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1 | INTRODUCTION

Cache Valley virus (CVV) is a mosquito-borne virus belonging to the
Bunyamwera serogroup of the Orthobunyavirus genus. The virus
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Abstract

Cache Valley virus (CVV) is a mosquito-borne RNA virus detected throughout North
America, Central America and parts of South America. A limited number of human
case reports have described severe illness. CVV infection has been associated with
outbreaks of congenital defects in small ruminants in Canada and the United States.
A scoping review was conducted to identify, characterize and summarize research on
CVYV, and to identify research gaps. A structured search was conducted in eight elec-
tronic databases, with additional search verification and grey literature investigation.
All captured studies were independently appraised by two reviewers for relevance and
data characterization. The review captured 143 relevant studies investigating CVV ep-
idemiology (n = 104), pathogenesis (n = 37), viral characteristics (n = 24), transmission
(n = 14), diagnostic test performance (n = 8) and mitigation strategies (n = 2). Evidence
of CVV infection was found in mosquito studies (n = 47), and serological evidence
of exposure was demonstrated in animals (n = 41), as well as human (n = 20) studies.
In sheep, five outbreaks of birth defects following asymptomatic dam CVV infection
during the first 50 days of pregnancy were reported. Only six human cases of CVV-as-
sociated illness were captured, with case symptoms described as initially non-specific,
progressing to more severe clinical signs (e.g., meningitis). No research was identified
investigating treatment, societal knowledge and risk perception, economic burden or
predictive models related to the impact of climate change on CVV. CVV circulates in
mosquito and animal species across a large area of the Americas. Small ruminants are
the only animals in which CVV-associated clinical disease has been extensively stud-
ied. It is likely that human cases are under-reported or misdiagnosed. Future research

should focus on the impact of CVV infection in human and animal populations.
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was first isolated from Culiseta inornata mosquitoes in Cache Valley,
Utah, in 1956 (Holden & Hess, 1959). Since then, other closely re-
lated viruses have been identified. The Bunyamwera serogroup was

created in 1960 by grouping together related viruses demonstrating
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some level of cross-reactivity (Casals & Whitman, 1960). Currently,
recognized CVV subtypes include Tlacotalpan and Playas, identi-
fied in Mexico and Ecuador, respectively (Armstrong, Andreadis, &
Anderson, 2015; Blitvich, Lorono-Pino, Garcia-Rejon, Farfan-Ale,
& Dorman, 2012; Yang, Chan, et al., 2018). Similar viruses, such as
Maguari and Xingu, have been categorized as genomically distinct
from CVV (Armstrong et al., 2015; Blitvich, Lorono-Pino, et al., 2012;
Dunn, Pritlove, & Elliott, 1994; Groseth et al., 2017). Reassortant
Bunyamwera viruses have been isolated, including Cholul virus and
Potosi virus; both of these reassortants are also categorized as dis-
tinct from CVV (Armstrong et al., 2015; Groseth et al., 2017).

Cache Valley virus circulates in mosquitoes and mammals
throughout North America, Central America and parts of South
America (Armstrong et al., 2015). However, there have only been
a small number of cases of human illness attributed to CVV infec-
tion (Wilson et al., 2017). Most of the reports of mammalian pathol-
ogy attributable to CVV infection in mammals describe infection
in pregnant sheep and goats (McConnell, Livingston, Calisher, &
Crandell, 1985; Rodrigues, 2011; Shapiro et al., 2012). While CVV
has been detected in multiple mosquito species, little research
has investigated the epizootic cycle of CVV, or the relative impor-
tance of the major vectors responsible for transmission (Andreadis,
Armstrong, Anderson, & Main, 2014; Ayers et al., 2018; Yang, Chan,
etal., 2018).

A scoping review (ScR) on CVV was prioritized to identify, charac-
terize and summarize the available primary research on CVV, and to
identify knowledge gaps. The ScR is a research synthesis methodol-
ogy that aims to describe and map the research underpinning a broad
research question or emerging research area in a reproducible and
updateable manner (Peters et al., 2017). Bias is minimized through a
rigorous process and the use of a study protocol developed a priori.
To the best of our knowledge, a ScR on CVV has not previously been

conducted.

Database and other searches
PubMed/MEDLINE = 151
CAB/Agricola/EMBASE = 258

Impacts

e Cache Valley virus (CVV) circulates in mosquito and
animal species across a large area of North, Central and
South America.

e The impact of CVV infection has only been extensively
studied in small ruminants in the United States of America
(USA) and Canada; foetal death or severe malformations
may occur whether exposure occurs early in pregnancy.

e There are only six published records of human CVV-as-
sociated illness; however, serological studies indicate
exposure may be common in some areas, in both hu-

mans and small ruminants.

2 | METHODS

2.1 | ScR protocol and team

A study protocol was drafted a priori to document the rationale for
the ScR and the search strategy, as suggested by Peters et al. (2017).
The protocol also includes the appraisal tools and the analysis plan,
which are provided in Appendix S1.

This manuscript conforms to the requirements of the PRISMA
extension for ScRs (Tricco et al., 2018). The ScR team included seven
individuals with expertise in knowledge synthesis, vector-borne dis-
ease, zoonotic disease and library science.

2.2 | Research question

The research question was “What is the global evidence on CVV?”

The relevant context for the research question included the

Scopus =161
ProQuest Public Health = 13 >
ProQuest Theses = 10

Duplicates removed = 351

Grey literature = 6
Search validation = 26

Not relevant = 95

Citations screened = 274 H

Book =2

Citations excluded = 114
! Literature review = 14

Other relevant non-primary sources = 3

I Articles reviewed: 160 H

Not relevant = 4

Relevant articles = 143

English = 142 Retracted = 1

Citations excluded = 17
Literature review =7
Language = 1 (Spanish)

Grey literature, no detail = 1
Unable to locate =3

FIGURE 1 Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses (PRISMA) flow diagram of the

French =1

O

citations and articles throughout the
scoping review process
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identification of all primary research from any settings ranging from
insects and animals sampled in their natural environments, to spe-
cies studied in laboratory settings, to in vitro studies of CVV. All
populations which might potentially be sampled for demonstration
of CVV or exposure to CVV were deemed relevant, including poten-
tial vectors, animal populations and human populations.

2.3 | Search strategy

The pretested search algorithm was implemented on 16 May 2017
and updated 7 January 2019 in eight electronic bibliographic da-
tabases to capture publications relevant to the ScR: PubMed/
MEDLINE, CAB, Agricola, EMBASE, Scopus, ProQuest Public
Health, ProQuest Theses and Dissertations, and the COCHRANE
library: (“cache valley” OR playas OR tlacotalpan) AND (virus).

Complete descriptions of each electronic search are pre-
sented in Appendix S1. In addition, a grey literature search
was conducted (May 2017 and January 2019) in the Centers
for Disease Control and Prevention (CDC) Stacks Public Health
Database using the same search algorithm. Two Google searches
were conducted, one using the original algorithm and one using
(“cache valley” OR playas OR tlacotalpan) AND (virus) AND (out-
break); sequential hits were screened until hits were deemed
irrelevant, in order to identify any additional grey literature re-
ports. All potentially relevant citations not captured by the data-
base search were added to the ScR.

A search verification strategy was executed to ensure that all
relevant publications were identified. Reference lists from 15 se-
lected CVV literature reviews were hand searched for potentially
relevant references missed by the electronic search. Additionally,
10 CVV primary research studies were identified as “key studies,”
and a search for studies citing these key studies was conducted
in Google Scholar. Results were then cross-referenced with those
captured by the database search, and any potentially relevant cita-
tion was added to the ScR. A complete list of the literature reviews
and key studies included in the search verification is presented in
the study protocol (Appendix S1). Search verification was stopped
at the point of saturation, when no additional new references were
identified.

2.4 | Relevance screening

Relevance screening, performed on the abstracts, titles and
keywords of citations captured by the search, consisted of as-
sessment of each citation with one question (“Does this citation
describe primary research on CVV, or a predictive model examin-
ing the impacts of climate change on CVV”) to rapidly identify
potentially relevant research (Appendix S1). All citations describ-
ing primary research on CVV or CVV subtypes Tlacotalpan virus
and Playas virus were deemed relevant and promoted to the next
review level of data characterization, and the full article was
procured.

WILEY-

2.5 | Study characterization

The second level of assessment, study characterization, was per-
formed on full articles and captured data pertaining to the study
focus, design, populations/samples and outcomes of the study.
Exclusion criteria included publication in a language other than
English or French, or study outcomes not pertaining to CVV or a
subtype of CVV. A complete list of the characteristics captured at

TABLE 1 General characteristics of 143 included publications

Category Count
Type of citation

Primary peer-reviewed research 124

Thesis

Grey literature with primary data

Conference proceeding

Language
English 142
French 1
Continent®

North America 125
USA 104
Canada 12
Mexico 11

Central America/South America/Caribbean 16

Europe

Australasia

Date of publication

1950-1959 1

1960-1969 20

1970-1979 17

1980-1989 25

1990-1999 30

2000-2009 17

2010-Present 838

Study design?

Observational 110
Prevalence 74
Cross-sectional 12
Surveillance or monitoring programme 12
Case-series or case report
Outbreak report
Case-control
Other

Experimental 48
Challenge trial 31
Molecular characterization 13
Controlled trial 1
Other 9

Evaluation of diagnostic tests 8

*Total may sum to more than 143 studies as some studies contributed to
more than one category.
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FIGURE 2 Bubble plot of 126 studies sampling humans, non-human hosts and vectors, categorized by study focus. The sum of studies
across categories may be larger than the category total as some studies cover more than one population or focus [Colour figure can be

viewed at wileyonlinelibrary.com]

the data characterization level is presented in the data characteriza-

tion tool (Appendix S1).

2.6 | Data management and analysis

Citations captured by the search were uploaded and managed in
Endnote X7© (Thomson Reuters). Duplicate citations were removed
from the database prior to uploading the list of unique citations to
DistillerSR (Evidence Partners, Ottawa, ON, Canada), a web-based sys-
tematic review management platform. Each article was screened and
characterized within DistillerSR independently by two reviewers; any
conflicts between reviewers were resolved by consensus. The final data
set was exported from DistillerSR to an Excel spreadsheet (Microsoft

365, Microsoft Corp.) where the descriptive analysis was conducted.

3 | RESULTS

3.1 | General characteristics

Two hundred and seventy-four unique citations were screened at level
one of the ScR for relevance, with 160 relevant studies promoted to
second-level study characterization (Figure 1). General characteristics
of the 143 included relevant studies that were characterized in this
ScR are described in Table 1. Most of the research originated from
North America (n = 126 studies) and was published in English (n = 142)
in journals (n = 123). Only one Spanish study was excluded due to
language of publication. Eight reports were classified as grey litera-
ture containing primary data and included government surveillance
reports (n = 6) and laboratory reports (n = 2). Overall, a median of two
(range 0-7) studies on CVV have been published annually since the
first CVV investigation was published in 1959 (Table 1).

The most common research focus was epidemiology (n = 104
studies), of which nine studies reported surveillance activities; mul-

tiple studies investigated more than one population category (e.g.,

animals and mosquitoes from same location). Pathogenesis or case
reports of CVV in human (n = 8 reports describing a total of six cases)
and non-human hosts (n = 29), in vitro studies of the virus (n = 24)
and CVV transmission (n = 14) were also common foci for investiga-
tion. Fewer studies evaluated the performance of diagnostic tests
for CVV (n = 8) or described the evaluation of mitigation strategies
for CVV (n = 2) (Figure 2). No studies were captured addressing the
treatment of clinical cases of CVV infection, societal knowledge
and risk perceptions, economic burden of CVV or predictive models
examining the impact of climate change on CVV. Forty-one of 143
included studies reported more than one focus of investigation (e.g.,

CVV prevalence survey with characterization of isolates recovered).

3.2 | Viral characteristics

Across 82 studies reporting on viral characteristics including ge-
nome and antigenicity of CVV, or CVV isolation, 108 different iso-
lates of CVV were identified, as well as seven isolates of Tlacotalpan
virus, and three isolates of Playas virus, with additional banked CVV
isolates included in phylogenetic analyses (Appendix S3). Of 24 in
vitro studies of CVV, the majority focused on viral characterization
through immunological and molecular testing (n = 21/24 studies) of
various CVV strains and other Bunyamwera viruses. Studies (n = 14)
also focused on CVV transmission characteristics. Phylogenetic
analysis was conducted on CVV sequences in 11 studies investi-
gating the relationship among CVV isolates and between CVV and
other closely related Bunyamwera viruses (Appendix S3).

Based upon more recent phylogenetic analyses, some of the early
isolates collected from South America have been reclassified primar-
ily from CVV to Maguari; the original studies of these virus isolates
indicated that they seemed antigenically indistinguishable (Casals &
Whitman, 1960; Downs, Spence, Aitken, & Whitman, 1961). These in-
cluded the firstisolates from Brazil (BeAr 7272) and Trinidad (Tr20659)

and described around the same time as the first isolate reported in the


www.wileyonlinelibrary.com

743

WILEY

WADDELL €T AL.

(sanunuo))

221w 03 AAD HWsSUEJ] 03 3|qY T 80L SINS

9€/L811L

¥9/CCSTIN

79/0T¥ZIN

€9/8CLIIN

€9/LCLTN

T9/LTSN

C¢00-AAD

8/0-AAD

€TC-AAD

06E-AAD

8/-AND

719€9

#84d€9

759€9

01W 03 AAD }Wsues} 03 3|qy T 0or4g¢e9
€9/VCLIN

T9/STSIN

19/vCvN

19/€0ENW

T9/T6ZIN

201w 03 AAD Huisueld} 03 d|qy 1 T9/€LTN
qCLC/l V24

921W 03 AAD }Wwisuely 03 3|qy 1 e6590C UL

so|dwes eAlles

0 %87 Ul juasaid sem AAD ‘Uoizeqnoul Aep-4T € 1914V 'SNUIA 3y} HWsuel} 03 3|qy 1
0
0
UOISSIWSUE.} [BIIEAOSUBIF ON "S203INDSOW JO 9%Z T Ul UOIFD24Ul pajeuwassiq z $0/T-5611
T
uoj3diasap asuajadwo) S21pN3S JO "ON paje|os] sujens
AND

salpnjs |ejusawiiadxy

(9) 22

(8) €T

(991

(@ s

€ v
@711
me
(€) L
(0¥

(AAD But
-}10dau #) sa1pnis JO "ON

8¢

45

[T

S91pN3S JO ‘ON

S21pN3s [BUOIIBAIDSO

[e3ol

SUDX2A Sapay/

SNIDIIALIY SIPAY

SnYouAyJoluany sapay/

subjIo1jjoS sapay

sup|ndpas sapay

snojuodo( sapay
SnaJauld sapay
103D3UDI SAPAY
snjoidogq|p sapay
13dABap sapay

sa12ads o}Inbsoln

sa1pn}s [ejusWIIRdXS ZT Ul pajen|end
9J9M UDIYM JO S3IPN3S [BUOIIBAIDSUO ZG SSOIDE (S3IPNIS /1) d|dwes auo 1sea)| 3 Ul Pa3dalap sem (AAD) SNIIA A3||BA YoeD UdIym wouy sa1dads o3inbsow 41, 9y} Jo Adlewwns g 314VL



(sanunuo))

2
G
o
w
a
<
2
0
0
0
L28essed Uiy a3 Ja1e 921w 03 AAD HWsued) 0} 3|qy 1
T
T
£221W 03 AAD HWISUBI} 03 3|qY T
uoISSIWSUel} |elieAOSUEL) ON 1
SABD 77 1583 B 10J SNUIA paulejule|A T
SABP QT 15B3] 1B J0J SNUIA pauleule|A| 1
S}IqgeJ pue 321w 03 }wsues} 03 3|qy z
0
921w 03 AAD HWSUE} 0} 3|qY g
221W 03 AAD HWISUBI} 03 3|qY T
0
0
0
0
>
w uondidsap asuazadwo) Sa1pnis JO 'ON
-
I—
W salpnjs [eauawiiadxy

744

91¢
JDWM CL ONM

T€S dV
18EV ¥V
8664 [

T9/009N
1019

paje|osi sutens
AND

(€) 91
(@ s1
(1) st
(0)9
Mzt
(O
(0) £
(O
(0)z

(0 e
() 8T
(@01

9 21
(9)81
T
Mme

Mz
(49574

(AAD Bul
-}10dau #) sa1pnis JO ‘'ON

91
ST
ST

€l

4
0¢
o1

114
61

$31pN3S Jo 'ON

S31pN3s [eUOIIBAISSIO

[e30L

SI|DS.ID] X3[ND)
SNLIbUIIDS X3]ND)
supnjsal xajn)
snjpiospjanbuinb xajn)
suaidid xajn)
snsojid xajn)
sndjpdu8iu xajn)
sub8ipj xajn)
JaB1u102 x3|n>H
_SIsuajanzauan
Dip133]|iInbo)
subgJnjiad pipi33a||inbo)
112]|bMm sajaydouy

snjpjnapwiLiponb
sajaydouy/

siuuadijound sajaydouy
1wbyqp.s sajaydouy/
1u10qgaa.f sajaydouy

Xa[dwod
supionJd sajaydouy/

snupwiq|p sajaydouy

sal2ads o}inbsoln

(penunuod) z 3714VL



745

WILEY

WADDELL €T AL.

(senunuo))

921W 0} }WSUE.I} JOU PIp PUE P}EIISUOWP UO[FI3Ul ON
921W 0} }WSUEI} JOU PIP PUB PIIEJISUOWSP UOIFIJUI JO [9AS] MOT]

-921W 0] UoIssiwsuel] Jo [9A3] moT “SuijeSedoud A3ndiyyip pey snuiA ay |

921W 0} }WSUE.I} JOU PIp PUB UOI}I34Ul ON

.SABD QT 15E9] € 10} SNUIA paulejUle|N

O «+ O O O «+« O O « «+ O N O O

uolssiwsues}
|ELIBAOSUE.] JO [9A3] MO| B Pa3EJISUOW( "9dIW 03 AAD HWSuel} 03 3|qy

uondiasap asuajadwo) SaIpn3s JO 'ON

saipn3s [eausawiiadxy

89¢¢-14

6/-09G-1V

80£0-S8

0o¥car9

TL-LYT-NM
SOTINM
299 SINS
GELSINS
619 SINS
09T SINS
6¥0T SINS
£LSOT SINS
916 SINS
SEOT SINS
€EB SINS
€87 SINS
9EY SINS
€V NS
18€ SINS
€CTNO
€E9-N9

paje|osi sulens
AND

(@¢
(S) LT
(¥) 8T
(mor
(0)8
(0)z
M9
(€) ¥T
(0) 2
(€) LT
My
mrt
(0)o
meé

(8) 1T

(AND 8ut
-}10dau #) sa1pnis JO "ON

pC
LT
0¢
ot

o =<

(44

S91PN3S 40 ‘ON

Salpnjs |euoljeAlasqO

|eol

p3p[NBUID PIioydoiosq
SN3D33IALIY SNIDI0IB|YIO
SN3D1LIASLI SNIDI0IB|Y20
sup|nwiis snIp30I[Y20
SN213213S SN3D0J3|YI0
SN3D.IAS SNIDI0IB|YIO
1142314 sNIP3043)Y20
SI|pS.I0p SNIVI0I[Y20
SIUNWWOJ SN3IP1042[Yy20
SISUaPDLUDI SNIPI0IRIY20
SUD|[1313 DIUOSUDIA|
supq.niad bIuoSub|
IDEDZ|DQLIID DIUOSUD|A|

pInupjaW b3asiind

pivUIOUI DIISIIND

sadads ojinbson

(penunuod) z 3714VL



(Continued)

TABLE 2

Experimental studies

Observational studies

Total

CvVv

No. of Studies (# report-

ing CVV)

Competence description

No. of Studies

Strains isolated

No. of Studies

Mosquito species

AR 4249

144 14 (2)

Psorophora ferox

WADDELL €T AL.

14 (1)

4d

Aedes/Ochlerotatus

genus, species not

specified

6(1)

6d

Anopheles genus, spe-

cies not specified

13 (4)

Genus and species not

specified

lsolate TR 20659 was isolated in Trinidad 1958 and was originally classified as CVV, but is now considered indistinguishable from BeAR7272 which is a Maguari virus isolate (Downs et al., 1961; Groseth

etal., 2017).

blsolate BeAr 7272 was isolated in Brazil in 1954 and was originally classified as antigenically indistinguishable from CVV isolate 6V-633 {634 Casals}, but has since been reclassified as Maguari virus

(Groseth et al., 2017). This isolate came from a pool of mixed species: Aedes scapularis, Ae. serratus, Ae. sexlineatus, Mansonia sp., P. ferox.

“Mosquito Coquillettidia venezuelensis has also been referred to as Mansonia venezuelensis in studies from the 1960s (Aitken & Spence, 1963; Peralta et al., 1966; Galindo, Srihongse, De Rodaniche, &

Grayson,1966).

9The isolate in one study included in this data set (Peralta et al., 1966) was confirmed as CVV using two isolates TR20659 and BeAr 7272 now categorized as Maguari virus.

USA (6V-633) (Causey, Causey, Maroja, & Macedo, 1961; Holden &
Hess, 1959). CVV isolates BeAr 7272 and 6V-633 formed the basis
of most antigenic testing in studies performed during the 1960s, with
five studies from this period exclusively applying the Brazilian isolate
(BeAr 7272) to analysis of samples from the USA (n = 3), Panama (n = 1)
and Argentina (n = 1) (Buescher et al., 1970; Collins, 1965; Peralta,
Shelokov, Vogel, & Longfellow, 1966; Sabattini, Shope, & Vanella,
1965; Work, 1964). More recent phylogenetic analyses have identi-
fied genetic mixing occurring among the related viruses; however, to
date, Maguari or Maguari-like viruses have been identified in Brazil,
Argentina and Peru, whereas CVV isolates were identified in the USA,
Canada, Mexico and Colombia, as well as CVV subtypes in Ecuador
(Playas virus) and Mexico (Talactopan virus) (Groseth et al., 2017).
Thus, the range of CVV and its subtypes may include all of North and
Central America as well as some northern areas of South America.

3.3 | Vectors of CVV

Findings of 52 observational studies sampling various mosquito spe-
cies and 12 laboratory-based experiments of transmission and vector
competence of selected mosquito species are presented in Table 2.
Investigators sampled 146 wild-caught mosquito species (Appendix S4),
with 47 of 52 studies reporting CVV detection in at least one sample.
Eight laboratory-based studies examined mosquito species for compe-
tence as a vector of CVV (defined as the ability of a vector to be infected
with, replicate and transmit CVV). Natural infection with CVV and con-
firmed competence in experimental studies were reported for several
species from the Aedes, Anopheles, Coquillettidia and Culiseta genuses
including Ae. japonicus, Ae. scapularis, Ae. sollicitans, Ae. taeniorhynchus,
Ae. vexans, An. punctipennis, An. quadrimaculatus, Co. perturbans and
Cu. inornata (Table 2). Five additional mosquito species reportedly main-
tained experimental CVV infection although their ability to transmit
CVV was not studied or demonstrated (Aedes albopictus, Coquillettidia
venezuelensis, Culex corniger, Culex quinefasciatus and Mansonia ar-
ribalzaggi). One study reported maintenance of experimental CVV in-
fection in Culex nigripalpus; however, no reports of CVV detection in
wild-caught Cu. nigripalpus were identified in this ScR. CVV was also
detected in mosquito species from three other studies; however, vector
competence was not an evaluated outcome in these studies (Table 2).

Reports of North American mosquito surveillance, describing
programmes operating between 1964 and 2016, were captured;
sampling included lowa, New York and across the USA and in the
Canadian provinces of Manitoba and Saskatchewan (Appendix S3).
One study demonstrated a correlation between quantity or load of
circulating CVV, and the number of different mosquito species from
which CVV could be isolated (Andreadis et al., 2014).

Other arthropods from which CVV was not detected include
midges (Culicoides sonorensis, Culicoides variipennis and other species),
sandflies (Lutzomyia diabolica and other species), ticks (Amblyomma
americanum and Dermacentor variabilis), horseflies (Chrysops spe-
cies, Diachlorus species, Hybomitra species and Tabanus species) and

stable flies (Stomoxys calcitrans) (Appendix S3). One experimental
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transmission study concluded that Cu. sonorensis is not a competent
vector of CVV (Reeves & Miller, 2013).

3.4 | Non-human hosts of CVV

Fifty-one observational studies and 26 challenge trials examined the
epidemiology, pathogenesis and mitigation strategies for CVV in infected
animal hosts (Appendix S3). The hosts studied included the following:

sheep, goats, cattle, horses, chickens, pigs, dogs, cats, rats, mice, squirrels,

WILEY—2¥

deer, rabbits, foxes, reptiles, primates and birds, as well as other rodents
and wild animals. Challenge studies investigated CVV pathogenesis and
transmission in sheep, goats, mice, cows, chickens, hamsters, deer, guinea

pigs, opossums, donkeys, rabbits, raccoons and pigs (Appendix S3).

3.4.1 | CVV studies in sheep and goats

The impact of CVV on small ruminants has been the focus of most
of the non-human host CVV literature (n = 31 studies), as CVV

TABLE 3 Clinical signs and pathology reported in offspring of Cache Valley virus-infected ewes and does across nine observational and

eight experimental studies

Number of studies reporting the sign

Proportion (%) subjects

No. of experimental Proportion (%)

Outcomes of CVV infection No. of observational studies affected studies subjects affected
Clinical signs
Appetite loss 1 100.0
Depression 1 100.0
Disorientation 1 NR?
Dystocia 1 NR? 1 5.6
Fever 2 NR?
Muscle spasms 1 NR?
Seizure 1 NR?
Suckling difficulties 1 NR?
Tremors 1 NR?
Congenital defects
Ankylosis 1 15.0
Ataxia 1 NR?®
Arthrogryposis 5 50.0-80.0 5 12.5-41.6
Concave spinal flexion 1 6.3
Encephalopathy 3 93.3-100.0 1 NR?
Hydranencephaly 1 NR? 2 2.8
Hydrocephalus 1 NR? 1 NR?
Inability to walk 1 5.0
Incomplete diaphragm 1 NR?
Kyphosis 2 NR? 2 5.6-12.5
Limb stiffness 1 NR?
Micromyelia 1 NR?
Mummification 2 NR? 3 11.1-27.8
Muscular abnormalities 5 NR?® 1 NR?
Scoliosis 5 NR? 2 5.6
Skeletal abnormalities 3 5.0-19.2
Low birthweight 1 NR?
Stillbirths 5 5.0-50.0
Torticollis 5 NR? 3 11.1-12.5
Vertebral malformations 1 NR?® 1 NR?
Weak/small trachea 1 5.0
Generalized weakness 1 50.0

?NR = proportion affected by symptom not reported in one or more articles.
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infection during pregnancy results in a range of negative birth out-
comes from reproductive failure to major congenital defects. Eleven
studies describing twelve challenge trials were conducted in the USA
in sheep (n = 8 trials) and goats (n = 4) from 1969 to 2013, studying
CVV pathogenesis (Appendix S3). Sixteen studies described the ad-

N NS
& & & verse foetal outcomes associated with CVV infection in small rumi-
~ = I
o o o ‘;:Z, nants during early pregnancy (days 1-50 of gestation), the hallmark
5 f::) Lc:) = = of which is a range of congenital defects of the skeletal and central
® © © O
g § § § g g." g § nervous systems (Table 3). Six studies reported pathology in sheep
% i’ 3‘: ij % g % = naturally infected with CVV (Appendix S3). One study estimated the
£ T B B 8 " ® ® @ interval of time between CVV exposure and development of viremia
¢ et
- - -+ - Q
5 I '('; é '('2 | o0 ?fo = in sheep (Chung, Livingston, Jones, & Collisson, 1991), with another
= c c c c =
< é 2 2 2 i::) g é;j) § describing the duration of viremia in CVV-infected goats (Kokernot,
o w L w
Radivojevic, & Anderson, 1969).
Five outbreaks of clinical disease caused by CVV infection in
sheep populations were described in six papers, occurring in the USA
(in Texas, 1986-1988 and North Dakota, 1990) and in Canada (in
Ontario, during 2011 and 2016, and Québec, 2013) (Appendix S3).
S 6 6 6 6 6 < - These outbreaks were reported between the months of December
o) S Ecl Sl 2 S 5
° g 2 g 2 g 2 %5 = and February, during lambing season, presenting with an unusually
g ° °
S 8 39 % 98 o 3 a high prevalence of stillbirths and foetal deformities.
; a & a a a a o B
g § fg § ?g 5 § Ti‘ Ti‘ Sixteen studies reported the seroprevalence of CVV in sheep
§ g % g % g % 2 2 @ (Ovis aries 12/16, Ovis ammon 1/16, Ovis musimon 1/16) and in goats
[} [} =
@ 06600060 o = (Capra aegagrus 3/16), sampling animals during an outbreak (n = 3
(1] . . .
— = studies), dams of lambs with congenital defects (n = 1) or selected
x o0
3 s healthy populations (n = 14) (Table 4, Appendix S3). The single study
8 = L s quantitatively investigating the association between housing and
5 = 2 ¥ 52 | 3
s £ - X & ;g o3 &= CVV exposure in sheep described a significant (p < 0.05) positive as-
) X 4 N @ =3 0 L. .
9-‘;_ < %O’ o 9 E -~ B2 é 2 g é sociation between seroprevalence of CVV and sheep kept outside,
°o > © S X T I 90 = IR Y © . . . .
3 % g 3 8 £ % g g g NS = relative to sheep kept in housing with four walls, a roof and a door
E closed most of the time (Meyers et al., 2015). This finding was consis-
" é tent with a field experiment conducted in Texas, where sheep housed
Q
'g ~ BN BN . 9 S indoors remained CVV seronegative despite high seroconversion in
L L Y v Y v R c = .
§ S S S S S S S : B pastured sheep (Crandell, Livingstone, & Shelton, 1989). Other po-
7 K R SR B SRV B & i
3‘3 5 3 5 3 5 3 5 5 E . tential risk factors identified for CVV seropositivity included: various
>
E :'é flock management factors; increasing age, sex and breed of animals;
g 5 & é year of sampling and location in Eastern USA states (Meyers et al,,
%'i & g 2015; Shelton, de la Bermejillo, Willingham, & Mock, 1994).
S 0V VO N N © o o [} o
2 28R ELKR S €3
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,g g § 3.5 | CVV studies in other non-human hosts
+* m© ()
S & [ . . . . .
2 S 2 Seroprevalence of CVV was investigated in 33 studies sampling deer,
v £ 5
T o é rabbits, horses, swine, cows, foxes, dogs, raccoons, woodchucks,
c = o . . .
[T 5 rats, voles, mules, wild birds, chickens, mongooses and monkeys
‘ED ﬁ 3 ’ ’ ’ ’ ’
E g bt (Appendix S5). Researchers reported isolation of CVV in Michigan
§ ‘5 § from naturally infected horses in two studies conducted during a
— w =
2 % § g 1980 epizootic of eastern equine encephalitis (McLean et al., 1985;
] .
£ g ; :a'} § McLean, Calisher, & Parham, 1987). A study conducted in Maryland
[ + Z - T
8 § 2 ~§ % % reported 45% of cattle sampled developed CVV neutralizing anti-
~ (%] —_—
< 2 j’:: z .y Jg 2 bodies over a 6-month study period (Yuill, Gochenour, Lucas, Collins,
£ S 2% 2
3 _§ ﬁ § § § § § S s %‘ Lo“ g § § & Buescher, 1970). An association between increasing age and odds
w)
) § e g EE e = § 3 0 EE3Z of CVV seropositivity was reported in studies sampling white-tailed
|<-t - © ':—: zz® deer (n = 2 studies), horses (n = 1) and swine (n = 1) (Blackmore,
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1996; Blackmore & Grimstad, 1998; McLean et al., 1987; Neitzel &
Grimstad, 1991).

Challenge experiments (n = 15) were conducted in cows, guinea
pigs, opossums, horses, chickens, hamsters, mice, deer, rabbits, rac-
coons and swine (Appendix Sé). Most of these studies investigated
the pathogenesis of CVV in animals (12/15) and/or the transmission
of CVV to and from competent vectors (9/15). Researchers also
evaluated the influence of vitamin A on the immune response to
CVV in deer (Blackmore, 1996). Only one study reported pathology
(failure to litter in mice) resulting from CVV infection in an animal
host other than sheep or goats (Nowicki, 1996). Several aspects of
experimentally induced CVV infection were described, including
time of onset of CVV viremia post-exposure in rabbits, swine, goats
and calves (Blackmore & Grimstad, 2008; Kokernot et al., 1969)
and duration of viremia in deer, hamsters, mice, guinea pigs, rabbits
and calves (Blackmore & Grimstad, 1998; Edwards, Higgs, & Beaty,
1998; Kokernot et al., 1969). White-tailed deer were identified as a
potential reservoir for CVV, with reservoir defined as a population in
which CVV naturally persists (Blackmore & Grimstad, 1998).

3.6 | Transmission of CVV

Fourteen studies reported investigation of one or more broad aspects
of CVV transmission, including vector-to-host transmission (n = é stud-
ies), host-to-vector transmission (n = 3), vector-to-vector transovarial
only transmission (n = 3) and host-to-host transmission (n = 2). Four
studies investigated more than one mode of transmission (Blackmore,
Blackmore, & Grimstad, 1998; Blackmore & Grimstad, 2008; Corner,
Robertson, Hayles, & Iversen, 1980; Saliba, DeFoliart, Yuill, & Hanson,
1973). Successful transmission of CVV to mice was demonstrated from
eight species of mosquito: Ae. scapularis, Ae. sollicitans, Ae. taeniorhyn-
chus, Ae. vexans, An. punctipennis, An. quadrimaculatus, Co. perturbans
and Cu. inornata (Table 5). In one study, eastern cottontails (Sylvilagus
floridanus) were successfully infected by Co. perturbans but did not
experience sufficient viremia to transmit CVV back to the mosquito
(Blackmore & Grimstad, 2008). In contrast, CVV transmission from
hosts to mosquitoes was successful in studies using Syrian hamsters
(n = 1) and mice (n = 3) (Table 5). One study demonstrated an interac-
tion between detectable CVV infection in mice following a challenge
and exposure to mosquitoes (Edwards et al., 1998). Eight studies in-
vestigated determinants of vector competence such as dose, extrinsic
incubation period, infection rate, dissemination rate and transmission
rate under experimental conditions (Aitken & Spence, 1963; Ayers et
al., 2018; Blackmore et al., 1998; Miller, 1997; Reeves & Miller, 2013;
Saliba et al., 1973; Yang, Chan, et al., 2018; Yuill & Thompson, 1970).
Successful transovarial transmission of CVV in Cu. inornata was
reported in one study (Corner et al., 1980). However, unsuccessful
transovarial CVV transmission attempts were reported in Ae. albopic-
tus and Culex fatigans species, two species categorized to have limited
competence as vectors of CVV (Table 5). In hosts, vertical transmission
of CVV was demonstrated in mice, but adults did not become infected
from the consumption of viremic pups and other contaminated bodily
fluids (Blackmore, 1996; Edwards & Hendricks, 1997; Nowicki, 1996).

3.7 | CVV studies in humans

Six human clinical cases of CVV were captured by this ScR; all at-
tributed to CVV exposure occurring in the USA. The first case was
reported in 1995 in North Carolina (CDC, 1996; Sexton et al., 1997),
followed by single cases occurring in Wisconsin in 2003 (Campbell et
al., 2006), New York in 2011 (CDC, 2012; Nguyen et al., 2013) and
Missouri 2015 (CDC, 2017). More recently, in 2016 two immune-com-
promised men from New York and Australia, the latter with travel
history to the USA, were diagnosed with CVV-associated meningoen-
cephalitis (Wilson et al., 2017; Yang, Qiu, et al., 2018b). Researchers
hypothesized that the Australian patient's exposure likely occurred in
2013, but the diagnosis of CVV infection did not occur until 2016 after
several years of chronic neurological deficits, eventually diagnosed as
chronic meningoencephalitis (Wilson et al., 2017). The clinical pathol-
ogy of these severe human CVV cases was reported in journal articles,
except for the Missouri case, which was only described in a surveil-
lance report with limited case information (CDC, 2017).

Symptoms of CVV infection reported from five of the six pub-
lished cases include non-specific clinical signs: fever (reported in 5/5
cases), headaches (3/5), nausea (3/5), vomiting (3/5), appearance of
rash (2/5), body aches (1/5) and confusion (1/5). Three patients ex-
perienced long-term symptoms including persistent headaches (re-
ported in 2/3 cases), difficulty in word finding (1/3), memory loss
(1/3) and motor control deficits (1/3) (Campbell et al., 2006; Nguyen
etal, 2013; Sexton etal., 1997). The Australian patient eventually di-
agnosed with CVV chronic meningoencephalitis displayed 6 months
of progressive memory decline, slowing of speech and mood distur-
bance, predominantly anxiety; the diagnosis was made via metag-
enomic next-generation sequencing of the patient's cerebrospinal
fluid and brain biopsy tissue (Wilson et al., 2017). CVV iliness was ul-
timately fatal, either directly or due to other complications, in three
of five CVV cases for which outcome data were reported (Sexton et
al., 1997; Wilson et al., 2017; Yang, Qiu, et al., 2018b).

Twenty human CVV serosurveys conducted in North and South
America, reported human CVV seroprevalence ranging from 0%
to 50%, in studies published from 1956 to 2010 (Table 6). As with
non-human animal hosts, increasing age was associated with increas-
ing odds of seropositivity in some studies (Blitvich, Saiyasombat,
Talavera-Aguilar, et al., 2012; Heard, 1997). Two case-control studies
investigated the potential association between the presence of ma-
ternal CVV antibodies and congenital malformations in their babies.
While one study did not detect any CVV antibodies in the sample
population (Edwards & Hendricks, 1997), the second case-control
study had a very small sample size, but did report a significant asso-
ciation between CVV antibodies in mothers and the occurrence of
macrocephaly or microcephaly in their newborns (Calisher & Sever,
1995).

3.8 | Diagnostic test performance

Eight studies assessed the performance of diagnostic tests for

the detection of viral RNA or serological evidence of prior CVV
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TABLE 5 Transmission of Cache Valley virus reported in vectors and hosts across 10 studies

Transmission
type

Vector to host

Host to vector

Vector to vector:
transovarial

Host to host

Original CVV host
Aedes scapularis
Aedes sollicitans
Aedes taeniorhynchus

Aedes vexans

Anopheles punctipennis

Anopheles quadrimaculatus

Anopheles quadrimaculatus

Coquillettidia perturbans
Coquillettidia perturbans
Culiseta inornata

Culex nigripalpus

Culex quinquefasciatus

Ochlerotatus communis

Ochlerotatus serratus

Ochlerotatus triseriatus

Syrian hamster: Mesocricetus auratus

Mice®

Mice®

Mice and a feeding device®
Mice and a feeding device®
Mice and a feeding device®
Mice and a feeding device®
Mice and a feeding device®
Mice and a feeding device®
Rabbit: Sylvilagus floridanus
Aedes albopictus

Culex fatigans

Culiseta inornata

Mice: ICR strain

Mice®

Humans

Transmission

WILEY-"

Recipient successful? References
Mice® Yes© Aitken and Spence (1963)
Mice: Charles River albino Yes Yuill & Thompson, (1970)
Mice: Charles River albino Yes Yuill & Thompson (1970)
Mice: Charles River CD1 Yes Saliba et al. (1973)

and HA/ICR strain
Mice: Charles River CD1 Yes Saliba et al. (1)973

and HA/ICR strain
Mice: ICR strain Yes Blackmore et al. (1998)
Mice: Charles River CD1 Yes Saliba et al. (1973)

and HA/ICR strain
Mice: ICR strain Yes Blackmore et al. (1998)
Rabbit: Sylvilagus floridanus Yes Blackmore and Grimstad (2008)
Mice® Yes Corner et al. (1980)
Mice® Yes© Aitken and Spence (1963)
Mice® Yes®© Aitken and Spence (1963)
Mice: Charles River CD1 No Saliba et al. (1973)

and HA/ICR strain
Mice® Yes®© Aitken and Spence (1963)
Mice: Charles River CD1 No Saliba et al. (1973)

and HA/ICR strain
Coquillettidia perturbans Yes Saliba et al. (1973)
Aedes scapularis Yes© Aitken and Spence (1963)
Culiseta inornata Yes Corner et al. (1980)
Aedes vexans Yes Saliba et al. (1973)
Anopheles punctipennis Yes Saliba et al. (1973)
Anopheles quadrimaculatus Yes Saliba et al. (1973)
Ochlerotatus communis No Saliba et al. (1973)
Ochlerotatus sticticus Yes Saliba et al. (1973)
Ochlerotatus triseriatus No Saliba et al. (1973)
Coquillettidia perturbans No Blackmore and Grimstad (2008)
Aedes albopictus (offspring) No Miller (1997)
Culex fatigans (offspring) No Tesh and Gubler (1975)
Culiseta inornata (offspring) Ye Corner et al. (1980)
Mice: ICR strain No Blackmore (1996)
Mice (offspring) b Yes Nowicki (1996)
Humans (offspring)® No Nowicki (1996)

3Some studies investigated more than one mode of transmission (Blackmore et al., 1998; Blackmore & Grimstad, 2008; Corner et al., 1980; Saliba et

al., 1973).

bSpecies or strain name not specified.
‘Isolate TR 20659 was isolated in Trinidad 1958 and was originally classified as CVV but is now considered to be indistinguishable from BeAR7272
which is a Maguari virus isolate (Downs et al., 1961; Groseth et al., 2017).

9Prenatal transmission determined by the presence of IgM antibodies to CVV in cord blood.

infection. The majority of these papers described initial proof-of-
accuracy studies, using CVV-spiked samples at various dilutions
and in various media to evaluate the sensitivity of the test; they
also employed an array of other viruses to assess test specificity.
Among these eight studies, samples used included pooled mosqui-

toes (n = 2/8 studies), and animal (n = 1/8) or human (n = 1/8) sera.

We also captured in vitro experiments (n = 5/8). The captured di-
agnostic test studies investigated the performance of molecular
(n = 5/8) and immunological (n = 3/8) assays, as well as virus isola-
tion techniques (n = 1/8). All five molecular assays were reverse-
transcription polymerase chain reaction tests (Appendix S3).

Reported performance parameters included analytical sensitivity
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(n = 2 studies), specificity (n = 3) and limits of detection (n = 2).
One study investigated both immunological and molecular tests
(Brockus,2000).

4 | DISCUSSION

The literature captured in this ScR describes a relatively small,
but ongoing area of viral research. Serosurveys of mammals have
yielded evidence of CVV exposure in domestic and wild animals
across the Americas. The interpretation of the chronologically
older surveys is complicated by the relative lack of diagnostic
specificity of earlier assays, which could have led to some mis-
classification of samples (Drebot, 2015). The relatively widespread
evidence of CVV exposure in mammals, and detection in a variety
of mosquito species across the Americas, makes the very small
number of reported cases of clinical illness attributable to CVV
infection striking.

Outbreaks of congenital anomalies in lambs born to CVV-in-
fected dams were reported in the USA in the late 1980s (Chung et
al., 1991; Edwards et al., 1988). More recently, three outbreaks of
CVV-associated reproductive failure in sheep have been reported
by diagnostic laboratories in the Canadian provinces of Ontario and
Québec (Leboef & Coté, 2013; Shapiro et al., 2012; Spinato et al.,
2016). A serosurvey of domestic animals in the western Canadian
province of Saskatchewan found widespread evidence of CVV expo-
sure in sheep, cattle, goats, horses and mule deer (Uehlinger, Wilkins,
Godson, & Drebot, 2018). Thus, it is plausible that CVV infection
may have been under-diagnosed as a potential cause of reproduc-
tive failure and congenital defects in small ruminants in Canada, at
least in regions where evidence of CVV exposure has been reported
in domestic or wild animals. Given that two of the recent Canadian
outbreaks were only reported in a non-indexed producer resource, it
is also likely that CVV outbreaks are under-reported or are reported
in grey literature media that are difficult to identify in a systematic
search. Thus, despite our best efforts, there may be reports of CVV
outbreaks in small ruminants that were missed by our search.

There have been a very small number of human clinical cases
of CVV-associated illness recorded to date. The scarcity of human
clinical cases contrasts with the much larger proportion of humans
with serological markers of CVV exposure reported from various
populations in the Americas. As with the CVV situation in animals,
CVV exposure seems to occur much more frequently than clini-
cal disease. However, there is insufficient evidence to identify the
full spectrum of clinical signs during CVV-associated illness, or the
degree of under-diagnosis of CVV occurring, or potentially at-risk
populations (e.g., 2/6 CVV cases occurred in immune-compromised
subjects) (Wilson et al., 2017; Yang, Qiu, et al., 2018b).

In Canada, ongoing “lookbacks” at suspect West Nile virus pa-
tients have revealed that some of these subjects have serological
markers of CVV exposure, further supporting the possibility that
under-diagnosis of CVV in human encephalitis or meningitis patients
may occur (Dimitrova et al., 2011). Similarly, the potential impact of

CVV infection during pregnancy, currently recognized only in small
ruminants, merits further research in other species, given the very
small number of studies investigating CVV during pregnancy in hu-
mans and mice (Blackmore, 1996; Calisher & Sever, 1995; Edwards &
Hendricks, 1997; Nowicki, 1996).

Subgroups, or complexes, within the Bunyamwera serogroup
have been proposed, and these subgroups are correlated with
the geographic location where the viruses were isolated (Hunt &
Calisher, 1979). Based on the most recent phylogenetic analyses,
CVV has been identified as being most closely related to Maguari and
Fort Sherman viruses, with Tlacotalpan and Playas classified as sub-
types of CVV (Armstrong et al., 2015; Blitvich, Lorono-Pino, et al.,
2012; Yang, Chan, et al., 2018). The relationship between CVV and
these closely related viruses is complex, and overtime has resulted
in the reclassification of several isolates; for example, BeAr 7272 and
CbaAr-426, originally categorized as CVV, have been reclassified as
Maguari or Bunyamwera virus isolates (Groseth et al., 2017).

Reports of recent phylogenetic analyses conclude that some genetic
diversity has been reported across CVV strains, but overall CVV is a
well-conserved virus across geography and several decades (Armstrong
et al., 2015; Blitvich, Lorono-Pino, et al., 2012; Groseth et al., 2017). The
emergence of a new CVV lineage in Connecticut, more closely related
genomically to CVV strains from Mexico than to other locations in the
United States, suggests a possible importation event of a novel CVV
strain to a new location (Armstrong et al., 2015). Therefore, the poten-
tial exists for future introductions of relatively novel CVV strains into
new geographic areas, whether fortuitously in association with human
activity, or as the geographic range of vectors expands.

Recent genomic analyses identified that different segments of
the viral genome are conserved across similar, but distinct viruses,
which explains the antigenic similarities and differences identified
between viruses using different antigen-based methods of viral
characterization (Groseth et al., 2017). One implication of this find-
ing is that distinguishing between viruses within the Orthobunyavirus
genus may be difficult with antigenic tests, and even molecular tests
need to be comprehensive enough (e.g., target several discerning
segments of the viral genome) to distinguish between closely related
viruses and any reassortments that may occur (Blitvich, Lorono-
Pino, et al., 2012; Groseth et al., 2017). Thus, CVV serological testing
across studies may not have distinguished between some distinct,
but related viruses, particularly in the early CVV studies from the
1950s and 1960s. Given the evidence for the current geographic
distribution of CVV, it is likely that some CVV-positive serological
results in the southern areas of South America were detecting ex-
posure to closely related viruses such as Maguari virus (Casals &
Whitman, 1960; Peralta et al., 1966; Sabattini et al., 1965). Also, con-
sidering the virus’ geography, studies conducted in North Americain
which the antigenic test was developed with a Maguari virus isolate
likely represent exposure to CVV rather than Maguari (Buescher et
al., 1970; Work, 1964). Across studies presenting serological results,
some misclassification of CVV exposure may have occurred with an
unknown direction and magnitude, and this contributes some uncer-

tainty about the estimates from these studies.
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While we tried to conduct an exhaustive literature search, it is
possible that some relevant research may have been missed, espe-
cially if it were only reported in grey literature such as producer up-
dates. However, we feel that the potential for language bias in this
ScR was low since only one potentially relevant Spanish paper was
excluded due to language of publication.

Several knowledge gaps were identified by our ScR, including ev-
idence characterizing the CVV epizootic cycle through studies that
identified important vectors and mammalian reservoirs. The factors
associated with increased prevalence of circulating CVV in major
vectors or reservoirs are unclear. The prevalence of CVV exposure in
humans in the Americas in the general population, or within targeted
patient groups such as encephalitis patients, lacks representative ev-
idence and therefore also remains somewhat unclear.

Future directions for CVV research therefore include several
topic areas. Continued improvement in assays for evidence of CVV
exposure, for example, in the area of specificity, that is the cor-
rect categorization of samples truly not exposed to CVV, would
be useful in the ongoing surveillance of mammalian and human
populations. The use of representative sampling frames for sero-
surveillance could help to identify potential reservoir species and
guide additional monitoring for viral detection in reservoir popu-
lations. Regular lookbacks for CVV case finding in human popula-
tions, such as suspect cases for other viral encephalitides, would
help to improve our understanding of the true burden of clinical
disease associated with human CVV infection. Similarly, knowl-
edge translation to improve awareness among food animal veter-
inarians of CVV as a potential cause of reproductive failure and
congenital defects in small ruminants could help provide a more
accurate understanding of the true burden of CVV infection in

these populations.

5 | CONCLUSIONS

Centers for Disease Control circulates in numerous mosquito and
animal species across a large area from North to South America.
However, clinical disease caused by CVV infection has only been
extensively studied in small ruminants in the USA and Canada.
Published reports of human disease attributable to CVV infection
describe six severe cases; however, CVV-associated illness is likely
under-reported or misdiagnosed. Future research should focus on
characterizing the impact of CVV infection in human and animal

populations.
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