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Abstract.  Several species of alphaviruses have been previously described in the Americas, some of which are associated
with encephalitis and others are associated with arthralgia. Venezuelan equine encephalitis virus (VEEV) and eastern
equine encephalitis virus (EEEV) are endemic to Venezuela, with the former being responsible for major outbreaks of
severe and often fatal disease in animals and humans. The aim of this study was to analyze the genetic diversity of
Venezuelan alphaviruses isolated during two decades (1973-1999) of surveillance in northern Venezuela. Phylogenetic
analysis indicated the circulation of a VEEV subtype IAB strain 8 years after the last reported outbreak. Thirteen strains
within two subclades of South American lineage III of EEEV were also found in Venezuela. Considerable genetic
variability was observed among Venezuelan Una virus strains, which were widely distributed among the clades. The first

Venezuelan Mayaro sequence was also characterized.

INTRODUCTION

The genus Alphavirus includes approximately 30 species of
positive-strand RNA viruses, displays a nearly worldwide dis-
tribution, and belongs to the Family Togaviridae. Alphavirus
infection can cause a variety of diseases in humans and
domesticated animals. The genus includes eight genetic/
antigenic complexes, of which five have been described in the
New World." Venezuelan equine encephalitis virus (VEEV)
and eastern equine encephalitis virus (EEEV; the species
Madariaga virus in South America?) are enzootic in Venezuela
and other parts of South America, with the former responsible
for major equine-amplified outbreaks of severe, often fatal
disease in animals and humans (mainly subtypes IAB and IC)
as well as endemic disease resulting from enzootic spillover
(subtype ID).! Among the arthralgic alphaviruses, only Mayaro
virus (MAYV) occurs in the New World.

Several field studies have been performed in Venezuela
for alphavirus surveillance.>* VEEV has previously been
detected during epidemics occurring in 1938, 1969, and 1973.°
However, little information is available on the molecular
characterization of VEEV and other alphaviruses during inter-
epidemic periods in the country. To further characterize South
American alphaviruses and their genetic diversity, we studied
strains isolated during two decades of surveillance in Venezuela.

METHODS

The virus strains used in this study are listed in Table 1. The
viruses were isolated primarily by the use of sentinel hamsters
at seven locations in five states from northern Venezuela.
Alphavirus isolates were propagated in Vero cells as pre-
viously described.® Viral RNA was extracted with Trizol
LS (Invitrogen, Carlsbad, CA), and reverse transcription
polymerase chain reaction (RT-PCR) amplification of the
3'—non-coding region (3'-NCR) was performed with primers
a10247A and T25-MLu® to generate amplicons of approxi-
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mately 1,200 nucleotides (nt). Purified amplicons were
sequenced by dye-terminator sequencing using a 23 ABI
3730XLs (Macrogen, Seoul, Korea) using both amplification
primers to allow sequencing of both complementary DNA
(cDNA) strands and correct base calling. The complete
genome sequence of VEEV strain Pan66640 was determined
using subtype [AB-specific primers (sequences available on
request). Each region was sequenced using four primers cov-
ering both cDNA strands.

Nucleotide sequences were deposited into the GenBank
database under accession numbers KF770732-KF770750 and
KJ410017. Sequences were aligned with representative
homologous alphavirus sequences available in GenBank, and
Bayesian phylogenies were inferred using the generalized
time reversible + I + I'4 nucleotide substitution model.

RESULTS AND DISCUSSION

In total, 19 Venezuelan alphavirus sequences were studied
(Figure 1 and Table 1): 13 EEEV, 3 VEEV, 1 MAYV, and
2 UNA virus (UNAYV) strains were compared with sequences
obtained previously from Venezuela and other countries. The
E1/3'-NCR genome region was selected for amplification and
sequencing to simultaneously take advantage of the conserved
primer binding sequences within the alphavirus genus and
produce a fragment that is phylogenetically informative given
the sequence length.® Indeed, phylogenetic analysis of this
region discriminated the VEEV complex viruses with high
bootstrap support (Figure 2A). Strains VEEVIDPAnN36080
and VEEVID 204381 were closely related to isolates from
Venezuela and Colombia collected during the same time
period. Strain VEEV PAn66640, isolated from a sentinel
hamster in the Guajira region, Zulia State during a non-
epidemic/epizootic period, displayed 0.1-0.9% nucleotide
divergence from all other IAB isolates analyzed.

The complete coding sequence and structural polyprotein
open reading frame (ORF) sequence analysis (approximately
4,000 nt) for PAn66640 confirmed its relationship to IAB
strains, displaying > 99% identity with others in this VEEV
subtype (Figure 2B). As in previous analyses with subgenomic
OREF sequences,’ the relationships among most IAB strains
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TaBLE 1

Venezuelan alphavirus isolates obtained in this study

Strain name (virus) Passage history before sequencing

Source of isolate State, region, and year of isolation

SAPan27014 (EEEV) VERO,, BHK,
SAPan35022 (EEEV) VERO,, BHK,
SAPan35093 (EEEV) VERO,, BHK,
SAPan66643 (EEEV) VERO,, BHK,
SAPan 66649 (EEEV) VERO,, BHK,
SAPan 66652 (EEEV) VERO,, BHK,
SA251349 (EEEV) SMBs, VERO,, BHK,
SAPan27029 (EEEV) VERO;, BHK,
SAPan66061 (EEEV) VERO,, BHK,
SAPan66367 (EEEV) VERO,, BHK,
207546 (EEEV) SMB., BHK,

254762 (EEEV) SMB,, BHK,
SADelirio (EEEV) SMBs, VERO,, BHK,
Pan36080 (VEEV) VERO,, BHK,
204381(VEEV) SMB,, VERO, BHK,
AB66640 (VEEV) VERO,, BHK,
MAYPAR (MAYV) VERO, BHK;
ZPC526 (UNAV) VERO, BHK;
PAR18983 (UNAV) VERO,, BHK,

Hamster Zulia, Catatumbo, 1975
Hamster Zulia, Catatumbo, 1976
Hamster Zulia, Catatumbo, 1976
Hamster Zulia, Goajira, 1981
Hamster Zulia, Goajira, 1981
Hamster Zulia, Goajira, 1981
Equine Guarico, Las Mercedes, 1996
Hamster Zulia, Catatumbo, 1975
Hamster Zulia, Goajira, 1981
Hamster Zulia, Goajira, 1981
Equine San Felipe, Yaracuy, 1978
Equine Falcon, Tucacas, 1984
Equine Zulia, Sur del Lago, 1976
Hamster Zulia, Catatumbo, 1976
Mosquito Delta Amacuro, 1973
Hamster Zulia, Goajira, 1981
Hamster Zulia, Catatumbo, 1999
Hamster Zulia, 1997

Mosquito Zulia, Catatumbo, 1976

BHK = baby hamster kidney; SMB = suckling mouse brain; VERO = African green monkey kidney.

were not robust, which was indicated by the inconsistent
groupings obtained with the E1/3'-NCR versus complete
ORF sequences. The nucleotide differences for PAn66640
compared with other IAB strains were all unique, ruling out
laboratory contamination. Thus, strain PAn66640 represents
a subtype IAB-like VEEV strain isolated during an inter-
epizootic period; it may represent cryptic circulation up to
8 years after the last reported IAB Venezuelan outbreak in
1973. Another possibility is that this strain represents an enzo-
otic progenitor lineage that gave rise to the IAB strains in the
early 20th century. However, a basal position within the IAB
clade (at least the main portion, excluding the 1942 and 1946
Peruvian strains) would be expected for such a progenitor,
and none of our analyses showed this relationship.

Several hypotheses have been postulated to explain the
interepizootic maintenance of IAB and IC VEEV strains:
(1) periodic generation from enzootic progenitors, (2) main-
tenance of epizootic strains within enzootic viral subpopula-
tions, (3) presence of cryptic IAB and IC transmission cycles
that emerge periodically, (4) reactivation of latent infections,
and (5) administration of improperly inactivated vaccines.
Epizootic strains characterized using serologic methods have
been collected during interepizootic periods.® An epizootic
strain of VEEV was collected in Guatemala in an enzootic
habitat in 1969, but this occurred during the 1969-1971 Central/
North American outbreak.” Navarro and others'” also
detected post-epizootic persistence of a VEEV subtype IC
strain in Venezuela on cattle ranches 5 years after the apparent
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FIGURE 1.

Geographic location of the Venezuelan alphavirus strains analyzed in this study.
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FiGure 2. Phylogenetic analyses of alphavirus isolates. A midpoint rooted Bayesian Markov chain Monte Carlo phylogeny was constructed
based on (A) 810 nt of the E1/3'-NCR genome region for VEEV, (B) a structural polyprotein ORF (26S) for VEEV, (C) 810 nt of the E1/3'-NCR
for EEEV, and (D) 993 nt of the E1/3'-NCR for MAYV/UNAV. Venezuelan sequences generated in this study are highlighted in bold. Tip labels
include the year of isolation, strain name, and country of isolation. Clade credibility values over 90% are shown adjacent to their corresponding
nodes. The scale bar represents the percentage of nucleotide sequence divergence.

end of the 1995 outbreak. Additional surveillance in western
Venezuela to determine if IAB strains continue to circulate
there is warranted.

Sequence analysis of our EEEV strains allowed their
classification into the four previously described subtypes®!°
and showed the presence of two subclades inside South
American lineage III, which includes all Venezuelan isolates
(Figure 2C). Lineages II-IV are now reclassified as M. virus.®
Newly delineated subclade A comprised isolates from Panama,
Venezuela, and Peru, and subclade B comprised the remaining
Venezuelan isolates. EEESAPANn35022, EEESADELIRIO,
and EEESAPAN66061 were isolated in 1976, 1976, and 1981,
respectively, and displayed 100% sequence identity in the
region analyzed. The same was true for isolates EEEPan27011,
EEEPan27014, and EEEPan27029, which were collected
from sentinel hamsters exposed only a few meters apart. The
South American EEEV group displayed 0-5.3% nucleotide
sequence diversity. The Venezuelan strains were closely
related within each subclade and were not grouped geographi-
cally or temporally (Figure 2C). The presence of two subclades
of Venezuelan EEEV strains may reflect independent evolu-
tion for long time periods.

The MAYYV sequences studied were grouped within two
previously described genotypes.'! Genotype L comprises iso-
lates exclusively from Brazil, whereas genotype D comprises
strains from several parts of South America, including Brazil
(Figure 2D). Our Venezuelan isolate grouped within geno-
type D and was most closely related to isolates from Trinidad.
Little information is available in Venezuela about human
infections by MAYYV. Serological studies in rural parts of
northern South America and the Amazon Basin indicate that
human infections are relatively common.'*!'® Mayaro fever
typically occurs in individuals with a history of recent activity
in forest habitats.'*!> Torres and others'® reported the only
known human cases of Mayaro in Venezuela. The disease was
found in a household consisting of four adults who spent the
night in a rural area of Miranda State.

In contrast to the close genetic relatedness of the other
Venezuelan alphaviruses within each species, a high level
of genetic diversity was found among our UNAYV isolates
(Figure 2D). No genotypic grouping has been proposed for
UNAV diversity,'! but at least three clades can be distinguished
based on our analyses. Our Venezuelan isolates fell within two
of these clades, with UNAPAr18983 closely related to a strain
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circulating in Colombia, UNAZPC195HAM and UNAZPC526
closely related to each other but quite distinct from all strains
previously sequenced, and UNAMACI150HAM closely related
to isolates from Brazil and Colombia. UNAYV infection has
been detected in sentinel hamsters, and antibodies were found
in birds, horses, and humans during epidemiological surveys in
Zulia State, Venezuela.'” The exact geographical distribution
and potential disease association of UNAYV remain unknown.
Previous studies of UNAV genetics suggested that its diversity
reflects its ability to colonize new ecological niches."" After
discrete enzootic foci are established, the virus is maintained
in independent evolutionary lineages. These patterns of
genetic diversity may be influenced by both vector and enzo-
otic vertebrate hosts.

In conclusion, phylogenetic analysis of Venezuelan alpha-
viruses suggested cryptic, post-epizootic circulation of sub-
type IAB VEEV 8 years after the last reported outbreak
caused by the strain. Two distinct clades within lineage III of
closely related EEEV strains within the newly designated
species M. virus were also delineated. EEEV and UNAV
genetic diversity was also described, with the former showing
geographic clustering suggestive of regionally independent
evolution and the latter showing widely distributed clades,
indicating greater virus mobility.
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