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Madariaga virus (MADV) and Venezuelan equine encepha-
litis virus (VEEV) are emerging arboviruses affecting rural
and remote areas of Latin America. However, clinical and
epidemiologic reports are limited, and outbreaks are occur-
ring at an increasing frequency. We addressed the data gap

by analyzing all available clinical and epidemiologic data of

MADV and VEEYV infections recorded since 1961 in Pan-
ama. A total of 168 human alphavirus encephalitis cases

rthropodborne viruses (arboviruses) infect

humans worldwide and cause significant ill-
ness and death. The emergence or resurgence of
some arboviruses has been increasing and poses a
major global health threat (1). US military personnel
are frequently stationed in areas where arboviruses
are endemic or may emerge, which could threaten
military readiness.

Venezuelan equine encephalitis virus (VEEV)
is widely distributed throughout the Americas; at
least 14 subtypes and varieties have been described
(2). VEEV subtypes IAB and IC can cause explosive,

were detected in Panama during 1961-2023. We de-
scribed the clinical signs and symptoms and epidemiologic
characteristics of those cases, and also explored signs and
symptoms as potential predictors of encephalitic alphavirus
infection compared with those of other arbovirus infections
occurring in the region. Our results highlight the challenges
for the clinical diagnosis of alphavirus disease in endemic
regions with overlapping circulation of multiple arboviruses.

large-scale epizootics in horses and spillover epi-
demics in humans (3,4). VEEV enzootic subtypes
(i.e., VEEV ID, IE) are associated with a regular
incidence of human infections by spillover from
enzootic cycles that involve rodents and sylvatic
mosquitoes. Evidence suggests that equine-adap-
tive or mosquito-adaptive mutations in the VEEV
enzootic subtype ID led to the emergence of epi-
zootic and epidemic VEEV subtypes (3). VEEV en-
zootic and endemic subtype ID infection is high-
ly prevalent in the eastern province of Darien,
Panama, where human infections are sometimes
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Madariaga and Venezuelan Equine Encephalitis Virus
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Figure 1. General laboratory algorithm used for diagnosis of MADV and VEEYV virus infections, Panama. MADV and VEEYV diagnosis
made on the basis of days since symptom onset. *In paired samples showing 4-fold increase in antibody titers. TConfirmation after
IgG or IgM testing. MADV, Madariaga virus; PRNT, plaque-reduction neutralization test; RT-PCR, reverse transcription PCR; VEEV,

Venezuelan equine encephalitis virus.

fatal and seroprevalence in some villages is up
to 75% of the population (3). Eastern equine
encephalitis virus (EEEV) was reclassified as 2 dif-
ferent species in 2010: EEEV in North America and
Madariaga virus (MADV) in Latin America (5).
MADYV was not associated with human outbreaks
before 2010, when a human outbreak was reported
in Darien (6). Both MADV and VEEV circulated si-
multaneously during that outbreak, and 99 acute
cases and 19 hospitalizations for encephalitis were
reported. Confirmed cases included 13 for MADV,
11 for VEEV, and 1 case of co-infection. A fatal
MADYV infection was confirmed in the same region
in 2017. Modeling of 2012 and 2017 Darien Province
serosurvey data suggested that alphavirus trans-
mission is endemic in the region (7). Many alpha-
virus disease cases appear to clinically present as a
self-limited febrile illness, but persistent neurologic
signs and symptoms have been reported for up to 5
years after MADV and VEEV exposure (3).

Emerging Infectious Diseases *« www.cdc.gov/eid ¢

VEEV and MADV infections are likely underdi-
agnosed because of limited diagnostic tools and the
inability to clinically differentiate those infections
from other arboviral diseases. Some estimates report
that >10% of syndromically characterized dengue
cases in Central and South America may be caused
by VEEV (8). Further complicating the mischaracter-
ization is the increasing trend in dengue incidence
over the last several decades (9). Chikungunya vi-
rus (CHIKV) and Zika virus (ZIKV) had not previ-
ously circulated within the Western Hemisphere
until the explosive emergence in 2013 (CHIKV) and
2014 (ZIKV). Both viruses became endemic in Latin
America, where they now co-circulate in dengue vi-
rus (DENV)-endemic regions (10). The clinical pre-
sentation of those arboviral diseases can range from
asymptomatic or undifferentiated mild febrile ill-
ness to severe disease (10).

The increasing geographic spread and disease
incidence of arbovirus infections in the Americas is
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Table. Sociodemographic characteristics of case-patients in
study of characteristics of MADV and VEEYV infections, Panama*

Characteristic No. (%)
Sex

F 163 (35.8)

M 292 (64.2)
Mean age, y (SD) 23.6 (19.7)
Age group, y

0-5 98 (20.2)

6-20 159 (32.7)

>21 229 (47.1)
Province

Darien 319 (71.1)

Comarca Embera 32(7.1)

Other provinces 98 (21.8)
VEEV

Negative 400 (80.7)

Positive 96 (19.4)
MADV

Negative 460 (92.7)

Positive 36 (7.3)

*Samples were submitted for encephalitic alphavirus testing during 1961—
2023 (n = 496). Some variables may total <496 because of missing data.
MADV, Madariaga virus; VEEV, Venezuelan equine encephalitis virus.

a major public health concern. Undifferentiated fe-
brile illnesses remain a diagnostic and therapeutic
challenge in arbovirus-prone regions because of the
lack of available tools for identifying the pathogens
responsible for those clinical syndromes. Shortly af-
ter disease onset, MADYV and VEEV infections are of-
ten clinically indistinguishable from other arboviral
syndromes, delaying prompt care for patients at risk
for more serious outcomes; MADV and VEEV have
been associated with severe or even fatal outcomes.
Here, we describe the clinical signs, symptoms, and
epidemiologic characteristics of all reported MADV
and VEEV human infections occurring in Panama
during 1961-2023. In addition, we explore potential
symptoms as predictors of encephalitic alphavirus
infection compared with those occurring from other
arbovirus infections endemic to the region.

Materials and Methods

Alphavirus Surveillance

We heterogeneously sourced alphavirus surveillance
data in Panama from samples submitted by health
center clinicians upon suspecting MADV or VEEV;
the national dengue surveillance system; and dur-
ing outbreak response activities. Upon suspicion
of MADV or VEEV (henceforth called encephalitic
alphavirus infection) in Panama, health center clini-
cians submit blood samples to Instituto Conmemora-
tivo de Gorgas de Estudios de la Salud (ICGES), which
serves as the national reference center for infectious-
disease diagnostics in Panama. Alphavirus infections
are also often identified through the national dengue
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surveillance system or during encephalitis outbreak
response activities. The national system, instituted in
1988, initially provided centralized testing of samples
from suspected dengue cases submitted by clinicians
during 1993-2009, but subsequently established diag-
nostic capacity in all local clinical units (11). Some al-
phavirus infections were identified when cases tested
negative for DENV. In addition, several alphavirus
outbreak investigations have been conducted since
2010 and consist of communitywide febrile surveil-
lance and serosurveys.

Alphavirus Outbreak Case Definition

We defined a suspected alphavirus encephalitis case
as one with fever and headache, and we defined a
probable case as a suspected case with neurologic
manifestations (e.g., somnolence, lethargy, or sei-
zures). We defined a confirmed case as a suspected or
probable case with laboratory confirmation through
viral isolation, reverse transcription PCR (RT-PCR),
IgM ELISA, or IgG ELISA or plaque reduction neu-
tralization test (PRNT) seroconversion of paired clini-
cal samples (Figure 1, Appendix, https://wwwnc.
cdc.gov/EID/article/30/14/24-0182-Appl.pdf).

Alphavirus Data Collection

We retrospectively searched and retrieved -clini-
cal and epidemiologic information of MADV and
VEEV infections reported in clinical records and epi-
demiologic forms during 1961-2020, data available
at ICGES, and extending data published previously
(12). Cases detected during 2021-2023 were collected
as part of the surveillance initiative undertaken by
the US National Institute of Allergy and Infectious
Diseases-Centers for Research in Emerging Infec-
tious Diseases Network initiative. The Coordinating
Research on Emerging Arboviral Threats Encompass-
ing the Neotropics in Panama and the Armed Forces
Health Surveillance Division, Global Emerging Infec-
tions Surveillance Branch (ProMIS ID no. P0052_23_
NM), undertake acute febrile surveillance across the
country. The dataset included demographic charac-
teristics, clinical symptoms, severity of infection, and
sick contacts. We also collected geographic coordi-
nates of alphavirus-positive households when avail-
able. We condensed duplicate or similar signs and
symptoms into composite variables, which provided
a better representation of the symptomatology, then
used those variables to compare clinical manifesta-
tions across the main arboviral infections in Panama,
including MADV, VEEV, DENV, CHIKV, and ZIKV.
The Panamanian Ministry of Health (protocol no. 2077
and protocol no. 365/ CBI/ICGES/2023, approved on
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November 30, 2023), and the Gorgas Memorial Insti-
tute institutional review board (protocol nos. 335/
CBI/ICGES/21, 073/CBI/ICGES/21, and 138/CBl/
ICGES/22, approved on March 19, 2021) approved
the use of human data and samples from outbreaks.

Comparison of Arboviral Symptoms

To account for low statistical power, we grouped
confirmed MADYV and VEEV infections into a single
category. We defined encephalitic alphavirus cases
as all laboratory-confirmed alphavirus infections re-
ported in Panama during 1961-2023. We compared
encephalitic alphavirus infections to DENV, ZIKV,
and CHIKV. We obtained a DENV dataset from a
cross-sectional study in 2009 and a ZIKV dataset
from 2016. Both DENV and ZIKV datasets were pro-
vided by the Sdo José do Rio Preto Health Service
in Sao Paulo State, Brazil, and were published else-
where (13). We obtained CHIKV data from CHIKV
surveillance in the state of Amazonas, and the City
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1940 1940 4
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of Recife, Pernambuco, Brazil, during 2015-2020
(14) (Appendix).

Statistical Methods
Initially, we included a total of 121 variables associ-
ated with participants’ symptomatology in the data-
base; we categorized and grouped the variables by
specific clinical criteria for each virus. We constructed
composite symptoms based on clinical syndromic cat-
egorization by consensus of 2 independent physicians
following alphavirus clinical guidelines. We further
reduced symptoms using exploratory factor analysis
and principal component analysis. We excluded vari-
ables with 0 variance by using a Kaiser-Meyer-Olkin
threshold of 0.6 (Appendix Table 1). Ultimately, we
reduced signs and symptoms to 14 variables used in
the analysis.

To evaluate MADV- and VEEV-associated signs
and symptoms, we conducted multivariable lo-
gistic regression analysis, controlling for age and

Figure 2. Timeline showing history
of VEEV and MADV in humans
animals, and vectors, Panama.
Timeline shows incidence

during 1961-2023. A) VEEV
incidence; B) MADV incidence.
Ab, antibodies; MADV, Madariaga
virus; VEEV, Venezuelan equine
encephalitis virus.
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Figure 3. Locations of recorded cases in a study of characteristics of MADV and VEEYV infections, Panama, 1961-2023. Green squares
represent MADV cases and red circles VEEV cases. MADV cases were reported only in the eastern Panama region, in the province of
Darien. MADV cases detected outside Darien, in Chiriqui, Comarca Nabe Bugle, and Herrera were reported in members of the border
police working in the Darien Province, who at time of symptom onset were in their home region. MADV, Madariaga virus; NA, not

applicable; VEEV, Venezuelan equine encephalitis virus.

biologic sex. We used univariate logistic regressions
to evaluate the composite symptoms associated with
alphavirus infection (MADV and VEEV) and those
reported in DENV, ZIKV, and CHIKV infections.
We selected variables using a nested log-likelihood
ratio test. We excluded variables with >10% miss-
ing data from the final analysis. We expressed the
associations between specific symptoms and viral
infection as odds ratios; we considered p<0.05 sta-
tistically significant. We used Stata version 17 (Stata-
corp, https:/ /www.stata.com) and R Studio version
2023.12.1+402.prol (Posit, https://www.rstudio.
com) for statistical analysis.

Results

MADV and VEEV Epidemiology

During 1961-2023, Panama recorded 168 laboratory-
confirmed MADV or VEEV infections. For VEEV in-
fections, 131 cases were confirmed, of which 60 (46%)
were detected during outbreaks and 71 (54%) were
identified through arbovirus surveillance (Table; Fig-
ure 2, panel A). For MADV infections, 37 cases were

598

confirmed, of which 34 (92%) were identified during
outbreaks and 3 (8.1%) were detected through passive
arbovirus surveillance (Figure 2, panel B). Detailed
clinical and epidemiologic information was acces-
sible for 132/168 (79%) human alphavirus encephali-
tis infections, comprising 36 (27%) MADYV infections
and 96 (73%) VEEV infections. The breakdown of age
distribution revealed that MADV occurred more of-
ten in children, whereas most VEEV cases occurred
in adults (Table).

All human MADV infections were reported
from the Darien province. VEEV infections were
reported throughout Panama, but most (63%) re-
ports were also from Darien (Figure 3). The peak of
MADYV cases occurred during the 2010 outbreak in
Darien, which had 13 laboratory-confirmed cases.
The highest number (n = 28) of VEEV cases occurred
in 2015 (Figure 2, panel A). Among the MADYV case-
patients, 23 were male and 13 were female. Three
cases exhibited mild disease, 11 moderate, and 17
had severe clinical manifestations, resulting in a
mild-to-severe ratio of 3:17. A total of 56 VEEV infec-
tions had recorded sex information; 39 case-patients

Emerging Infectious Diseases « www.cdc.gov/eid * Vol. 30, No. 14, Supplement to November 2024
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were male and 17 female. Severity assessment was
possible in 45 VEEV cases; 10 (22%) cases were clas-
sified as mild, 25 (56%) as moderate, and 10 (22%)
as severe, resulting in a mild-to-severe ratio of 1:1.
Clinical data were incomplete for 5 MADV and 51
VEEV cases. One (1/36 [2.8%]) MADYV fatality and 8
(8/95[8.4%]) VEEV fatalities were reported.

MADV and VEEV Laboratory Testing

We conducted a retrospective analysis to identify
the diagnostic methods employed for detecting
VEEV and MADV infections during 1961-2023.
MADV infections were identified nearly exclusive-
ly (n=26[92%]) by ELISA IgM, except a single case
(8.1%) detected by RT-PCR on brain tissue after
autopsy. VEEV infections were mostly identified
through viral isolation (n = 67 [51%]), ELISA IgM
(n =45 [34%]), and RT-PCR (n =19 [15%]) (Appen-
dix Table 2).

Madariaga and Venezuelan Equine Encephalitis Virus

VEEV and MADV Clinical Presentation

The most frequently documented signs or symptoms
of MADYV and VEEYV infections included fever, head-
ache, and vomiting. Neurologic symptoms were more
common in MADV infections and slightly more com-
mon among male patients. Less common signs and
symptoms, including diarrhea, pharyngitis, hemor-
rhage, and rash, were more prevalent in VEEV infec-
tions (Figure 4).

Fever was consistently reported for both viruses,
both sexes, and all age groups (Figures 5, 6). Head-
aches were also consistently reported in patients in-
fected by both viruses but increased in frequency con-
current with age. Neurologic symptoms were more
frequent in MADYV cases in the 0-5 and 6-20 years of
age groups; in contrast, neurologic symptoms were
reported in the >5 years of age group of VEEV cas-
es. The frequency of neurologic symptoms was also
higher in male case-patients with MADV infections,

Figure 4. Heatmap of frequency
of signs and symptoms by viral
infection in South America used

% I
Viral infection
MADYV, VEEV, CHIKV,
Symptom n=36 n=87 n=5,724
Fever
Headache
Seizures

Any neurologic

symptoms
Rash
Arthralgia
Myalgia
Conjunctivitis
Nausea 11 23 19
Vomiting 42 31 17
Diarrhea 6 9
Abdominal pain 0 8
Hemorrhage 0 2
Cough 6 3
Pharyngitis 0 2
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DENV, in study of characteristics of
MADV and VEEV, Panama.
n=72- ZIKV' Datasets from alphavirus cases in
1,006 n =104 Panama (1961-2023), and DENV

(2009), CHIKV (2015-2020),
and ZIKV (2016) infection cases
from Brazil were used to provide
more complete symptom data.
Gray blocks denote missing
data. Neurologic symptoms
included seizures, focal sensory
or motor deficits, and diminished
level of consciousness. CHIKV,
chikungunya virus; DENV,
dengue virus, MADV, Madariaga
virus; VEEV, Venezuelan equine
encephalitis virus; ZIKV, Zika virus.
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%

S Figure 5. Heaimap of frequency
Viral infection by sex

of signs and symptoms by sex
and viral infection in study of

characteristics of MADV and

Fema l € Ma l € VEEV virus infections, Panama.
Cases reported during 1961-2023.
MADV’ VE EV’ MADV’ VE EV, Neurologic symptoms included
_ _ _ _ seizures, focal sensory or motor
Symptom n=13 n=17 n=23 n =38 deficits, and diminished level of
consciousness. MADV, Madariaga
Fever 82 87 84 virus; VEEV, Venezuelan equine
encephalitis virus
Headache 46 47 39
Seizures 15 18
Any neurologic 45 19
symptoms
Rash 0 0 0 0
Arthralgia 23 29 9 26
Myalgia 23 6 13
Conjunctivitis 0 0 4 3
Nausea 23 35 4 18
Vomiting 46 41 39 34
Diarrhea 8 18 4 5
Abdominal pain 0 19 0 3
Hemorrhage 0 0 0 3
Cough 0 6 9 3
Pharynagitis 0 0 0 0

but equally distributed among VEEV case-patients
(Figure 5). Myalgia, arthralgia, and nausea were
more commonly seen in VEEV case-patients, and fre-
quency increased with age; the highest frequency was
reported in the >21 years of age group (Figure 6). Ab-
dominal pain was reported only among VEEV cases,
was more common in female case-patients, and was
reported exclusively in the >21 years of age group.
Conjunctivitis was seen exclusively in the >21 years
of age group for MADV infections. Of note, diarrhea
was equally distributed among VEEV cases of both
sexes until age 20; only male case-patients reported
diarrhea in the >21 years of age group.

Logistic regression analysis controlling for sex and
age showed that seizures and vomiting were associat-
ed with MADYV infections more than VEEV infections

S$100
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(Appendix Table 3). At the multivariable level, after
variable selection processes, only seizures remained
statistically significant when comparing MADV with
VEEYV (Figure 7, panel A; Appendix Table 3).

Encephalitic Alphavirus versus DENV,

ZIKV, and CHIKV Infection

Inmultivariate analyses, dominant clinical syndromes
differed by pathogen (Figure 7). Encephalitic alphavi-
rus infections were more likely to include arthralgia
and vomiting than DENV infections, and more likely
to include fever and vomiting than ZIKV infections.
Broadly, nausea and vomiting distinguished en-
cephalitic alphavirus infections from CHIKV infec-
tions. We identified additional differences (Appendix
Tables 4-6).

Vol. 30, No. 14, Supplement to November 2024
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Discussion

In this epidemiologic study, we provided a com-
prehensive assessment of VEEV and MADV cases
in Panama. We summarized and contextualized the
clinical findings of human cases of MADV and VEEV
in Panama, and identified symptoms that could be
considered suggestive of MADV and VEEV infection
when compared with other endemic arboviral infec-
tions in the region. We have shown that MADV and
VEEV cases disproportionally affected males, and
that MADV occurs more often in children, whereas
most VEEV cases occur in adults.

Whether sex-related or age-related susceptibility
differences of VEEV and MADYV are caused by the
lack of preexisting immunity or different exposure
risks (e.g., occupational) is unclear. VEEV has been
present in Panama since the mid-20th century, when
the virus was isolated from a fatal human case in 1961
(15). The first recorded human outbreak of VEEV in
Panama occurred in 1967 in US soldiers training on
the western shores of Gatun Lake (16). Since then,

Madariaga and Venezuelan Equine Encephalitis Virus

VEEV outbreaks have been periodically reported in
humans. Although equine cases of MADYV have been
documented in Panama since 1936 (17), instances of
human cases were infrequent before 2010, despite ac-
tive human surveillance during outbreaks and wide-
spread mosquito isolations (8,18,19). A 2012 study
on MADV and VEEV seropositivity in humans dem-
onstrated an increasing prevalence of antibodies for
VEEV with age, demonstrating that the virus is en-
demic in the region (20). The same trend was not ob-
served for MADV, which suggested that the virus re-
cently emerged in humans during the 2010 outbreak.
MADYV may have gained human virulence since 2010
(6), which may explain why we continue to see hu-
man cases. Children may be more susceptible to
MADYV because of lack of preexisting immunity or an
immature immune system. The primary risk factors
for human exposure to both viruses were found to be
farming and fishing (20); spending more time outside
performing those activities may put boys and men at
an increased risk for exposure to infected mosquitoes.

% I Figure 6. Heatmap of frequency
Viral infection by age, y of signs and symptoms by age
and viral infection in study of
characteristics of MADV and
0-5 6-20 221 ‘ 0-5 6-20 221 VEEV infections, Panama. Cases
reported during 1961-2023.
MADV, MADV, MADV, VEEV, VEEV, VEEV,  Neurologic symptoms included

Symptom n=11 n=9
Fever
Headache
Seizures

Any neurologic

symptoms
Rash 0 0 0 0
Arthralgia 6 18 22 6
Myalgia 6 18 33 6
Conjunctivitis 0 0 14 0
Nausea 6 9 22 19
Diarrhea 6 9 0 6
Abdominal pain 0 0 0 0
Hemorrhage 0 0 0 0
Cough 6 9 0 0
Pharyngitis 0 0 0 0

Emerging Infectious Diseases « www.cdc.gov/eid * Vol. 30, No. 14, Supplement to November 2024

n=16

n=37

n=34

seizures, focal sensory or motor
deficits, and diminished level of
consciousness. MADV, Madariaga
virus; VEEV, Venezuelan equine
encephalitis virus.
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26 32
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26 22
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3 3
6 3
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Figure 7. Multivariable logistic regression analysis of associated symptoms of encephalitic alphavirus infections and other arbovirus
infections in study of characteristics of MADV and VEEYV infections, Panama. A) MADV versus VEEV infection; B) MADV and VEEV
versus DENV infection; C) MADV and VEEV versus ZIKV infection; D) MADV and VEEV versus CHIKYV infection. MADV cases reported
during 1961-2023. Dot represents odds ratio and whiskers indicate 95% CI. The red vertical line represents an odds ratio of 1, indicating
that the odds of the event are the same in both groups. CHIKV, chikungunya virus; DENV, dengue virus, MADV, Madariaga virus; VEEV,

Venezuelan equine encephalitis virus; ZIKV, Zika virus.

Our results highlight the need for continued surveil-
lance for VEEV and MADYV to better understand the
2 viruses and the differences between VEEV and
MADYV infection.

Darien Province in Panama is a hotspot for
VEEV and MADV activity, especially for more re-
cent outbreaks. All MADV human infections have
occurred in that region, whereas VEEV infections
have occurred throughout Panama. Darien is a re-
mote region in eastern Panama near the Colombia
border that is inhabited primarily by Indigenous
communities. The region contains swamps and for-
est habitats that can support the enzootic transmis-
sion cycle of VEEV and MADV, which involves ro-
dents and mosquitoes. Both viruses have the same
mosquito vectors within the subgenus Culex (Mela-
noconion), and potentially the same rodent reservoir

S$102

(21). The Darien Province also has a high number of
refugee and migrant crossings; the United Nations
reported >500,000 crossings in 2023 (21). Human mi-
gration through the region could result in more cas-
es and potential spread to other regions; the MADV
cases detected outside Darien were in members of
the border police working in Darien Province whose
symptoms did not develop until they returned to
their home regions. Although our study reports 168
confirmed human cases of encephalitic alphavirus
infection in Panama, the true burden of disease is
likely underestimated, which is highlighted by the
recent finding that 11.9% of dengue-like disease pa-
tients had VEEV infections (22).

The first limitation of our study is that the tests
used for regular alphavirus diagnostics were in-
house tests; an RT-PCR was recently developed
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(22). Alphavirus infections in this cohort were di-
agnosed with a variety of tests over time as more
robust methodologies were adopted. The diagnostic
test performance of legacy tests performed before
2022 is not known, and misclassification bias might
exist among the relevant cases. Clinical information
on alphavirus infections was documented using
forms that might not capture detailed clinical and
laboratory parameters for both VEEV and MADV
infections, and clinical data entry was incomplete.
Second, encephalitic alphavirus cases often occur
in rural or remote areas with limited healthcare sys-
tems and resources, which could mean the number
of cases is underestimated. Third, the limited sample
size could affect statistical power and conclusions,
particularly for less frequent symptoms. Fourth, the
clinical outcome could be virus strain-dependent
and thus vary geographically. Finally, we compared
symptoms of encephalitic alphavirus infection with
those of DENYV, ZIKV, and CHIKV infections from
cohorts in Brazil; although the genetic background
and social conditions in Panama may differ from
those in Brazil, symptoms of DENV, ZIKV, and
CHIKYV infections appear to be similar across differ-
ent populations (23-26).

In summary, outbreaks of MADV and VEEV
are expected to continue, highlighting the need for
continued surveillance efforts in Panama and other
parts of Central and South America. Our findings
could serve as a valuable tool for clinical and epide-
miologic decision making in regions characterized
by endemic arboviral circulation and limited labora-
tory capacity.

This article was preprinted at https://doi.org/10.1101/
2024.02.02.24302220.

Acknowledgments

We thank Betsy Dutary, Julio Cisneros, Evelia Quiroz,
and Mariana Garcia, who worked to develop laboratory
dengue surveillance system and alphavirus surveillance.
We thank Kathryn Hanley for support with study design
and funding.

This study was partially supported by the Armed Forces
Health Surveillance Division, Global Emerging Infections
Surveillance Branch, ProMIS ID no. P0052_23_NM
awarded to D.R.S. ].P.C. is funded by the Clarendon
Scholarship from the University of Oxford (grant no.
SFF1920_CB2_MPLS_1293647). This work was supported
by SENACYT (grant no. FID-2021-96 to J.P.C.); the
National Institute of Allergy and Infectious Diseases, the
National Institutes of Health (grant no. KOSAI110528 to

Emerging Infectious Diseases « www.cdc.gov/eid * Vol. 30, No. 14, Supplement to November 2024

Madariaga and Venezuelan Equine Encephalitis Virus

J.J.W.), the Centers for Research in Emerging Infectious
Diseases Coordinating Research on Emerging Arboviral
Threats Encompassing the NEOtropics (CREATE-NEO)
(grant no. 1U01AI151807 awarded to N.V. and K.A H.),
and by the National Institutes of Health and the World
Reference Center for Emerging Viruses and Arboviruses
(NIH R24 AI120942 to S.C.W.). C.A.D. was supported by
the NIHR HPRU in Emerging and Zoonotic Infections, a
partnership between Public Health England, the University
of Oxford, the University of Liverpool, and the Liverpool
School of Tropical Medicine (grant no. NIHR200907).
W.MSS. is supported by the Global Virus Network
fellowship and the National Institutes of Health (grant no.
AI12094) Global Virus Network fellowship, Burroughs
Wellcome fund (no. 1022448), and Wellcome Trust-
Digital Technology Development award, Climate
Sensitive Infectious Disease Modelling (no. 226075/
Z/227). M.L.N. is a CNPq Research Fellow supported
by a Fundacao de Amparo a Pesquisa do Estado

de Sao Paulo grant (no.22/03645-1). B.P.D. is a CNPq Re-
search Fellow. N.R.F. acknowledges support from

the Bill and Melinda Gates Foundation (no. INV034540),
and Medical Research Council —Sao Paulo Research
Foundation CADDE partnership award (no. MR/S0195/
1 and FAPESP no. 18/14389-0). A.Y.V. acknowledges
Research Command funding (contract no. NCRADA-
NMRC-20-10993).

AV, LA, and S.L. are members of the Sistema Nacional
de Investigation, SENACYT, Panama. D.R.S. is a US
government employee; this work was prepared as part of
her official duties. The views expressed in this work reflect
the results of research conducted by the authors and do
not necessarily reflect the official policy or position of the
Department of Defense, the Navy, or the US government.
Title 17, U.S.C., §105 provides that copyright protection
under this title is not available for any work of the US
government. Title 17 U.S.C., §101 defines a US government
work as work prepared by a military service member or
employee of the US government as part of that person’s
official duties.

About the Author

Dr. Rivera is a primary care physician at the Gorgas
Memorial Institute in Panama City, Panama, specializ-
ing in arbovirus surveillance and outbreak response.
His primary focus includes diagnosing febrile diseases
of unknown origin, tropical medicine, and conducting
real-time outbreak investigations. Mr. Lezcano-Coba is
an epidemiologist and virologist at the Gorgas
Memorial Institute. His primary interests lie in the
arbovirus research, epidemiology, and ecology of
emerging zoonotic diseases.

S103


https://doi.org/10.1101/
http://www.cdc.gov/eid

REPORTS FROM US DoD-GEIS PROGRAM

References

1.

10.

11.

12.

13.

S104

Wilder-Smith A, Gubler DJ, Weaver SC, Monath TP, Hey-
mann DL, Scott TW. Epidemic arboviral diseases: priorities
for research and public health. Lancet

Infect Dis. 2017;17:e101-6. https:/ / doi.org/10.1016/
$1473-3099(16)30518-7

Weaver SC, Dalgarno L, Frey T, Huang H, Kinney R.
Togaviridae. In: van Regenmortel MHV, Fauquet CM,
Bishop DHL, Carsten EB, Estes MK, Lemon SM, et al.,
editors. Virus taxonomy: classification and nomenclature of
viruses: seventh report of the International Committee on
Taxonomy of Viruses. San Diego: Academic Press; 2000.

p- 879-89.

Carrera JP, Pitti Y, Molares-Martinez JC, Casal E,
Pereyra-Elias R, Saenz L, et al. Clinical and serological
findings of Madariaga and Venezuelan equine encephalitis
viral infections: a follow-up study 5 years after an outbreak
in Panama. Open Forum Infect Dis. 2020;7:0faa359.

https:/ /doi.org/10.1093/ ofid / ofaa359

Zacks MA, Paessler S. Encephalitic alphaviruses. Vet
Microbiol. 2010;140:281-6. https:/ /doi.org/10.1016/
j-vetmic.2009.08.023

Arrigo NC, Adams AP, Weaver SC. Evolutionary patterns
of eastern equine encephalitis virus in North versus South
America suggest ecological differences and taxonomic
revision. J Virol. 2010;84:1014-25. https:/ /doi.org/10.1128/
JV1.01586-09

Carrera J-P, Forrester N, Wang E, Vittor AY, Haddow AD,
Lépez-Verges S, et al. Eastern equine encephalitis in Latin
America. N Engl ] Med. 2013;369:732-44. https:/ /doi.org/
10.1056/NEJMoa1212628

Carrera J-P, Cucunuba ZM, Neira K, Lambert B, Pitti Y,
Liscano J, et al. Endemic and epidemic human alphavirus
infections in eastern Panama: an analysis of population-
based cross-sectional surveys. Am ] Trop Med Hyg.
2020;103:2429-37. https:/ / doi.org/10.4269/ ajtmh.20-0408
Aguilar PV, Estrada-Franco JG, Navarro-Lopez R, Ferro C,
Haddow AD, Weaver SC. Endemic Venezuelan equine en-
cephalitis in the Americas: hidden under the dengue
umbrella. Future Virol. 2011;6:721-40. https:/ /doi.org/
10.2217/£v1.11.50

World Health Organization. Geographical expansion of cases
of dengue and chikungunya beyond the historical areas of
transmission in the Region of the Americas. 2023 Mar 23
[cited 2024 Sep 16]. https:/ /www.who.int/emergencies/
disease-outbreak-news/item/2023-DON448

Weaver SC, Charlier C, Vasilakis N, Lecuit M. Zika,
chikungunya, and other emerging vector-borne viral
diseases. Annu Rev Med. 2018;69:395-408. https:/ /doi.org/
10.1146 / annurev-med-050715-105122

Diaz Y, Chen-German M, Quiroz E, Carrera JP, Cisneros J,
Moreno B, et al. Molecular epidemiology of dengue in
Panama: 25 years of circulation. Viruses. 2019;11:764.
https:/ /doi.org/10.3390/v11080764

Quiroz E, Aguilar PV, Cisneros J, Tesh RB, Weaver SC.
Venezuelan equine encephalitis in Panama: fatal endemic
disease and genetic diversity of etiologic viral strains. PLoS
Negl Trop Dis. 2009;3:e472. https:/ /doi.org/10.1371/
journal.pntd.0000472

Colombo TE, Estofolete CF, Reis AFN, da Silva NS,

Aguiar ML, Cabrera EMS, et al. Clinical, laboratory and
virological data from suspected ZIKV patients in an endemic

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

arbovirus area. ] Clin Virol. 2017;96:20-5. https:/ / doi.org/
10.1016/j.jcv.2017.09.002

Tabosa T, Neto SS, Teixeira I, Oliveira S, Rodrigues MG,
Sampaio V, et al. Clinical cases of dengue and chikungunya.
Mendeley Data. 2021;V1. https:/ /doi.org/10.17632/
bv26kznkjs.1

Johnson KM, Shelokov A, Peralta PH, Dammin GJ,

Young NA. Recovery of Venezuelan equine encephalomyelitis
virus in Panama. A fatal case in man. Am ] Trop Med Hyg.
1968;17:432-40. https:/ /doi.org/10.4269/ajtmh.1968.17.432
Franck PT, Johnson KM. An outbreak of Venezuelan
encephalitis in man in the Panama Canal Zone. Am J

Trop Med Hyg. 1970;19:860-5. https:/ /doi.org/10.4269/
ajtmh.1970.19.860

Kelser RA. Equine encephalomyelitis in Panama. Vet Bull.
1937;31:19-21.

Dietz WH Jr, Galindo P, Johnson KM. Eastern equine
encephalomyelitis in Panama: the epidemiology of the

1973 epizootic. Am ] Trop Med Hyg. 1980;29:133-40.
https:/ /doi.org/10.4269/ ajtmh.1980.29.133

Srihongse S, Galindo P. The isolation of eastern equine
encephalitis virus from Culex (Melanoconion) taeiopus Dyar
and Knab in Panama. Mosq News. 1967;27:74-6.

Vittor AY, Armien B, Gonzalez P, Carrera JP, Dominguez C,
Valderrama A, et al. Epidemiology of emergent Madariaga
encephalitis in a region with endemic Venezuelan equine
encephalitis: initial host studies and human cross-sectional
study in Darien, Panama. PLoS Negl Trop Dis. 2016;
10:e0004554. https:/ / doi.org/10.1371/journal.pntd.0004554
United Nations Refugee Agency. IOM, UNHCR call for
stronger response in the Americas as half a million people
cross the Darien jungle. 2023 Dec 7 [cited 2024 Sep 16].
https:/ /www.unhcr.org/news/ press-releases/
iom-unhcr-call-stronger-response-americas-half-million-
people-cross-darien

Carrera JP, Arauz D, Rojas A, Cardozo F, Stittleburg V,
Morales Claro I, et al. Real-time RT-PCR for Venezuelan
equine encephalitis complex, Madariaga, and Eastern
equine encephalitis viruses: application in human and
mosquito public health surveillance in Panama. J Clin
Microbiol. 2023;61:e0015223. https:/ /doi.org/10.1128/
jem.00152-23

Asish PR, Dasgupta S, Rachel G, Bagepally BS,

Girish Kumar CP. Global prevalence of asymptomatic
dengue infections —a systematic review and meta-analysis.
Int J Infect Dis. 2023;134:292-8. https:/ /doi.org/10.1016/
j-1jid.2023.07.010

de Lima Cavalcanti TYV, Pereira MR, de Paula SO,

Franca RFO. A review on chikungunya virus epidemiology,
pathogenesis and current vaccine development. Viruses.
2022;14:969. https:/ /doi.org/10.3390/v14050969

Harapan H, Michie A, Sasmono RT, Imrie A. Dengue: a
minireview. Viruses. 2020;12:829. https:/ /doi.org/10.3390/
v12080829

Plourde AR, Bloch EM. A literature review of Zika virus.
Emerg Infect Dis. 2016;22:1185-92. https:/ /doi.org/10.3201/
€id2207.151990

Address for correspondence: Darci Smith, Naval Medical
Research Center, 8400 Research Plaza, Fort. Detrick, MD 21702,
USA,; email: darci.r.smith.civ@health.mil

Emerging Infectious Diseases *« www.cdc.gov/eid * Vol. 30, No. 14, Supplement to November 2024


https://doi.org/10.1016/S1473-3099(16)30518-7
https://doi.org/10.1016/S1473-3099(16)30518-7
https://doi.org/10.1093/ofid/ofaa359
https://doi.org/10.1016/j.vetmic.2009.08.023
https://doi.org/10.1016/j.vetmic.2009.08.023
https://doi.org/10.1128/JVI.01586-09
https://doi.org/10.1128/JVI.01586-09
https://doi.org/10.1056/NEJMoa1212628
https://doi.org/10.1056/NEJMoa1212628
https://doi.org/10.4269/ajtmh.20-0408
https://doi.org/10.2217/fvl.11.50
https://doi.org/10.2217/fvl.11.50
https://www.who.int/emergencies/disease-outbreak-news/item/2023-DON448
https://www.who.int/emergencies/disease-outbreak-news/item/2023-DON448
https://doi.org/10.1146/annurev-med-050715-105122
https://doi.org/10.1146/annurev-med-050715-105122
https://doi.org/10.3390/v11080764
https://doi.org/10.1371/journal.pntd.0000472
https://doi.org/10.1371/journal.pntd.0000472
https://doi.org/10.1016/j.jcv.2017.09.002
https://doi.org/10.1016/j.jcv.2017.09.002
https://doi.org/10.17632/bv26kznkjs.1
https://doi.org/10.17632/bv26kznkjs.1
https://doi.org/10.4269/ajtmh.1968.17.432
https://doi.org/10.4269/ajtmh.1970.19.860
https://doi.org/10.4269/ajtmh.1970.19.860
https://doi.org/10.4269/ajtmh.1980.29.133
https://doi.org/10.1371/journal.pntd.0004554
https://www.unhcr.org/news/press-releases/
https://doi.org/10.1128/jcm.00152-23
https://doi.org/10.1128/jcm.00152-23
https://doi.org/10.1016/j.ijid.2023.07.010
https://doi.org/10.1016/j.ijid.2023.07.010
https://doi.org/10.3390/v14050969
https://doi.org/10.3390/v12080829
https://doi.org/10.3390/v12080829
https://doi.org/10.3201/eid2207.151990
https://doi.org/10.3201/eid2207.151990
mailto:darci.r.smith.civ@health.mil
http://www.cdc.gov/eid

