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Rio Negro virus (RNV) belongs to the enzootic group 
of Venezuelan equine encephalitis (VEE) complex (Al-
phavirus, Togaviridae) and corresponds to the subtype 
VI of its serological classification (Weaver et al. 2004). 
The viral genome consists of a single-stranded positive-
sense RNA of 11.5 kilobases (Brault et al. 2004). The 
structural proteins (E1, E2 and C) are encoded in the 
3’ third of the genome and nonstructural proteins (nsPs 
1-4) are encoded in the remaining 5’ two thirds (Grif-
fin 2001). Enzootic VEE subtypes are equine avirulent; 
however, some may be pathogenic to humans, which are 
end hosts, and in some cases these infections may be 
fatal (Johnson & Martin 1974). Most human infections 
are mild or asymptomatic, producing symptoms similar 
to those of dengue or influenza (headache, chills, fever, 
myalgias, retroocular pain, nausea and vomiting), which 
last three-five days (PAHO 2011).

RNV circulates only in Argentina and was isolated 
for the first time in 1980 from Culex (Melanoconion) del-
pontei mosquitoes in the province of Chaco, a subtropi-
cal area in the northern part of the country. In that study, 
19 isolates of this virus were obtained and subsequently 
classified as a new enzootic subtype in the VEE complex 
(Mitchell et al. 1985). In 1989, RNV produced an outbreak 
of acute febrile illness in humans of General Belgrano 
Island (province of Formosa, subtropical area). This out-

break was originally attributed to dengue virus due to the 
similarity of the symptoms (Contigiani et al. 1993). Two 
years later, a strain of this virus (denoted as F89) was iso-
lated from rodents captured in the same province (Conti-
giani et al. 1999). Additionally, serological studies have 
demonstrated the presence of antibodies against subtypes 
VI and I (strain TC83) in inhabitants of General Belgrano 
Island (Cámara et al. 2003). Recent investigations have 
detected RNV in mosquitoes from Chaco (Pisano et al. 
2010b) and, for the first time, in mosquitoes from the prov-
ince of Tucumán, demonstrating a wider distribution in 
the northern areas of Argentina (Pisano et al. 2010a) than 
previously suspected. In these provinces, Pixuna virus 
(PIXV), another enzootic member of the VEE complex 
(subtype IV), has also been detected, sometimes circulat-
ing within the same region and at the same time as RNV 
(Pisano et al. 2010a). These studies have demonstrated the 
presence of more than one enzootic VEE subtype in sub-
tropical regions of Argentina.

The aim of this study was to investigate the circula-
tion of RNV in central temperate areas of Argentina. We 
analysed the presence of this virus in Córdoba during 
2004 and 2005. Mosquitoes were tested by molecular 
detection and humans by serological tests.

SUBJECTS, MaTErialS and METhodS

Molecular detection in mosquitoes - Mosquitoes were 
collected from January-May 2004 and from January-
March 2005 with CDC light traps supplemented with 
CO2 using dry ice in the city of Córdoba (31º24’03’’S 
64º10’54’’W), located in the central area of Argentina 
(Fig. 1, Table I). The mosquitoes were transported to the 
laboratory alive under cold conditions and unengorged 
females were pooled into groups of up to 50 according to 
species, study site and date of collection. They were then 
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stored at -70ºC until processing. Each pool was triturated 
in a mortar with sterile minimum essential medium (Gib-
co, Invitrogen, NY, USA) supplemented with 10% fetal 
bovine serum and 1% gentamicin and afterwards centri-
fuged at 11,400 g for 30 min. Supernatants were stored at 
-70ºC until molecular detection was performed.

Viral RNA was extracted using Trizol Reagent (In-
vitrogen BRL, Life Technologies, Rockville, MD, USA) 
according to the manufacturer’s instructions. Reverse 
transcriptase-nested polymerase chain reaction (RT-
nested PCR) for alphavirus detection was performed, 
amplifying a 195-bp fragment that corresponded to the 
nsP4 region, as described by Sánchez Seco et al. (2001). 
PCR products of the expected size were purified using 
QIAquick Gel Extraction Kit (Qiagen, Valencia, CA, 
USA) and sequenced in both directions by an ABI au-
tomatic sequencer. Nucleotide sequences were analy-
sed by BLAST 2.2.19 (blast.ncbi.nlm.nih.gov) (Zhang 
et al. 2000) to determine the identity of amplicons. A 
dendrogram was constructed with the program MEGA 
version 4.0 software (Center for Evolutionary Functional 
Genomics, Arizona, USA) using the neighbour joining 
method and p-distance parameter (Tamura et al. 2007).

Detection of antibodies in humans - Serum samples 
from humans between the ages of zero-80 years were 
screened for antibodies to RNV using the neutralization 
test (NT) (Early et al. 1967). Positive samples were also 
tested against PIXV to discard cross reactions. NTs were 
performed using African green monkey kidney (Vero) 
cells. Samples were collected in Córdoba (in Health 
Centres from municipality of Córdoba) between Novem-
ber 2004-April 2005, during an outbreak of St. Louis en-
cephalitis virus (Spinsanti et al. 2008). All samples were 
initially tested at a dilution of 1:10 and positive samples 
were further titrated to determine the end-point titter. 
This study was designed as a non-associated anonymous 
survey; the only data registered were the number of the 
sample, the date of sampling and the subject’s age (years) 
and address (street and neighbourhood).

rESUlTS and diSCUSSion

Sixty-two mosquito pools (1,524 individuals) belong-
ing to eight species were collected. The most abundant 
species were Culex (Culex) interfor (48.8%), Culex quin-
quefasciatus (27.8%) and Aedes albifasciatus (6.6%). 
All mosquito pools were tested for alphavirus RNA by 
RT-nested PCR and one pool of Cx. interfor was posi-
tive (denoted as ArgCba448). The mosquitoes that com-
prised this pool were collected in February 2005 in the 
southern part of the city. 

Culex (Melanoconion) delpontei was originally pos-
tulated as the main vector of RNV in 1980 for the region 
of Chaco because 12 strains of the virus were isolated 
from this species (Mitchell et al. 1985). Recent studies 
have demonstrated the presence of RNV in several other 
mosquito species in Chaco and Tucumán (Pisano et al. 
2010a, b). In those investigations, there were few (Cha-
co) or no (Tucumán) pools of Cx. delpontei collected, 
suggesting changes in the ecoepidemiological pattern of 
RNV in those regions over time. In Córdoba, this was 
the first detection of RNV and Cx. delpontei is not listed 
for this province (Mitchell & Darsie 1985). These data, 
along with all that have been previously mentioned, 
could indicate that RNV is being transmitted by other 
mosquito genera or species throughout Argentina.

The positive sample ArgCba448 was sequenced and 
distance analysis showed that it clustered with RNV 
within the VEE complex (Fig. 2). We also included pre-
vious RNV isolates from the Argentinean provinces of 
Formosa, Chaco and Tucumán in this analysis. It was not 
possible to carry out detailed phylogenetic analysis due 
to the short length of the amplicon. Sequencing of more 
variable regions of the viral genome (E1, E2) would be 
necessary to perform a larger phylogenetic analysis to 
obtain more information about RNV variability and 
routes of dispersion in Argentina.

Detection of human antibodies against RNV was 
performed in 409 serum samples. One sample (0.24%) 
from March 2005 tested positive for antibodies to RNV 
and negative for antibodies to PIXV. It corresponded to 
a resident of the south part of Córdoba. The titre was 
320, which could indicate circulation in this period, al-
though a better estimation of recent infection would be 
based on IgM detection.

Our results show that RNV circulated in the city 
of Córdoba during 2005. This is the first report of its 
detection in this temperate province. Molecular results 
show a strong correlation with serology, demonstrating 
that the circulation in mosquitoes occurred during the 
same period in which the human infection took place. 
This finding indicates expansion of RNV into new re-
gions, probably due to climate changes and the increase 
of commercial activities in that area, especially in north-
ern regions of the country. Further studies are needed to 
investigate whether RNV and other members of the VEE 
complex are actually circulating in the city of Córdoba 
or could have circulated in 2005 without becoming es-
tablished in the region.

These results highlight the need for constant clini-
cal and virological surveillance in Córdoba. The occur-
rence of clinical cases of febrile undifferentiated illness 

Fig. 1: map showing location of the city of Córdoba, in the province 
of Córdoba, Argentina. 
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produced by RNV must be taken into account for dif-
ferential etiologic diagnosis with other arboviruses that 
circulate in the same region, especially in cases reported 
as probable dengue. Studies of longer and more variable 
genomic regions are also important for a better under-
standing of this virus and its impact on public health.
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3
8
5
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5
2
2

0
0
0
1
0
0
0
0

Fig. 2: dendogram constructed with Neighbour joining method and p-distance parameter included positive sample ArgCba448, prototype Ven-
ezuelan equine encephalitis complex viruses and previous Argentinean isolates, indicated by ArgCh (isolates from the province of Chaco), ArgF 
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