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INTRCDUCTIN

Provious investigations conducted at Almir-
anle, an ares of tropiesl rain forest in northwes) -
ern Papamd, iodicated that there were definice
seazonal fluctuations in arbovirgs activity, The
maonths from Felrnary bo April of any given year
proved 1o be the period of lowest frensmission of
arboviruzes, us detected by Izolations from inspet
vectors, from wild apimalz, and from sentinel
e OF 33 virs strains recovered from the
Intter in VUHGS-G6, none was iselated during the
months af February and Aaveh”

Young acdult golden hoamsters (W ezoericetus
aurafusl were siucecssfully used as sentinels o
detect Vencauelan equine encephalitis (V1010
vitns in Veracrus, Mexico, in July and Anguost
19632 Laboratory experiments have shown that
this animal iz especially suzeeptible to VEE wnd
Loomsny group O schovirosest that are known 1o
be present i the Almirante study grea.® © This
pepct presents results of o field experiment de-
signed 1o determine whether adult hemsters,
which require Httle care duing cxposure, could
b uzed as sentinels sl Almirante to detect srbo-
wirtses ducing the unfavorable transmission sea-
som when virus activity was found to be so low
that it conld not be deteeted by more eonven-
tiomal mwethods.

MATERIALS ANLD METHODRE

Frpozure of sentined anteiels. Detailed descrip-
tivn of the Almirante slody aren hss been
reported earlier? The exposure of hamster sen-
Linels was initiated in Febrary 66 as s 1-year
experimental program. The present report de
seribes the first month of activities,

The five localitics selected in the vicinity of
Almirante for exposure of hamsters were a2
follons;

Podriziown slations. Fatablished on dhe periph-
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ery of human hebitations in the slum sector of
Pataistown, One ziation was located by a small
swimp covered with aroids and heliconias shont
103 wards from the pearest dwelling, while s
seeoid was plaeed in the immediate 'n.'jll,':il'ij[:'.' of 4
hose,

Camipamento stofion. At the edge of & sedpe
swamp diveetly behind our field headquarters 2
riles neeth of Almirante,

Wentherborn siotion. Located on a low farested
Bill overlooking a narrow and long QRN SWAp
which was bordered on each side by “silica”
palms (Rophin deedigora).

Bambon stefivn. In o swampy forest aver
looking s large grassy bog surrounded by o Uhick
wrave of bamboen.

Tovewn sbolione, Deep within an  extensive,
forested swamp that was dominated by “san-
arilla™ Lrevs (Merocarpis offictnadiz) and *siliva”
pales, This swamp was locstod shout 10 miles
nortl of Almirante,

Adult golden hamsters 2 to 3 months of age
were placed Individually in i4-inch mesh gal-
vaniaed wire eages and bung under small tin roofs
prepared by entting 5-1b lard cans disgonally. The
sentinels in Patoistown were placed st ground
level, while in four other stations hamsters were
expozed both at ground level sid in the eanoypy of
the foreat. Animals wore left untl they either
slekened, died, oo osurvived the pre-cstablished
[-month period of exposure, Food consisted of
pellets of Maring, carrots, and fresh eabboge, No
water was made available. Inspectors in charge
of earinge for the animals visited them twies daily
and added food as needed. When a hamsier was
found siek or dead, it was immediately brought
to Lhe field station where half of the brain and
small seetions of heart and liver were removed by
aseptie techningues. The material was immedistely
refrigeraied and shipped by sie within 3 days to
the laboratory for altompts at virus isolation.

sentine] mice were also exposed ol ground level
onee A week at these same stations by the wse of
a technigue previously deseribed !
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Mosguitoes Collected from Sentinel Hamaters

Diaring the frst days of exposore of cash @roup
of hamsters, inspectors visited the animals ex-
poseed on the ground every half hoar from hours
1800 Lo 2260 and eollesded mosquitoes that were
feeding on ther. Instroctions wore glven o
capture only those insects that were actually
feeding and that were either partly or fully en-
gorged. Sueh colleefions were net intended to
megzure the population of mosquitees attracted
to the hamsters, bt rather (o determine the
gpecies that were known to have fed on them
during the peeiod of exposare,

Tobovatory Methods

Initizl sttempts at virus solation were carried
ol in 3- to S-dag-old white Swiss mice, by inlea-
cerebral (iel) route of injection, 002l volume
of inoculum per mouse being used.  Tissae
extracts were prepared, 109 w/iv, in 725
bovine albumin v phosphate-bulfered  saline
golution, pH 7.2, and further diluted 1:5 in the
azme diluent before noeulation, Each of the
tissue extracts was legted for the presence of
hacteris, Heart extracts were fest inooulated nto
siekling mice. If negstive results were obtained,
extracts of liver and brain tissue were then
moculated. Concurcendly exposed sentinel mice,
as well as those injecled with hamster-fizsue
extracts were kept under observation for a period
of 15 days. Miee exhibiting signz of illness were
Lilled for passage inle additional htters of suek-
ling mice by the ie route, brain fissue ns souroe
of passage material being used. Tnoeulaled mice
appearing siek within 3 days were exsshguinated,
and hemaggrluiinating (HA) antigens were pre-
pared  from serum aceovding fo a technigue
previonsly described -4

Comploment-fixime (O antizens of the virs
isolates were prepared from infected suckling
mouse brains or livers by overnight extraction in
borate-buffered saling solution, pH 9.0, Reference
virns strains used for comparison of new solates
included Ossa prototype strain® al the 46ih
mose passage level, kindly supplied by Dr. Knid
de Hodaniche, of the TUnpiversity of Panama; 10
other previously characterized virns types iso-
lated in Panamd, snd 25 additional profoetype
atrains were obfained from The Rockefeller
Foundation Virns Laboratories in New York and
Belém, and from the Comomunicable Disease
Center in Aflanta. HA antigens for group ©
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arbavinses were prepared from Infected suekling-
eise serum by double acelone extrastion,
wheress HA antigens, other than group O as well
ag CF antigenz of sll viruses, were made from
sierose-aertone oxbracted brain or liver materisl’

Tenvmune serum for cach of the group O type
strains and suspected groap © isolates was poe-
pared by the intraperitoneal injection of adult
mice with two doses of virus suspensions prepared
from infeeted suckling-monze livers, administered
10 daws apare. Pormalin-inactivated virus was
used for the first injection in some cases. Bleed-
ing for immune serum was performed 10 days
aftor the seeond injection, Immunse sers for
viruses alher than group © and for some viros
isnlgtes were prepared cssentially as above, exeept
that brain instead of liver material was wsed.

Hemagplutination and hemagglutination-inhi-
Litien (HI) tests were eaevied cut according to
the techrigue deseribed by Clarke and Casals®
Titration of 11A antigens was performed af room
temuperature (22°C to 24°C). 1o the HI technique,
immune sera were tronted with kaolin for remonal
of nonspectfie inhibitors and tested with 4 units
of antipen., Mixtures of serum-antigen were held
at 4°C overnight hefore the addition of goose
crythroeytes. CF tests were performed in plastic
plates with a modification of the Fulton and
Dombed] mieratechnigue?

RESULTE
Bewll of Hamster Brposures

Trom 14 Febeuary to 15 Maveh 1966 21 golden
hamsters were exposed in five looslities sz de-
seribed above, Eneouraging results were obiained
ag carly as o few days alter the firsh group of
hamsters was cepozed. Table I shows the duration
of exposure of individual hamsters before illness
or death was deleeted. Twenty of 21 exposed
hamsters wers found either dead or ill before the
exposire period of L month was completad, and
Ba% of them beeame siek within [0 dayvs after
pypozure, Ab the Campamento Station, all five
hamstera were either sick or dead in 7 daya,
Althourh inspection of the exposed animals was
earried out twice 2 day, 305 of them were found

dead.

Teolabions af Viruses

M the 20 hameters harvested for abtemnpts st
virug isclation, 16 wore found to be positive,
Fourteen jzalations were made from heart, one
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TABLE 1
Durition of exposure of sendinel hawesters hefore
illrese e deiected

lIness Exposire

Station Hamster na. Sick 5 — I Crsamel
Mo, .

D-eandr[]'.."'j duye Ca:{lp}'
Patoiz- BTEH 1 . H w o G
tow BTEH 2 1 9 | G
BTSH 58 | Noillness| 23 | ©
RTEIT 14 iy P i
Campa- | BTSH 3 B i+ L]
mentn | BTEH A g | 4 G
BTSH 10 = T i
BT=I 15 L] = T
BTEI 16 b ¢ | C
Weather- | BTSH 4 5 k3 15
born BTEH 7 = i G
BTEH 11 1 11 [
BTRIT 17 2 4 r
BTEH 18 ] 12 C
Bamboo | BTEH 2 & 23 G
BTEH 4 = 4 | G
BTEH 21 D 12 [
Toucan BTSEH 12A & 4 &
BTEH 13 3 4 [
BTEH 19 2 i | (3
BTSIT 20 I L

irom liver, and another from brain tizsue, Most of
the mice inoeulsted with tizsue suspensions that
vielded viruses appeared il within 2 to 5 daws
aiter injection. Tsolales were subseguently oh-
tained withoul any diffealtics afier the first or
seeond passase,

Preliminary identification was performed by
HI tests with infected suckling-mouse serum as
the HA sntigen. The identity of these tsolates was
confirsneed by CF and cross HI fests. Isolates that
possessed no hemagplutining were tested by the
CF lechnigue sgainst known immune sera.

Virugs isolates obtgined in different stations
were identificd as follows:

1. Padpistorwn Stafion. A single iselate (BTSH
LH), identified as Patols virns,® was obtained from
& hamster placed by the swamp, Animals exposed
in the immediate vieinity of a human dwelling
vielded two viruses, VEE (BTSH 14H) and Ossa

ol

(BTEH 21}, both agenls being well-khawn patho-
gens o human beings,

2. Uampanente Siofton. Three straine of Osey
virus, two from the ground (BTSH 6AH and
BTEH 15H) and one from the canopy (3TSH
16H} and 2 single Madrid virus® from the canopy
(RTEIL LOHY were isolated,

3. Weatherborne Station. The following isclates
were chiained : one strain of Ossa virus each from
the ground (BTEH 4H} and the canopy (3TSH
111}, one VEE viruz (BTSH 7111 and one Madrid
vitus (BTSH 17H) fram the ground, and one
molate of Cnamd group virus (BTSH 18B) from
the canopy,

1. Bamboo Statton. Two Ossa strains (BTS11
BH, BTSN 21H) were jsalated, hoth from the
EATOEY,

5. Toucan Station. Two Ossa straing were re-
covered, one each from the ground (BTEH 19H)
and the canopy (BTRH 20F).

Table 2 shows & comparizon of viroses isolated
froen hamsters exposed on the ground and in the
canapy. All sentinels st the first slation, Patois-
town, were exposed i the ground, where three
vires streing were isolated. OF the 18 jsolstes
obtained at the other lour stations, six were
isolated from hamsters exposed on the ground
and seven from canopy-exposed sentinels, show-
ing that virus activity appears to be equally
prevalent at the levels of the ground and the
forest. canopy in the study area.

Detection of Mived Infections

Sinee all zentine] hamsaters woere lef! in the feld
until they either sickened or died, the oecurrence
of multiple infections in individual hamsters was

TABLE 2
Arboviruses deterted from sentinel hamslers exposed
at different forest lovels

No. of dsalntes
Wiru= asalntes

! Tatal | Greund | Canopy

Crroup A [

VER | 2 | 3 0
Group I

Ozzn, T 3 i

Madrid 2 | i

Putois E |+ 1 ]
Group Guams i

Guamg ‘ 1 ‘ 0 1




TABLE 3
Prevalence of mosguitoes collecled from seniirel

Rdnsters
Moeguing spocies uu]ﬁgicd
aler (W elanosenion] verweifer omp. .| 34
Mansenin (Rlyrchalasnin) vonezuelensls
i Theobald) fi 363
Calex (MW el frm;n:rrmam ﬂpn?[rrrlp?ﬂ lmmp G5

Mansonia (Rhynchetaenia) ru'et--:elzagns [
[Theabald) . I e oL e a7
{Taelene ('Ifsi'mmcmrwra] or _.u._rr.;.u:r I}:, ar. ]

Culer (Carlez) nigripadpus T her;-*mlcl ! pl
Ouler (M elpmaconzo ) Ineniepus Dyar !
aned K"l‘ﬂ'l e 1
Maler {'l-f-zi!-:'.'nﬂr-'.anwﬂ‘l new '-.|‘.-|:'mc,-, A L5
Wamsondn  (Riynchotaenic)  nigricans |
(O IEELY oo per e n s | 11
Asdes  (Crehlerolaiug) w.-i-gi.ls:iu.:i.!fr.fm [
Drvar and Knals. L S A b 11
Peovephora {frmtn'smr::n einguleli
(Fahriciua) . . . ERLECL A
Musrophora Umati:-.m;—xumfﬂ feroc |
(Humboldt]. . :
Culex [Ii.:.l-f*l r?mi'ar-:.-,l'ar I?ly:-.r nnl
Knab. . . ... 2
Chulaz (Cules) eoronolor T Jvur :uu:l _[{nan | 2
Culer (Melpnocenion) menyles Dyar. .| i
Mansonio (Mansonia) indubilons T')\ ar |
and Bhannon,......... gl 1
Aedes  (Oeklerolotus)  sor *'ufzm Tmtl'i' e |
TReobalc & s vy s s ] 1

guite possible. Newly isolated straing from thesr
hamsters were, therefoee, tested [or the presence
pd two or more viruses as follows:

. Rotl liver and brain antigens of each of the
jzolates were tested by the CF techoique with
immune sera from 18 arhovirses previously
precantered in the Ahnirante ares,

9 Tmmune sern preparcd from each of the
iselates were checked by HT dests with 25 arbo-
virus zmtigpnc: belonging to different groups and
by OF with six other antigens.

Fesultz of these tesls rovealed that s mixed
infection did oceur in at least one instanee. The
only Guamd solate chtsined (RT3 181 was
shewen o be moixed with Ossa virns, Preliminary
altempts Lo separale these two virnses weee,
howvever, unsuaceeasiul,

Results of exposure of sentinel viice. A total of
4% litlers of suckling miee cxposed Tor 12-hour
periods ohce a week in the same stations as the
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hansters vielded no grboviruzes from January
throngh Mareh THAG,

Results of mosquito collections. A tetal of 991
mosguitoes were  eolleeted  (Table 3). Culer
{ Welanoconion) somersfer and Mansenda (Rhyn-
hotaenia) vencsuelensis were among the most
srevalent speeies found feeding on hamsters.

T ECUESI0N

The efficiensy of the method of Geld exposare of
adult hamsters for the detection of VIE and
promp O arboviruzes has been aoply demon-
steated by the preliminary results pr eeented
above. The fact that in a T-menth period, hetween
15 Felbruary and 15 March, a fotal of L6 arbo-
viruses was solafed from the sentine] hamsiers,
while neme had been ablained owver a G-year
pertod during the ssine season, pither from zen-
tinel mice expused on a weekly basis, from wild
rodents eaptured alive, or from mosquitoes
inceulsted inis baby wmiee, poinls ont that the
sentinel-bamster fechnigque was highly sueeesslul
far the detection of VEE and group C arboviruses
during Jow periods of transmission. This tech-
nigue appears to be more practieal and less
expensive than the use of sentinel mice. Tn
addition, it offers exeellent possibililics for certain
epidemiclogic investigations af theae viruses, such
ss vomparative measurements of the intensity of
virnz setivity in different ecologie niches o
seetors of g town, It would alse serve as an
elficient tool Lo gange euickly the existing dangers
to man of scquiring infections with these patho.
enie agents in areas where no previous Jnowledge
exigts alont the activity of these viruses.

Results obiained durng the first month of
operation of the hamster-exposure program Ligve
helped fill & gap in our knowledge of the ceology
of VIR in Almirante, While it has been suzpeeted
that the Venezuelan virus was ensootic snd ever
pregent in the aves, the lack of isolations from
sentinel mice, mosquitoss, and wild mammals
during Februars and March in previous years
posed the question as to the virus activity during
ihis period. This question has been partly an-
swered by the results,

The intense activity of zroup C arhovirses,
and of Ossa virus in particular, revesled by the
sentinel-hamster progeam, was indeed surprising,
as these agents were previcusly known in Al-
ioieante only by oceasional isolations from wild
rodents, man, sentinel mice, snd only rarely from
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moesquitoes. Whether this intense sctivity s the
result of unusual cireumstances or actually rep-
resenls & normal oecurrence not defected by other
methods will have to be determined,

After the initial exposures reported here, il
was realized that feed-back of virus from zentine]
hamsters to wild mosguitoes could be of such
magnitude ss to obseure the pleture of the
oatursl dyosmies of virus transmission, In order
o avold the estalili=lonent of such artificial loeal
focl of wvirs activity, successive exposwres of
sentinels were spaced ai 2omonth intervals aod
alternated between two exposure siles separated
Ly al Jewst 800 it, at each of the sendine] stations
deseribed above. To this manner, no hamster was
exposed in o place previously weed az a zentinel
site for af lesst 4 months.

The masking of a virus that iz in & period of
marging] trapsmission by s virgs undergoing
intense activity and producing rapidly fatal
infeetions in the hamsters is & possibilicy that
should be cantemplated i the use of this method,
In o sludy area such a problem srose with the
possible mosking of VEE by Ossa virus, Fxperi-
ments are now in progress inowhich hamsiers
immunized against Ossa virus are exposed to-
gether with normal hamsters, in order to deteet
Dasa virys in the latter animals and ather arents
in the immunized sentingls,

Inzect collections on the hamsters would soem
to point o Ciler mosquitees of the subgenus
Melanoeonion, and in partioular 1o € vomerifer,
as the veetors of the bulk of the virnses lsolated
from hamslers, as the only mesguito nol belong-
ing to this group that was captured in appreciable
numbers was Mansonia venssuslensis, a spevies
that has been shown te be s poor carver of
arboviruses in the study area)! This eonelusion
may be guestioned sinee eollections on the ham-
sters were limited o the peried betwesn howrs
180 and 2200, However, previous work has
demonstrated that sentinel mice acquire virus
infections in the ares almaos), exclusively al night .t
It has alzo been found that about 809 of the
mogquiloes that feed st night in Almirante do so
during the evening and early nocturnal period 1o
The fset that investigations in the study area!
and  elsowhere % have  demonstrsted  that
Melanacenion mosquitoes were frequently found
harbioring these viral aments would seem 1o ofor
support 40 the theory that they are the natural

a2a

veetors of these viruzes. The vertieal digtribation
of virus sctivity in the forest, as gauged b
sentinel hamsters, = alo consonant with (he
vertical stratification in the forest of the popula-
Lion of the suspected veetors reported earlior.!

SUMMALY

Sixteen arbovirus iselates were obtained from
21 golden hamsters exposed in five different
loeations in an ares of tropieal rain forest of
Panamd during Felrnary and MMareh 1966, This
snimal proved to be g suscessiul sentinel far the
detection of Venezuelan equine encephalitis Ousy,
Madrid, Patoiz, and Guamd viruses during the
lows: transmizsion period of 1966, Mosquito colle-
Lions on the exposed hamsters seemed to point to
{udex: mosguitoes of the subgenus Melanasonion,
and to ¢ vomerfer in particular, as the vectors of
the bulk of ihe viruses isolated from hamsters.
Solution: are supgested for problems, such as
feed-back of virus fram the zentinel hamsiers to
wild mosguitoes, which may develop from the nee
of this methaod.
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