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Srihangse, 5. [Gorgos Memerial Laberatory, P.O. Box 2014, Bolboo Heights,
Canal Zene). Yesicular stomatitis virus infections in Panomanion primates and
other vertebrates. Amer. J. Epid., 1969, 90: 69-74~—A large scale survey for
antibadies to vesicular stomatitis virvs {Indicna type) in mankeys and ather wild
vertebrates was performed in different areas of Panama. Approximately 75%
of 267 menkeys in Darien province were positive in neutralization (NT) tests
whereas only 1995 positive results were obtained from 383 monkeys collected
near Panama City. Spider monkeys (Afeles spp.) showad the highest rate of NT
antibodies to ¥Y5¥-Indiana. A high incidence of complement-fixing [CF) antibodies
was also demanstrated in Darien menkeys, NT tests in wild vertebrates ather
than monkeys showed a much higher rate in arbereal mommals than in ground-
living wnimals, Two-toed sloths (Choloepus hoffmani] and tropical poreupines
[Coandou rothschildi] were ameng arboreal mammals showing evidence of high
V5V-Indiana rates. Yirus isclation attempts from 1,558 wild vertebrotes were
negative but a strain of YSY-Indiana was cbtained from o worker on a cottle
farm in Darien. Four of the sentinel monkeys exposed there showed rises in W3-
Indiana antibody titers, although virus isolation cttempts from serial bleedings
were negative. The findings above previde supportive evidence that monkeys and
other arboreal mommals may be invalved in Y5V-Indiane eycles.

antibadies; complemant fixation tests; monkeys; neutralization tests; vesicular

stomatitis virus; virus diseases; viruses

INTRODUCTION

For several decades epizootics of vesieu-
lar stomatitis vims (VEV) have commonly
peeurred among cattle, horses and pigs n
the United States. Other endemic arcas of
this Iivestock disease include Mexieo,
(3uatemnals, Panama, Colombia and Vene-
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*Gorgas Memorial Leboratory, Pansma K. I
{mailing address: Po O, Box 2016, Balboa Heighls,
Canal Fone).

i)

zuela. The virus has also been detected in
Brazil and Argentina, and as far from the
western hemisphere as France and South
Adriea (1). However, since V3V iz generally
considered to be a disesse of the New
World, the eases in France and South
Africa are believed to have been imported
from the Americas. Qutbreaks of the
Indiana type of V8V in North America
huve been confined largely to the south-
western states, while the other known type,
MNew Jersey, haz been prevalent in the
zast as far north as southern Canada
(2). A third member of this group, Coeal
virus, has been isolated from wild rodents,
mites and mosguitoes in Trinidsad  and
Brazil (3, 4). Recently a fourth member,
Alagoas virus, wags isolated in Brazil (5).
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Federer et al, proposed to classify VEV-
Indiana, Cocal and Alagoas viruses, ac-
cording to their serologie eross reactivities,
gz Indiana type I, II and 111, respectively.
VBV has been provisionally grouped taxo-
nomically sz a Bhabdovirus by the In-
ternational Committee on Nomenclature
of Viruses.

The mode of transmission of thiz group
of viruses is still not understood. The virus
gan pass from animal to animal by econ-
tact through skin abrasions and mucosae.
However, this apparently 1z not the
major means of dissemination as outbreaks
have appeared almost  simultaneously
throughout  infected areas (6-8). Al-
though the natural method of spread is not
definitely  known, VEV iz provisionally
classified as an arbovirus (1), More re-
cently Casals, at the 1968 meeting of the
American  Soclely of Tropical Medicine
and Hywypgiene, recommended the use of
Yarbovirus™ as an ceologle grouping rather
than o toxonomic group as it clearly con-
tains viruges which differ in morphology
and  physical-chemicsl properties. T4 1s
assumed that arthropod vectors may be
involved in the natural eveles of VBV
sinee outhreaks oceur suddenly during the
summer season and disappear with the on-
got of freesing temperature, However, wirus
izolation attempts from arthropods rarely
have been successful, Phlebotomine sand-
flies in Panama were found to be infected
with a strain closely related to VEV.
Indiana (9). A single isolate of thiz virus
typo wasz also obtained from Aedes mos-
guitoes during an outbreak in cattle and
hiorses In Mew Mexico in 1965 {10},

Human infections with V8V have been
oceasionally  reported coneurrently  with
outbreaks in lvestock, and during  the
recent  epizootic in Colorado and New
Mexico, many human cases were delected
(11}. In Panama, specific neutralizing
antibody to V3V-Indians was demonstrated
in & high percentage of hmmans in native
populations  near Almirante (see  map)

where  Infected sandfiics were obtained
(91, Hich antibody rates of V8V-Indiana
were also observed in an endemic area
{Achiote) of leishmaniasis, a sandfly-
transmitted infectlon. A limited number of
wild wvertebrates in Panama have been
tested by Kuns who demonstrated that the
majority of the three-toed sloths and
kinkajous collected in the canopy of the
tropical molst forests of Panama were im-
wmune Lo the Indiana vims (12),

The present communieatlon deseribes
the results of a large =cale survey for
VEV-Indiana antibodies in  wild-caught
Panamanian monkeys and  other wild
vertebrates. Virus transmission in nature is
shown to be detectable by sentinel mon-
keys. Hesults of virus izolation attempis
irom vertebratez and preliminary VEV ex-
perimental pathogencsis in monkevs are
alzo presented.

MATERIALS AND METHODS

Serum samples of non-human primates
and other vertebrates used in this study
were oblained from several projects of the
Giorgas Memorial Lahoratory {GML). The
vellow fever survelllance project, Teported
in 1867 (13}, provided large numbers of
monkeys from areas around Tuira and
Mono rivers in Darien provinee and Cerro
Azul in Panama provinee (figure 1}, Some
monkevs and other wild animal sera were
obtained irom a preliminary survey in the
Darien gap of the Interamerican highway in
1963 (14). Other serum specimens of man
and wild vertebrates, collected in Darien
provinee (Bantan Fe-SBasardi area) and the
northwestern region of Colombia in 19686-
1967, were received as part of the coopera-
tive project of GML with the Qffice of In-
teroceanic Canal Studies [(OICE), OICS
also handled the sentinel animals for detee-
tion of arbovirus transmission. The overall
results of the OICE project will be reported
eleewhere, In the provinee of Panama, mon-
keys trapped from 1965 to 1968 in the
Pacora ares and the upper Bavano river
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Fiovne 1. Map of the Republic of Panams showing location of study areas.

basin, were purchased by the GML Primate
Malaria project which provided serum
samples for this study, All other wverte-
brate sera e¢ollected in 19671968 were re-
ceived [rom the GML leishmaniasis proj-
ect, which carried on field activities mostly
in Colon provines (Achiote), Panama,

Methods of exposing sentinel mice and
hamsters were deseribed elsewhere (15, 16).
Monkevs were also exposed in the study
areas. They were placed in Individual
pages m the forest canopy. 4 well balanced
meal including fresh fruit was given daily
and the animals were checked twice a day
for body temperature and signs of illness,
Bleedings were performed when high body
temmperature was detected and upon other
oceasions during the three- to five-month
period of exposure.

Vesicular stomatitls virus strain BT 78,
identified as VIV-Indiana (9}, isolated
from Phlebotomine sandfiics in Panama,
was  lkindly  supplied by Dr. Pauline
Peralta for thiz study. Virus stocks, in
seventh infant mouse brain passages, were
prepared as 200 per cent clarified brain sus-
pensions in phosphate buffered saline pH
7.2 pontaining (0L.75 per cent bovine albu-

min, and were stored in sealed pglass
ampules at —63 C. Bucrose-acetone ox-
tracted antigen (17) was used in the
complement-fixation (CT)  tests  which
were done in plastie plates using a modifi-
eation of the Fulton and Dumbell micro-
technique (18). Initizl serum dilution of
1:4 was used. Neutralisation (NT) festing
was performed in monkey kidney (Vero)
cell cultures, emploving & constant-viras
varying-serum  dilution technigque. The
lowest serum  dilution tested was 1:5.
Berum-virng mixtures were incubated at
4 C overnight prior to ineeulation in culture
tubes. Bamples were considered positive
when initial-dilution serum neutralized at
least 100 tissue culture infective doses, 50
per cent effective (TCIDgg) of wvirus in
both inoculated tubes. Titration endpoints
were ealeulated by the method of Reed and
Muench (13,

Virus isolation attempts from  verte-
brates were made in Swiss mies two-to-
four days old by the intracerebral (IO}
route of inoculation. In some instances
Vero cell eultures were used. Titers of VBV
in these cell eultures were similar to those
obtained in suekling mice 1O,



72 BUNTHORN

Hrsunrs

Preliminary OF fests of wild verfebrales

All wild vertebrates collected in 1966
and 1967 from the Santz Fe-Sasardi area
in Dwarien province, Panama and from
northenstern Colombia were subjecied to
serologic testing with V3V-Indians anti-
gen, A total of 2,080 animal sera, including
522 from Colombia, were first tested by the
CF technique. Serum samples ncluded n
large percentage from wild rodents (40 per
cent, spiny rats and 16 per cent rice rats).
Other specimens were from bats (12 per
cent), Marmosa opossums (9 per eent),
monkevs (2 per eent), other mammals
(16 per cent] and birds {5 per cent). Re-
sulls of these tests showed that only 10
samples of the tolal were positive; nine of
which were from monkevs, A single non-
monkey positive was an opossum. The
positive resulls in meonkeys represented 32
per cent of all monkeys tested. No positive
COF reactions were detected from Colom-
bian samples, including six monkeys,

VSV anfibodies in monkeys
SBinee CF antibody titers are ephemersl
while neutralizing antibodies usually per-

TapLe 1

Va8V -Tndiane newtralizing anlibodies in Pona-
meantan monkeys collecied belwesn T968 and 1568

Tarien Pangms
Frovinee Prowvince
Sprecies —
Wo | @ | Mo | =
Tested !'Pc-s-itivc Teated [Positive
Black Spider (dieles o | 56,7 | 62 | 43.5
fuseiceps) :
Bed Spider (4 feles 36 | 80.0 15 | 44.4
geaflroyi) |
White Faee (Cebus a8 | Bl.O| 39 | 25.8
copieinug ) |
Marmoset (Sagutnas 12 | 75.0 a6 0.4
geafiroyi)
Howler {4 lvualia v2 | bl.4 30 | 28.2
padlimin)
Wight Monkey (Aotus ) = 124 7.0
Irivirgalug) .
Total 247 | T4.5 | 383 | 10.2
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gist in viral infections, as shown for V2V
in cattle (20} and in man (21}, it iz prob-
able that monkevs and other wild verte-
brates may also react similarly. A large
number of monkeys eollected In  the
study area and from ether areas were then
tested by NT in an attempt to determine
the true prevalenece of previous VBV infee-
tlon in thiz non-human primate popula-
tiomn.

A total of 650 monlevs, collected in
Daricn and Panama provinecs from 1962
to 1968, were tested by NT with VEV-
Indiana. Samples from 28 monkeys tested
by CF above were also included in the
tests, Hesulls shown in table 1 demon-
strated that almost half of these monkevs
had neutralizing antibodies to VEV-In-
diana. In menkeys from Darien provinee,
70 per cent of 267 samples tested were
positive, whereas only 19 per cent antibody
rate was detected in 383 monkeys from the
areas closer to Panama City. The different
speeies of monkeys ineluded in the tests
are shown in this table. All species tested
were positive by NT tests. In Dwarien
provines, Black Spider monkey [(Afeles
Juseiceps) showed the highest rate {87 per
cent) of previous infection., White Face
and Red Spider monkeyvs, and marmosets
also had high rates of antibedies. Serum
neutralizing antibody titers in some of the
positive samples were as high as or higher
than 1:1,280 when tested with 100 TCID s,
of virns. A group of nine squirrel monkevs
{Salmirt sciureus) shipped from Peru was
also tested with VSV-Indiana. No NT
antibodies were found in any of these
monleys,

In order to determine the occourrence of
resent transmission of this virus, CF tests
were then performed with this group of
monkeys., Since many of these sera were
anticomplementary, only 333 tested sam-
ples were subjected to the analysis. As can
be seen in table 2, 14 per cent of the total
monkeys tested were positive, representing
one-third of those positive in NT tests. CF
reactors in Darien monkeys were four
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Tanie 2
VEV-Fnediona  complement-fizing  antibodics in
Ponomondan monke ps collected beliwean 1962 and

18968
Diarier Fravinoe Fanams Provinee
Species
ﬁ&d Mo, Pogitive Tt?;d Mo, Positive
Black Spicler {Atles fil 1% 48 L]
Nescicenr]
Fed Bpader ! Afeles [ | ] 1% 3
qeafroyi] |
White Froe {[Cehus 15 2 | 25 2
ETALTRUS)
Marmoset [Saguins 10 fi i3 i
yeaffropi]
Haowler [Alowatts o 11 23 2
pbliain)
MNight Monbosy {dofus ] - Af i
frivdrpadus )
Totnl | 110 E H 14
(=27.7%} (=657

times higher than those from FPanama
province. It should be noted that most of
the positive samples from the latter area
were collected from a single locality near
the headwsters of the Pacors River called
Cerro Azul (fizure 1),

VSV antibodies in wild vertebrates
ather than monkeys

A total of 511 non-primate vertebrales
collected from 1966 to 1968 were tested
by NI, Table 3 demonstrates the results
of T teste in non-primate animals irom
two study areaz. Verlebrates in Darien
provinee were colleeted from areas where
high VaV-Indiana antibody rates in mon-
keve were detected, On the other hand,
more than 90 per ecent of the animals in
Panama and Colon provinees were col-
lected from arvess where no monkeys have
been trapped. However, an aren in Colon
provinee {Achiote) provided a large num-
ber of arboreal mammals, This i= a known
endemic arvea of lelshmaniasis, where a
high antibody rate of VSV-Indiana also
was shown inman (9.

Results shown in table 3 demonstrate
that arboreal verlebrates experienced
higher ratez of VEV-Indiana infections

73

than terrestrial animals. In the two regions
combined, 30 per cent of 214 arboreal
mammals showed neutralizing substances
to VEV-Indiana whereas only 5 per cent
of 213 terrestrial animals tested were posi-
tive. Among arboreal mammals, the two-
toed sloth (Choloepus hoffmani) and the

TanLE 3

V3 V-Indiona newtralizing antibodies fr wild verle-
brafes other thon monkeys colleciod  belween

1066 and 58§

. e | . E
Arca Species Test- | PLD..S?:- Pusﬁiﬁrc
Trarion Arboreal varlelestles FLi 4 5.z
Provinea Brown-msaked Ogpos- i 1
summs [Hefachimes |
madreausales]
Twe-Loed sloths= 4 ]
| (hcioepus ko fmand)
Wanly Oposms a i
(Cnlurcwra derld-
anus
Other arboreal verte- i 1
brates |
Grownd and arbores] #3 4 H
vertebrates  (Ddel-
PhiE marsuzializ)
Bats und Bicds H w i
Giroond vertsbeates ] I 5.5
Spiny culy (Mroscbimys] 106 4
Aemids pEnaswa )
Rive rais (Gryromys 35 1
Eodi |
| Ocher grownd verte- L 3
brates
Hub-iotal 203 ] Bl
Panpma and | Arhereal vertebmbes | 171 ] a5.7
Colon Twntanrd slathy | o =3
Provinees (Dhalcopus Aofmari)
Threpsoed slotls 40 [
{Bradyrus gresens] |
Porcupines (Coenden | 27 17
tothaehaldi)
CHier arboreal verlbe- 14 ]
buratey
Gronnd and arharenl w® L | ion
vertebroles {fzdel-
s mErsupialis)
Cironnd vertebeates 21 i 2.8
Epiny cats (Preschimps| £5 1]
| Aemls i nasLs ) !
Bpiny rats (Hoplonys 2 1
R )
Orileer ground verta- E 1]
brates
Sub-tolal 215 153 2.5
Total 511 | B3 I5.2

=

* Italicized numbers represent totals of indicated grovps of

+rriabrates.
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Porcupine  (Ceoendow  rothsekildl)  were
more frequently reactive than others, CIF
tests were also performed with 159 sera
from arboreal animals. Only two positives
were deteeted, both in two-toed sloths from
which 42 samples were tested.

Virus isolation attempts

Blood samples of 1,558 vertebrates irom
Darien provinee {SBanta Fe-Sazardi area)
were used for virus isolation attempts. No
¥EY was obtained. In addition, 199 mon-
key sers  collected  from  Darlen  and
Panama provinees were tested  without
recovering virus, Ninety of these monkeys
were later found to be Immune to VEV-
Indiana. Liver, spleen and kidney suspen-
glons rom three monkeys, 32 arboreal and
40 ground mammals were also inoeulated
in mice, No V5V isolates were obtained.

During  a  12-month  period of field
studies in Darlen provinee in [D66-1967,
gers of human fever cases in that area
were also tested for wirus, From 31 fever
vases examined, one isolate of VEV-Indi-
ana was obiained. Thizs was o 20-year-old
male worker on & catile farm in Darien
provinee, At the time of his febrile illness,
he cxperienced chilly sensation, headache
and diarrhea. No vesicular lesions were ob-
sorved. We were unable to secure conva-
leseent-phase zerum of this positive case
for serologic studics, Reisolation attempis
trom acute-phase serum after two months
ghorage at —B5 O were unsuccessful,
Sinee validity of this isolate was not con-
firmed, the isolation cannol be substan-
tiated. However, in asymptomatic subjects
fraom the same area, neutralizing antibodies
were detecled in 29 of 132 samples tested
(22 per cent).

Detection of VSV infection in
sentinel monkeys

During the same one-year period of
field study, seven Black Spider moenkeys,
three rhesus monkevs, two White Face and

one Red Spider monkey were exposed in
Darien provinee. Virus isolation attempts
from all serum samples of periodic bleed-
ings of these monlevs were negative. How-
ever, VBV-Indiana antibody conversions
were detected by CF and NT tests in four
sentinel monkeys exposed in the forest
canopy  in two  different localities. The
positive sentinels were two Black Spider
monleys, one White Face and one rhesus
monkey. CI' tilers of the two positives
were higher than 1:32, the highest dilution
tested. Neutralizing antibody titer deter-
minations in post-exposure samples of all
four monkeys showed conversion to more
than 1:1,024 when tested with 100 TCID,,
of VaV-Indiana,

HSentinels olher than monkeys were also
expozed in the same ares: these ineluded
73 Dtiers of mice and 86 hamsters. The
latter animal has been shown to be sus-
ceplible to V5V-Indiana (22). No isolates
of thiz virug were obtained from all senti-
nel mice or from 22 hamsters found dead
after exposure. Likewise, no positive V8V
antibody  conversions were demonstrated
in 64 surviving hamsters (some of which
were placed in the eanopy) after a one-
month period of exposure.

Erpertmental pathogenesis of TSV
th meonkes

Two young adult spider monkevs were
inoeulated  subeutaneously with 6 Logg,
TCIDg, of VEV-Indizna virus. Both ani-
mals were shown to be free of neutralizing
antibodies to V8V-Indiana before inocula-
tion, Bleedings were done dally for a
period of one week after inoculation, Serum
samples (1:5) of cach bleeding were in-
orulated in suekling mice intracerchrally.
Yiremia was not detectable and no vesien-
lar lesions were obgerved in these monkeys
during the period of these experiments, No
attempis were made to izolate virus from
specimens other than blood, High CF and
neutralizing antibody titers developed in
both rmonkeys, tested at one month post-
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inoculation. However, persistence of these
antibodies has not been determined.

Disovssoon

This large seale survey for VEV-Indiana
antibodies in wild vertebrates clearly dem-
onstrated that s high percentage of mon-
kevs and other arboreal mammals in
certain areas of Panama were being in-
feeted with this virus. The results supgest
that, besides the normal eyele of infection
in  domestic  livestock, the wvirus may
maintain itzelf in 8 wild sanimal eyele in
the forest canopy. Although insect wvectors
for this virus were not definitely proved,
phlebotomine sandflies, which have been
shown to harbour the wirus (D), arve
present in the forest eanopy. As indieated
in the resulls of surveys in areas where
leishmaniasis was endemie, a high per-
centaze of VBV antibadies n wild verte-
brates was also demonstrated. As has been
shown In the past, the low titer viremia
characteristic of VBV infected cattle is
unlikely to constitute & source of infeetion
for arthropod wvectors, If blood 1z the
source of infection, animal reservoirs with
higher titer viremiaz might play an im-
portant  rele in mainlaining  the wvirus
eveles; the existenee of sueh wild hoste is
still unproven. Thus far, the source of
virus for sandfiies iz unknown but unlike
mosquitoes, these flies may occasionally
feed on wounds and body secretions. Thus,
they may obtain viruses from lesions of
infected cattle. Hanzon pointed out that
virus could be Introduced by these flies info
wounds caused by plant spines or sharp
metal on uninfected animals (237. This is
highly speculative since although sandflies
may feed on wounds on edeasion, there is
little evidence that they do =o to any
notable extent. Therefore, transmission of
the wirnz among monkey: and other
arboreal vertebrates by direct eontact can-
ot be excluded. Jonkers recently presented
geveral objections to the theory of wvirus
transmission by wvectors (2). He also pro-

posed a working hypothesiz, of o nen-
veetor-borne nature, for further investiga-

tion of transmission of this group of
viruses,
Additional supportive evidence that

monkeys and biting insecis may be in-
volved in the VIV eyele was shown in this
study when four sentinel monkeys became
positive for VBV antibodies after varying
perlods of exposure. Unfortunately, sys-
tematic Dbleedings were not done during
this period, Thus, failure of virus isolation
attempis from blood samples drawn oces-
sionally  did not necessarily  mean  that
viremiz did not oceur in infecled monlkeys.
However, our preliminary experiments in
monkeys inoculated with high dosage of
seventh passage virus showed that viremia
was undetectable in one of the speeies
tested. Bince these sentinels were individ-
ually kept in eages m the canopy, they
could have heen infected by insect vectors.
No attempls were made to isolate virus
from biting insects collected in these areas
during the period of exposure.

From the same study areas where high
rates of V3V-Indiana antibodies in mon-
keys were found, more than a thousand
wild wvertebrate sera were used for virus
isolation atternpts without success. How-
ever, most of these were tervesirial wild
vertebrates, In the naturally infected mon-
keys or arbereal vertebrates, vesicular Je-
slong similar to those in eattle were notb
found. Likewise, the search for virus in
these wild animals was not svstematically
performed. Perhaps various tissues inelud-
ing salivary gland, bueeal mucosa, lung, or
kidney may be the lodging place for VSV,
Urine and feeal material from naturally
infected animals should also be investi-
gated for virus,

Although Coeal virns, a member of the
same VEY group, has been shown to affect
ground rodents (4), VEV-Indiana infection
was proved to be uncommon among ro-
dents In Panama, In another study area of
northwestern Panama where VEV-Indiana
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haz been izolated from sandflies (9), no CF
positive reactions for VSV were found
among 459 ground rodents tested (24),

As previously mentioned, animal reser-
voir hosts with high titer viremias of
VBY have not been found, The present
study suggests that monkeys and other
arboreal wvertebrates might be worth
further investigation in thiz regard. Al-
though preliminary experiments with V8V-
Indiana in certain species of monkeys
showed abszence of viremia, further trials
with wvarious other species of arboreal
mammsals and birds of different ages are
indieated.
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