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ABSTRACT

We report surveillance results of Cache Valley virus (CVV; Peribunyaviridae, Orthobunyavirus) from 2017 to 2020 in
New York State (NYS). Infection rates were calculated using the maximum likelihood estimation (MLE) method by
year, region, and mosquito species. The highest infection rates were identified among Anopheles spp. mosquitoes
and we detected the virus in Aedes albopictus for the first time in NYS. Based on our previous Anopheles
quadrimaculatus vector competence results for nine CVV strains, we selected among them three stains for further
characterization. These include two CVV reassortants (PA and 15041084) and one CVV lineage 2 strain (Hu-2011). We
analyzed full genomes, compared in vitro growth kinetics and assessed vector competence of Aedes albopictus.
Sequence analysis of the two reassortant strains (PA and 15041084) revealed 0.3%, 0.4%, and 0.3% divergence; and 1,
10, and 6 amino acid differences for the S, M, and L segments, respectively. We additionally found that the PA strain
was attenuated in vertebrate (Vero) and mosquito (C6/36) cell culture. Furthemore, Ae. albopictus mosquitoes are
competent vectors for CVV Hu-2011 (16.7-62.1% transmission rates) and CVV 15041084 (27.3-48.0% transmission
rates), but not for the human reassortant (PA) isolate, which did not disseminate from the mosquito midgut.
Together, our results demonstrate significant phenotypic variability among strains and highlight the capacity for Ae.

albopictus to act as a vector of CVV.
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Introduction

Cache Valley virus (CVV; Peribunyaviridae, Orthobu-
nyavirus) is an emerging mosquito-borne pathogen
endemic to North America [1]. The CVV genome is
a negative sense, single stranded RNA organized into
three distinct segments designated L (large), M (med-
ium) and S (small). The L segment encodes the RNA-
dependent RNA polymerase; the M segment encodes
two glycoproteins (Gn and Gc) and a non-structural
protein (NS,,); and the S segment encodes the nucleo-
capsid protein (N) and a second non-structural
protein (NSs) [2,3].

CVV is endemic to Canada, Mexico, and the Uni-
ted States, where the virus circulates in mosquitoes
and mammals including sheep, cattle and white-tailed
deer [4]. With prevalence as high as 69% in livestock
reported in some regions, CVV is an important
cause of embryonic and fetal death or neonatal malfor-
mations, resulting in significant economic losses [5-
7]. Despite its importance in the livestock industry,
no vaccinations or treatments are available. Humans

are considered dead-end hosts and while reported
human disease is rare, CVV has been associated with
neuroinvasive illness [8-11]. Although recent wide-
spread serosurveys are lacking, historic reports suggest
seroprevalence may be as high as 40% in some
locations in the U.S. [1].

CVV isolates are grouped into 2 lineages [4]. Since
2010 Lineage 2 was shown to have displaced lineage 1
in Connecticut, New York, and Canada [4,12]. Our
previous studies demonstrate that Anopheles (An.)
quadrimaculatus have increased competence for line-
age 2 CVV strains, which likely contributed to the dis-
placement and increased prevalence of CVV in the
region over the last decade. In addition, we previously
found evidence of segment reassortment in recent
strains [12]. For bunyaviruses, reassortments of gen-
ome segments during co-infection has played an
important role in generating diversity that can confer
important alterations to viral fitness and transmissibil-
ity in hosts and vectors [13-17].

In order to expand on previous results, we report
surveillance testing of CVV from 2017 to 2020 in
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New York State (NYS). In addition, we determined
vector competence of Aedes (Ae.) albopictus for cur-
rent genetically and phenotypically distinct circulating
strains of CVV, including: one lineage 2 strain isolated
from a human and two reassortant strains isolated
from a human and a pool of mosquitoes. Our results
further demonstrate the influence of CVV genetics
on transmission and highlight the increasing threat
of Ae. albopictus as a vector of endemic viruses.

Materials and methods
Mosquito surveillance

Adult mosquitoes were collected from 2017 to 2020 in
the following regions in NYS: West, Finger Lakes,
North, Central, Hudson Valley and Long Island,
using CDC light traps baited with CO, [18] or gravid
traps [19]. Mosquitoes were identified to species mor-
phologically [20], and females were pooled in groups
of 4-50 individuals by trap type, date collected and
trap location. Pools were transported on dry ice to
the Arbovirus Laboratories, Wadsworth Center,
New York State Dept Health, for testing and were
stored at —80°C until processed.

Mosquito pools were processed as previously
described [21]. Briefly, they were homogenized in
1 ml of mosquito diluent (MD) containing 20% fetal
bovine serum, 50 pug of streptomycin per mL, 50 U
of penicillin, and 2.5 pug of amphotericin B per mL in
phosphate-buffered saline, in a Retsch Mixer Mill set
to 24 cycles/s for 2 min. The tubes were then centri-
fuged for 8 min at 12,000 rpm and the supernatant
removed. Approximately 500 pul of supernatant was
frozen at —80°C for storage while the remainder was
used for RNA extraction [22].

Extraction plates (Thermofisher, Waltham, MA,
USA) were prepared on a Tecan Evo 150 liquid hand-
ler (Tecan, Morrisvelle, NC, USA) and 50 pL of hom-
ogenates were used to extract RNA on a Magmax 96
Express (Applied Biosystems, Waltham, MA, USA)
using a MagMax viral isolation kit (Thermofisher,
Waltham, MA, USA). A total of 90 puL of homogenized
sample RNA was eluted. Real- time RT-PCR assay was
performed by using CVV_F (ACAGCCAATGGTG
TCGAAAAC), CVV_R (TGCAGGGATGCTAG
ACAAGATG) primers, and CVV_P (6FAM-CTG
ACGGTATTGAATCAGCAT-MGBNFQ) probe for
CVV  detection. Maximum likelihood estimation
(MLE) calculations to determine prevalence of CVV
in mosquitoes were based upon a program developed
by Dr. Brad Biggerstaff as shown on the CDC website,
https://www.cdc.gov/westnile/resourcepages/mosqsur
vsoft.html [23,24]. Statistical analysis of the virus
detection data by year, species, and regions (number
of pools) were carried out at a significance level of p
<0.05 using OpenEpi, Version 3, open-source

calculator-TwobyTwo (httpa://www.openepi.com
/TwobyTwo/TwobyTwo.htm). In addition, we com-
pared the relative mosquitoes abundance between
years, regions and the positive mosquito species
using a Poisson regression model.

Genetic analyses of Cache Valley virus

The full genome sequences of two CVV human strains
(the lineage 2 Hu-2011 strain isolated from cerebrosp-
inal fluid and the reassortant PA strain isolated from
brain tissue) [9,10] and a reassortant isolated from
An. quadrimaculatus (15041084) obtained from our
earlier study were analysed [12]. The two CVV reas-
sortant strains (PA and 15041084) contain lineage 1
L segment and lineage 2 S and M segments and both
come from counties in western New York [12]. In
addition, PA and 15041084 strains presented different
phenotypes in An. quadrimaculatus infectivity [12].
Nucleotide and amino acid sequence alignments
were created with CVV coding regions by using the
MegAlign module of the DNAStar software package
(https://www.dnastar.com).

Viral growth kinetics

Confluent monolayers of each cell type in six-well
plates were infected in duplicate at a multiplicity of
infection (MOI) of 0.01 plaque forming units (pfu)
per cell with 100 ul of each virus, and incubated for
1 h at 37°C or 28°C for African Green Monkey kidney
(Vero) and Ae. albopictus cells (C6/36), respectively,
with 5% CO,. The inoculum was removed, and cells
were washed twice with BA-1 (blood agar media) to
remove any remaining virus. Infected plates were
then overlaid with 3 ml maintenance media (Eagle
minimum essential medium with 2% fetal bovine
serum heat inactivated with % g/L sodium bicarbonate
plus 0.1 mM non-essential amino acids plus 100 U/ml
penicillin-streptomycin). Supernatant (100 pl) was
sampled at 24 h intervals up to 96 h post-infection (4
days), 20% FBS were added to each sample and stored
at —80°C. Titrations were performed in duplicate by
plaque assay on Vero cells [25] and mean titres for
each time point were calculated. Growth kinetics
were compared using repeated measured ANOVA
and Tukey’s post hoc tests (GraphPad Prism, Version
5.0) [26].

Mosquito vector competence

Ae. albopictus (Spring Valley, NY, USA; kindly pro-
vided by Laura Harrington, Cornell University) were
established in 2019 from field-collected eggs. Eggs
were hatched in distilled water and maintained
under standard rearing conditions (27 +1°C; 70%
relative humidity; 12:12-h light:dark photoperiod)
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[25,27]. F7 females were used for the CVV
experiments.

Two CVYV strains isolated in humans (Hu-2011and
PA) and the reassortant 15041084, isolated in mosqui-
toes [9,10] were used to infect Vero cells at a MOI of
0.01 pfu/cell using 100 pl of each virus and maintained
at 37°C, 5% CO,. At 48 h following infection, the
supernatants were harvested and diluted 1:1 with
defibrinated sheep blood plus a final concentration
of 2.5% sucrose. In addition, fresh virus supernatants
were diluted to 1:100 (Hu-2011) or 1:1000
(15041084) in C6/36 maintenance media before
being mixed 1:1 with defibrinated sheep blood with
a final concentration of 2.5% sucrose. Only the PA
strain supernatants were not diluted before being
mixed with defibrinated sheep blood. Female Ae. albo-
pictus (5-7 days old) deprived of sugar for 24 h were
allowed to feed on the infectious bloods for 45 min
via a Hemotek membrane feeding system (Discovery
Workshops, Acrington, UK) with a porcine sausage
casing membrane at 37°C [28]. Following feeding,
females were anesthetized with CO, and fully
engorged mosquitoes were transferred to 0.6 L card-
board containers and maintained with 10% sucrose
under standard rearing conditions [27] until harvested
for testing. A 1 ml aliquot of each blood meal pre-
feeding was frozen at —80°C and CVV titres were
determined by plaque assay on Vero cells [25].
Three biological replicates were performed for each
CVV strain.

Infection, dissemination, and transmission assays
were performed on days 7 and 14 post infectious
blood meal as previously described [28]. Dissemina-
tion rate is the proportion of mosquitoes with infected
legs among the infected mosquitoes. Transmission
rate is the proportion of mosquitoes with positive sal-
iva among mosquitoes with disseminated infection.
Real-time RT-PCR was used to detect CVV following
sample processing as previously described [28]. A
Fisher’s exact test was used to compare mosquito
infection rates, dissemination rates, and transmission
rates between groups exposed to distinct CVV isolates
at both time points. All statistical analyses were carried
out at a significance level of p <0.05 using OpenEpi,
Version 3, open source calculator-TwobyTwo
(https://www.openepi.com/TwobyTwo/TwobyTwo.
htm).

Results

We tested 441,139 female mosquitoes in 13,258 mos-
quito pools from 2017 to 2020, yielding a total of 72
CVV positive pools. Comparisons of MLE of preva-
lence were made by year (Figure 1A), region (Figure
1B), and mosquito species (Figure 1C). CVV activity
was detected during each of the 4 years studied with
the highest estimates of prevalence in 2017 (0.38,
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95% CI [0.29, 0.51]) and 2020 (0.17, 95% CI [0.09,
0.29]) (Figure 1A). Except for 2019 vs 2020, significant
differences in prevalence were observed between years
studied (Fisher’s exact test, P < 0.01, OR: 5.55, 95% CI:
1.211-51.6) (Figure 1A). With the exception of the
North region, CVV was detected throughout NYS,
with the highest prevalence in the Finger Lakes
(0.46, 95% CI [0.08, 1.49]) (Figure 1B). However,
Long Island was the only region where the prevalence
of CVV pools showed a significant difference com-
pared to Finger Lakes (Fisher’s exact test, P <0.01,
OR: 16.48, 95% CI: 1.186-227.9). No significant differ-
ences in CVV prevalence was identified for the Central
and West regions, nor the Hudson Valley and Long
Island regions (Figure 1B). The virus was detected
from nine mosquito species, with the highest preva-
lence in An. punctipennis (1.12, 95% CI [0.55, 2.05]),
followed by Ae. cinereus (0.75, 95% CI [0.2, 2.03]),
An. quadrimaculatus (0.64, 95% CI [0.3, 1.2]) and
Coquillettidia perturbans, (0.29, 95% CI [0.21, 0.39])
with no significant differences in CVV prevalence
measured between these four species (Figure 1C). Fur-
thermore, the only significant interaction effects were
measured when we considered interactions of the rela-
tive mosquito abundance between year and region
with increase of mosquito abundance in the Finger
Lakes in 2019 (p =0.0025), in Long Island in 2019
(p=1.93e—07) and in the West in 2019 (p =0.0155),
as compare to Central region in 2017.

Ae. albopictus accounted for 9.8% of the total mos-
quitoes collected (N = 43,267, 1836 pools) during the
study period (Figure 1D). The invasive mosquito was
collected in three different regions including Hudson
Valley (11,477 mosquitoes), Long Island (31,779 mos-
quitoes) and, for the first time, in Northern NYS (11
mosquitoes) in 2020. CVV was detected in 2 pools
of Ae. albopictus (0.05, 95% CI [0.01, 0.15]) in NYS
(Long Island in 2017 and Hudson Valley in 2020)
with a similar prevalence as Ae. canadensis (0.04,
95% CI [0.01, 0.14]), Ae. trivittatus (0.14, 95% CI
[0.03, 0.47]), Ae. vexans (0.13, 95% CI [0.04, 0.31])
and Culiseta melanura (0.05, 95% CI [0.01, 0.13])
(Figure 1C). This represents the first isolation of
CVYV from Ae. albopictus in NYS.

Sequence analysis of the two reassortant strains (PA
and 15041084) revealed 0.3%, 0.4%, 0.3% nucleotide
divergence and 1, 10, and 6 amino acid differences
for the S, M, and L segments, respectively. In addition,
the PA and Hu-2011 (Lineage 2) strains showed 0.5%,
0.7% and 6.3% nucleotide divergence, and 1, 12, and
29 amino acid difference for the S, M, and L segments,
respectively (Table 1). For the S segment, the only
unique amino acid, F70S, occurred in the PA strain
NSs protein. For the M segment, the NSm protein of
15041084 and Hu-2011 strains are identical and
differed from the PA strain by two amino acids,
V371G and K450Q. The Gc protein of the PA strain
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Figure 1. Cache Valley virus prevalence in New York State. Infection rates were calculated by Maximum Likelihood Estimation
(MLE) for (A) year (Fisher's exact test, ***P < 0.01, OR: 5.55, 95% Cl: 1.211-51.6), (B) New York State region (Fisher's exact test,
**¥p <0.01, OR: 16.48, 95% Cl: 1.186-227.9), (C) mosquito species (Fisher's exact test, ***P < 0.003, OR: 0.05, 95% Cl: 0.004-
0.453), or (D) year for Ae. albopictus. Bars represent upper and lower limits of infection rate based on 95% confidence levels. Values
on top represent number of pools tested. MLEs were calculated using https://www.cdc.gov/westnile/resourcepages/mosqsurvsoft.

html. ***P < 0.05.

was found to be more divergent, with 8 and 10 amino
acid differences relative to the 15041084 and Hu-
2011strains, respectively. With the exception of
amino acid changes T666A and V845D, the Gc protein
of the 15041084 and Hu-2011 strains were identical
(Table 1). Consistent with other lineage 2 strains, the
L protein of the Hu-2011strain was most distinct
from the reassortant strains, with 27 and 29 amino
acid differences in comparison with the 15041084
and PA strains, respectively (Table 1).

Growth kinetics of PA, 15041084 and Hu-2011
were compared on Vero (37°C) and C6/36 cells (28°
C) (Figure 2). The 15041084 strain replicated to sig-
nificantly higher titres than the two other CVV strains
at 48, 72 and 96 h on Vero cells (t-test, p < 0.05) with
~8 log;o PFU/mL peak viral titre observed at 72 h
(Figure 2A). With the exception of 24 h, significant
differences were also identified between Hu-2011
(~7 log;o PFU/mL peak viral titre at 72 h) and PA

(~6 log;o PFU/mL peak viral titre at 96 h) strains at
all other time points on Vero cells (¢-test, p <0.05;
Figure 2A). In C6/36 cells, no significant differences
were observed at 24 and 48 h between strains. How-
ever, the PA strain showed significantly lower titres
as compared to 15041084 at 96 h, and Hu-2011 at 72
and 96 h (t-test, p < 0.05; Figure 2B).

Vector competence assays with Ae. albopictus for
CVV Hu-2011, PA, and 15041084 were conducted to
determine the transmission potential of Ae. albopictus
for genetically distinct CVV strains (Table 2). When
mosquitoes fed on high virus titres (>5.5 log;(PFU/
mlL), infection rates were 100.0% for all three CVV
isolates at 14 days post-infection (dpi). Dissemination
rates for both Hu-2011 and 15041084 were also 100%
yet, strikingly, mosquitoes exposed to CVV PA did not
show evidence of dissemination. Transmission rates
for CVV Hu-2011 and CVV 15041084 were also
high, 61.9% and 48.0%, respectively (Table 2).
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Table 1. Amino acid differences among Cache Valley virus
(CWV) strains used for vector competence and growth kinetic
studies.

CVV strains, amino acids
Segment  Amino acid position Protein PA 15041084 Hu-2011

S 70 NSs
M 371 NSm
450 NSm
488 Gc
521 Gc
589 Gc
603 Gc
609 Gc
627 Gc
666 Gc
683 Gc
697 Gc
845
L 6
59
91
196
223
242
243
295
319
345
365
408
736
790
863
905
1302
1360
1362
1436
1503
1632
1700
1708
1850
1889
1900
1912
1932
1948
2043
2190
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Significant reduction in infection rates were observed
following exposure to blood meals with lower input
titres for CVV 15041084 (4.2 to 3.6 log;o PFU/mL)
(Fisher’s exact test, P<0.001, OR: 32.5, 95% CI:
6.675-175.4; P<0.001, OR: 6.538, 95% CI: 1.739-
27.14) and the lineage 2 CVV Hu-2011 (5 to 4.5
log;o PFU/mL; Fisher’s exact test, P<0.001, OR:
37.92, 95% CI: 4.671-1638; P <0.001, OR: 43.5, 95%
CI: 5.322-1872) at 7 and 14 dpi, respectively. How-
ever, no significant differences in the dissemination
rates were identified for CVV 15041084 at 7 and
14 dpi. In addition, exposure to lower blood meal
titres significantly reduced CVV Hu-2011 dissemina-
tion rate at 7 dpi (Fisher’s exact test, P<0.02, OR:
12.89, 95% CI: 1.023-655.8) and transmission rates
at 14 dpi (Fisher’s exact test, P<0.009, OR: 8.182,
95% CI: 1.304-85.84). Furthermore, between 7 and
14 dpi significant increases in transmission rates
were observed for the CVV 15041084 (P < 0.04, OR:
0.2424, 95% CI: 0.03745-1.209) and CVV Hu-2011
(P<0.001, OR: 0.1528, 95% CI: 0.03948-0.5573).
Despite this, transmission was measured for both
strains at the lowest doses utilized (Table 2). Our
results indicate that Ae. albopictus is a competent vec-
tor for CVV Hu-2011 and the CVV 15041084, but not
for the human reassortant (PA) isolate, which did not
disseminate from the mosquito midgut (Table 2).

Discussion

Our study confirmed yearly variability in CVV activity
in NYS and association of the virus with various mos-
quito genera including Aedes, Anopheles, Coquilletti-
dia and Culiseta, as described previously [12,29]. In
addition, our results corroborate previous findings
showing higher prevalence of CVV in An.

6-
5..
£
s 41
=
o
= 31 —— R_15041084
/ R_PA
2_
—— L2 _Hu-2011
1 ] 1 1 1
0 24 48 72 96

HPI

Figure 2. Growth kinetics of unique Cache Valley virus strains in cell culture. Kinetics were determined in (A) mammalian (Vero) or
(B) mosquito (C6/36) cells. Points represent means of duplicate values + standard deviation. *Denotes significant difference (Two-
way ANOVA, p < 0.001 by Tukey post hoc test) between PA and Hu-2011 CVV strains at indicated time points in both cell lines.
*Denotes significant difference (Two-way ANOVA, p < 0.001 by Tukey post hoc test) between Hu-2011 and 15041084 CVV strains
at indicated time points in both cell lines. *Denotes significant difference (Two-way ANOVA, p < 0.001 by Tukey post hoc test)
between PA and 15041084 CVV strains at indicated time points in both cell lines. A significant effect independent of the time

was measured in both cell lines (Two-way ANOVA, p < 0.001).
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Table 2. Infection, dissemination and transmission rates of Ae. albopictus following exposure to distinct Cache Valley virus (CVV)

strains.
7 Dpi 14 Dpi
Blood meal titre Infection Dissemination  Transmission Infection Dissemination ~ Transmission

Experiment CVV strains log1o PFU/mI no (%) no (%) no (%) no (%) no (%) no (%)

1 R_15041084 74 Nt Nt Nt 43/43 (100) 43/43 (100) 21/43 (48.0)
L2_Hu2011 6.7 Nt Nt Nt 42/42 (100) 42/42 (100) 26/42 (61.9)
R_PA 5.5 Nt Nt Nt 41/41 (100) 0/42 (0) Nt

2 R_15041084 4.2 26/30 (86.7) 25/26 (96.2) 3/25 (12) 25/30 (83.33) 25/25 (100.0) 9/25 (36)v
L2_Hu2011 5.0 30/30 (100.0)  30/30 (100.0) 6/30 (20.0) 30/30 (100) 29/30 (96.67) 18/29 (62.1)"
R_PA 5.2 21/30 (70) 0/21 (0.0) Nt 23/30 (73.6) 0/23 (0.0) Nt

3 R_15041084 3.6 5/30 (16.7)* 4/5 (80.0) 2/4 (50.0) 13/30 (43.33)*  11/13 (84.6) 3/11 (27.3)
L2_Hu2011 4.5 13/30 (43.3)* 9/13 (69.2)* 1/9 (11.1) 12/30 (40.0) * 12/12 (100.0) 2/12 (16.7)*
R_PA 53 7/30 (23.3) 0/7 (0.0) Nt 20/30 (66.67) 0/20 (0.0) Nt

Nt: not tested.

*P < 0.05: comparaison of mosquito infection rates after feeding on the same virus strains with different blood meal titres.

#P < 0.05: comparaison of mosquito dissemination rates after feeding on the same virus strains with different blood meal titres.
;’P< 0.05: comparaison of mosquito transmission rates after feeding on the same virus strains with different blood meal titres.
P < 0.05: comparaison of mosquito transmission rates at different time points for the same strain and experiment.

punctipennis and An. quadrimaculatus [12,29]. Nota-
bly, CVV was detected for the first time in Ae. albopic-
tus collected in NYS, suggesting the potential
involvement of this species in the transmission cycle.
Previous isolations of CVV from Ae. albopictus have
been reported in Connecticut and New Jersey [4,30].
Interestingly, all CVV isolates from Ae. albopictus in
northeastern USA belong to lineage 2 [31].

The Asian tiger mosquito (Ae. albopictus) is a
highly invasive species that has been introduced into
the U.S. and has become permanently established in
at least 27 states, including NYS [32]. Our retrospec-
tive surveillance data in NYS from 2000 to 2016
confirmed that Ae. albopictus populations are well
established in the Long Island and Hudson Valley
regions [12,33]; however, the first detection in the
northern NYS suggests that this species may be conti-
nuing to expand its range in the northeastern U.S. The
distribution and spread of this species is coincidental
with the high prevalence of CVV in white-tailed
deer in NYS [34]. However, many factors, including
mosquito, host feeding preference (mammalian) and
viral evolution, could be contributing to the increase
of CVV circulation in the region.

Previous studies have shown that both the M and L
segments of bunyaviruses have a role in determining
host virulence and neuropathogenicity, as well as mos-
quito infectivity [35-39]. We previously demonstrated
increased infectivity of lineage 2 CV'V strains in Ano-
pheles, consistent with increased prevalence following
lineage 1 displacement in the Northeast [12,29]. In
addition, the three CVV reassortant mosquito isolates
that contained only the lineage 1 L segment were more
infectious than other lineage 1 strains, suggesting a
role for the S and/or M segments in the increased mos-
quito infectivity of lineage 2 strains [12]. However, the
human reassortant strain (PA) sharing the lineage 1 L
segment and the lineage 2 S and M segments with the
mosquito reassortant strains was not transmitted by
An. quadrimaculatus [12]. The high susceptibility of
Ae. albopictus to CVV obtained in our results are

similar to the reports of others [31,40]. In this study,
using Ae. albopictus mosquitoes, we confirmed the
PA phenotype observed previously with An. quadri-
maculatus. We additionally demonstrated that this
strain was attenuated in vertebrate and invertebrate
cell culture. Together, our data suggest that individual
mutations, in addition to segment reassortment, can
play a critical role in determining CVV fitness.

Our sequence analysis revealed amino acid differ-
ence in NSs (laa), NSm (2 aa), Gc (8 aa) and L (6
aa) proteins between the two reassortant strains (PA
and 15041084). Previous studies showed that NSs
and NSm proteins are not essential for bunyaviruses
viability but deletions of the NSs proteins reduced
viral replication [41-43]. Furthermore, the NSs
protein is a major virulence factor and plays an impor-
tant role in viral evasion of innate immunity [41,42].
Rift Valley Fever virus (RVFV) NSs has been shown
to influence dissemination rates in Ae. aegypti while
deletion of the RVFV NSm was sufficient to nearly
abolish mosquito infection [44,45]. Moreover, for
orthobunyaviruses it is generally accepted that both
glycoproteins are required for virus entry. Although
little is known about individual Gn and Gc protein
functions, it is suggested that Gc is the attachment
protein for mammalian and mosquito cells [46-50].
For La Crosse virus and California encephalitis virus,
the specificity of virus-vector interactions is thought
to be strongly influenced by the efliciency of the fusion
function of the Gc (G1) envelope glycoprotein operat-
ing at the midgut level in the arthropod vector [46,50].
Understanding of the biological function of the non-
structural and Gc proteins of CV'V is critical to unco-
vering the role of individual mutations in host-specific
fitness and transmissibility of emergent CVV strains.

The invasiveness of Ae. albopictus, as well his zoo-
philic behaviour with a preference for human blood
[32] and its potential to transmit endemic and invasive
arboviruses, could increase the threat from local and
introduced viruses in the Northeast U.S. Further, the
general increase in CVV activity, the capacity for



CVYV transmission, and the influence of viral genetics
on vector competence, suggest Ae. albopictus are likely
to contribute to the expanding threat of CVV trans-
mission and disease.
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