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Tmrs paper reports the results of an investgation of ar-
bovirus infections in non-human vertebrates along two
proposed sea level canal roures in Panama and Colombia,
The study was designed 1o demonstrale transmission oceur-
ring during the engineering feasibility studies, s well as
to produce evidence of past arbovirus infection in verte-
brates inhabiting the route arcas. To achieve this, varous
survey technigques were used, including the collection of wild
vertebrates and the use of varions species of vertebrates as
sentinels. Thiferences in geographic and habitat distribution
patterns of the arboviruses were also investigated, as well
as correlations with the distribution patterns of known and
potential arthropod vectors. These corvelations will be dealt
with in subseqguent papers in this series
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Materials and Methods

Survey methods and deseriptions of the study arcas along
these two proposed sea ]lf".tl canal routes are described in
The means of de
lecting virus activily was EJ‘:.' the use of senrinel golden
hamsters {Mesocricelus auratus). Hamsters were exposed i
cqual numbers at elose 1o grnund level and m forest cane
pes at heights of 15-20 m. Exposure periods were 30 davs,
unless the animals which became sick or died during expu-
sure were necropsicd in the field and various Dssees (heart,
liver and brain} were sent 1o the base laboratory (Gorgas
Memaorial Laboratory) for virus isolation attempis, Sero-
logical tests were performed on the sera of surviving ham-
Sters. )

Virus iselation attempis were made by the inoculainn
ol sera or tissue suspensions inlo suckling mice or e vero

carlier ['?l:ij}t“['v ol this series prlrlt |] al

cell cultures. This was done routinely with hlood samples
rl"l'liEI W";]l_t-[_'.i'tllluhl Iil}l”'lﬂli'l.h-j HT:II'_I t"l'(_)fT] .‘_it_‘.r'll‘[“t_!l n'urmkt_'.x-‘s,
and with tssue specimens leom sentinel hamsters and serili-
nel mice. The techniques used Tor serological wesing of
samples and also for attempts to dsolate viruses were essens
tially identical 10 those used in the handling of human
samples, details of which have been given previoushy,®
Tweniy-one antigens prepared from arboviruses previ-
ously isolated from Panamid were included in the serological
tests of wild vertchrate sera and inantibody
studies in sentinels after exposure: Yenezuelan equine en-
cephalics (WVEE) castern equine cncephalitis (EEE) Una
(UINAS, ?\‘f}l}r‘iuﬁ (MAY L 51 Lows t'.rl-:j:‘el_rh';llil-l.s (SLE), Yel-
low fever (YT, lheus (ILH), Bussuquara (BS()), Ossa

[_'.Hi}\-'!.'[.‘;ill-l]
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TABLE 1l
DETECTION QF ARBOVIRUS TRANSMISSION OGN ROUTE 25 IN NORTHWESTERN COLOMELM

S VEL
Tesied Pesitive o
Virus lsolation Alempls:
Sertined hamsiers 43 11 4
Wild-eanght vertebrates 192 k]
Subtoral M 14 1
Antibody Conversions:
Sentingl hamsters 35 2
Scoiincl menkeys I v
Subietal a6 2
Lmal RIHY in 4
(OSS5A), Madrid (MADY, Nepuyvo (NEP), Patois (PAT),

Legla (ZEGY, Chagres (CHG), Guama (GMAY, Chan-
guinola (CGL), Wyeomyia (WYO), Cache Valley (CV),
Melao (MEL), Guarea (GROY and vesicular stomatitis-
Indiana (VSI). The principal test used to detect the presence
of antibady in blood sera was the hemagglutination-inhibi-
ton (HI) test. The seven non-hemagglutinacing antigens
(GMA, CGL, WYO, OV, MEL, GRO and VS were used
m Lhe complement-fixation (CF) st In addition, newtreal-
ization tests wore performed with some 400 willd vertebrae
sera for the presence of VST antibodies,

Results

Detection of Active Virus Transmission

OF 144 hamsters exposed during 1967 on Route 17, 46
were lost through predation, escape, and other non-specific
causes. Of the remaining 98, 30 (31 per cent) sickened or
cied in the ficld. From these, 14 virus isolates were obtained
{Table IN. VEE, MAD and (O55A were the viruses mosi
Meequently asolated. GMA was isolated once. Serological
tests pecformed on surviving hamsters showed evidence of

, L'NA SLE MAD [5A GMA
| 1 3 [ 1 L
1 | L
| 1 + 2 2
| 2
i 1 4 [ 2 ’ I

infection with UNA and GMA, but only three of 62 ham-
sters so Lested showed a positive reaction to any of the
antigens tested.

Beeause of transportaton problems, the use of sentinel
mice proved discouraging. Only o single virus isolation
(O55A) was olnatned from a ol of 73 families exposed
from April 1o September 1967, many of the families became
sick in the field but died before Ii!t‘!y could be returned to
the hase laboraey, Senunel mice were not used on Route
25, which was even more distant from the base laboratory.

Wirus solation attempts from sera of sencinel monkevs
were negative after exposure periods ranging from a few
weeks 1o almost a year. Rises in body temperature were
oecasionally chserved among 13 rhesus, black spider and
reed spider monkeys used, but febrile blood specimens in-
vartably tested negative for virus, Post-exposure serological
tests, however, were positve in seven ol ol 13 monkeys
exposed on Route 17, Vieuses delected were VST, MAY and
CGL VSI was detected in four monkeys, This was the frst
time evidence of (ransmission of this cattle discase to non-
human primates in nature had been demonstrated.? MAY
and CGL, have both been salated from man clsewhere.
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Three arboviruses (VEE, BSQ and NEP) were isolated
From a wotal of 2029 sera or plasms collected from wild-
caught vertebrates, A single isolate of VEE was from a
meuse oppossum [ Marmoss spp.; solates of BSQ) and NEP

were fram spiny rats {Procchimgs semmsfingins). Neither af

these viruses was detected from sentinel animals, although
hamsters are known o be susceptible.”

On Route 25, 109 hamsters were exposcd, of which 39
sickened or died during exposure, Eleven virus isolates were
obiained ('Table 1T and evidence of six more infections was
obtained by pathological examination!! VEE and MAD
were most frequently Jsolated, and UNA, SLE, OS8A, and
GMA were each iselated once, OF 33 surviving hamsters,
twa were Tound 10 have antibodies against GMA.

From 630 wild vertehrates collected on Route 25, sera
irom only 442 were available for virus isolation atnempts.
The remainder were inactivated in the field prior 1o ship-
ment, in accordance with measures established 1o prevent
introduction of fool and mouth disease into Panama from
northwestern Colombia where, unfortunately, an epizootic
cecurred in late 1967, This affected collections mainly from
Rio Atrato (Area 8), an area found to be highly endemic
for arboviruses. Theee samples Trom Proeciumiys semisfinosics
vielded viruses: OSSA, MAD, and GMA

Only one sentinel monkey was exposed on Route 23
{Alto Curiche, Area 6), This exposure was negative in all
rEspects,

Antibody Detection

The results of T and CF 1esis of sera from wild-caught
vertebrates on Route [7 is shown in Table I Spiny rats
made up nearly a third of all verebrates collected, and
about a fifth of these had virus antibodies. Mouse opossums
{Marminsa) and rice rats (Onzemy) also were collected in
substantial numbers, but had lower antibody rates, Flying
animals (birds and bars), althowgh tested in relatively la rae
numbers, showed antibody rates of less chan two per cent,

OF a total of 2,113 samples tested by HI, 252 were posi-
tive to one or more groups of antigens (Table 1) Ciroaup
A positive sera probably contained antibodies to VEE, since
this virus is highly endemic in Panama. Two other Group
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A viruses, MAY and UNA, however, are also known o
occur in the area, although no jsolations ol these two viroses
were made from Route 17, Group B positive sera could have
had antibodies 10 SLE, ILH, and/or BSO), all of which are
endemic in Panamd, Samples positive for Group O proba-
blv resulted from OSS5A, MAD and/or NEP viruses, OF the
Patois group, only PAT and ZEG are presently known from
Panama,

Evidence of infection by Phichotomus fever group agents
in mammals was indicated by HI test results. Although
Chagres virus has caused human infections in Panama, CF
tests using this antigen failed to produce any positive reac-
tions among sera positive 1o the group by HL CF antibodies
te CGLL, GMA, MEL, CV, WYO, and VSI were demon-
strated in several samples. Most of the VSI positives were
lrom wild-caught monkeys, which was consistent with infec-
tiens seen an sentinel monkeys,

Neutralization tesis with VSI virus were performed with
randemly selected sera from vertebraces collecied an Route
17, Farty-cight of 419 tested were founed positive. O these,
83 per cent were from arhoreal animals,

Fesults of anubody tests on sera from vertehrates col-
lected on Route 23 are shown in Table TV, Fewer verte-
brates were collected, bur overall species composition was
in aboul the same proportion as for Route 17, and 1he
overall antibody rate was nearly the same.

Geographic Distribution of Arbaviruses on the Routes

The presence of arboviruses, as detected by sentinel ani-
mals and wild-caught vertehrates, was found 1o be distrib-
uted unevenly an the routes (Table V). On Route 17,
Sasardi (Area 5) was found 10 be a highly endemic area
for most viruses oceurring on the route. Only two viruses,
MAY and CGI. were detected in the Santa Fé Area (13,
and only UNA and VSI in the Morti Hydro Arca (31 The
results of the screening HI tests showed a similar pattern.
From the Sasardi area, 23.5 per cent of all vertebrate blood
specimens showed an 11 positive reaction; the percentages
for the Santa Fé and Morti Hydro areas were 8.3 por cent
amnd 4.9 per cent, respectively.

On Route 25, Teresita (Area 2} was found 1o be endemic

TABLE 1V
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TABLE ¥

GEOGRAPHICAL DISTRIBUTION OF ARBOVIRUSES DETECTED BY SENTIMEL ANIMALS OR I5SOLATED
FROMN WILD-CAUGHT VERTEBRATES
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for VEE, UNA, Q&S8A, and MAD viruses, In the Rio Atratwo
Area (87, MAD, SLE, and GMA viruses were present, The
percentage of positive HI reactions among specimens col-
lecred in the four collecting areas of Route 23 were as
follows: Rio Amato (Arca 8, 123 per cent; Teresita {Area
23, 11.8 per cent; Curiche (Area 4), 8.1 per vent; and Alto
Curiche (Area G), 6,9 per cent.

The averall pereentage of positive HT tests for all blood
specimens tested were: Route 17, 11.Y per cent; Route 25,
0.8 per cent.

Habitat Distribution of Arboviruses

Table W1 lists the vertical disieibution of arboviruses
detected in sentinel animals and virus isolaions feom wild-
caught vertebrates [rom hoth rowtes. Less than a third of
the detections were from animals exposed or capoured n
the forest canopy. MAY, CGL, and VSI viruses were only
detected in the canopy, however, VEE, UUNA, O53A, and
MAD viruses were deteeted in the canopy, BSCY SLE, NEP,
and GMA were detected only at ground lewvel,

An analysis was made of the numhber of arbovirus ant-
bady detections by HI CF, and neoiealization test accord-
ing to the habitat from which the host vertebrate was eol-
lected. Most positive specimens came from vertebrates
rapped in forests, but there was no significant difference
in the proporinn of positive reactors among vertebrates
collected in forests, villages, grasslands, mangrove swamps,
ar abandoned farmlands coverad with wild banana {(fefico-
n Spp.)

Discussion

The method of exposing sentinel hamsters 1o demon-
sirate transmission of arboviruses, developed by Scherer wr
af™ and successfully used by Srihongse ¢ a7 was found o
be a highly productive technigue to detect activiey of vari-
ous viruses along the two proposed sea level canal roures.
Ten per cont of 233 hamsters exposed along these two study
areas yielded several viruses, namely VELE, UNA, SLE,
OSSA MAD and GMA., .-'\|lhnu;_f]‘1 SLE and GMA viruses
have been shown to be non-pathogenic 1o the adult hamster
by experimental inoculation,” these two viruses were acci-

dentally tselated from the sick hamsters removed from ex-
posure in the ficld.

The exposiure of sentinel monkeys revealed the prescnce
ol additional viruses not previously isolated from the area,
Although no virus salates were abtained, annobady conver-
sions to MAY, VSI and CGL antigens proved that these
viruses were petive during the study period. The presence
of V51 antibodies in monkeys is consistent with recent evi-
dence of arboreal ransmission of the disease by phleboto-
mine sand fies,™*

In remote arcas, as in the present study, exposure of
seriinel mice may net be as effective as in regions where
there 15 less difficulty in shipping exposed mouse groups ta
a central laboratory, Some of the mice which died during
the delaved iransits could have been positive for viruses,
IHowever, the animals arvived 1oo late for isolaton attemprs,
There may have been differences in efficiency of virus detee-
tions between hamsters and mice. Furchermore, the actrac:
tiveness 1o insect vectors of these two hosts may difler,

Results of virus molation attemprs and the detection of
antibody conversions in this study, combined with the stud-
wes in man,” demonstrated that at least 12 arbovicuses were
actively ansmitted in nawre during the study period in
1967, These viruses inclucded VELE, UNA, MAY in group
A B3O, ILIL SLE ingroup B OO85A, MAD, NEP in group
C and GMA, CGL, V51 in miscellaneous groups. In addi
tian, scrological lindings i man and wild vertebrates indi-
cated that these viruses were widely spread along these two
proposed sea level canal routes.

A r:mn[}a]'i};()n of virus solations, .11|‘|1il'mffy conversion
vates, and the pereentage of positive reacting sera for the
various collecting areas on the two routes indicates that
arbovirus activity was greater on the Atlantic slope of Route
17 than on the Pacilic slope. This agrees with the faco that
most previous virus solates lrom Panamd have been from
areas near the Atlante coast, especially Almiranie "™ Sero-
logical survevs in human residents of the Pacific towns
the western part of Panama and the Azuero Peminsula also
show much lower antibody rates 1o arboviruses than areas
along the Atlantie coast. A lactor contributing 1o this s
probably the greater precipitation on the Atlantic coast of
the Panamd,' including Rowe 17 Along Rouwe 25, the
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geographical differences were less pronounced, and antibody
rates were roughly comparable in all arcas, leresita and
Curiche, the areas receiving the most rainfall, did show 1he
highest antibody rates among wild-cangho vertehrates,

The predominance of MAY, CGL, and VSI viruses in
the forest canopy implies a transmission cycle involving
arboreal vertebrates and inseets. This is eertainly true of
\*:'S]’_'LS-,!]

Failure 1o show significant differences in antibody rawes
among vertebrates collected in various ceological habitacs
s indicative ol the mobility of verichrate animals, cven
ground inhabiting mammals from which the greatest num-
ber ab antibody detections were made,

Summary

A study of arbovirus infections in non-human vertebrates
along two proposed sea level eanal routes in Panama and
Colombia showed that VEE, Una, Mavaro, 51.E, Ossa,
Madricd, Guama, Changuinola and VSWV-Indiana viruses
were active in the study area and that they are detectable
by the use of sentinel animals. Additional strains of VEE,
Cssa, Madricdd, Guama, Nepuvo and Bussuguara vieuses
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were obtained from wild veriebrate sera. The last two apents
were not detected inosentinels,

Virus transmission was shown to be more prevalent along
the Atlantic coast than on the Pacific side of Route 17, On
Reoute 25, rransmission raws were abont the same in all
areas, Detection of viruses from different levels of the forest
demonstrated that at least three viruses, Mayaro, Chan-
suinala and VSV-Indiana, were maore prevalent in the
CANDPY.

Analysis of habitar distribution of wild-caught verte-
Brates failed 1o show any significant differences in arboviens
antibody rates among animals captured in forests, prass-
lands, villages, mangrove swamps, and abandoned, wild-
banana covered farmland.
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