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Abstract. Members of the genera Alphavirus (family Togaviridae) and Flavivirus (family Flaviridae) are important
zoonotic human and equine etiologic agents of neurologic diseases in the New World. In 2010, an outbreak of Madariaga
virus (MADV; formerly eastern equine encephalitis virus) and Venezuelan equine encephalitis virus (VEEV) infections was
reported in eastern Panama. We further characterized the epidemiology of the outbreak by studying household contacts
of confirmed human cases and of equine cases with neurological disease signs. Serum samples were screened using a
hemagglutination inhibition test, and human results were confirmed using plaque reduction neutralization tests. A
generalized linear model was used to evaluate the human MADV and VEEV seroprevalence ratios by age (in tercile) and
gender. Overall, antibody prevalence for human MADV infection was 19.4%, VEEV 33.3%, and Mayaro virus 1.4%. In
comparison with individuals aged 2-20 years, people from older age groups (21-41 and > 41 years) were five times more
likely to have antibodies against VEEV, whereas the MADV prevalence ratio was independent of age. The overall
seroprevalence of MADV in equids was 26.3%, VEEV 29.4%, West Nile virus (WNV) 2.6%, and St. Louis encephalitis
virus (SLEV) was 63.0%. Taken together, our results suggest that multiple arboviruses are circulating in human and
equine populations in Panama. Our findings of a lack of increase in the seroprevalence ratio with age support the

hypothesis of recent MADV exposure to people living in the affected region.

INTRODUCTION

Zoonotic human and equine neurotropic arboviral diseases
in the New World are principally associated with infections by
members of the genera Alphavirus (family Togaviridae) and
Flavivirus (family Flaviviridae).' Among the most important
alphaviruses for public health are members of the eastern
equine encephalitis (EEE) and Venezuelan equine encephali-
tis (VEE) antigenic complexes, as well as Mayaro virus (MAYV)
inthe Semliki Forest complex.'*® Recently, EEE viruses (EEEVSs)
have been reclassified into two species: EEEV (in North
America and the Caribbean during past outbreaks) and
Madariaga virus (MADV, in Central and South America), based
primarily on differences in their genetic, antigenic, and viru-
lence profiles.® The association of MADV with an outbreak of
neurologic human disease was first reported in 2010 during an
equine epizootic in the eastern province of Darién in Panama.
Before 2010, surveillance and research efforts in Latin Amer-
ica did not demonstrate any association of MADV with human
disease outbreaks, even during major equine epizootics.”'°

Human infection with VEE virus (VEEV) was first described
in Panama in a fatal case during 1961."" Since then, human
infections have been recognized throughout the country
with a case fatality rate of approximately 10%.'2 In Panama,
VEEV causes human disease during spillover infections
from an enzootic cycle that involves sylvatic rodents and
Culex (Melanoconion) spp. mosquitoes. During the 2010
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encephalitis outbreak in Panama, MADV and VEEV were
co-circulating and both caused severe human neurologic
disease.”

Previous studies have suggested a gender, age, and occu-
pational bias during MADV and VEEV outbreaks.® In addition,
an age-related difference in seroprevalence may suggest a
difference in the activity level of the viruses over time and a
recent human MADV emergence in Panama.'® To better un-
derstand the epidemiologic features of the 2010 human
and equine MADV outbreak, we performed a human cross-
sectional serosurvey for MADV and VEEV in 72 household
contacts of the 2010 outbreak, and we analyzed the serologic
results and geographical distribution of equine disease. We
also aimed to determine the age and gender variation of
MADV and VEEV exposure in household contacts of the 2010
human cases.

METHODS

Study site. The 2010 encephalitic outbreak was reported
principally in Darién Province (7°38'0"N to 76°57'0"W), in
eastern Panama, close to the border with Colombia. There are
two major wetland habitats in these regions. The first, Bayano
Lake, covers an area of 350 km? and is located in the region
of Choco- Darién. The vegetation of the region is classified
as moist tropical forest with 85% relative humidity, 2,300 mm
annual rainfall, and a mean temperature of 26°C. The second,
Matusagarati Lagoon, has an area of 140 km?, and is located
near the communities of Aguas Calientes and Yaviza in the
Chepigana area of Darién Province. The area around Matu-
sagarati Lagoon is also considered a moist tropical forest,
with a mean average temperature of 25°C and annual rainfall
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of 2,000 mm. The rainy season at both sites lasts for 8-9 months
(May-December) and the dry period usually occurs for
3-4 months (January-April).*

Human survey. Household contacts of confirmed human
and equine cases were surveyed. Contacts were defined as
persons who lived with a MADV- or VEEV-confirmed human
case and persons who lived on a farm where a confirmed
equine case was reported. The survey was conducted be-
tween June 4 and September 15, 2010. Participants aged 2
years or older were eligible for inclusion. Each participant was
interviewed using a standardized epidemiological form to
collect clinical and demographic information. Trained phle-
botomists collected 10 mL of blood (3 mL for children 2-8
years old) by peripheral venipuncture using standard aseptic
technique. The samples were processed on-site within 12
hours by centrifugation to separate serum, then stored in lig-
uid nitrogen, and transported to the Gorgas Memorial Insti-
tute or University of Texas Medical Branch for testing. Samples
were collected during a public health response, so an in-
stitutional review board approval was not required. However,
all identifying information of participants was removed and
confidentiality was strictly respected.

Equine infections. From early May to September, 2010,
194 horses with evidence of neurologic disease were detected
in the provinces of Darién, Panama, Colon, and Coclé. De-
tailed information of the epizootic and associated disease
was reported previously.” After owners reported evidence of
equine disease to the Ministry of Agriculture, veterinarians and
epidemiologists collected blood samples and recorded the
geographical coordinates where the diseases horses were
located. Of 194 horses sampled, 180 had geographic coor-
dinates recorded, and these were used for spatial analysis.

Laboratory testing. Antibodies against MADV, VEEV, and
MAYV were tested using an ELISA-IgM® in household con-
tacts. Sera of equines with evidence of neurologic disease
were screened by hemagglutination inhibition (HI) against
MADV and VEEV, and also St. Louis encephalitis virus (SLEV)
known to circulate in Panama® and West nile virus (WNV), at
the beginning of the outbreak. For HI, sera were tested at a
1:20 dilution and at further 2-fold dilutions to the endpoint of
1:2,560. A probable past infection was indicated by an Hl titer
4-fold or higher than that obtained for related viruses. Hem-
agglutination inhibition titers in general were moderate and
ranged from 1:20 to 1:640.'%'8 After secondary infections,
there is typically an immediate anamnestic response with ti-
ters increasing during the first few days of illness, often
reaching 1:640 to 10,240 or higher.'®'® Plaque reduction
neutralization tests (PRNT) were used to confirm HI results as
described previously.”>'® Vero cells monolayers (African
green monkey, ATCC CCL-81; American Type Culture Col-
lection, Manassas, VA) on 6-well plates were inoculated
with serial dilutions of heat-inactivated sera mixed with
800 pfu/mL of a given virus and stained with crystal violet 10%
after approximately 2 days of incubation at 37°C. A positive
sample was reported as the reciprocal of the highest serum
dilution that reduced the plaque count by > 80% (PRNTg),
a standard endpoint used for alphaviruses. Strains used for
the PRNT were the chimeric Sindbis/MADV,'® Sindbis/
VEEV_475,2° and MAYV wild-type strain CH1.2"

Statistical analysis. Humans. Descriptive statistics for age
(mean and range) and gender (frequencies) of participants
were recorded. Crude seroprevalences for human MADV,

VEEV, and MAYYV were calculated. The association between
seroprevalence for each virus with age (divided into terciles:
2-20,21-41, and > 41 years old) and gender were expressed
as prevalence ratios (PRs) using generalized linear models
with a binomial distribution and log link. Bivariate and multi-
variate PRs were calculated with 95% confidence intervals
(Cls) using robust standard errors to account for household
clustering.??

Equids. Crude HI antibody prevalence and 95% Cls for
VEEV, MADV, SLEV, and WNV equine were calculated. Re-
sults were grouped into infections at the level of the genera
alphavirus or flavivirus and mapped using the ArcGIS 10.2.2.
(ESRI, Redlands, CA) to evaluate spatial clustering of equine
infection. All human and equine analyses were performed
using the statistical package Stata v14 (StataCorp, College
Station, TX). P values with alpha < 0.05 were considered
significant.

RESULTS

Human antibody prevalence. A total of 72 household
contacts of confirmed human MADV or VEEV infections was
surveyed during the 2010 outbreak investigation, with a mean
age of 31.8 years (range 2-96), and of which 63.9% (46/72)
were male. Antibody prevalence for MADV and VEEV in sur-
veyed contacts was 19.4% (14/72) and 33.3% (24/72), re-
spectively. Of these, 11 participants (15.3%) were positive
for both MADV and VEEV antibodies. Only one participant
was positive for MAYV antibodies (1.4%). The prevalence of
MADV by age group was 20.8% in the 2-20 years of age class,
20.0% in the 21-41 years of age class, and 17.4% in the > 42
years of age class. Seroprevalence for VEEV by age was 8.3%
in the 2-20 year group, 48.0% in the 21-41 year group, and
43.5% in the > 42 year group.

Human age-based PR. Seroprevalence for VEEV was
statistically associated with age, with older classes having
significantly higher prevalence rates. Compared with the ref-
erence age category (2-20 years of age), antibody prevalence
for VEEV was five times higher in participants 21-41 years of
age and in participants > 42 years of age; these estimates were
not affected by gender in the model. By contrast, the preva-
lence rate for MADV was independent of age, as there
were no differences in estimators according to age cate-
gories. Human MADV exposure was also independent of
gender (Table 1).

Equine infections. A total of 194 equids with evidence of
neurologic disease was tested, with seroprevalence esti-
mated at 26.3% for MADV, 29.4% for VEEV, 2.6% for WNV,
and 63.0% for SLEV (Table 2).

Geographic distribution of equine cases. Equine cases
with neurological signs were principally reported in the prov-
ince of Darién (N = 163), with additional cases in the provinces
of Coclé (N = 3), Colon (N = 2), and Panama (N = 26) (Table 2,
Figure 1). Most cases were located in the communities of El
Real de Santa Maria, Aruza, and Tamarindo in Darién Province
(Figure 2). Of the horses with location data, the majority ap-
parently had a primary alphavirus antibody response: 53 were
antibody-positive for only an alphavirus (see Figure 2A for
distribution), 32 were antibody-positive for only a flavivirus
(see Figure 2B for distribution), whereas 41 horses were
antibody-positive for both virus groups (see Figure 2C). Of
the 194 equids, 68 were negative for both alphaviruses and
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TaBLE 1
Characteristics of the human population studied and results of the multivariate generalized linear model of MADV and VEEV seroprevalence (PR; N=72)

Demographic Crude VEEV Adjusted VEEV* Crude MADV Adjusted MADV
characteristics n (%) PR (95% ClI) P value PR (95% ClI) P value PR (95% Cl) P value PR (95% CI) P value
Age (terciles of age)
2-20 24 (33.3) Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
21-41 25(34.7) 5.76(1.42-23.3) 0.014 5.77(1.42-22.5) 0.014 0.96(0.32-2.92) 0.943 0.91(0.31-2.68) 0.867
> 41 23(31.9) 5.22(1.27-21.5) 0.022 5.16(1.29-21.2) 0.023 0.83(0.25-2.75) 0.767 0.88(0.26-2.97) 0.831
Gender
Male 16/46 (34.8) Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Female 8/26 (30.8) 0.88(0.44-1.79) 0.773  0.91(0.46-1.80) 0.783 1.77 (0.69-4.52) 0.233  1.76 (0.70-4.41) 0.225

Cl = confidence interval; MADV = Madariaga virus; n = sample size per group; PR = prevalence ratio; VEEV = Venezuelan equine encephalitis virus.

* Adjusted PR by age (terciles) and gender.

flaviviruses. Horses with neurologic signs were largely con-
centrated in the northwest of Darién Province, with animals
positive only for an alphavirus having the highest numbers
of cases per site (Figure 2A-C).

DISCUSSION

Mechanisms responsible for the 2010 MADV/VEEV emer-
gences remain unknown. Human and equine neurologic
cases during 2010 began in early May, at the beginning of the
rainy season,’ a pattern also observed during previous epi-
zootics in Panama.??® In addition, additional equine cases
were reported outside of the main outbreak area, a pattern
shared with the 1973 and 1986 MADV epizootics.®2% This
timing could be related to bird migration and arrival in the
wetlands,?*2® which could serve as active transmission foci
due to the availability of resources for both vertebrates and
mosquitoes. However, phylogenetic analyses suggest that
MADV is stably enzootic in Panama.” Thus, migration of birds
could mask the more important role of local, nonmigratory
species because wetlands may provide resources for the
birds of both types.'*2* Further studies should explore avian
MADV seroprevalence to assess whether resident and/or
migratory birds are amplifying hosts, in addition to rodents as
suggested earlier.'®

Here, we sought to better characterize the epidemiology of
the 2010 equine and human encephalitis outbreak in Panama
by analyzing antibody prevalence data from household con-
tacts of neurologic human cases and of horses with neuro-
logic signs. Adjusted human MADV and VEEV seroprevalence
rates demonstrated an increase of VEEV exposure with age
(Table 1). This trend was not observed for MADV seropreva-
lence. The lack of increase in MADV exposure with age, as
observed with VEEV, supports the hypothesis of only recent
MADV human exposure in Panama.”'3

The overallhuman MADV seroprevalence was 19.4%, and
VEEV was 33.3%. Our estimate for MADV was higher than

the 4.8% value reported in our 2012 study that enrolled
around 770 participants.’® However, our current sample
selection from household contacts may overestimate the
overall population exposure. Subclinical infections with
MADV are probable, supported by the high prevalence of
neutralizing antibodies in household contacts without evi-
dence of febrile or neurologic disease during the 2010 out-
break. High rates of subclinical infection were reported
after a 1959 EEEV epizootic in New Jersey.?® However, our
findings of antibodies against MADV in healthy persons
during the 2010 Panama outbreak contrast sharply with
the lack of antibody detection in 1,700 humans tested dur-
ing the 1973 Panamanian equine epizootic,® a finding that
also supports the hypothesis of recent change in human
exposure or MADV infectivity in Darién, Panama. No cases
of MADV infection have been identified in other provinces
of Panama, although equine epizootics and MADV isolation
have been documented in central and west Panama during
the past.®2”

We also detected 1.4% antibody prevalence for MAYV
based on a single seropositive person. Circulation of MAYV
has been previously detected in field-collected mosquitos
from Panama.?® However, human infection has not been de-
tected in Panama despite surveillance and epidemiologic
investigations for alphavirus infections.®#2%2° QOur results
highlight the need for further investigation of MAYV epidemi-
ology in Panama to assess its potential to cause outbreaks of
severe, chronic arthralgia, as observed in South America.* A
recent report of MAYV infection in Haiti suggests the possi-
bility of recent spread.°

A total of 194 cases of equine disease was reported during
the 2010 Panamanian outbreak including from the provinces
of Darién, Coclé, Colén, and Panama. Equids with evidence
of neurologic disease and HI antibodies against alphaviruses
appeared to be concentrated in Darién Province (Figure 2).
Livestock farming is increasing in the Darién 3! and may fa-
cilitate equine alphaviral infection. Although 29.4% of equids

ThABLE 2
Regional (by province) and overall seroprevalence for MADV, VEEV, SLEV, and WNV in horses with neurologic signs

Characteristics N (%) MADV (%) Cl95%* VEEV Cl95%* WNV Cl95%* SLEV Cl95%*
Provinces
Darién 163 (84) 43/120 (26.4) 19.5-33.2 46/117(28.2) 21.2-35.2 0/163 0 68/95 (71.5) 34.1-49.43
Coclé 3(1.6) 0/3 0 1/3(33.3) 11.0-76.0 2/3 (66.7) 7.6-210 0/3 -
Coldn 2(1) 0/2 0 2/2 (100) 1 0/2 - 2/2 (100) 1
Panama 26 (13.4) 8/18 (31.0) 11.7-49.8 8/18 (30.8) 11.7-49.8 3/23 (11.5) 1.6-24.7 5/21 (23.8) 3.0-35.5
Total 194 (100) 51/143(26.3) 20.0-32.5 57/137(29.4) 23.1-36.3 5/189(2.6) 0.33-4.82 75/119(63.0) 31.7-45.6

Cl = confidence interval; HI = hemagglutination inhibition; MADV = Madariaga virus; SLEV = St. Louis encephalitis virus; VEEV = Venezuelan equine encephalitis virus; WNV = West nile virus. These

results are based on Hl testing.
*5% CI.
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Ficure 1. Map showing locations of 180 horses with neurological signs sampled. This figure appears in color at www.ajtmh.org.

were VEEV-seropositive, it is probable that little, if any, equine
disease was related to VEEV infection because past stud-
ies demonstrated the equine avirulence of Panamanian
strains.®2 However inapparent equine VEEV infections are
immunogenic,®32 consistent with the antibody prevalence
we observed. Overall, our results are consistent with MADV
being the principal etiologic agent of the 2010 Panamanian
equine epizootic.?12:23:29

Our results suggest that WNV also circulates in Panam4,
with seropositive horses in Coclé. A high prevalence of HI
antibodies against SLEV was also detected (63.0%), con-
sistent with the co-circulation of SLEV reported during
previous MADV epizootics in Panama.? Evidence of high
SLEV seroprevalence has been found in Argentina and
Brazil.®3=3® However, it is unclear if SLEV in Latin America
causes neurologic disease in equids.®® This high level of
SLEV exposure could explain, in part, the lack of fatal equine
cases in Latin America due to WNV infection; cross-protective
immunity among flavivirus infections has been hypothe-
sized as a major contributor of the lack of WNV cases in
Latin America.®”

There are several important limitations of our study. First,
there was an inherent sampling bias, as we targeted only house-
hold contacts of human cases and equine cases with neuro-
logical signs, which may have resulted in an overestimate of

overall regional exposure. However, our aim was to explore
the exposure of human contacts and equine cases to better
understand factors leading to risk for alphavirus and fla-
vivirus infection during this outbreak. The equine diagnoses
were based only on HI assays, which can cross-react after a
secondary infection. However, most equine cases were de-
tected during acute infection and our Hl titers of 1:20-1:640
suggest primary infections.'®'® Despite these limitations, HI
has been an important technique for screening a family of
viruses during outbreaks of unknown etiology, as occurred
during the 2010 MADV outbreak.” Although we found some
relationships between MADV and VEEV infections and age,
there may be other risk factors such as gender that we were
not able to assess because our human sample size was too
small. Further studies should increase sample sizes and ex-
plore land use analysis to increase statistical power and test
the hypothesis of different sites of transmission.&:3°

In conclusion, our results of age-stratified MADV but not
VEEV seroprevalence suggest only recent exposure of people
to the former virus, in contrast to VEEV where long-term en-
demic exposure is suggested. Our data also suggest the
circulation of multiple neurotropic arboviruses in Panama,
including VEEV, MADV, SLEV, and WNV. In addition, evidence
of MAYV infection in humans was found, emphasizing the
need for further surveillance to detect and characterize other


http://www.ajtmh.org

1802 CARRERA AND OTHERS

Alphavirus positive
# of horses
o 1

TR

@: >
.4-5

Flavivirus positive
# of horses

e 1 o
® 2 - @
@

Alphavirus and flavivirus';nositive i
# of horses
o 1
@ 2
[ K

Ficure 2. Geographic distribution of horses with evidence of neurologic disease that had an (A) alphavirus, (B) flavivirus, and (C) alphavirus and
flavivirus antibodies. This figure appears in color at www.ajtmh.org.


http://www.ajtmh.org

ALPHAVIRUS AND FLAVIVIRUS INFECTION IN PANAMA 1803

emerging mosquito-borne infections in Panama. The tempo-
ral pattern of human and equine cases indicates seasonal
transmission that starts during the early rainy season. Future
studies should focus on identifying the enzootic hosts and
mosquito vectors of MADV, as well as the environmental
conditions that facilitate arboviral encephalitis outbreaks in
Panama.
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