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ABSTRACT: We investigated the prevalence of
arthropod-borne viral diseases in a population
of free-ranging mantled howler monkeys (Alouatta
palliata) in Costa Rica in 1998. Blood samples were
opportunistically collected from monkeys anesthetized
for another study. Serology was performed on
64 individuals to assess exposure of this population
to vesicular stomatitis virus, equine encephalitis
viruses, Mayaro virus, St. Louis encephalitis virus,
yellow fever virus, and dengue virus. The New
Jersey serotype of vesicular stomatitis (VSV-N]J)
was the only pathogen for which the population
tested positive (44% [28/64]). This is the first
report of antibodies against VSV-NT in nonhuman
primates in Costa Rica.
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Although arthropod-borne viruses (arboviruses)
are of enormous significance to human and live-
stock health, particularly in tropical countries
such as Costa Rica, the role of nonhuman pri-
mates in the life cycle of many of these viruses
is still poorly understood. Other than yellow
fever virus (YFV), we still have a relatively small
amount of information about the exposure of
nonhuman primate populations to viruses of
concern. To expand our knowledge about expo-
sure of free-ranging primates to arboviruses, we
acquired blood samples from a population of
free-ranging mantled howler monkeys (Alouatta
palliata) at Hacienda La Paciifica near Cafias
Guanacaste Province, Costa Rica (010°27'06"N,
85°07'37"W). Animals were sampled as part of
a long-term ecological and behavioral study. In
July 1998, 64 free-ranging howler monkeys
were anesthetized as described previously
(Larsen et al. 1999). Monkeys were handled
to assess general health status, perform

morphometric measurements, and identify
them individually by placing a microchip, a
collar or anklet, and a tattoo (Glander et al.
1991; Clarke and Glander 2010). Most animals
were of known age because they were born dur-
ing the ongoing long-term ecology and behavior
study at La Pacifica, Guanacaste; monkeys
>2 yr of age were considered adults for this
study, and the remainder of the sampled individ-
uals were considered juveniles. Blood samples
were collected from the femoral vein using tubes
without additives (BD Vacutainer) and kept at 4
C until centrifugation. Within 4 h of collection,
tubes were centrifuged and serum was frozen
at—20 C. Frozen serum samples were trans-
ported to the Veterinary School, Universidad
Nacional, Heredia, Costa Rica, where they
were analyzed using a microtiter virus-neu-
tralization assay for the vesicular stomatitis
virus—New Jersey (VSV-NT) and —Indiana (VSV-
IN) serotypes as described previously (Rodri-
guez et al. 1990); titers >1:40 were considered
positive. The remaining serum was stored at
—20 C and transported to the Centers for Dis-
ease Control and Prevention (CDC), Fort
Collins, Colorado, US, for additional test-
ing. Using techniques previously described,
monoclonal antibody-based capture ELISAs
were used to test samples for the presence of
IgG antibodies against Western equine encepha-
litis virus (WEEV), Eastern equine encephalitis
virus (EEEV), Venezuelan equine encephalitis
virus (VEEV), Mayaro virus (MAYV), St. Louis
encephalitis virus (SLE), YFV, and Dengue
virus 1-4 (DENV) (Johnson et al. 2000). Statis-
tical analysis was performed using GraphPad
Prism 9.5.1 (Insight Partners, GraphPad Holdings
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TaBLE 1. Seroreactivity to arboviruses in mantled
howler monkeys (Alouatta palliata) in Guanacaste Prov-
ince, Costa Rica, July 1998, using a microtiter virus-neu-
tralization assay for vesicular stomatitis viruses and
monoclonal antibody-based capture ELISAs for the
other viruses.

Adult  Juvenile

Pathogen +* Total + Total
Dengue virus 0 53 0 11
Eastern equine encephalitis virus 0 53 0 11
Venezuelan equine encephalitis 0 533 0 1
virus
Western equine encephalitis virus 0 53 0 11
Mayaro virus 0 53 0 11
St. Louis encephalitis virus 0 53 0 11
Vesicular stomatitis virus—Indiana 0 53 0 11
Vesicular stomatitis virus—New 26 53 2 11
Jersey
Yellow fever virus 0 53 0 11
*+ = positive.

LLC, San Diego, California, USA); statistical
significance was set at P<<0.05.

We detected positive antibody titers against
VSV-NTJ in 20/33 (61%) adult females, 6/20
(30%) adult males, 2/8 (25%) juvenile females,
and 0/3 juvenile males (Table 1). Odds ratios
were calculated to determine if adults were
more likely to be positive than juveniles; no
statistically significant difference was found
between these groups. After assessing data
sets for normality using a Shapiro-Wilk test, a
Mann-Whitney test was performed to compare
the ages of seropositive and seronegative adult
howler monkeys; there was a statistically signifi-
cant difference in age (P<<0.01), with the median
age of positive monkeys being 12.5 yr (inter-
quartile range=10.5-20 yr) and negative mon-
keys having a median age of 7.5 yr (interquartile
range=4.25-10 yr).

Vesicular stomatitis virus causes vesicular
lesions that can lead to loss of epithelium of the
mouth, tongue, coronary band or udder of cat-
tle, horses, and pigs (Yuill and Seymour 2001)
The two serotypes most associated with VSV
are VSV-Indiana and VSV-N], both of which
are thought to be transmitted by sand flies (Dip-
tera: Phlebotominae) and other hematophagous
insects (Yuill and Seymour 2001). Antibodies to

VSV have been detected in multiple free-rang-
ing wildlife species, but attempts at viral isola-
tion have rarely been successful (Srihongse
1969; Tesh et al. 1970) and a definitive reservoir
or amplifying host has not been determined.
Antibody titers have previously been detected
in mantled howler monkeys, Yucatin black
howler monkeys (Alouatta villosa), and other
nonhuman primates in Panama; when strains
were differentiated in these reports, VSV-Indi-
ana was described (Srihongse 1969; Tesh et al.
1969). In contrast, the howler monkeys of Haci-
enda La Pacifica were seroreactive to VSV-NT.
This is the dominant strain seen in cattle in
Costa Rica (Vanleeuwen et al. 1995), and Haci-
enda La Pacifica consists of forest that is broken
up by cattle farming, so this difference in strains
between different locations finding is not unex-
pected. In a report from 1990, antibodies to
both VSV-Indiana and VSV-NJ were detected
in 9/21 Hispid cotton rats (Sigmodon hispidus)
trapped at a dairy farm that is 150 km East of
La Pacifica (Jiménez et al. 1996), but we have
no previous reports of VSV-NJ in nonhuman
primates in Costa Rica.

Encephalitis viruses, including EEEV, WEEV,
VEEV, and SLEV, can cause fatal neurologic dis-
ease in horses and in people. Birds are considered
the primary wild reservoirs for these viruses, and
clinical disease has not been documented in
howler monkeys or other free-ranging nonhu-
man primates. Although not detected in this
investigation, antibodies to this virus have been
documented in wild primates in other studies,
but reports of successful viral isolation are rare
and the role of wild primates as viral reservoirs
remains uncertain (Yuill and Seymour 2001). A
recent report demonstrated 14.7% seroreactiv-
ity to SLEV in mantled howler monkeys in
Costa Rica from 2000 to 2003, 2006, and 2015
(Chaves et al. 2021). In addition, antibodies
against SLEV were detected in 80% of sloths
(Bradypus variegatus and Choleopus hoffimanni)
sampled in Costa Rica from 2005 to 2007
(Medlin et al. 2016), which may suggest tempo-
ral, geographic, or species differences in exposure
to the virus.

Dengue virus is a flavivirus that can cause
serious disease and mortality in humans, but there
is no evidence of clinical disease or sylvatic life
cycles in the Americas (Valentine et al. 2019).
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Similar to our investigation, a study that evalu-
ated howler monkeys at multiple sites in Costa
Rica did not detect antibodies to flaviviruses
from 1993 to 1996 but detected flavivirus anti-
body activity in howler monkeys in northern
Costa Rica between 2001 and 2008 and detected
DENV with PCR in 4/16 animals tested (Dolz
et al. 2019). A separate study reported 8/68
(11.8%) Costa Rican mantled howler monkeys
as seropositive for dengue virus, with positive
animals in 2001, 2002, 2006, 2014, and 2015
(Chaves et al. 2021). A 2018 study in bats in
Costa Rica found an even higher rate of sero-
positivity of 35% for DENV (Barrantes Murillo
et al 2022). As environmental changes occur in
and around howler monkey habitat, it may be
prudent to continue to survey for evidence of
exposure to dengue virus as this pathogen may
have health implications for both wild primate
populations and people.

Yellow fever virus can cause severe disease
in people and typically causes population-level
disease with clinical disease in howler monkeys
(Holzmann et al. 2010; de Almeida et al. 2012),
with high numbers of mortalities typically pre-
ceding outbreaks in nearby human populations
(Bicca-Marques and de Freitas 2010). Although
we did not detect antibodies against YFV, nor
did we see any clinical signs indicative of YF,
antibodies have been sporadically reported in
apparently healthy wild howler monkeys (de
Thoisy et al. 2001; Morales et al. 2017).

Mayaro virus is a togavirus that can cause
outbreaks of fever, rash, and aching in people
(Pinheiro et al. 1981). High seroprevalence has
been described in howler monkeys in French
Guiana (de Thoisy et al. 2003), probably because
the predominant vectors, Culicidae spp. mos-
quitos, are active during the day in that country;
neutralizing antibodies to Mayaro virus have
also been found in howler monkeys in Panama
(Seymour et al. 1983). A 2021 study described
only rare human cases of Mayaro virus outside
South America and none in Costa Rica (Caicedo
et al. 2021), so a lack of seroreactivity in howler
monkeys in Costa Rica in 1998 is not unexpected.

Limitations of the monoclonal antibody—
based capture ELISAs used in this study
should be noted, including a potential lack of
sensitivity due to competition from nonspe-
cific IgG (Johnson et al. 2000). This particular
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antihuman IgG secondary antibody conjugate
has not been validated for howler monkeys,
but antihuman IgG secondary antibody conju-
gates have previously been found to cross-react
with nonhuman primate samples in investiga-
tions using ELISAs, making them useful assays
for evaluation of exposure in wild primates
(Valentine et al. 2019; Niemuth et al. 2020).

Our findings regarding viral exposure for a
population of mantled howler monkeys in
1998 may help understanding and interpreta-
tion of serology or viral isolation performed at
later time points. Continued surveillance and
vigilance for arboviruses in wildlife are of
increasing importance as populations decline
and development intensifies in rural areas of
Costa Rica. Accelerating changes to climate,
environment, m()squito vectors, and human
populations may contribute to spread of viruses
and cause changes in clinical disease or serore-
activity in the future. Wildlife rescue centers
should be mindful of these viruses for resident
primates, new arrivals, and animals that are
being prepared for release.
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