers and to Veerllo® or Ysiliea™ swainps as the
wialer loses its zalt content. The associalion ex-
tends just back of the eoaztling in an almost con-
tinnons stand from Almirante north to Boea del
Theagoo.

S pofm gesociofion—Along the eoastal
plains porth of Almirante and just back of the
“orey™ association, large stands of o handsome
palm may be ebserved  growing in swampy
grounds alimest always eovered by fairly high ley-
els of alluvial fresh water, These stands are eom-
posed entively of “silica palen™ (Raphis lesdigeral,

“Cerello-sergrillo’” association—=ell further in-
land, covering large pxtensions of the flut allnvial
plains north of Almirante, may be found o swamp
Forest association, The upper eanopy, which
redehes heights of 100 to 120 feel, 15 composed
mainly of “ecrille” (Sipnphonia glolbulifera) sand
“eangrille™ {Plerocarpus afficineits) with a mix-
ture af ather species of troes sueh as “eedro hateo”
(Carapa slaleriy, “mueva” (Taga =pp.), “calive®
(Priciin copafera), ote, The seeond-story ar lower
cancpy is usually composed of a thick growth of
“eonuillo paln™ (Maniearie socciferal. Az the
swamp forests reach higher and hetier-drained
ground the deminanee of “eerillo-sangialle™ trees
i diluted and o wider variely of species of trecs
v he oheerved, The latter tepe of furest is inter-
wediale between u true swamp forest sod the next
CHLBTUTY .,

by Uplend tropical ratnforest: This type of asso-
clation covers the well-drained slopes of the con-
Linendal divide, The forest i= charncterized by a
very high and thick csnopy and the ground is
apen and park-like. The climax associalion s a
mixture of many speeles of Lrees with no apparent
dominance by any species or speeies-group,

el Cloed forest or lower montone assoctotion;
Thiz habitat is found in the study aren above the
S000 ft. eonteur. Greater precipilation, lower
temperatires and higher humidity contribute to-
ward the developoment ol special features, such as
the abundant growth of maoss on tree trunks, the
presence of numerous epiphyies, both in the can-
opy and near the ground, and o very wet forest
Ao,

d) Open fresfi-ioafer marsh essoctation: One of
the hydrographic features of the lowlands is the
web of meanders fovmed by the sireams and
cresks which slowly fAow through the region,
These weanders are frequently cut off from the
rain stream by foods which sweep down from the
raountaing, The ox-bow lakes thos formed 200n
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heomme invaded by aguatic vegetation which
eventually chokes them sompletely, forming open
fresh-water marshes, A high water level through-
ot the year appears to be the most important
faetor preventing the eventual establishraent of
tree growth in these marshes. The [resh-water
marsh association may be found spotted through-
cut the alluvial plaing north of Almirante snd
from the air these arcss give the appearance of
large islands in the eontinuous thick forest prowth
covering the ares,

ey Domiestic and perfdomestic associalions: The
actions of man have destroved large stands of
lowland and upland fropical reinforest for the
construction of dwellings or fer agricaloural ae-
tivities. The main agriculiural practices engaged
in by the inhabitants of the study aren are the
cultivation of bananas, plantains and cacsoe and
the development of grazing pastures. As culti-
vated flelds are abandened they ave quickly
covered by second-growth which may be found in
all stages of development, from primary, tall,
weedy bushes through thickets of “platanillos”
{Heliconia spp.) (o a eover of pioneer trees, such
as “guarnmes” (Cecropic sp), halsos™ (Oefirsma
fogopus), “jacarandas” (Jocoronds copaia) and
Slgureles’” (Cordin allisdora). These changes pro-
duced by human activity have influenced the de-
velopment of & munber of ceologieal associstions
which we have prouped together under the generie
terms of domestic and peridomestic habilals.

Demography. Most of the human population of
the study area is coneentrated in the community
of Almirante which is loeated on the bay of the
same namne. It is a deep-sea port used almost ox-
clusively by the Chirigui Lend Company for the
shipment of bananas and cacse. In 1960 there
wore 1,185 human dwellings with & population of
4 0901 The dwelling: are largely grouped in an
urban eommunity searcely one mile long and a
quarter of a mile wide. The town is bordered on
the north by large stands of ‘silics palm,™ “orey,"
mangrove and “rerillo-sangrille” associations snd
by open freshowster marshes; on the south by the
e waters of Almirante Bay; on the east by the
Chirigui Lagoon; and on the west by the slopes of
the Rizeo Ridge which forms part of the complex
of hills and mountains that constitute the conti-
nental divide.

The town iz divided into two main scetors by a
slough of dark, foul water called Quebrada del
Cedro. The southern sector, built sgainst Al-
mirante ey, iz inhabited by white workers of the
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Chirigqui Land Company. Sanitary coenditions in
this sestor are wood. A hospital, with enpaeity of
20r0 beds, iz operated by the Company in this parg
of town and is the only medieal center available
for the inhabitants of the study area, The north-
ern sector of town is oecupicd by colored workers
of the Chirgqui Land Company as well as by
naiives not engaged in astivities conneeted with
the Company. This sector, built against exlensive
swarmplands, iz divided into five communities
koown from owest 1o east as One-mile, Half-mile,
Almirvante, Tampice and Patoistown. Sanitary
conditions in the first thres communilies, al-
though of lower grade than those found in the
soulhern sector, are satisiactory, Tampico and
Patvistown, with approximately 160 houses and
720 persons (1961),% can be considered veritable
glums,

Dreseription of Collecting Slations

All vaptures of blood-sneking inseets were made
af five fixed stations. Vertebrates were gathered
at many places within the study arvea, but the
bulk of the collections alse came [rom the stations
where insects were captured, Following is o el
deseription of the colleeting stations utilized duc-
ing the survey, Figure 1 shows the relative posi-
fions of the different collecting sites.

Slation. No. I (Yellow Fewer Slafion). Thus
named because in 1051 & man died of vellow lever
in thiz locality. The station is loeated some 12
kilometers outhwest of Almivante on the slopes of
the Hiseo Ridge. It is in a typical upland fropieal
rainforest aszoeintion. Collections of inzects and
vertebrates were inttiatod here in September 1959
and comtinued unlil Aungust 1961

Station Neo. 2 (Nigger Creek Stafion). Located
shout three kilometers west of Almirante where
water for the aqueduct is aired and pumped. This
study plot inelades the following ceologieal szaoci-
ations: domestic, peridomeslie, swamyp forest and
open rmarsh. [nsecis were eollecied mainly in o
caeno plantation with s swamp fovesb cover.
Vertebrates were pathered in all habitats of the
plot, Collections were started here in January
1960 and continued for the rest of the study pe-
riad.

Higtien No. 5 (Mele-# Stafion). Mield head-
quarters for the sievvey wers established here in a
small wooden hoose on top of a geassy hill, This
station is located slong the vailvoad trecks two
miles north of Almirante. There are & number of
open frezh-water marshes bordering it To the
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west 15 a hill supporting a thinned-out cover of
lowland-tvpe rainforest. To the east may be
found a small “silics palm' aesociation. Limiling
the station on fhe northwest is an untonched plot
of well-drained lowland forest in which the
“eorille-ssngrille” dominance has been greatly
diluted, Collection of vertebrales was begun ab
this station in March 1960, while caplure of
bload-sucking msccts was not initiated until
January 1951, Both were continued for the rest of
the study period,

Station No. 4 (Lower Changiena Stelioe). Lo-
cated on the slopes of the continental divide at 2o
elevation of 2800 it. above sea level, this station
iz o an upland Leopieal rainforest association, A
fleld party was transporled by helicopter to this
collecting site in Beplember 1961, and intenzive
eolleetions of hlood-sueking insects and verle-
brates were made for a period of one month,

Slation No. & {LUlpper Changuena Skation), Lo-
eated in o clond forest assoeiation sonthwest of
Station 4 at an elevation of 6,000 [ above sea
lewel. Verteheates and hlood-sucking insects were
eollected here during 2 poried of two weeks In
September 1961 (o faunistic studics, Plans have
becn msde 10 investigale arbovirne nfeetions in
animals inhshiting this ares it the near fulare.

Station No. ¢ (Mdle-5 Slation). This ares was
used exelustvely for the collection of vertebrates,
It is largely oecupied by farm houses and feit
orchards with some open grassy narshes.

Stafion No. 7 (Paledsiowm), Intensive studies
were earried out in this part of town for & period
of two months during an ontheeak of Vensauelan
pquine encephalomyelitis (VIEE) in 1961.° These
studies included eollections of bleod-sucking
inseels and of wild vertebrates for virus isolalion
attemnpts,

Stafions Nog. 8§ gad 70, These stations, lo-
cated in the estusries of Bansna and Western
[ivers and in an old canal at Boea del Dirago,
regpeciively, were utilized periodically for the
collection of wertebrates, They sre covered by
mangrove and “orey’ associations,

Pigld-collecting Methods

Collection of blond ond tissue samples. Patients
reporting sick to the Almirante hospital with a
fever of short duration were bled from the median
culbital vein, Likewize, personngl engaged in the
eollection of arthropods were bled by the field
technician as soon as they exhibiled symptoms of
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fever and malsize. Bnall mammals were rou-
tinely captured alive with baited traps, ether-
ized and bled from the heart. Bats, collected by
means of mist-nets, were alzo bled theoueh hesrt
puncture, Large msmmals, sueh as primates,
edentates and carnivores, and  reptiles  were
usually shol and bled from the heart {mimedi-
ately.

Routine bleeding of wild birdz, both native and
migrant speciez and nestlings as well as adults,
was carried out from March 1960 to the end of the
study perviad. Birds were either mist-netled or
shot depending on the species. WNetted animals
to be sserificed were bled from the hesct, while
hirds to be banded and released were bled from
the external jugnlar vein.

Sacrificed specimens, which included all nest-
ling birds and most reptiles, were antopsied and
samples of internal tissues, mainly liver, spleen
and kidney, removed for viras solation attempts.
Aseplie technigues were employed for the enl-
lection of all blood apd tissue specimens which
were refriperated as soon as possible alter collee-
tion. Materials, packed in thermos jugs filled with
e, were shipped twice & week by airfreight to
Panama City where they were received at the
Ishoratory on the day of shipment.

Exposure of senfinel mice. The use of sentinel
suckling mice has been shown to be one of the
more sensitive melhods of detecting some arbo-
viruses in the field.® Your to six litters of 2-day-
old miee with mothers were shipped by air to
Almirante onee & weele, AL 6230 pom. on the same
evening, the litters were translerred to axposure
cages and hung under 8 Causey hood™ at speci-
fied exposure stations, The following morning the
mice were counted, trensferved o fheir regalar
cages and flown to Panama Cily, Diurnal ex-
posres lrom B e 4o 4 pan, were earried ouf for
a peried of four months during 1961 but wers
diseontinued because of consistent neeative find-
ings. 3ice were exposed in the Mile-2 station at
the following four sites: a thinned-out lowland
[orest, the margin of an open marsh, the edgs of a
“gilicn palm' swamp and & bamboo grove at the
edge of a well-drained lowland forest. Additional
lithers were expozed in o cacao plantalion at the
Nigger Creek station and in the forest canopy
near the Yellow Fever station.

Collection of Wood-gieeking tnsects, Mosquitoes
and sandflies were eallecled lrom & number of
different habilats using the following methods:
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a} Hand-eapture with the collector aeting as
bail. Whetever possible, these collections were
run simultaneosly on the ceound and in the can-
opy. Colleeting periods ren from & san. (o 4 pom.
and frem 6 poa to 10 pom, Durine o three-month
periacd in 1961, all-night captures were instituted
for special population sludies.

b Chicken-baited Bellamy-Beeves traps' ox-
posnd on the ground and in the canopy Tee all-
nighl and, oeeastomally, divrnal periods,

o) Hand collections from a horse exposed in two
daily periods, 12 noen Lo 4 pon. and 6§ poa. to 10
p.ri.

Ay Modified Tanmsden fan-traps™ baited with
small vertebreates, such a2 the cotton rat (Sig
wodon hiepidus), spiny val (Proechiiniys  semi-
spinosies), Bearlet-raumped Tanager {(Raomphocelia
passerinte) and Buffthroated Saltalor {(Sellafor
T |

e} Clallections Troon sentinel mice exposed under
a Clausey hood !

[) Mew Jersey light traps with o Lobinet eage
fized at the exit below the fan,

£l Modified Shannen trap with 8 kerosene
pressure lantern as atlractant.

hy Hand collections from diurnal resting plases,
such. as tree-buttresses, edges of swamps snd
stregans, accwmntlations of cecao peds, interiors of
hunmasn dwellings, eie.

Al captured mosquitees were transierred alive
to foge-ounes sereweap jars lined with meistened
plaster of Paris and shipped on iee by air to the
central laboratory Lwiee o week. Tngorged lemales
woere held st envircnmental Lemperaiores for 24
hours before they were transferred 1o jars,

Ledwr oy Welhads

The technigques wiilized for the weeovery and
characlerizalion of cerlain virus solates obiained
during this survey are described elsewhoere 5 7
Ao detailed deseription of the methods emploved
at GMIL for the i=olation snd identifieation of
VEE virus strains will be presented, together with
data comfirmimg the validily of these solations, in
a fortheoming repart.® Procedures followed for the
=olation and chavacterization of the remaining
viral azents are deseribed below.

Primary zolation attermpts were esrried ot in
2- to d-day-old white Swiss mice, using (W02-ml
volumes of inoculum and the combined indr-
cerehiral (e and inlraperitoneal {p.) moutes of
injection. Jenlinel mice, a2 well as those Injectod
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with field-collected materials, were kepl onder
abservation fov a period of 15 days during which
Line e exhibiting signs of illness were saorifieed
for passaere imto fresh litters of sackling mice Ty
the Lo route, using brain fissne as a sonres of
passage material.

Befererer virgs strains used for comparizon of
new isgclates included 11 previowsly characterized
virus strains Iselated locally ond 25 prototype
atraing ohitsined Trom the Commumicalle Dizease
Center in Atlanla, Geoegia, and the Bockefeller
Foundation ¥Virus Laborateries n New Yok,
New York, and Belém, Brazl

Virus zolation atternpis and reagents for type
straing were made o entively separate sections of
the laboratory  employing  dilferent personnel.
Anligens were prepared by sucrose-geetons e
traction of infected mouse brains by the technigue
of Clarke and Casala ™ Trnmune zerum Jor each
type strain was prepared by incenlating a group
af adull miee with foar dossges of o 105 sus-
persion of infected suckling mouse brain by the
Lp, route, The first three injestions were given al
mtervals of 10 days, the last inoeulation being
administered one month after the thivd injection.
Bleedings Lo test antibody respanse were carried
ol 8 to B0 dasve after each individual injection.
Ten duys after the final injection, the wice were
Bled ot for yperimomnne sergem. Certain vingses,
such as VEE, eastern equine encephalitis (EEE),
western equine encephalitis (WEE) and 5t Louis
encephalitis [(BLEY, were formalinized prior ta ad-
miniztration of the fesl injection. Polyealend in-
nune sers were prepaced (o sdull miee and guinea
migs for arbovirus groups A, 13 and C. AL immune
serg were tested for specificity by the usual sero-
logical technigques.

Crude or extracted breain antigens of new 1so-
lates were fested lor hemagglutinating (11A) ae-
tividy al specified pll values ranging from 6.0 to
T.0.0 10 1A aetivity was demonsirated, a hemag-
glutination-inhikition (HIT) test was performed
with antizera to virnses koown o saspected to
oeonr i the area. These antigens were also uti-
lizexd in eomplement-fixstion (CF) tests with =
battery of sptizern or with those Indicated by
resulis of HT testz. Neotralisalbion and eross-
challenge lests were also performed with some
virng isolates. Whenever indicated, immune sers
wers prepared against unknown strsins in order to
eonfirm identities, using the technique deseriled
for tvpe atrains.

HT teats were exeeuted aceording Lo the tech-
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TABLE 2

Arbowivicees deolafed from vertohrotos

Types af vinges

g Mo, "ﬂj I [ier Graug © |
- . . Clivas ol ] |
Specics of vertebrate vertehzatn {:-J;t‘r*;- E Pt E__ G 2 iE
5 ‘ = g | | £ Eu
! Sl ol |8 |25 |8]ee |28
- s @ |2l2i812|8|3|ciela|a EE
B | Z :u_ii:;:_z_ﬁ E|= @3 a3
Humans (Home saopdens). ... .. Mammal 157 | 0 : i | 11 | 1
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tefers to number of littera cxposed,

7 Helers o nomber of littera vielding acbovisuses,

nique of Clarke and Casals.*® Primary incubsarions
ware cartied out st 4°C overnight and the tesis
were incubated st room temperature alter the
addition of goose or:,'fhmr:,-i.et: All immune sers
were treated with kaolin for removal of non-
specifie inhibilors. CI' tests, utilizing two units
of enmplement, were performed on plastie plates
with drop guantities, following the {echnigues
deseribed by Fulton and Dumbell?® and Ker, 7
Wentralization tests were performed in mice,

emploving a constant-serum, varving-viens dilu-
tion technigne. lofected suckling mouse hrain
served as g souree of virns, and serum-virns mix-
tures were incubuted for one hour at 37°C prior
to Lo, injection inomice.

REBULTS

Virug deolafion aflempis from Rumans, Viral
agents were izolated from nine of 157 haman sera
moeulated in suckling mice (Table 2). Five
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azents, representing four viral lypes, namely,
VEE, Ossa, Madrid and BT 436* were oldained
from mosguito eollectors, Four izolations of VEE
virus were also made from patients at the Al-
mirante hosptal.

Virus dsolafion atfempls from ofher mommals.
Seventeen of 2738 sernm specitnens from mammals
other than man inoeunlated in suckling mice
yielded wirus isolates. As noted in Table 2, 13 of
these were oblained from the cotton raf (Sig-
modon hispidus) and four from the spiny rat
(Proechimys semigpinosus). OF the agents iso-
lated from the collon mat, seven were indis-
tinguishable from VEIE wirus, five represented
two new antigenie types of group C arboviruses
(BT 4971 and DT 501217 and one remaing un-
identified, From the spiny rat, one solate has
been wlentified as Nepuyo virust® and the other
three have not yet been typed.

Spera [rom the following groups of mammals
were inoculated in mice with negative results: 14
rodents, 2 bals, 27 vpossume, 2 edentates, 2 carni-
vores and 2 equines,

Virue feolafion oftempls from sentinel mice. OF
436 litters of zentinel mice exposed in the field to
the bites of blood-sueking insects 33 yielded arbo-
viruses (Table 2). The following viral lypes were
reeopnized from this malevial: VEE, Bussuquars,
Caraparu, Madrid, BT 4971, BT 5012 and
Gusmi.

Virig isolation aifempls from brds. Fourtcen
isolations of arboviruses were obtained from 1,244
avian tissue and blood specimens exsmined, As
may be noted in Table 2, Tlhéus virus was 1solated
from the Litile Blue Heron {(Floride casrulex),
Keelbilled Touean (Romphastos sulfurafes) and
Searlet-rueped Tanager (Remphocelus pusseri-
nif). VEI virus was obtained from the Green
Herem {Bulorides virescens), Groove-billed Ani
(Croteplagn swleirosriz), Social Flveateher (-
forctetes similis), Grav-capped Flyeateher {Myte-
setetes granadensiz), Black-cowled Oriole (Jelerus
prasthemelas) and Searlet-ramped Tanager. The
Clay-eolored Robin {Turdis grayd) vielded an
agent which remains unidentified.

A total of 886 speeimens from af lesst 101
speeies of bivds belonging to 35 families was
examined [or abovims with negative resulis.

Tiruz fsololien alfempls from reptiles, Al

* A new arbovirus to be named Changuincls

virs.® : :
t These wirnses will be named Patois snd
Zegla, rezpectively

RODANIOHE AND GRAYEON

tempted isolations from 331 serum and fissue
samples of at least 20 specics of turtles, spurians,
lizards and snakes were unsueeessful.

Virue isofalion aftempls from blood-sucking in-
sects, A Lolal of 400,552 bleod-sucking inscets was
eollected from all sources. Table 3 presents the
number of insects eolleeted under each of the
major groups of attractants or balts used, Species
or species-gronps which yielded arbevirazes sre
tabulated separately in this table in owdler to
present preliminary data concerning the host-
prefovences of these arthropods,

Of the msects collected, 377,442 were Inecu-
fated in 3,439 pools for virus isolation attempts,
Ninety-six viral agents representing ab least 11
distinet arbovirus types were dzolated Irom this
material, Table 4 presents the number and types
af arhoviruses obtained from cach species or
species-gronp of Insects.

Following is an analysls of each specics or
species-group which yielded virus,

Aedes (Oehlerotabuz) spp—MMany specimens be-
longing to this subgenus could not be specifically
identified becanse mesonotal seales were rubbed
off during capture. However, it was estimated by
lot-sampling thal 90 to 959 of these lots were
made up of A, engustivillafus D & K. Other
species ilentified in erder of abundanee were A,
serratues Theob, A, formentor D, & K, AL alige-
pistus Dyar and A, hastefus Dysr, These mos-
guitoes vielded 10 agents, representing the fol-
lowing arbovirus types: VEE, Tna, Ihéus and
Guaroa. Species of this group ave predominantly
dinrnsl, although significant numbers appear in
nocturnal collections. By hourly samples it was
determined  that aclivity after daylisht was
largely crepuscular, esasing soon after darkness.
This group showed a decided preference for large
mammals such as man and equines, bul was nod
infrecuently attracted to avian hosts. Small ro-
dent baitz wers seldom approsched by these
in=ecls.

dedes  (Howerding)  guodrisifiefus Cog—>A
single mosquito of this species collected in the
eanopy of the forest at the Lower Changuena
station yvielded & viral agent which has not yet
been identified, 4. quadriviilalus breeds in epi-
phytic bromeliads in upland tropical rainforests
and cloud forests. Tt is common in the latier habi-
tat,

Arophelini—A number of species was ineluded
under this heading. The most eommon in or-
der of abundanee were: Chogosie boetfiene Thpar,
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TABLE 3
Number of blood-sucking {nzeels coptured wilh di fforent atfractants and beils
Type of attznctant Huan bait Awvian baik Equine bait | Radent bait
AT |
. i Dhugnal | Nectureal | Diurnal .NIH‘I.'.IIP.M Diureal Nocturnnl |]’:li|'.r.'13.i Moctur- | oap light
Cellecting pesiod O am- fpo- [ ¥am- | 6 poan- 12M= | fpme (9 g malipine| el m .
4 p.m, 5 oa.m, Ipm A nm. 4 p,m, 19 pum, 4 poon | Gim., | resting Tatals
o sy | i - places
512 164 = Sl 4,002 |
s ok i 3 | 5 | i | | N || |
Aedes [Oeklerota- [

tus] app. 34,886 | 10,081 | 107 | 1,361 | 2,485 | 1,576 | 14 93 | 5,250 | 585,703
Asdes (Howiardini)

puecridrivi ot 1 e — — — — — — L
Anepheling 55 3,074 1 21| — 136 | — 2 486 4,005
Culezx (Culex)

nigripalics 1,710 | 72,433 20 | 38,445 | 21| 7.40% 257 | B.TIR | 129,403
Culex (1) quin- |

quefoseialus | — — - — | — — 3,558 3,458
Culex (Melona-

CORLER) PP, a4 hds 20 346 i 133 | — 271 | 3,853 5,417
Crulen (M) ceybda — B4 a I e — 21 27 it
Culex (M. boend-

O 25 7. b0% 176 | 1,614 % 213 a | 2704 533 4 12,54
Cules (M) vomeri- | |

Jer 67 | 18,001 132 | 1,206 11 aEL | — | 2,571 aaG | 22,704
Maonsonia venezie- |

elenaia 2,439 | 28,432 175 | 1,832 G13 | 19,290 | — | 1,151 | 10,647 | 04,550
Prorephara (Juan-

Lhanosomr)

atbipes 0,312 3,493 1 43 | 12 i 6| 2,082 | 15,128
Peorophora  (J.) .

Feiox 5,681 50 15§ a6 | 252 114 | — 4 L,I6% | 11,250
Faorophora (4. | I

Tuizii 634 14 1 1 i I = | — 282 461
Paorophora (Frob-| |

Raznia) cingu- | | | |

Leibn &2 1,874 - 113 it} TR | — 67 | 2390 3,328
Sabethes (Sabeth- [

oides) chlorop- |

fera 2,604 | 121 14 g — = 2| 2,743
Trichoeprosopon |

spp. 1,064 | ity 10 24 150 Fik:] i i 245 2,246
Fhlcbotomus app, 108 | 24785 | — 17 1 354 1 157 | 1,184 | 26, 560
Other species 13,777 | 7803 101 | 2,698 | 2,150 | 3,236 L] T2 6,179 | 38,108
_,_.._.____I | - | v

Totela. ... .. .. | 7T, a71 | 182 027 I 1,164 | 48,047 | 5,734 | 33,673 | 22 | 7,354 | 44,500 | 400, 552

Anopheles (Eerfeszia) netvas H. DL &KL, A (4D
aptemmecula Th & K., A, (A punclimacula D. &
., AL (AL vestitipenwis D & )., 4. (Wyssorhyn-
chus) osivalded Peryassd and A, (V) elldoanis
Wied. Three viral srents were yvielded by mos-
quitces of this tribe, namely, VEL, 1héus and
Gusros. As expected, most of the specimens wers
eapinred at dusk ov at night from large mammals

which proved to be the most atbractive hait.
Birds and small rodents were seldom attacked.

Culer (Culer) spp.—One pool of & mixed lot of
Culer (Cwler) mosguitoez, which inecluded 7,
coronater T, & K., O corndger Theob. and 7,
declarator T3, & B, vielded an unidentified viral
agend.

Culer (0.) nigripalpus Theob.—This is one of



E, DE RODANICIIN AND GRATSON

)

o SRIHONG

GALINDO,

S84

¢ ACHOE pu wyeaag g pajtodar puw 300} GIRISIY] BIALSWY PPN 91

suads g -dnosd v poriiaganeyy ]
-AIpRIGg T [Taeiay seiie oy e possasond ey 1

e pasEdaoLd [CLIRET

o ga

BBRI- 0

g 7 g 0 £ I ¥1 B 7 I oL _ A o5 bt A
dlilelalalslelslzlr|—|1lale|g]1 Nn_l,ﬁlm g 71 | & |1e loe |e1etesE [Ri6tISE
HENAERE . _ D0 |meor |ezeier

6|9 L|¥ _ L _ L (00 [SFG'PT  [DOL°FT
[ 1 I |— [o=d S10
1| _ . T |— [e0‘e  [R0g't
_ i — 1 et e
[ I |— [eee )
I8 |1 1 ¢|g g & |m0e |eog's
_ T I — [FR0'e  |e's
|1 [ I T [esh‘s |GRE'C
_ 1 [ — [A0ef6E  [9e1’ 0
[ vl8 |l ¢lL|B 6 [FBe'0T (OFL'B
ol ele & |Gty jars's
1 I T |— |9 PaE
It [ 1 T {1 |tee’2  |2ET %
| g 7 |— [oE2T e

1 1 2 | T4 0 T 1

T _ “ 1 |— (s [&60
_ 1 52 Y 11 |z e’z | 612z

L _ [ T |— |t :
T L | | | 1 m_ﬂ A R & A A
T| ¥ [ 1_: ¥ mﬂm_.n. 1Y _m.ﬂ m_“_d_m ¥ H J.a.m...._:_an. i Hi _ W
) | A D _ R

| A1 ALe, el s

ki i _ [t ﬂ?_..__ﬂ - u.._mnm, ot ST | sy HIEERPEY. CEI B

Eun_h.m___“_nﬁ PV | asa o 2 : pra e a0
B TSR TR TR [T o 1 doan i duusy susunzads

LT TR |

s eddy enepnga T
....... dds wedosoadoyore
BT W T Ny el R T
ey waoipdows g
Coe g padidesos g
B &/ X Y Iy SN (T
g by Do g
coidds (ioseuggu £
Thac o
CUUEIENARRINUNE DINOSND [T
N = 0513 1T B <
s .m.ﬁ.uhqﬁuﬁeﬁh_ E ]
selds (eroiwodeu e I AN
o sngneasnfralaink sang
ccgngmdaadiag wm
vmr e is e ddde gy
puigEy o
LR
colds (enpmeaariysg) wepe)

GhE'E
ga0°E TIECT|
aun o Il
EeL X S
e 1T
21 i1
gt Bl
i ¥
Ft] 1%
TE 12
KN 0F
Ll il
P
LLLET .
|51 ¥
s 5
e | §
¥EF  BEF
11 5
[2¢ 7%
|T =
e |RAT
e S A

I
S[am,]

syEEun (o BRLLY

gpoasu) Muyong-poopy )

B OATHVL

PRAITMIRE FRRTLA TGO



ARBOVIERUSES IN ALMIEANTE, FANAMA

the commonest mosquitoes in the lowlands of
Almirante, Four pools of O nigripalpus yiclded
arbovirases from which Lhéus and Wyeomyia
virnses were resognized, The specles is decidedly
nocturnal although, during perieds of greal shuu-
dance, significant estches were made during the
day in the forest. These mosguitees were fre-
quently atiraried to humans, equines and biwds
whereas the number of insects taleen from rmodend,
bt waz erratic, being hizh during sone periods
anc low during others, even though sbundant
captures were heing made on avian bait nearby.

Culex () pipdens guiniguefasciafus Say—This
speeies, which yielded two isolations of VI
witng, 15 very common in the sluom secrors of
Almirante.

Cules (M elanoconton) spp.—All Caler species
of Melanoconisn and allied subgencra that eould
not be idenlified to species, s well as lats of
various known species represented Ty o fow speci-
mens only, were Inehuded in this eatesory, Two
virnses wore isolated from moesguitoes grouperd
under this heading, One was identified as a
Gruamd-group agent sod the other has been typed
as a group Boarboviros kot has nol been specifi-
cally  determined.

Cludex (M) erehdde Diyar—This species i closely
related to O faendopus, Two agents, Bussaquara
and & Guamd-group viras, were abilained from
these nsects, A decidedly nocturnal apecies, theas
mesquitees exhibited a predilection for human
blood although a few specimens were also taken
ate avian and rodent bait,

Cudesr (M) taendopus 1. & K.—This nosturnal
speeies, which yielded eighl tsolations of VER
virug, has a wide hosl range, redents snd man
being the preferred hosts followed by bivds and
it

Culer (M) vomerifer Keomp—Jizghteen viral
agents were obtained from this species during the
survey period. VICKE, [héus and Guamd-group
virnses have been identified from this malerial,
Feeding habits are similar to those exhibited by
. foendopuz, In view of the inlense arbovirs
activity in the population of small rodents n
Almirante, it iz of inlerest 1o point out that {hese
twao specles Logether with Mansonin renezuelensis
arg the only mosguitoes faken vegularly in num-
bers on small roedents.

M awsonva venezuclensis Cog.—This is one of the
most commen mosguiloes in the stody avea, A
single i=olation of Guaroa wiras was obtained
froen this species,

B

Feoraphora [Jonthinesoma) spp.— During the
early phase of the survey, specimens of P, allbipes,
Pooferar and P futeld were pooled under the
generic neme Paorophara spp Two poolz of these
mozgquitoes vielded Wireomyls viras. All species
of the subgenus Jonthineseme exhibited similar
host preferences. These inseels were predomi-
nantly divrmal and erepusenlar with s predilection
fer man and equines. Ther were seldom en-
countered i eolleetions from amall rodents, but
large munbers of I, feree have been observed by
one of ug (F40) feeding in nature on the common
ggoutl (Dasyprocie peacdala), o large dinenal ro-
dent comnon in the forests of Panama. Collee-
tions with avian bail vielded very low catches of
Jenthinosoma moesquitees cither in the daytine,
al dusk or during the night.

Pzorophora (.} ellipes Theob.—TLarge popu-
lations of this species mude sporadic and short-
lived appearances during the study period. A
smgle isolation of Tna virus was obtained from
these mosguitoes,

Paorophore (L0 Jeror Humbold— Sixtesn jao-
lates vepresenting four viral tvpes, namely, Tna,
AMayaro, Hhéus and Wyeamyia, viruses, were ob-
tained frome these nscetis,

Lsorophora (F) hadzit Theoh—A single isola-
tion of Hhéus vitus was vielded by this species.

FPaavophorn {Grabfomide) congulate Fab—COne
isolate identified ns Cache Valley virus was ob-
tained from this speeies,

Sabether (Sobelhotdes) ehdoropierie Humboldt—
Thiz diwrnal, arboresl mosquito, which has heen
Tound naturally infected with vellow fever 2 St
Louis® and Hhéus vivases,® was common only in
upper tropieal rainforest asseciations. A single
unidentificd viral agent wasz obdained from this
gpectes during the study pertad,

Trichoprosopen spp—A variety of species was
pocled under this generie heading, namely, T
(1.3 digitabem Rond. 0 (Bhuschomin) lomgipes
Fab, T (Clerogoetdia) magnion Theob, and 7.
(feogoebdio) esping Martini. A single vieal agend,
identified as Bussuguara, was isolated (rom these
oo,

Phichotomus spp—Fairchild and 1lertiz have
ilentified 43 different species of Phicbofomas Mrom
material collected in the study area® No effort
was made to identify Phichofomes sandflies to
species pricr to vives isolation stlempts. A few
samples taken lrom lots pricr to processing re-
vealed that human collestions were made up of
the lollowing species in order of abundance; /2,
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trapider . & 1., P. yliphdetor 1, & H., P. san-
guinarius F. & 1L, P. pesscana Barreto, P han-
somt T, dz H., F. panamensde Shannon and P
ghannons Dyar. Samples ram eolleetions with
rodent bait were made up mostly of P lensend, P,
peapertilionds . & H., P. fapidei and P. ovallesy
Ortiz. P peramensis was the predominant species
altacking horses. A total of 21 zolates was ob-
tained from Phicbatomus sandilies. One sgent was
identified as [héus, five were relaled to the Indi-
ana type of vesicular stomatitis (VEV) and 15
were typed as BT 436 virns. Specimens iaken
showed a desided preference for human blood,
although signifieant numbers were alzo found on
horses and rodents. They were seldom eaptured
on svian hosts,

Inseet speetes which did not yield viruses. No
viral arents were obtained lrom 31,770 specimens,
processed in 430 pocls, representing 18 species or
species-groups, 10 genern and three lamides of
nematoceran Diptera, namely, Culicidae, Psy-
chodidae snd Heleidae,

Jdentijication of virus fsolefes. The degree o
which izolates were characterized depended on the
type of viruz and availability of reference strains
for comparizen. Sene incompletely identified
sgents wers sent to the Belém Vieme Laboratory
(BVL) for further charaeterization. Following 13
5 list of the virsl types identified lrom the study
aren and the tesis and reference strains used to
arrive at identity of the GML izolates grouped
under each lype. Detailed data concerning the
identification of eerlain virus isoleies obtained
during the survey are presented elsewhere?

a) Venesuelon eguine encephalomyelifis sirus:
Forty-eight izolations of this virus were made
during the survey. The 43 GMIL virus isolstes
srouped under this type were compared with the
MARL 3580 etrsin® of VEE virus by CF and,
in zome instenees, by cross-neutralizsation fest
The results of these tests indicate very close anti-
genic relationships between the 3880 strain and
all GMIL VEE virus izolates from Almirantef

by Une tirus: Filteen virs izolates obtained
during the survey period were typed as Una vi-
e O the seven izolates from GAML, two wers
campared with MARU strain BT 1£05-3% by
erogs HI and CF test. OF the remaining five
strains, one (BT 444) was sent to BYL where it
waz identificd as Una viras. The other fanr were
found to be antigenically indistinguishable from
BT 444 by eross CF test

&) Mayaro wirus: The single isolate identified

HODANICHE AKD GRAYSON

as Mayare vivus was compared by eross HI and
CF test with BVL strain BeAr 20290,

) Bussuguare sirws: Four isolates were found
to be elozely relaled to BV strain Bedn 4116 by
eross HI and O tesi.

&) Jlhéus wirus: Thirteen izolates were referred
to this virus type. Two of the 12 strains re-
governd at GML were previously deseribed by
Galinde and Hedaniche! The remainder proved
to be identizal to the GNMI Honduran strain®
of Ihéus virus by cross CFF, cross-neutralization
and eross-prolection tests in mice.

£ Carapary vires: Three zolates oblained dur-
ing the survey period were antipenically indis-
tinguishable by cross HI and CF test from BVL
strain BeAn 3004,

£) Nepuye sirus:’® The single solate referred fo
thiz virns twpe was indistinguishable by cross HI
and OF test from BVYL stroin BedAn 10709,

W) Ossee wieus: This group C agent, originally
izalgted from s human being in Panama, has been
clwracterized by Rodaniche ef ol ?

i1 Madrid virwe: The original strain, also iso-
lated from human blood, was charscterized in
Panama and Belédm,? Two additional isolates ob.
tained from sentinel mice were found to be in
distinguishable from the prototype slrain in cross
HI and CI' tesls.

iV BT 4971 and BT 50718 These two types,
represenied by ecight isolates from rodents, are
considered Lo be new members of the group C
arbovirnzes and will he deseribed in a separate
publication?

k) Fuamd growp: Twenfy-six izolates were
referred to this group of arbovienses, Of the 18
isolates ohiained st GML, one was found to be
identical to MART strain T 640° in cross CF
and hamster prodection tests, Another sirvain,
isalated from a pool of Cwler (Melanoconrion) spp.
mosguitoes eollested in upland  fropical rain-
forest, wag found to be related o bui distinet
feorn BT 640 by erosz CF and eross-protection
teste in hamsters, The remaining 16 slrainsg ob-
tained at GML were indistinguishable by cross
CF test from each other, In cross CF and nea-
tralization lesls with BVL Guamd (Bedn 277),
Cain (H 151) and Moju (BeAn 125007 sirains,
BT 640 snd several representative GML isolales
proved to be more dlosely related to Guamd than
to Catu or Moju virnses, In summary, two dis-
tinet types of Guamd-group arbovirgses have
been found in Almirante. One of these ocenrs
ceamonly in the lowlands in Culer vomerifer
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mozquitoss and was lvequently detected in senti-
ne) wive exposed to the bilez of these insects. The
other type has been isolated only onee from a
pool of Cuwles {(Melenoconton) spp., which was
probably £, devater, collected at the Yellow Fever
slalion in upland tropical rainforest. The specific
identity of the two types is slill in doubt.

Ii Cache Valley Virws: A single isclate was
chiained gl MARTT and veferved to this viras type
at that laboratory ?

m) Fuaror virus; Three isolates have been as.
giormed 1o thiz virus type. The Lwo siraing isolated
at GML were compared with MART strain BT
1122 by eross OF and hamster protection Lesl
and found o be elosely related,

o) Wyeomyta wires; Six dsolates were referred
to this lype of arbovirus, The two izolates ab-
tained at GMI wore found to be identical to
MART strain BT 219 by eross CF and neu-
tralization tegt, Thas far it can only be zsid that
the Almirante straios belong o the Wycomyis
aubogroup of avboviruses sinee sdditional worl is
neceszary to lype these strains within the Wyeao-
m¥ia eomplex,

o) Vestoudor stomalitls wirus (Tadional: Five
isolates obfalned I the survey were assigned to
ihiz virws type. The single sgent obtained al GML
conld not be distmguished from MARU strain
BT 7% by ercss-neutralization fest,

pl BT 436 Fifteen isolales obiained from
FPhlshotomus sandflics snd one from homan blood
have heen assigned to this new virus type de-
seribed elspwhere® OF the 10 isclates obtained at
GML, six were related to BT 436 by OF test at
MARTL The remaining four were related to cach
other and to BT 436 by CF test al GMI.

Anwual cygele of virue activty; As would be ex
peeted in a tropiesl raimforest area, arbovirus ae-
tivity was not greatly inhibited at any time of the
year throughont the study period. This is due to
the faet that there is no marked dry-seasom in
Almirante and, 85 2 consequence, there is con-
tinuous produetion of blood-sueking insects, How-
mver, there are very definite seasonal flnctustions
in wirns activity which probably depend on
changes in population densities of the insect
veetors. Table & presenis the details by months of
all arbovirnzes isolsted in the stady ares from
September 1950 to Heptember 1962, A= may be
noted, those wirnses, such s VEE, Una and
Guamé, which are fransmitted by mosquiloes
were most sctive during or immediately alter the
months of peal mosquito production, namely,

el

June, July and August, On the other hand, vi-
ruses which sre Phlebofomus-borne, namely, VIV
{Indiana) and BT 436 virus, seemed o be more
active from October through Mareh, with only
two isolations recorded between March and QOcto-
ber, In subsequent years, az dats from additional
studies are compiled, the pattern of activity of (he
difforent arboviral antigenic enlities recognized
in Almirante zhould become clesrer.

The hobifol and arlowirus activdty: The first part
of this paper presents s rather exhsustive de-
seription of the study arca and of the eollesting
stations, discussing m detail the main eeologiesl
associations where collections of vertebrates and /
ar blood-sucking insects as well as exposures of
sentinel mice were carried out for virs izolation
atterapts, In the case of ndigenoms vertebrates
and zentinel mice the exact losality was noted, so
that any specimen yielding an arbovirus could
bie traced back to the environment where 1t was
taken or exposed. In collections of bload-sucking
insects, the exact locality of each identified loi
was also noted, However, cocasionally, separats
lols of one species collected in different habitats
were nelnded in o single peol for incculation in
mice, sothal not all of the inscets which yielded
viruzes could be Lraced back Lo (he babilal in
which they were caplured.

Table 6 presents the total number of isolates
from all sonrees, classified according to the eco-
logiesl ss=oeiation in which the organizm yielding
the virns was collected or exposed. Following is
an analysis by habitat of the dats presented,

S terillo-gangrille’ sieamp forest—This was the
moest produclive of all habitats, as 66 of the 160
izolates obtained oviginated from material eol-
leetedd in it. Some viruses which were izolaled
goveral times from animaels taken in this environ-
ment were alzo vielded by insects captured in an
uplend  tropieal rainforest association. These
virnses were Unga, Guaroa, Wyenmyia and BT
436, Wost of the lewland material which vielded
thess four vituses came from a well-drained forest
at Mile-2 where the “eertlio-zangrillo™ dominanee
was greatly diluled. Such forests ean be con-
sidered intermediale between swamp forest and
upland tropieal rainforest. 1t is thus possible that
the hosts of these viruses may actuslly be pri-
mary inhabitants of the upland tvpe of rainforest
which secondarily invaded the intermediate tvpe
of forest found at Mile-2. The “eerillo-sangrille™
sasociation appeared to be Whe preferred habitat of
the hosls of two srboviruses commeon in the study
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TABLI &
Virus tanlpfons by woalhs from oll souwrees l,LIﬁL.-”—JsJ‘-_'T

Aluith
Witus | | | (. | 2=
:J'.'l.r:l;nr'.I rl:;l.l. Ed ey | Apet | May | June | Tuly .rlt::.l. i 1%?'_‘? Ofu:] E.E_; 1?5: Tatals

' i i i | N =
TR e s e 4 | & |4 |1 (11 | 4 | 4 | 2| 2 48
[ ! 1| 2 | 4 ) 1 2 15
Aagaro. ..ol [ [ 1 [ 1
Bugguqusrs. ... .. ... .. | [ 1 | 1 1 1 4
Tihdues. . EPY e 2 2 | 2 1 1 | 1 4 13
Caraparu ol A 2 1 3
Mepuye, . | | 1 1
Ehh T T e A e i | i ! 1
Madrid.......... ! 1 ; 1] 1| 3
BT 4071 ... ... | l I A , 3
BTS2 . . [ f | 3 2 o
Chuaimd group ..... 1 | 2 | 2| 8 G ! 4 1 g P
Cache Yalley. ..o oovenns i [ | 1
Garoa : [ ' | 1 2 B
Wyeomyia. ... .oiii s, | [ | 3 [ Fre 1| &
VEV [ Indiana . 1 i | 1 1 1 5
BT 456G, . : 3 ‘ o 3 1 1 4
e Ll."l“'nlllli"il 15-;::]1t|:~=! 1 | I 2 L 1 3 I &

Tobale . ovss s virssaens| 1 5 (1 5 | Tooak Ay I.&ﬂ 16 |11 |12 4 160

ared, namely, [héus virus and the more prevalent
of the two Guamd-groop agents thoas o recog-
nized, Although VEE virus was not infrequently
found o animsls taken in eerillo-zsngeiile’
forest 11 was more comrnonly dzelated frem in-
habitants of more open environments.

Upland fropieal vainfores— Dwenly-eight viral
agents were isolated from specitiens collected in
Lhis enwvironment and of these, 14 came from
Phlgholomus zandflics. With the exesption of
Ilhéus vires, which appears o be gquile ubigui-
tons, virases found in hosts inhabiting  this
ceolopicnl  assecistion were genecally  losalized
theve to the exelusion of all other types of habi-
tats, Thus Osza, VEV (Indiana) and an un-
identified Guamd-group virns wore found only in
animals taken in upland [orest. Although Uns,
Chuarea, Wyeornyia and BT 436 viruses were alzo
tslaled from specitnens inhabiting o well-drained
Pparillo-sangrillo” forest, as provionsly explained,
that forest was of an inlermediate Lype and can-
not ke considered o fypical swamp forest associs-
Lo,

Cooge  plerdaiion—2Xumerons  collections  of
vertebrates and insectz were made moa cacan

plantation al Nigger Creek in which the tallest
Lrees of an original “cerillo-sanzrille™ forest wers
Being wsed a3 shade, Ooly = vical agents were
izolated from anbmals taken in this plantation,
Tive of these were recognized a3 viral fypes
Lypieally found in inhabitants of swamp forest or
open Tresh-water marsh associations.

Chitien polm' swemp ferestThis type of
envirowment, which iz ahoost always flooded to
faitly high levels, vielded twao isolations of ViR
VITLE,

Edge of open freshavater wierah—"7This hshitat,
characterized v a very tall cover of grasses and
weeds and sustaining an abundant population of
sollon rals and of Cuwler {Melanocondon) mosqui-
toes, was the most productive habitat for VIEE
virus and the group © agents. OF the six tvpes of
group O wirtzes thus far recognized in Almirante,
[ive were reevered from material colleeted in this
ervironment and two were found thers exely
sively. Three isolations of Théus vires and loar of
the common Gusmd-group visal fyvpe were also
vielded by animals of this habitat,

Pervdamestio and sarly seoond-grouth fehitals
Specimens from this generic type of enviconment
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TABLE &
Erological assectaiions as sewrees of arbowiruses
Halsitar
Wirus “ieril] ! “ujli Fdre of |F‘l:'ri¢|c-m-:a-! :
snr.gLrIilll-:T' | -tr'lmf'“‘l Cacan mlr:f-'l et | ue Al ™} Haeiestie | smpetes | 2
BRI A n.-:::] plabtalion | swainp :':usl.‘l-'n.':.- | earlx fintrads- | 'm'."'"il'_, latal:
[apasy | FaLLlorest Foreat foEanbaa seoand- | i llaryd ' hahitas
| | prowtl: |

— |— - —_— ..I —
VEE. . . e 5 1 2 18 4 & 3 48
Bl i ame i 10 i [ 1 15
LT FRLEY ) TR 1 : 1
Bussumguara .. ... ... a 1 4
Tl s san i A | 1 1 3 1 13
CAaraparl. .. oo .o | 3 3
PRCPRING o s 1 1
Chasn, e 1 [ 1
Madrid. LR S 1 | 1 R
] EH L L P 1| | b 3
B GO R, - coveriisan i 1 4 o
Cronmd group . ... 1% 1 1 4 L 6
Cache Valley. . ... ... .. I 1
CHTAROR o i i 1 3 3
Wyeomyia. .. . 3 3 | fi
VEV (Indigns}. 5 [ 5
BT 436, ... = 7 o | | [ 16
Tndetermined isolates. fi 2 1 z 1 3 13

Totala. cicigieayy]  ba 25 i 2 | a8 1 P i | 154

vielded 16 arbowviruses, of which one was roeog-
miged s Tlhéuz and 14 a5 VEE virus. However, it
should be peinted out that theee of the human
VEL virus isolates included in this category may
have originsted in a domestic (intradomictlisry
habitat,

Domestie (Intradomiceliory) halifal—This cate-
gory neluded exelusively eollections of blood-
sucking inseels made inside buman dwellings at
Patoistown. Two alations of VEE vims were
vielded by Cwler  guinguefasciatus  mosguitons
talken in this habitat.

SUMMATY

A threepear survey was conduoeted o deter-
mitge the arbovienses active in a lropical rsine
faresl ares of Panama. Matedsls for vims i=ala-
tion attempts consisted of bleod specimens from
iebrile patientz, sern and fzsues from domestic
anid wild vertebrates, blood-sucking mseels lakan
ot a varicty of baits and sendinel mice exposed in
the field. Thess specimens were collected or ex-
posed in 8 wariety of habitats which ineluded up-
land tropiesl rainforest, swamp forest, open fresh-

water marsh and  domestic and  peridomestic
habitats. Following is u list of the arbeviroses
iEolated snd the sources from which they wers
oblained: Vewszvelen squine  encephalomyelitiz:
human blood, wild radents, sentinel mice, adult
birds, nestling birds, mosquitoes; T mosgui-
toes; MWayare: mosquitoes; Busswquera: sentinel
miiee, mosquitoes; Flidus: adult birds, mosquitoes,
Phlebotomus sandilics; Carapars: sentinel mice;
Nepuyo: wild rodenls; Jesa: human blood; Wa-
drid: human blood, sentine] mice; BT 4970 (new
group O agent): wild rodents, sentinel mice; 87
SO0 (new group O agent): wild rodents, sentinel
wice; (Furiig growg: seniinel mice, mosquitoes;
Cacke Valley: mosquitoss; Guarea: mozquitoes;
Wgegmyta; mosquitoes; Vesicwlor slometifis {n-
diana) Pilebetomus sandilies; BT 436 (new arbuo-
virug typel: biman blood, Pldebotemus sandflies.
The report concludes with & discussion of an-
nual eyeles of virgs setivity sod considerstions on
the habilal in relation to arbovirus activity.
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