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Abstract

Rocio (ROCV), Saint Louis encephalitis (SLEV) and West Nile (WNV) are Flavivirus (Flaviviridae)
probably carried by birds and transmitted by Culex mosquitoes. We show here a review on infec-
tions of the central nervous system by St. Louis Encephalitis, Rocio and West Nile Flaviviruses in
Brazil, 2004-2014. In the last 10 years, serologic surveys in horses showed high proportions of
seropositive animals which point out that SLEV and ROCV have circulated infecting horses in west-
central, southeast and other regions of Brazil and that WNV has been introduced into Brazil and
circulates mostly in Pantanal region. However humans infected by WNV have not been reported.
In the State of Sdo Paulo: SLEV was isolated from a case clinically diagnosed as dengue in 2004; in
2006, 6 SLEV patients including 3 cases of menigoencephalitis were reported in the middle of a
large epidemic of dengue type 3; and in 2008, 1 patient with acute febrile illness that was IgM-
positive for dengue was found infected by SLEV by detection of the virus genome. In 2010, ROCV
genome was detected in the cerebrospinal fluids of 2 patients from the northern region with me-
ningoenchephalitis and also AIDS. This was the first report of infections by ROCV in the last 34
years and curiously, it occured more than 2000 km from where the virus was firstly found. It is
necessary to improve the surveillance of SLEV, ROCV and WNV in Brazil.
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1. Introduction

Brazil is the largest country in South America. Located in the tropical area of the globe, the country has a large
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variety of flora and fauna that includes many arthropods, specially mosquitoes and midges. Thus, the country
offers suitable condition for maintenance and emergence of new arboviral cycles. Therefore, some zoonotic ar-
boviruses, like Oropouche, Mayaro, Rocio (ROCV), Saint Louis encephalitis (SLEV) and yellow fever virus,
have been found producing human diseases and outbreaks. Besides, arboviruses present in other American
countries, such as those emergent viruses West Nile (WNV) and Chikungunya, both have been recently intro-
duced in the country. The Brazilian population of 200 million inhabitants is mostly concentrated in the sou-
theastern, northeastern and southern regions that are infested by Aedesand Culex mosquitoes. Aedesaegypti
transmits dengue in large epidemics with hundreds of thousands of reported patients including some severe and
fatal cases. Cases of meningoencephalitis were also attributed to dengue virus in the country. In this context,
public health authorities are very much interested on the control of this virus by performing the clinical and se-
rological diagnosis of cases and also by the fight against Aedesaegypti. However, we highlight that while they
focus only on dengue, other viruses of the same genera (Flavivirus) that produce acute febrile illness and me-
ningoencephalitis can remain undetected.

The 50 species and 23 viral subtypes included in the Flavivirus genus of the Flaviviridae are further separated
into 12 groups based on antigenic and ecological similarities as well as by phylogenetic analysis of the NS5
gene [1]. One of these groups is that of Japanese encephalitis (JE) serocomplexthat is globally distributed and
include West Nile virus (WNV), Murray Valley encephalitis virus, St. Louis encephalitis virus (SLEV), and
Japanese encephalitis virus (JEV). Other serocomplexes include the yellow fever virus (YFV), the tick-borne
encephalitis (TBEV), and the Dengue (DENV). The viruses of the JE serocomplex are maintained in nature in a
cycle involving mosquitoes and in most cases, birds as the vertebrate host. Horses and humans when infected are
dead-end hosts because their viraemias are usually insufficient to subsequently infect feeding mosquitoes. Vi-
ruses of this complex are responsible for important diseases in humans mostly because they are neurotropic and
cause meningoncephalitis [2]. The flaviviruses of JE serocomplex that have major medical importance in South
American countries are SLEV, WNV and ROCV. These zoonotic viruses are probably carried by birds and
transmitted by mosquitoes of the genus Culexsp [3].

2. Serologic Surveys

Serologic surveys are important tools to detect infections by arbovirus and to determine antibody levels to these
agents. Serologic surveys to ROCV, SLEV and WNV have been performed in Brazilian horses. These large
animals were choosen because they live outdoors and in close contact with humans. Horses are constantly
sucked by mosquitoes and commonly become infected by multiple flaviviruses during their lifetimes. Similarly,
wild primates that are phylogenetically close related to men and also domestic birds, possible arbovirus reser-
voirs, are suitable animals for serological surveys. In a study performed in southern Brazil, 2004-2005, infec-
tions by 20 arboviruses in nonhuman primates and horses were investigated. Neutralizing antibodies were only
observed to SLEV. Specific antibodies to SLEV were detected in monkeys, Alouattacaraya (1 of 42), Sapajus-
nigritus (9 of 64) and Sapajus cay (4 of 26). In the same study, antibodies to SLEV were detected in 9 of 23
horse sera by inhibition hemmaglutination test [4]. A serologic survey to ROCV, SLEV and WNV has included
sera from 753 healthy horses from Central-West, Northeast and Southeast Brazil. Sera were tested by enzyme
immunosorbent assay (ELISA) using recombinant peptides from domain Il of the envelope protein of ROCV,
SLEV and WNYV [5]. A proportion of 55% of the 753 studied animals were seropositive to these viruses sug-
gesting that infections by Flavivirus are common among equines. Monotypic reactions to SLEV were observed
in 93 horses from MatoGrosso do Sul, Minas Gerais, Paraiba, Rio de Janeiro and S&o Paulo. Monotypic reac-
tions to ROCV were observed in 46 animals from the same states with the only exception of Minas Gerais [6].
Aditionally, of 79 ELISA positive horses to WNV, 9 expressed WNV specific neutralising antibodies. Eight of
these animals were from the Pantanal region in the state of MatoGrosso do Sul and 1 was from the state of Pa-
raiba in the Northeast of the country [7]. Another serologic survey, performed in 2009, included 168 horses from
Pantanal region showing neutralizing antibodies to SLEV in the sera of 9 animals and neutralizing antibodies to
WNV in the sera of 5 animals [8]. The Brazilian Pantanal region is a huge swamp that releases the water through
the Paraguay River and tributaries. Yearly, Pantanal has seasonal inundations and desiccations allowing suitable
ecological condition for that 1000 bird species (including migratory animals), 400 fish species, 300 mammalian
species, 480 reptile species and over 9000 different subspecies of invertebrates can live in the region [9]. In a
recent study, sera from 760 equines of Pantanal region were analyzed by plaque reduction neutralization test
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(PRNT) for 12 flaviviruses showing that 59 of them were positive for SLEV, 24 for WNV, and 1 for ROCV.
This study presents one more evidence of the circulation of these 3 viruses in the region [10]. Finally, neutraliz-
ing antibodies for WNV were reported in the sera of 4 horses, collected in 2009, in an area between the Amazon
and the Pantanal regions [11]. In short, these serologic surveys point that it is strongly possible that SLEV and
ROCYV have circulated infecting horses in northeast, west-central and southeast Brazil. The results also provide
additional evidence for the emergence of WNV in Brazil and for its circulation mostly in Pantanal region but
also in other regions [4] [6]-[8] [10] [11]. Unfortunately, it was not possible to know on human diseases in order
to correlate them to the animal infections by ROCV, SLEV and WNV. Human infection and disease by these
viruses probably occur in the area but remain without diagnosis.

3. St. Louis Encephalitis Virus (SLEV)

SLEV is distributed in the Americas, from Canada to Argentina. SLEV was firstly isolated in Brazil in 1960
from a pool of Sabethesbelisarioi captured at the Belem-Brasilia highway [12]. In the southern region, the virus
was isolated from sentinel animals, rodents and a bird [13]. SLEV was also isolated from 2 Brazilian patients
presenting a febrile illness with jaundice [13]. Serologic evidence of infection by SLEV have been observed in
the Amazon region as well as in the eastern and southeastern regions of Brazil [13]. The SLEV cycle in the
Amazon region include Culexdeclarator and Culexcoronator as vectors and wild birds, monkeys, sloths, arma-
dillos and marsupials as virus reservoirs [14]. In the last 10 years human disease by SLEV has been reported in
the southeastern region of Brazil. In 2004, SLEV was isolated from a case clinically diagnosed as dengue fever
in the city of S8o Pedro [15]. In 2006, 8 patients with acute febrile illness, from the city of RibeirdoPreto, were
seropositives to SLEV in a highly specific neutralization test (unpublished data). In the next year, 6 patients in-
fected by SLEV were diagnosed by polymerase chain reaction preceded by reverse transcription (RT-PCR) right
in the middle of a large epidemic of dengue type 3, in the city of Sdo José do Rio Preto [16] [17]. Two SLEV
patients had non-fatal menigoencephalitis. The other patients infected by SLEV had acute febrile dengue-like
symptoms and also minor hemorrhagic manifestations (positive tourniquet test). However, it is difficult to ex-
plain the positive tourniquet test observed in patients infected by SLEV. Yet, it was also reported a case of co-
infection by dengue type 3 and SLEV [18]. It is remarkable that this patient did not develop any severe clinical
manifestations despite having double infection. In 2008, aspects of the laboratory diagnosis of a patient with
acute febrile illness induced by SLEV were reported. The diagnosis was confirmed by RT-PCR followed by
nucleotide sequencing of the amplicon. This patient was initially diagnosed as having dengue fever by positive
IgMELISA [19]. The diagnosis of SLEV was only possible because rather than a dengue specific RT-PCR, the
samples were tested by a multiplex-nested RT-PCR to detect and identify the main Brazilian arboviruses of ge-
nera Flavivirus and Alphavirus [20]. It is worrying that diseases by SLEV and other flaviviruses could be diag-
nosed as dengue based on positive IgMELISA. Thus, cross-reaction of antibodies could induce a wrong diagno-
sis of dengue.

SLEV shows a high genetic variability and geographical dispersion in the Americas. In 2010, it was reported
a phylogenetic analysis based on full-length sequences of the envelope (E) protein of 30 Brazilian strains of
SLEV. It was observed that genotype VIII was restricted to the northern Amazon region and genotype V was
widely distributed in the Americas. Genotypes Il and V were associated to the human cases reported in the last
decade in the southeastern region of Brazil. Genotype 1l was also genetically related to strains isolated from
Culexquinquefasciatus in Argentina in 2005. Moreover, it was suggested that SLEV emerged in South America
and spread toward North America [21].

It is important for the control of SLEV, study the zoonotic cycle of the virus in urban areas of Brazil and par-
ticularly in the state of S&o Paulo by finding animal-reservoirs (birds? What species?) and mosquito-vectors
(Culexpipiensfatigans?).

4. Rocio Virus (ROCV)

Until recently, ROCV have been found only in Ribeira valley at the southeastern region of Brazil, in the 1970s,
when it produced an outbreak. During this epidemic, 1021 encephalitis cases were reported, approximately 100
deaths were observed, and more than 200 surviving patients presented sequelae [13]. ROCV disease of the cen-
tral nervous system struck mostly young men after a 7 - 14-day incubation period. The patients presented fever,
headache, anorexia, nausea, vomiting, myalgia and malaise. Later appeared signs of encephalitis, including con-
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fusion, reflex disturbances, motor impairment, meningeal irritation, cerebellar syndrome and seizures. Other
symptoms included abdominal distension and urinary retention. ROCV encephalitis produced as sequelae: visual,
olphactory, and auditory disturbances, lack of motor coordination, equilibrium disturbance, swallowing difficul-
ties, incontinence and defective memory [22]. ROCV was isolated 3 times during this outbreak, from a patient, a
Psorophoraferox mosquito and a wild migratory bird [23]. The epidemiology of ROCV practically remain un-
known and causes for virus appearance and disappearance are a mystery. After this outbreak, serologic evidence
of ROCYV circulation has been reported in different regions of the country and public health authorities are con-
cerned about a return of ROCV outbreaks in Brazil. In 2010, the genome of ROCV was amplified by RT-PCR
from 2 cerebrospinal fluids of patients with non-fatal meningoenchephalitis (unpublished data). Virus identifica-
tion was performed in both cases by sequencing nucleotides of the PCR products. Curiously, both patients had
AIDS and this was the first report of infections by ROCV in the last 34 years. Moreover, these 2 cases appeared
in the city of Manaus, North of Brazil, more than 2000 km from where the virus was firstly found.

In the last 10 years some Brazilian studies have been performed to better understand the infection and the in-
vasion of the central nervous system by ROCV. It is known that after inoculation by mosquito bite, flaviviruses
primarily infect blood monocytes and tissue macrophages, which have been shown to be permissive, supporting
viral replication and serving as virus reservoirs. These cells also may have an important antiviral activity related
to immune modulation by cytokine production and by the capacity of these cells to synthesize reactive free rad-
icals. An in vitro study with murine macrophages infected by SLEV, ROCV and other flaviviruses has shown
that SLEV reduced the production of IL-1a and TGF-$ by LPS-stimulated macrophages, while ROCV only di-
minished LPS-stimulated TGF-# synthesis. Additionally, while SLEV and ROCV have stimulated the produc-
tion of IFN-y, none of them has changed the production of TNF-o by murine macrophages. Interestingly, both
viruses, SLEV and ROCV, have induced the synthesis of nitric oxide which is a free radical with microbicidal
effect [24]. Another study used golden hamsters (Mesocricetusauratus) infected intraperitoneally with ROCV
that were later sacrificed, at various days over 4 month period, to collect samples. It was found that the virus
produces neuroinvasion in hamsters and also induces a strong immune response. ROCV was detected in the
brain, liver and blood for three months after infection. Histopathological changes and expression of viral anti-
gens were observed in liver, kidney, lung and brain up to 4 months after infection. These findings show that
ROCV is able to cause persistent infection in golden hamsters after intraperitoneal inoculation [25].

In a study on the disease produced by ROCV in the central nervous system of Balb/C young adult mice, the
animals were intraperitoneally infected and followed up from O thru 9 days after infection, when all of them had
paralysis of hind paws and death. ROCV was detected in CNS 2 hours after infection and also produced a severe
form of meningoencephalomyelitis. It was observed the viral infection of neurons, glial and endothelial cells.
ROCV also induced inflamatory responses with increased production of TNF-a, IL-15, IFN-y e IFN-a, related to
TH1 immune response, and TGF-4, IL-4and 1L-10, related to TH2 immune response. Last, apoptosis and death
of neurons was observed when the mice had severe encephalitis and died (9 days after infection) [26]. In another
study, it was analyzed the CC-chemokine receptor 5 (CCR5) that binds to macrophage inflammatory protein
(MIP) laovéwdrvevye the migration of these cells into mouse brains infected by ROCV. It was observed that
CCR5 and MIP 1a knockout mice survived longer and with a reduced inflammation in the brain than wild-type
ROCV-infected animals. Moreover the knockout mice required a higher lethal dose than those mice of the wild
type. The CCR5/MIP-1a axis may contribute to the migration of cells into ROCV infected brains [27]. These
findings can help to better understand the pathogenesis and the physiopathology of the human meningoence-
phalomyelitis by ROCV and other flaviviruses of the JE serocomplex.

5. West Nile Virus (WNV)

WNV is a pathogen from Africa and Asia that emerged in North America in 1999 and spread toward practically
all the Americas (North, Central and South). This virus is the causative of severe encephalitis in humans, birds,
and in horses. In the North America, WNV has caused dozens of thousands of clinical cases and some thousands
of deaths of humans and horses [28]. WNV was isolated in Argentina, 2006, from the brain of 3 horses [29].
Based on the virus introduction in Argentina as well as in the results of serologic surveys shown above, WNV
has been introduced in Brazil and it is probably spreading in the country based on a transmission network that
involves mosquitoes, birds and horses. However, human disease by WNV has not been reported in Brazil or in
the whole South America. The absence of human cases could be related to a cross-immune protection of the
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Brazilian population that has an extensive contact with other flaviviruses (dengue, yellow fever vaccine, SLEV,
etc.).

6. Laboratory Diagnosis of SLE, ROC and WNV

Considering that the sera of patients infected by SLEV or other flaviviruses, could cross-react with dengue by
serology, including those tests that detect specific IgM, virology laboratories should use more than one method
to confirm dengue diagnosis and also should develop diagnostic tests for several arboviruses that produce human
disease, using these tests as a routine, inclusively, during dengue epidemics [19].

Laboratory diagnosis of Flavivirus includes their genome detections by RT-PCR. In most of the studies sum-
marized here a Flavivirus (genus)—specific RT-PCR followed by species-specific M-N-PCR or N-PCR were
used for identification of some of the common Brazilian Flavivirus (DENV 1-4, YFV, SLEV, Rocio and ilheus)
[20]. However, the detection of viral RNA is reduced in low viremic infections at the time of clinical presenta-
tion in humans as well as in horses. The chance of detection of the viral RNA is also reduced in humans when
the laboratory diagnosis is performed after 5 days of disease. Thus, in these cases the diagnosis is commonly
achieved using serological assays such as enzyme-linked immunosorbent assay (ELISA). ELISAs are more used
for serological screening than the more specific plaque reduction neutralization tests that are time consuming
and require the handling of live virus. IgG-ELISAs are used for determination of antibody levels to Flavivirus in
serologic surveys. For most of the serologic surveys summarized here, were used 1gG-ELISAs including recom-
binant peptides of the domain Il1 (rDIII) of envelope proteins of WNV, SLEV and ROCV. Previously, these
rDIII antigens have been bacterially expressed and purified [5] [6] [30].

7. Study on Vectors

An study was performed to evaluate the capacity to suppress replication of pathogenic flaviviruses transmitted
by Culex spp. Co-infection experiments indicated that prior or concurrent infection of mosquito cells with Nhu-
mirin (NHUV, an mosquito-specific Flavivirus) have reduced significantly the viral production of WNV, SLEV
and JEV. This inhibitory effect was more effective against WNV and SLEV reducing their titers over a million-
fold and 10,000-fold respectively. This modulatory effect based on co-infections is a potential weapon for block-
ing the infection of the mosquito with medically important flaviviruses [31].

8. Conclusion

Finally, it is necessary to improve the surveillance of SLEV, ROCV, WNV in Brazil. Therefore, doctors must
include flaviviruses (not only dengue) and other arboviruses in their differential diagnosis of acute febrile dis-
ease and of meningoencephalitis. In fact, if the doctors do not think on these pathogens, it will prevail the mis-
taken idea that their diseases do not exist here!
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