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Abstract
Previously, we reported a high prevalence of Culex flavivirus (CxFV) in Culex quinquefasciatus
(Say) in the Yucatan Peninsula of Mexico. To determine whether other Culex spp. mosquitoes in this
region are susceptible to natural CxFV infection, Cx. bahamensis (Dyar and Knab), Cx. coronator
(Dyar and Knab), Cx. interrogator (Dyar and Knab), Cx. nigripalpus (Theobald) and Cx.
opisthopus (Komp) in the Yucatan Peninsula of Mexico were tested for CxFV. Two pools of Cx.
interrogator were positive. The envelope protein genes of these isolates and 16 isolates from Cx.
quinquefasciatus were sequenced and shown to have ≥99.2% nucleotide identity. These data suggest
that there is limited genetic diversity among CxFV isolates in the Yucatan Peninsula of Mexico.
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Culex flavivirus (family Flaviviridae, genus Flavivirus) is an insect-specific virus that was
first isolated from Cx. pipiens (Linnaeus), Cx. quinquefasciatus (Say) and Cx.
tritaeniorhynchus (Giles) collected in Japan and Indonesia in 2003 and 2004 [13]. More
recently, CxFV was detected in Cx. quinquefasciatus in Guatemala [20], the Yucatan Peninsula
of Mexico [10], Trinidad [17] and Uganda [4], as well as Cx. quinquefasciatus and Cx.
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restuans (Theobald) in Texas [17], and Cx. pipiens and Cx. tarsalis (Coquillet) in Iowa [2].
CxFV replicates in Aedes albopictus (C6/36) cells but not in African green monkey kidney
(Vero) cells, baby hamster kidney cells or intracerebrally inoculated newborn mice, which
suggests that this virus is insect-specific.

Eight other insect-specific flaviviruses have been isolated from mosquitoes: cell fusing agent
virus [3,16,26], Kamiti River virus [6,25], Quang Binh virus [5], Aedes flavivirus [12],
Nakiwogo virus [4], Lammi virus [14], Nouname virus [15] and Calbertado virus (M. A.
Drebot, personal communication). A potentially novel insect-specific flavivirus (es) has also
been identified in Phlebotomine sandflies [21,24]. In addition, flavivirus-related DNA known
as cell silent agent is integrated into the genomes of some Aedes spp. mosquitoes [7,22].

There is a current lack of information of the host range and genetic diversity of CxFV in Mexico.
The prototype Mexican strain of CxFV (designated CxFV-Mex07), which was isolated from
Cx. quinquefasciatus in the Yucatan Peninsula of Mexico in 2007, represents the only CxFV
isolate from Mexico for which sequence data are available [10]. Furthermore, Cx.
quinquefasciatus is the only mosquito species from which the Mexican strain of CxFV has
been isolated [10,9]. In this report, all Culex spp. mosquitoes (with the exception of Cx.
quinquefasciatus) that had been collected in our mosquito-based virus surveillance in the
Yucatan Peninsula of Mexico in 2008 [9] were assayed by reverse transcription-polymerase
chain reaction (RT-PCR) using flavivirus-and CxFV-specific primers. All of these mosquitoes
had previously been tested for cytopathic virus by virus isolation in Vero cells. The purpose
of our present study was to identify other insect-specific flaviviruses that may be present in
the Yucatan Peninsula of Mexico and to increase our knowledge on the host range and genetic
diversity of CxFV in this region.

Culex spp. mosquitoes tested in this study were collected at study sites in Isla Mujeres, Merida,
Sian Ka’an and Tixkokob in the Yucatan Peninsula of Mexico. Detailed descriptions of these
study sites and the protocols used for the collection, identification and homogenization of
mosquitoes have been provided elsewhere [8–10]. Total RNA was extracted from mosquito
homogenates using a QIAamp viral RNA extraction kit (QIAGEN, Valencia, CA).
Complementary DNAs were generated using Superscript III reverse transcriptase (Invitrogen,
Carlsbad, CA, USA), and PCRs were performed using Taq polymerase (Invitrogen, Carlsbad,
CA, USA) and flavivirus- and CxFV-specific primers. The flavivirus-specific primers, FU2
and cFD3, target a 845-nt region of the NS5 gene [18]. The CxFV-specific primers, CxFV(E)-
PCR-F (5′-ACTGGTGACGTTCAAGGCCATAAG-3′) and CxFV (E)-PCR-R (5′-
GCCGTGATCAGGTGCTGGTCATCG-3′), target a 1,551 nt region of the CxFV genome that
includes the entire (1,281 nt) envelope (E) protein gene. RT-PCR products were purified using
a Purelink Gel Extraction Kit (Invitrogen, Carlsbad, CA, USA) and sequenced using a 3730×1
DNA sequencer (Applied Biosystems, Foster City, CA, USA). Sequencing reactions were
performed using 12 CxFV-specific primers, and primer sequences are available upon request.

A total of 1,856 Culex spp. mosquitoes in 121 pools were tested by RT-PCR. The mosquitoes
belong to five species: Cx. bahamensis (Dyar and Knab) (n = 3), Cx. coronator (Dyar and
Knab) (n = 154), Cx. interrogator (Dyar and Knab) (n = 766), Cx. nigripalpus (Theobald) (n
= 235) and Cx. opisthopus (Komp) (n = 698). Of these, 1,805 (97.3%) were identified as female
and 51 (2.7%) as male. Two pools of female Cx. interrogator were positive by RT-PCR using
flavivirus- and CxFV-specific primers. All other mosquitoes were negative with both primer
pairs. However, due to the small numbers of Cx. bahamensis, Cx. coronator, Cx. nigripalpus
and Cx. opisthopus available for testing, it would be premature to conclude that these species
are not natural hosts of CxFV until more research is done to address this issue. The CxFV
minimal infection rate (MIR), expressed as the number of positive mosquito pools per 1,000
mosquitoes tested, in Cx. interrogator was 2.6. Because of the considerable variation in pool
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sizes, bias-corrected maximum likelihood estimation (MLE) values were also calculated using
the PooledInfRate statistical software package [1]. The MLE value (and 95% confidence
interval) for CxFV in Cx. interrogator was 2.6 (0.48–8.42). One pool positive for CxFV RNA
was collected in Tixkokob in January 2008; the other pool was collected in Merida in June
2008. Previously, we reported a much higher CxFV MIR in Cx. quinquefasciatus in the Yucatan
Peninsula of Mexico [9,10]. The CxFV MIRs in Cx. quinquefasciatus collected in Merida and
Tixkokob from June through August 2007 were 10.9 and 26.0, respectively. The overall CxFV
MIR in Cx. quinquefasciatus collected in Merida from January to December 2008 was 7.7, and
the monthly MIRs ranged from 4.3 to 16.6. Previously, we also reported that CxFV RNA was
not detected by RT-PCR in any Aedes, Anopheles, Ochlerotatus, Mansonia and Psorophora
spp. mosquitoes tested [9].

The two mosquito homogenates that were positive for CxFV RNA were tested for virus by
virus isolation in C6/36 cells as described previously [10]. CxFV was isolated from both
homogenates. The isolate from Tixkokob has been designated T-955, and the isolate from
Merida have been designated M-2168. Twenty homogenates that had previously tested positive
for CxFV RNA by RT-PCR (Farfan-Ale et al. 2010) were also processed by virus isolation in
C6/36 cells. Sixteen isolates were obtained, and all are from Cx. quinquefasciatus collected in
Merida in 2008.

The E protein genes of the 2 CxFV isolates from Cx. interrogator as well as the 16 CxFV
isolates from Cx. quinquefasciatus were sequenced (GenBank accession nos. GU289683 to
GU289700). Pairwise alignments of the nucleotide sequences using the CLUSTAL W
algorithm (version 2) [11,19] revealed that they have 99.2 to 100% identity. Of the 1280
nucleotides that comprise the E protein gene, 1245 (97.3%) are strictly conserved between all
isolates. The deduced amino acid sequences have 99.5 to 100% identity, and 99.5 to 100%
similarity. In total, 419 of the 426 (98.4%) amino acid positions are strictly conserved between
these isolates. The nucleotide and deduced amino acid sequences of these isolates were also
aligned to the homologous region of the prototype Mexican strain of this virus, CxFV-Mex07,
which was isolated from Cx. quinquefasciatus in Tixkokob in 2007 [10] (GenBank accession
number EU879060). The E protein gene of CxFV-Mex07 has at least 99.5% nucleotide identity,
99.5% amino acid identity and 99.8% amino acid similarity to the 18 E protein gene sequences
from in this study. These findings suggest that there is minimal genetic diversity between CxFV
isolates in the Yucatan Peninsula of Mexico.

A phylogenetic tree was constructed with Bayesian methods using the E protein gene sequences
of 34 CxFV isolates, including the 18 isolates obtained in this study (Fig. 1). The analysis
revealed that all isolates from this study have a close phylogenetic relationship with CxFV-
Mex07, in addition to CxFV isolates from Guatemala, Trinidad and Uganda. These isolates
comprise a distinct clade (denoted as clade 1). CxFV isolates from the United States and Asia
comprise a second clade (denoted as clade 2). The posterior support for the branch separating
these two clades is 100%. The Mexican isolates form a monophyletic group within clade 1,
and the posterior support for this topological arrangement is 84%. Phylogenetic trees were also
generated using neighbor-joining, maximum parsimony and maximum likelihood methods,
and all of these trees showed the same topological features as the Bayesian tree (data not
shown).

In summary, we demonstrate that the host-range of CxFV in the Yucatan Peninsula of Mexico
is not restricted to Cx. quinquefasciatus and provide evidence of limited genetic and
phylogenetic diversity between CxFV isolates in this region. Comparative studies between
insect-specific viruses and mosquito-vertebrate flaviviruses will provide important insight into
flavivirus evolution and will help us understand why some flaviviruses possess the capacity to
replicate and cause disease in humans and vertebrate animals while others do not.
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Fig. 1.
Phylogenetic analysis of the envelope protein gene of 18 CxFV isolates obtained in this study
and 16 other CxFV isolates. The envelope protein gene encompasses nucleotide positions 938–
2,217 relative to the genomic sequence of the prototype CxFV strain (Tokyo). The displayed
phylogeny was estimated by using the program MRBAYES, version 3.1 [23]. Posterior support
(out of 100) for selected branches is indicated. An unrooted tree was inferred but is shown
rooted using the midpoint method. CxFV isolates obtained in the present study are denoted in
bold. GenBank accession numbers for sequences used in the phylogenetic analysis are: M-2168
(GU289684), M-2313 (GU289685), M-2605 (GU289686), M-2614 (GU289687), M-2617
(GU289688), M-2618 (GU289689), M-2630 (GU289690), M-2635 (GU289691), M-2636
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(GU289692), M-2637 (GU289693), M-2644 (GU289694), M-2645 (GU289695), M-2648
(GU289696), M-2650 (GU289697), M-2656 (GU289698), M-2663 (GU289699), M-2665
(GU289700), T-955 (GU289683), Mex07 (EU879060.1), Guatemala (EU805805.1), Iowa07
(FJ663034.1), Iowa 1064 (FJ663026.1), Iowa 318 (FJ663030.1), Iowa 599 (FJ663032.1),
HOU24284 (FJ502997.1), HOU24519 (FJ502996.1), HOU24516 (FJ502999.1), Hokkaido
(AB262762.1), Osaka (AB262763.1), Sura-baya (AB262766.1), Tokyo (AB262759.2),
TR3115 (FJ503002.1), TR3116 (FJ503003.1) and Uganda (GQ165808.1)
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