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Abstract

We report the characterization of three novel flaviviruses isolated in Spain. Marisma Mosquito virus, a novel
mosquito borne virus, was isolated from Ochlerotatus caspius mosquitoes; Spanish Ochlerotatus flavivirus and
Spanish Culex flavivirus, two novel insect flaviviruses, were isolated from Oc. caspius and Culex pipiens, re-
spectively. During this investigation, we designed a sensitive RT-nested polymerase chain reaction method that
amplifies a 1019bp fragment of the flavivirus NS5 gene and could be directly used in clinical or environmental
samples for flavivirus characterization and surveillance. Analysis of the sequence generated from that amplicon
contains enough phylogenetic information for proper taxonomic studies. Moreover, the use of this tool allowed
the detection of additional flavivirus DNA forms in Culex, Culiseta, and Ochlerotatus mosquitoes.
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Introduction

The genus Flavivirus (family Flaviviridae) comprises
more than 70 viruses, most of them zoonotic and trans-

mitted by arthropods. The genus includes major human path-
ogens such as Yellow fever virus (YFV), Dengue virus (DENV),
West Nile virus (WNV), Japanese encephalitis virus ( JEV), or
Tick-borne encephalitis virus (TBEV) (Monath and Heinz 1996).
The viruses in the Flavivirus genus are classified in three dif-
ferent groups: tick-borne viruses (TBV), mosquito borne viruses
(MBV), and the third group consisting of viruses with not-
known arthropod vector; finally, Cell Fusing Agent (CFAV)
and Tamana bat virus are considered ‘‘tentative species in the
genus’’(Calisher and Gould 2003). This classification is strongly
supported not only by ecological, epidemiological, and disease
associations but also by intensive phylogenetic studies per-
formed mainly in the NS5 gene, which encodes the viral poly-
merase (Gaunt et al. 2001). In Spain, previous field studies
suggested the existence of a large number of uncharacterized

flaviviruses (Aranda et al. 2009, Sánchez-Seco et al. 2009), al-
though the short nature of the amplification product obtained
did not allow complete phylogenetic characterization.

Given that they contain several human pathogens, the MBV
and TBV flavivirus groups are the focus of most of the research
in the genus. Several novel MBV were recently described:
Nounane and Tai forest viruses in Cote d’Ivoire ( Junglen et al.
2009), T’Ho virus in Mexico, (Farfan-Ale et al. 2009); and Lammi
virus (LAMV) in Finland (Huhtamo et al. 2009). In this article,
we will describe another novel flavivirus, related with some of
these novels MBV agents, detected in mosquitoes collected in
Spain. To achieve its characterization, we designed and vali-
dated a generic reverse transcription (RT)-Nested-polymerase
chain reaction (PCR) in the NS5 gene that is sensitive enough to
allow amplification directly from biological samples, thus
avoiding the requirement of cultivation for proper classification.

CFAV was isolated from a cell line established from the
mosquito Aedes aegypti (Stollar and Thomas 1975; Cammisa-
Parks et al. 1992), and detected in field mosquitoes from

1Laboratory of Arboviruses and Imported Viral Diseases, National Center for Microbiology, Instituto de Salud Carlos III (ISCIII), Madrid,
Spain.

2Center for Infection and Immunity, Mailman School of Public Health, Columbia University, New York, New York.
3Laboratory of Influenza and Respiratory Viruses, National Center for Microbiology, Instituto de Salud Carlos III (ISCIII), Madrid, Spain.
4Mosquito Control Service of Huelva (Andalucı́a), Huelva, Spain.
5Mosquito Control Service of Baix Llobregat Council, Barcelona, Spain.
6Mosquito Control Service of Bahı́a de Rosas, Gerona, Spain.
7Mosquito Control Service of Delta del Ebro, Tarragona, Spain.
8Estación Biológica de Doñana, CSIC, Seville, Spain.
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Puerto Rico (Cook et al. 2006) and Thailand (Kihara et al.
2007). It was the first ‘‘insect flavivirus’’ (e.g viruses that
propagate only in mosquito cells but not in mammalian cells)
discovered. To date, six other ‘‘insect flaviviruses’’ have been
described: Kamiti River virus (KRV), isolated from field col-
lected Aedes macintoshi in Africa in 2003 (Crabtree et al. 2003);
Culex Flavivirus (CxFV), isolated mainly from Culex mos-
quitoes in Japan, Indonesia (Hoshino et al. 2007), Guatemala
(Morales-Betoulle et al. 2008), México (Farfan-Ale et al. 2009),
United States, Trinidad (Kim et al. 2009), and Uganda (Cook
et al. 2009); Aedes Flavivirus (AEFV), isolated from Aedes
albopictus mosquito in Japan (Hoshino et al. 2009); Quang Binh
virus (QBV) isolated from Culex tritaeniorhynchus in Vietnam
(Crabtree et al. 2009); Nakiwogo virus (NAKV) isolated from
Mansonia africana nigerrima in Uganda (Cook et al. 2009); and
Calbertado virus detected mainly in Cx. tarsalis mosquitoes in
Canada (Pabbaraju et al. 2009). Interestingly, no insect-only
flavivirus had been isolated in Europe, although genomic
sequences had been already detected in Ochlerotatus caspius,
Aedes Vexans, and Ae. albopictus in Italy (Roiz et al. 2009,
Calzolari et al. 2010), Portugal (unpublished), and Spain
(Aranda et al. 2009, Sánchez-Seco et al. 2009). In this article,
we describe the characterization and isolation of two novel
insect-only flavivirus recovered from Oc. caspius, Culex pi-
piens, and Culex theileri in Spain. Integrated sequences for
CFAV and KRV had been described in the genome of Aedes
mosquitoes (Crochu et al. 2004). These findings have major
implications regarding evolution, as they represent an en-
tirely different mechanism by which genetic diversity may be
generated in eukaryotic cells. Interestingly, we also demon-
strated that long genomic fragments of these viruses were
present as DNA forms. So far, these integration events were
restricted to Aedes mosquitoes, and in this article, we will also
describe putative additional genomic integration events of
flaviviral sequences in Ae. vexans, Oc. caspius, Oc. detritus, and
Culiseta annulata.

Materials and Methods

Mosquito collection and flavivirus screening

The area of study included four Spanish wetlands [previ-
ously described for Sánchez-Seco et al. (2009) and Aranda
et al. (2009)]. Adult mosquito specimens were captured from
2001 to 2007, from a variety of locations and using different
methods to maximize species diversity. Mosquitoes were
pooled by species, sex, collection site, and date, with a maxi-
mum number of 100 individuals per pool. The screening was
performed with a generic nested RT-PCR to detect flavivirus
genome (Sánchez-Seco et al. 2005). Here, in this work, 100
representative mosquitoes’ pools were selected for further
analysis by using the new generic amplification method. The
pool selection was realized depending on the group of virus to
which it belongs, species, sex, site, and date of collection.

Cell culture, virus isolation, and electron
microscopy studies

Virus isolation was attempted in C6/36, Vero, and BHK-21
cell lines incubated at 33�C or 37�C (insect or mammalian cells
respectively). Cells were observed daily for cytopathic effects
(CPE), and the culture supernatants were collected after, at
least, three blind passages and stored as viral stocks at - 80�C

until tested by RT-PCR. The studies by electron microscopy
were achieved in both fresh supernatants and cells from CPE
positive cultures. The supernatants were fixed at a final con-
centration of 2% glutaraldehyde, clarified by low-speed cen-
trifugation, ultracentrifugated at 35,000 rpm for 60 min in a Ty
50 Ti Beckman rotor at 4�C, and negative stained with PTA
(phosphotungstic acid). The cells’ monolayers were fixed with
2% glutaraldehyde, put together with the cell pellets from the
supernatant clarifications, dehydrated in serial ethanols, and
embedded in epoxydic resin for ultrathin sectioning. Viral
particles were identified based on their ultrastructural charac-
teristics in a Tecnai 12 or a Philips CM12 electron microscope.

Generic NS5 RT-nested-PCR

Nucleotide sequences of complete NS5 genes of different
flaviviruses were obtained from GenBank (National Institute of
Health, Bethesda, MD) and aligned by using the algorithm
Clustal X as implemented in the MEGA 4.0 software (Tamura
et al. 2007). Degenerated primers were designed based on
conserved motifs of the NS5 gene; primers selected were
1NS5F: 5¢9035-GCATCTAYAWCAYNATGGG-9053 3¢, 1NS5Re:
5¢10129- CCANACNYNRTTCCANAC -10146 3¢, 2NS5F: 5¢9103-
GCNATNTGGTWYATGTGG-91203¢ and 2NS5Re: 5¢10103- CA
TRTCTTCNGTNGTCATCC-101223¢. Indicated positions corre-
spond to the sequence of WNV strain NY99-flamingo382–99
(accession number: AF196835).

Viral RNA was extracted from mosquito pools or cell cul-
ture supernatants by using a QIAamp Viral RNA Mini Kit
(QIAGEN). RT-PCR was conducted by using One-Step RT-
PCR kit (QIAGEN) using degenerated primer set 1NS5F/
1NS5Re. First amplification profile was 50�C for 45 min and
95�C 15 min, followed by 40 cycles of 94�C for 1 min, 50�C for
4 min, and 72�C for 1 min, with a final extension for 10 min at
72�C. Second amplification was carried out in a final volume
of 50 lL and contained 5 mM MgCl2 (Perkin Elmer-Cetus),
0.1 mM of each dNTP (Amersham Pharmacia Biotech),
60 pmol of each primer, 2.5 U of AmpliTaq DNA Polymerase
(Applied Biosystems), and 1 lL of the first amplification
product. Second amplification profile was 94�C for 5 min,
followed by 40 cycles of 94�C for 1 min, 50�C for 3 min, and
72�C for 1 min, with a final extension for 10 min at 72�C. The
reactions were performed in a Peltier Thermal Cycler (PTC-
200; MJ Research, Watertown). The amplified products were
visualized by ethidium bromide staining after electrophoresis
on a 1.5% high-resolution agarose gel (MS8; Hispanlab).

To assess relative and absolute sensitivity, the method was
tested with dilutions of a wide range of flavivirus species
available in the laboratory ( JEV strain K94P05 AF045551,
WNV strain Eg101 AF260968, YFV Vaccine strain 17DD
U17066, DENV type 1 Singapore strain S275/90 M87512,
DENV type 2 strain New Guinea C M29095, DENV type 3
strain H87 M93130, DENV type 4 strain 814669 AF326573,
TBEV strain Neudoerfl U27495, Murray Valley encephalitis
virus (MVEV) strain MVE-1–51 AF161266, Saint Louis en-
cephalitis virus (SLEV) strain 78v6507 AF205481, USUV strain
SAAR AY453412, and Kunjin virus strain MRM61C D00246)
and several dilutions of a WNV stock with 4 · 106 TCID50/ml.
We were able to detect about 40 TCID50 per tube by using the
nested reaction. Samples of whole blood, taken from four
viremic patients infected with dengue, were used to validate
the method for use in clinical samples (Domingo et al. 2004).
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Study for the presence of virus-specific DNA

To test whether the positive pools were the results of ge-
nomic RNA amplification or DNA forms, nucleic acid extracts
were treated with RNAsa A before amplification (Sánchez-
Seco et al. 2009).

Phylogenetic analysis

The sequences obtained in this study from different species
of mosquitoes were compared with those available in public
databases, and representative flavivirus sequences were used
in the phylogenetic analysis. The Program MEGA version 4.0
(Tamura et al. 2007) was used to align the sequences with
manual adjustment to maintain a correct reading frame. One
first tree was built with the neighbor-joining (NJ) method and
distance-p model, which calculated confidence values of 1000
bootstrapping trials. ModelTest3.7 and PAUP4.0 (Posada
2003) programs were used to select the best-fit model of nu-
cleotide substitution for the construction of phylogenetic
trees. Data were separately analysed for each flavivirus group
(mosquito-borne and insect flavivirus). The displayed phy-
logeny was estimated by using the program MEGA4, em-
ploying the NJ algorithm. The reliability of different
phylogenetic groupings was evaluated by using the bootstrap
test (1000 bootstrap replications).

Results

In our previous report (Aranda et al. 2009, Sánchez-Seco
et al. 2009), we showed the presence of several potential novel
flavivirus in Spanish mosquitoes. However, the short nature of
the amplification products that we had obtained during that
analysis allowed only for preliminary characterization. In the
current study, we further studied those positive mosquito
pools by using viral cell culture and molecular methods. With
the goal of obtaining enough phylogenetic information for
proper analysis, we developed a new generic NS5 amplifica-
tion method. Representative pools previously positive were
selected while taking into consideration the species and sex of
the mosquitoes, geographical location of the collection site, and
date of isolation. The positive samples in our new PCR assay
yielded an information fragment of 960 bp of the NS5 gene.
Representative pools of each group (taking into consideration
the species of mosquitoes, geographical location of the collec-
tion site, and date) were selected for RNase A digestion anal-
ysis. Of 22 samples, we demonstrated that 12 pools were
positive as RNA forms, and 8 were detected in DNA form; in
the other 2 samples, the RNA was degraded (data not shown).

Seventy seven new sequences were obtained in this study
directly from pools from different species of mosquitoes.
Phylogenetic analysis performed including sequences of dif-
ferent flavivirus demonstrated that the sequences detected in
this work were grouped in five novel clusters, three of them
containing only sequences obtained in the RNA form, the
remaining two being detected only as DNA (Figs. 1 and 2).
Representative virus strains were obtained in C6/36 cell cul-
ture for each of the ‘‘RNA-form’’ clusters (Table 1), no virus
was detected from the ‘‘DNA-form’’ clusters. The nucleotide
sequences reported in this paper article been submitted to the
GenBank data bank.

The first cultured virus, henceforth tentatively named
Marisma Mosquito virus (MMV, prototype strain: HU4528/

07), was isolated from a pool of Oc. caspius collected in
southern Spain (Huelva, Andalusian) and belonged to the
MBV group. The phylogenetic analysis showed that the NS5
sequence clustered in a clade with LAMV (Huhtamo et al.
2009) and Chaoyang (unpublished) (Fig. 1). LAMV was

FIG. 1. Phylogenetic tree based on partial NS5 gene of new
group Marisma Mosquito virus (MMV) detected in Ochler-
otatus caspius mosquitoes from Spain. Phylogenetic analysis
is based on the 860 nucleotides fragment of 54 sequences.
The tree is unrooted and was displayed by using the pro-
gram Mega4, Neighbor-Joining method and Tamura-Nei
model with gamma parameter: 0.6990 and 1000 bootstrap
replicates. GenBank accession numbers for the different
groups of mosquito-borne flavivirus (MBV) sequences are
indicated in the tree. Accession numbers for MMV se-
quences: JF737835, JF737836, JF737837, JF737838, JF737839,
and JN603190.
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isolated in Finland in 2004, whereas Chaoyang was isolated in
China in 2008. Their degree of divergence in comparison with
the rest of the members of the MBV group is similar to that
observed between viruses belonging to different flavivirus
antigenic groups. Thus, these three viruses might define a
new antigenic group. The concurrent recent discovery of these
related viruses and their widespread geographical distribu-
tion merit forward studies. Monolayers of the first passage of
C6/36, Vero and BHK-21 cells inoculated with MMV resulted
in the appearance of CPE (cell detachment) 5–7 days postin-
fection in the three cell lines. Viral RNA was successfully
amplified from supernatant at 1, 3, 5 and 7 days postinfection.
We assumed that this RNA detection was due to MMV in-
fection in the first passage and that the PCR wasn’t detecting

residual RNA from the inoculum, because we could observe
CPE in the culture cell. However, neither CPE nor positive
PCR amplification on cell culture supernatant was observed
after the first passage on Vero and BHK-21 cells.

The two other isolated viruses were also captured in
southern Spain (Huelva, Andalusian) and broadly clustered
with the ‘‘insect flavivirus’’ CFAV and KRV (Fig. 2). One of the
sequence clusters, henceforth named Spanish CxFV (SCxFV,
prototype strain: HU2549/06), contained sequences obtained
from Cx. theileri mainly and Cx. pipiens. It also included partial
sequences detected from Cx. theileri mosquitoes captured in
Portugal (Genbank Accession number EU716420). The second
cluster, from now on named Spanish Ochlerotatus Flavivirus
(SOcFV, prototype strain: HU3737/06), was obtained from

Table 1. Summary of Novel Flaviviruses Detected in Mosquitoes in Spain

Groups
Mosquito

species
No. sequences

obtained
Pools

inoculated
Pools

isolated Prototype strain

MMV Ochlerotatus caspius 6 4 1 (females) HU4528/07 (captured: 01/08/2007)
SOcFV Oc. caspius 21 17 1 (males) HU3737/06 (captured: 29/11/2006)
SCxFV Culex sp. 45 4 4 (females) HU2549/06 (captured: 23/05/2006)

MMV, Marisma Mosquito virus; SOcFV, Spanish Ochlerotatus Flavivirus; SCxFV, Spanish Culex Flavivirus.

FIG. 2. Phylogenetic tree based on partial NS5 gene of new groups Spanish Ochlerotatus Flavivirus (SOcFV) and Spanish
Culex Flavivirus (SCxFV) detected in Oc. caspius and Culex mosquitoes from Spain. Phylogenetic analysis is based on the 860
nucleotides fragment of 85 sequences. The tree is un-rooted and was displayed by using the program Mega4, Neighbor-
Joining method, and Tamura-Nei model with gamma parameter: 0.6617 and 1000 bootstrap replicates. GenBank accession
numbers for the insect flavivirus sequences are indicated in the tree. Accession numbers for SOcFV sequences: JF707790,
JF707791, JF707792, JF707793, JF707794, JF707795, JF707796, JF707797, JF707798, JF707799, JF707800, JF707800, JF707801,
JF707802, JF707803, JF707804, JF707805, JF707806, JF707807, JF707808, JF707809, and JF707810; accession numbers for SCxFV
sequences: JF707811, JF707812, JF707813, JF707814, JF707815, JF707816, JF707817, JF707818, JF707819, JF707820, JF707821,
JF707822, JF707823, JF707824, JF707825, JF707826, JF707827, JF707828, JF707829, JF707830, JF707831, JF707832, JF707833,
JF707834, JF707835, JF707836, JF707837, JF707838, JF707839, JF707840, JF707841, JF707842, JF707843, JF707844, JF707845,
JF707846, JF707847, JF707848, JF707849, JF707850, JF707851, JF707852, JF707853, JF707854, and JF707855; accession numbers
for DNA forms sequences: JF707856, JF707857, JF707858, JF707859, and JF707860.
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Oc. caspius mosquitoes. This cluster also included partial se-
quences obtained from Oc. caspius mosquitoes captured in
Italy and Portugal (Calzolari et al. 2010). Each cluster of se-
quences was highly homologous with nucleotide dissim-
ilarities of less than 3% (SOcFV: 2.63%, SCxFV: 1.85%). Table 2
shows the degree of similarity among all members of the in-
sect flavivirus group including CxFV, CFAV, KRV, Quang-
Binh, Nakiwogo, C.albertado, and AEFV. SOcFV sequences
shares 64.9% identity with CxFV and only 32.9% with AEFV.
SCxFV sequences shares 74.7% identity with CxFV but only
36.1% with AEFV. These data strongly suggest that the SOcFV
and SCxFV mosquito sequences correspond to new insect
flaviviruses that are related to but distinct from CFAV, KRV,
CxFV, and AEFV. In culture, some pools of SOcFV and SCxFV
developed moderate CPEs (cell aggregation) on C6/36 cells
5–7 days post-infection (data not shown). No CPE was ob-
served in Vero or BHK-21 cells, supernatants of these cultures
were negative for flavivirus. Flavivirus-like particles were
seen by transmission electron microscopy of infected C636
cells in both groups. The enveloped virions were approxi-
mately 40–50 nm in diameter.

Temporal and geographical co-circulation of SOcFV and
MMV in Oc. caspius was observed. Both viruses have been
detected in different pools of the same vector (Oc. caspius)
captured in the same period of time (between the months of
July and August, mainly) and geographic location (Huelva,
Andalusian).

The two clusters of sequences that were detected only as
DNA-forms were also included in the insect flavivirus group
with good bootstrap support. One of the groups, group 2,
presented stop codons that abrogated the open reading frame

in their sequences. Viruses could not be isolated from these
mosquito pools, no positive PCR was obtained from the su-
pernatant of the exposed cells, and neither CPE was observed
after three blind passages.

Discussion

In recent years, several novel flaviviruses have been dis-
covered and characterized all over the world. In this study, we
describe the characterization of 3 flaviviruses isolated from
mosquitoes captured in Spain. For their characterization as a
new species, we used a new generic method to amplify par-
tially the flavivirus polymerase gene. We propose the use of this
method for initial characterization of flavivirus, thus allowing
focusing of efforts in terms of virus evolution and phylogeny.

Among these three new species, two novel insect flavivirus
were characterized. Both phylogeny and cell tropism suggest
that the viruses belonged to that group, rather than arthro-
pod-borne flavivirus. We obtained SCxFV only from Culex
mosquitoes, whereas SOcFV was only detected from Ochler-
otatus mosquitoes, thus supporting the hypothesis that each
insect flavivirus is maintained in a host genus-specific man-
ner. Nevertheless, this is in contrast with the findings of Cook
et al. (2006), where CFAV was isolated mainly from Ae. albo-
pictus and Ae. aegypti, although sequences were also detected
in Culex, Aedeomyia, and Uranotaenia mosquitoes. The in-
sect flaviviruses have not been reported as agents of human
disease, and they are thought to be restricted to replication in
insects and insect cell lines. The study of SCxFV and SOcFV
could provide important clues toward understanding the
ecological and evolutionary dynamics of insect flaviviruses.

Table 2. Genetic Relatedness Between Spanish Flavivirus and Selected Other Flavivruses

SOcFV SCxFV MMV

Groups Nt aa Nt aa Nt aa

MBV_JEG 46.2 49.3 47.3 50.2 35 29.1
MBV_AVG 47.1 49 47.5 51.5 35 29.6
MBV_NVG 45.6 47.8 46.7 50 34.7 28.3
MBV_SVG 45.4 47.6 48.1 49.2 36.6 31.3
MBV_DVG 45.2 48.2 47.9 50.5 37.5 32.3
MBV_KVG 44.1 46.6 47.9 49.4 36.6 31.7
MBV_YFG 46.8 48.1 47.5 48.8 35.4 28.2
Chaoyang 44.7 48.1 45.7 50.2 27.7 16.3
Uranotaenia 45.9 50.4 47.7 51.8 37.5 35.6
Tho 45.1 48.5 47.6 49.2 33.8 27.1
Lammi 44.9 48.1 45 50.9 27.1 18
MMV 45.4 46 47.6 50.2 — —
SCxFV 35 32.3 — — 47.6 50.2
SOcFV — — 35 32.3 45.4 46
Nakiwogo 35.9 29.9 32.1 20.9 44.6 49.1
Calbertado 34.8 30.6 36.3 32.3 48.5 51.1
AEFV 67.1 82.4 63.9 82.4 69 86.4
CxFV 35.1 30.5 25.3 12.2 46.7 50.1
KRV 35.5 31.2 38.2 34.3 46 49.1
CFA 36.1 32.3 37.7 33.7 47.2 49.8
Tamana 65.2 81 65.9 80.7 64.3 80.5

Nucleotides distances are based on 874-nucleotide fragment of the non-structural NS5 gene. Amino acid distances are based on a 289-
residue region of the NS5 gene, and were calculated using Mega4, Neighbor-Joining method and distancia-p model. The lowest numbers in
each column is denoted in bold.

MBV, Mosquito Borne Virus, JEG, Japanese Encephalitis Group, AVG, Aroa Virus Group, NVG, Ntaya SVG DVG KVG YFG, AEFV, Aedes
Flavivirus; KRV, Kamiti River virus; CFA, Cell Fusing Agent.
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Apart from these two new insect flaviviruses, we also
characterized two new groups of flaviviral DNA form se-
quences. Since we only tested for partial segments and we did
not utilize primer walking techniques to find integration
signals, we cannot differentiate whether these forms resemble
the DNA-forms as described by Cook et al. (2006) or inte-
grated sequences as described by Crochu et al. (2004). How-
ever, the fact that no viral RNA was detected, and the fact that
one of them (group 2) contained codon stops might be ana-
lyzed as signals that they are integrated in the mosquitoes
genome. Earlier, integrated events were restricted to the
Aedes mosquitoes. Here, we describe DNA-forms in Oc. cas-
pius, Oc. detritus, and Culiseta annulata (sequence group 1) and
also in Ae. vexans mosquitoes (sequence group 2). Phyloge-
netic studies cluster these two groups of sequences within the
insect flaviviruses group. Although the mechanisms by which
flaviviral sequences are integrated in the genome are yet un-
known, the integration may be a consequence of co-adapta-
tion between mosquitoes and ancestral insect flaviviruses. It
has been posted that mosquitoes were infected by flavivirus-
like viruses before integration events (Crochu et al. 2004).
Integrated flavivirus sequences obtained from different mos-
quito species are closely related, which might be interpreted
as if integration predates mosquito speciation or, more likely,
that integration events are more common than earlier.
Therefore, infection by insect flaviviruses or the existence of
flaviviral sequences integrated in mosquitoes may affect in-
fection, replication, and propagation of mosquito-borne fla-
viviruses both in vivo and in vitro, and may have already
produced selective pressure on virus susceptibilities and/or
vector competence of mosquitoes (Farfan-Ale et al. 2009).

A second significant finding was the discovery of MMV, a
flavivirus clustering within the MBV group. Almost all MBV
members are transmitted by mosquitoes and could infect
humans or other animals, thus causing disease. MMV clusters
with LAMV isolated in Finland (Huhtamo et al. 2009) and
Chaoyang virus (isolated in China in 2008, unpublished), thus
suggesting that they represent different virus species (MMV
shared more than 72% homology in the nucleotide sequences
with the other two viruses) within a putative new antigenic
group. These three viruses seem not to replicate in vertebrate
cells. Further, MMV was also detected in the antropophilic Oc.
caspius mosquitoes in 2003, 2005, 2006, 2007, 2008, 2009, and
2010 (unpublished data) in Huelva, Spain, thus suggesting
active circulation of the virus in this area. Despite its grouping
with other mosquito-borne flaviviruses, MMV grew success-
fully on insect cells, whereas vertebrate cells only support
growth of MMV in the first passage. Although this result
suggests that MMV is only able to infect insects, primary
isolation of viruses could be difficult, and even arboviruses
that are isolated from infected humans often do not replicate
on mammalian cell cultures (Chen and Tao 1996, Diniz et al.
2006).

Temporal and geographical co-circulation of SOcFV (with
high prevalence) and MMV in Oc. caspius was observed. In-
fection with one flavivirus has been shown to suppress in-
fection and prevent transmission of a second, antigenically
similar flavivirus: JEV and MVEV superinfections in Cx. tri-
taeniorhynchus Giles (Altman 1963), two different strains of
WNV in Cx. pipiens form molestus Forskal (Rozeboom and
Kassira 1969), and WNV and SLEV in Cx. quinquefasciatus
(Pesko and Mores 2009). In contrast, persistent triple-virus co-

infections (DEN-2, densovirus, and JEV) of mosquito cells
(C6/36) had also been described (Kanthong et al. 2010).
Moreover, the replication of an insect-only flavivirus (CxFV
strain Izabal) had no effect on the infection, transmission, or
dissemination of WNV in C6/36 cells or in Cx. quinquefasciatus
(Kent et al. 2010). Thus, it is possible that co-infection with two
antigenically similar flavivirus might affect transmission,
whereas co-infection with two antigenically different flavi-
virus would have no effect on growth. Thus, mosquitoes
naturally infected with insect-only flaviviruses (SCxFV and
SOcFV between others) or MMV could be refractory or more
susceptible to superinfection with another flavivirus due to
viral interference. In this sense, more data about the possible
interactions among the flaviviruses that circulates in Spain
(MMV, SOcFV, SCxFV, WNV, and USUV) (Vázquez et al.
2010, 2011) would be highly interesting.

During the past few years, our knowledge of the spectrum
of flaviviruses has widened, as new species in the genus have
been isolated and characterized. These findings evidence our
precarious knowledge about the variety and evolutionary
history of flaviviruses. The use of molecular amplification
systems employing highly conserved enzymatic motifs of the
NS3 and NS5 genes has been crucial in the identification of
novel flaviviruses. The method described here constitutes a
valuable tool for the discovery, characterization, and phylo-
genetic analysis of classical and atypical flaviviruses.
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