Pesq. Vet. Bras. 33(10):1161-1173, outubro 2013

Emerging animal viruses: real threats or simple bystanders?!
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The list of animal viruses has been frequently added of new members raising perma-
nent concerns to virologists and veterinarians. The pathogenic potential and association
with disease have been clearly demonstrated for some, but not for all of these emerging
viruses. This review describes recent discoveries of animal viruses and their potential re-
levance for veterinary practice. Dogs were considered refractory to influenza viruses until
2004, when an influenza A virus subtype H3N8 was transmitted from horses and produced
severe respiratory disease in racing greyhounds in Florida/USA. The novel virus, named
canine influenza virus (CIV), is considered now a separate virus lineage and has spread
among urban canine population in the USA. A new pestivirus (Flaviviridae), tentatively cal-
led HoBi-like pestivirus, was identified in 2004 in commercial fetal bovine serum from
Brazil. Hobi-like viruses are genetically and antigenically related to bovine viral diarrhea
virus (BVDV) and induce similar clinical manifestations. These novel viruses seem to be
widespread in Brazilian herds and have also been detected in Southeast Asia and Euro-
pe. In 2011, a novel mosquito-borne orthobunyavirus, named Schmallenberg virus (SBV),
was associated with fever, drop in milk production, abortion and newborn malformation
in cattle and sheep in Germany. Subsequently, the virus disseminated over several Euro-
pean countries and currently represents a real treat for animal health. The origin of SBV
is still a matter of debate but it may be a reassortant from previous known bunyaviruses
Shamonda and Satuperi. Hepatitis E virus (HEV, family Hepeviridae) is a long known agent
of human acute hepatitis and in 1997 was first identified in pigs. Current data indicates
that swine HEV is spread worldwide, mainly associated with subclinical infection. Two of
the four HEV genotypes are zoonotic and may be transmitted between swine and human
by contaminated water and undercooked pork meat. The current distribution and impact
of HEV infection in swine production are largely unknown. Avian gyrovirus type 2 (AGV2)
is a newly described Gyrovirus, family Circoviridae, which was unexpectedly found in sera
of poultry suspected to be infected with chicken anemia virus (CAV). AGV2 is closely rela-
ted to CAV but displays sufficient genomic differences to be classified as a distinct species.
AGV2 seems to be distributed in Brazil and also in other countries but its pathogenic role
for chickens is still under investigation. Finally, the long time and intensive search for ani-
mal relatives of human hepatitis C virus (HCV) has led to the identification of novel hepa-
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civiruses in dogs (canine hepacivirus [CHV]), horses (non-primate hepaciviruses [NPHV]
or Theiler’s disease associated virus [TDAV]) and rodents. For these, a clear and definitive
association with disease is still lacking and only time and investigation will tell whether
they are real disease agents or simple spectators.

INDEX TERMS: Emerging viruses, animal pathogens, genetic evolution.

RESUMO.- [Virus emergentes de animais: verdadeiras
ameacas ou meros espectadores?] O numero de virus
animais cresce continuamente, causando preocupagao per-
manente a virologistas e veterinarios. O potencial patogéni-
co e associacdo com doenga tem sido claramente demons-
trado para alguns - mas ndo para todos - virus emergentes.
Esse artigo apresenta uma breve revisdo das recentes des-
cobertas de virus animais e a sua potencial relevancia para
saude animal. Caes eram considerados refratarios aos virus
dainfluenza até 2004, quando um virus influenza A subtipo
H3NB8 foi transmitido de equinos e causou doenca respira-
toria severa em cdes galgos na Flérida/EUA. O novo virus,
denominado virus da influenza canina (CIV), agora consi-
derado uma linhagem distinta do virus da influenza equina,
disseminou-se na populacdo canina urbana dos EUA. Um
novo Pestivirus (Flaviviridae) - provisoriamente denomina-
do pestivirus Hobi-like - foi identificado em 2004 em soro
fetal bovino importado do Brasil. Os virus Hobi-like sdo ge-
nética e antigenicamente relacionados com o virus da diar-
reia viral bovina (BVDV) e induzem manifestagdes clinicas
semelhantes. A sua origem e distribuicao sao desconheci-
das, mas estdo aparentemente disseminados no rebanho
brasileiro e ja foram identificados no sudeste asiatico e
na Europa. Em 2011, um novo buniavirus transmitido por
mosquitos, denominado virus Schmallemberg (SBV), foi as-
sociado com febre, reducdo da producao de leite, abortos
e malformacgdes fetais em bovinos e ovinos da Alemanha.
Subsequentemente, esse agente se disseminou por varios
paises europeus e atualmente representa uma séria amea-
¢a para saude animal naquele continente. A origem do SBV
é um tema ainda controverso, mas possivelmente tenha re-
sultado de ressortimento entre os buniavirus Shamonda e
Satuperi. O virus da hepatite E (HEV, familia Hepeviridae) é
um conhecido agente de hepatite aguda em humanos e, em
1997, foi identificado pela primeira vez em suinos. Estudos
epidemiolégicos posteriores revelaram que o HEV esta am-
plamente distribuido em rebanhos suinos, principalmente
associado com infec¢do subclinica. Dois dos quatro soroti-
pos do HEV sdo zoono6ticos e podem ser transmitidos entre
suinos e humanos por agua contaminada e carne mal-cozi-
da. A distribuicdo atual e impacto da infec¢do pelo HEV na
producdo suina sdo desconhecidos. O girovirus aviario tipo
2 (AGV-2) é um novo girovirus, familia Circoviridae, identi-
ficado no sangue de galinhas com suspeita de infec¢do pelo
virus da anemia aviaria (CAV). O AGV-2 é estreitamente re-
lacionado ao CAV, mas apresenta diferengas gendmicas que
justificam sua classificacdo como espécie viral distinta. O
AGV-2 parece estar amplamente distribuido em galinhas no
Brasil e também em outros paises, mas seu potencial pato-
génico ainda é desconhecido. Finalmente, a longa e intensi-
va busca por virus animais relacionados ao virus da hepa-
tite C humana (HCV) tem levado a identificacido de “novos”
pestivirus em caes (canine hepacivirus [CHV]), equinos
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(hepacivirus de ndo-primatas [NPHV] ou virus associado a
doenca de Theiler [TDAV]) e em roedores. Para estes, uma
associagao clara e definitiva com doenca ainda nao foi de-
monstrada e apenas tempo e investigacdo irdo dizer se sdo
patégenos reais ou apenas espectadores.

TERMOS DE INDEXAGAO: Virus emergentes, patégenos animais,
evolucdo genética.

INTRODUCTION

The recent years have witnessed the emergence of several
animal viruses that challenge virologists, veterinarians and
may threaten animal health. For some of these viruses, the
pathogenic potential and association with disease were
clearly demonstrated along or soon after their discovery
(Crawford et al. 2005, Gibbens 2012). Hence, these newly
recognized agents were definitively added to the enormous
list of animal pathogens deserving attention of veterina-
rians and animal health personnel. For others, however, a
clear association with disease and sanitary relevance has
yet to be demonstrated (Schirrmeier et al. 2004, Kapoor et
al. 2011).

The list of animal viruses grows as the livestock indus-
try expands up and intensifies, the interest in pets increa-
ses, ecological changes occur, research develops and new
diagnostic techniques are developed and made available.
As a consequence, the veterinary medicine has been gif-
ted a number of new pathogens in the last decades. These
include the emergence and constant evolution of canine
parvovirus (CPV) (Parrish & Carmichael 1983, Truyen &
Parrish 2013), the emergence of porcine respiratory and
reproductive syndrome virus (Wensvoort 1993), porcine
circovirus, Hendra virus (Selvey et al. 1995), Nipah virus
(Lee et al. 1999), the extended geographical distribution
of West Nile virus (Anderson et al. 1999) and the dissemi-
nation of new bluetongue virus (BTV) serotypes into the
Europe (Enserink 2006), among others. Atypical pestiviru-
ses (Schirrmeier et al. 2004) and Schmalemberg virus were
identified in cattle; influenza virus crossed barrier species
and jumped into dogs (Crawford et al. 2005); hepatitis E
virus infection was detected in pigs (Meng et al. 1998); a
novel circovirus was identified in chickens (Rijsewijk et
al. 2011) and novel hepacivirus were detected in dogs and
horses (Kapoor et al. 2011, Burbelo et al. 2012).

The reasons behind the emergence of these viruses
are usually difficult to determine, are frequently complex
and often involve multiple factors. Genetic evolution, eco-
logical and/or epidemiological changes, host-pathogen
adaptation and host range extension have been implicated
in the emergence of some animal and human viruses. On
the other hand, it is increasingly accepted that some of the-
se emerging agents are not truly new viruses. But rather,
some are old viruses recently recognized due to the appli-
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cation of newest and powerful techniques. Alternatively,
“new-old” agents may be discovered as a consequence of
crescent interest and intensive research on some human
and animal diseases of unknown etiology. In particular, the
recent development of powerful techniques for massive ge-
nomic sequencing has allowed for the discovery of a num-
ber of potential animal pathogens, including viruses. Thus,
it is reasonable to predict that the coming years will keep
bringing us a crescent number of animal viruses. As a con-
sequence, writing texts or textbooks on veterinary virology
will became increasingly challenging since it will demand
a permanent and systematic updating. Additionally to the
recognition of “new-old” agents, fully characterization of
these viruses will likely increase demand for funding and
trained laboratory work load.

This article presents a concise review of some emerging
viruses that called attention of virologists and veterina-
rians in the last decade (Table 1). For some, the pathogenic
potential has been already demonstrated and, as such, they
were definitively added to the textbooks of veterinary me-
dicine. For others, however, a clear evidence of involvement
with disease is still lacking. For the time being they may be
regarded as orphan viruses or, alternatively, viruses sear-
ching for a disease.

Canine influenza virus (CIV)

Domestic dogs (Canis familiaris) were historically consi-
dered refractory to influenza A viruses. No evidence of virus
circulation and transmission in this species had been repor-
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epidemiologically distinct from currently circulating H3N8
equine influenza virus (EIV) in the USA. However, it remains
unknown whether CIV infection in dogs has reached a stable
level or the incidence is still increasing (Dubovi 2010, Rivailler
et al. 2010).

In a retrospective study including serology, immunohisto-
chemistry and RT-PCR, researchers in the United Kingdom
(UK) detected H3N8 EIV from horse origin as the cause of a
severe respiratory outbreak in English foxhounds in 2002, in-
dependent of the USA outbreak (Daly et al. 2008). The epi-
zootic of H3NS8 EIV in horses in Australia in 2007 also resul-
ted in canine infection (Kirkland et al. 2010). However, in
both events there was no evidence of horizontal transmission
among dogs.

As the H3NS CIV is a relatively novel pathogen in the ca-
nine population, dogs lack natural immunity against the virus.
Thus, all dogs, regardless breed or age, are susceptible to H3N8
CIV infection and the virus rapidly spreads within dog popu-
lations. About 80% of infected animals develop clinical signs
upon infection whereas 20-25% develop subclinical infection,
but also shed and transmit the virus (Beeler 2009). Outbreaks
can occur when clinically normal carriers come into contact
with a naive population (Jirjis et al. 2010).

The highest risk for exposure to CIV occurs in communal
facilities where dogs are housed and/or placed in the following
conditions: 1) high density populations; 2) high turnover rates;
3) indoor (closed-air) environments, such as racing kennels,
dog shows, agility events, animal shelters, kennel boarding and

Table 1. Emerging animal viruses, distribution and association with disease

Virus Family Distribution Especies Clinical involvement

Canine influenza virus Orthomyxoviridae Several US states Dogs Respiratory disease, pneumonia,

virus subclinical infection

Hobi-like pestivirus Flaviviridae Brazil, Southeast Cattle, ?

Asia, Italy Buffaloes

Schmallemberg virus Bunyaviridae Europe Cattle, sheep, goats Neonatal malformation, abortion,
fever, drop in milk production

Swine hepatitis Hepeviridae Worldwide Swine, wild boars, rabbits, ?

E virus rats, deer, mongoose

Avian gyrovirus 2 Circoviridae Brazil, Netherlands  Chickens ?

Canine hepacivirus Flaviviridae us Dogs, horses Mild respiratory disease (CHV)

Non-primate hepacivirus US, United Kingdom  Horses Acute serum hepatitis, persistent
infection (NPHV)

Rodent, bat hepaciviruses Worldwide Rodents, bats ?

ted up to a decade ago. Then, transmission of influenza virus
H3N8 subtype from horses to dogs occurred in the state of
Florida/USA in 2004, causing an outbreak of fatal respiratory
disease in racing greyhound dogs (fatality rate of 36%). The
spillover host infection of H3N8 virus is related to the pro-
ximity of racehorses to racing greyhounds enabled this virus
(H3NS8) to infect a spillover host (Crawford et al. 2005).

This highly contagious agent seemed to adapt to the new
host and most dog infections were mild followed by prompt
clinical improvement. By the time, the virus was conside-
red a canine-specific lineage of H3N8, referred as the canine
influenza virus (CIV). H3N8 CIV infections spread among ca-
nine population (both racing greyhounds and pet dogs) of the
USA, without association with outbreaks of equine influenza,
supporting horizontal transmission among dogs. H3N8 CIV
isolates formed a monophyletic group molecularly and

training facilities, veterinary clinics, pet day-care centers, pet
stores, and pet grooming salons (Crawford et al. 2005, Payun-
gporn et al. 2008, Beeler 2009, Dubovi 2010, Hayward et al.
2010, Holt et al. 2010). Additionally, stressful situations, -
such as travel, prolonged endurance exercise in severe we-
ather, and exposure to harsh terrain -, might increase the
risk for influenza infection in dogs (Pecoraro et al. 2012).

Currently, canine influenza (CI) caused by H3N8 is consi-
dered an endemic disease in metropolitan areas of the Northe-
astern and Western regions of the USA and is apparently inde-
pendent of equine influenza, resulting in high morbidity (80%)
and low mortality (1-5%) in the dog population. CIV infection
is not considered a seasonal flu and dog infections can occur
year-round (Crawford et al. 2005, Payungporn et al. 2008, Be-
eler 2009, Dubovi 2010, Hayward et al. 2010, Holt et al. 2010,
Rivailler et al. 2010).
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Molecular analysis of the eight genes of the CIV A/canine/
Florida/43/2004 (H3NS), obtained from the greyhound dogs,
revealed nucleotide identity higher than 96% comparing with
Florida sub-lineage isolates (clade 1) that circulate in the USA
since early 1990s. The presence of all eight CIV genes of equi-
ne origin indicates transmission of the whole virus from horses
to dogs, without reassortment events (Crawford et al. 2005,
Payungporn et al. 2008, Hayward et al. 2010, Rivailler et
al. 2010). Evidences to date support that the spillover resul-
ted from a single event of virus transmission with subsequent
adaptation to the new host. Five amino acid changes (N54K,
N83S, W222L, 1328T, and N483T) in the hemagglutinin
(HA) gene were detected that distinguish H3N8 CIV from
its ancestor H3N8 EIV (Crawford et al. 2005, Payungporn et
al. 2008).

CIV is transmitted by direct contact, through acrosols gene-
rated by coughing and sneezing and by indirect contact through
fomites contaminated with respiratory secretions and by people
handling septic animals (Crawford et al. 2005). The incubation
period is usually less than five days, with the highest shedding
occurring before the development of clinical signs (Crawford
et al. 2005, Deshpande et al. 2009, Dubovi 2010). CIV re-
plicates in the respiratory epithelium, causing tracheitis, bron-
chitis and bronchiolitis (Crawford et al. 2005). As a result, the
defense mechanisms of the respiratory tract become severely
compromised, predisposing to secondary infections by bacte-
ria or mycoplasma. Dogs of all ages seem to be equally sus-
ceptible to CIV-associate pneumonia (Dubovi 2010).

Most dogs develop a mild form of the disease, characteri-
zed by persistent fever for one to four days (>39.4°C), depres-
sion, apathy, anorexia, sneezing, nasal and ocular discharge.
The cough is usually non-productive and persists for 10 to 30
days. Most dogs eradicate the infection and recover clinically
within two weeks (Beeler 2009, Dubovi 2010). As the clinical
disease associated with CIV infection is similar to that obser-
ved in “kennel cough” or infectious tracheobronchitis, CI diag-
nosis requires laboratory confirmation (Mochizuki et al.
2008), usually virus isolation, RT-PCR and/or testing of paired
serum samples by hemagglutining inhibition (HI) (Deshpande
et al. 2009, Dubovi 2010). ELISAs to horse H3NS are not re-
commended for diagnosis in dogs due to the low sensitivity
(Crawford et al. 2005, Pecoraro et al. 2012).

Treatment consists mainly of supportive care, including an-
tibiotics for secondary bacterial infections and hydration (Bee-
ler 2009). Preventive measures include isolation of sick dogs
and decontamination of premises with quaternary ammonium
or sodium hypochlorite. Contact of horses with dogs should
be avoided during outbreaks of equine influenza (Beeler 2009).

Vaccination of dogs against H3N8 CIV has been authori-
zed in the USA since 2009, but vaccination should be restricted
to animals that travel to high-risk areas experiencing canine or
equine influenza (Deshpande et al. 2009). Vaccination signifi-
cantly reduces virus shedding and the severity and duration of
clinical disease, including the incidence and severity of lung
damage (Deshpande et al. 2009).

The emergence of CIV in dogs is well characterized and
is clearly derived from the transfer of a single EIV ancestor.
CIV H3N8 spread efficiently among dogs and now circula-
tes in at least 28 USA states (Anonymous 2013a). Despite
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description of occasional outbreaks in USA, the current in-
cidence trends remain unclear (Hayward et al. 2010, Peco-
raro et al. 2012).

Hobi-like pestiviruses

The genus Pestivirus, family Flaviviridae, is composed
by four important pathogens of livestock: bovine viral diar-
rhea virus types 1 and 2 (BVDV1 and BVDV?2), classical swine
fever virus (CSFV) and border disease virus of sheep (BDV)
(Simmonds 2013). BVDV1 and BVDV2 are major pathogens
of cattle and infection results in significant economic losses
worldwide. The pestivirus genome is composed by a positi-
ve single stranded RNA molecule around 12.3kb in length,
containing a single open reading frame (ORF) flanked by
two untranslated regions (5" UTR and 3'UTR) (Simmonds
2013). The 5’UTR region is highly conserved among pesti-
viruses and the comparison of this region is widely accep-
ted for phylogenetic analysis as well as the comparison of
sequences coding for the viral proteins N, Erns and E2.

In addition to the recognized species, four proposed
Pestivirus species remain officially unrecognized (Fig.1).
Nominated following the firstisolate - HoBi_D32/00 - Hobi-
-like viruses, also known as BVDV3 or atypical pestiviruses,
has been initially identified in Europe in fetal bovine serum
(FBS) imported from Brazil (Schirrmeier et al. 2004). Hobi-
-like viruses are related to BVDV at the genetic and antige-
nic levels. Further, the disease caused by these new viruses
resembles the clinical presentations historically associated
with BVDV infection, including decrease in circulating whi-
te blood cells, growth retardation, respiratory disease, re-
duced reproductive performance, and increased mortality
among young stock (Cortez et al. 2006, Decaro et al. 2011,
Bauermann et al. 2012, 2013a, Ridpath et al. 2013). The
current BVDV diagnostic tests may fail to detect and/or
differentiate Hobi-like viruses and the serological response
they induce (Bauermann et al. 2012, Larska et al. 2012). Li-

Bovine viral diarrhea virus 1

Bovine viral diarrhea virus 2
Grafle
Bungowannah

Pronghom
— HoBi-lke strain Italy-1/10-1
HoBi-lke stram Th/04 KhonKaen

Border disease virus

Classical swine fevervirs

Hepatitis C

—_
0.2

Figl. Recognized and putative pestivirus species. Two HoBi-like
strains are presented to demonstrate the variability and pro-
bably the existence of subgenotypes within this pestivirus
group. The evolutionary history was inferred using the Neigh-
bor-Joining method. All positions containing gaps and missing
data were eliminated. Nucleotides from 5" UTR to E2 were
analyzed. The percentage of replicate trees in which the asso-
ciated taxa clustered together in the bootstrap test (1000 re-
plicates) are shown next to the branches. Evolutionary analy-
ses were conducted in MEGAS (Tamura et al. 2011).
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kewise, both BVDV killed or modified live vaccines seem to
induce weak cross protection to Hobi-like viruses (Bauer-
mann et al. 2012, Bauermann et al. 2013b). This low cross-
-reactivity may be translated into a high number of animals
unprotected against infection, shedding and generation of
persistently infected calves. Due to reports of Hobi-like vi-
rus in Brazilian cattle herds, and description of contamina-
ted Brazilian FBS, it is assumed that Hobi-like viruses are
widespread in Brazilian herds (Cortez et al. 2006, Bauer-
mann et al. 2013b). Nevertheless, reports of Hobi-like virus
in cattle herds in Southeast Asia and Europe demonstrated
that these viruses are not restricted to South America (De-
caro et al. 2011, Stahl et al. 2012).

The origin of Hobi-like viruses is unclear. One hypothe-
sis is that these viruses originated in South America and
then were introduced to other countries through contami-
nated biological products. Also, the ability of pestiviruses
to infect other species than the primary host may explain
the emergence of Hobi-like viruses in cattle. One of the first
Hobi isolates (BrazBuf9, reported by Stalder et al. 2005)
was identified in the late 90’s in water buffalos in Brazil
(Bauermann et al. 2013b). Regardless whether Hobi-like
virus was originated in other species than cattle, current
data support that the virus is well adapted and widespread
in cattle populations.

The first evidence of Hobi-like virus infections in Brazi-
lian herds came from Cortez et al. (2006) who identified the
agent in aborted fetuses (dated 2002 and 2004) in South
eastern Brazil. Additional evidence of the circulation of the
virus in the country was reported by Bianchi et al. (2011)
who isolated and characterized a number of isolates. One
isolate was identified in commercial frozen semen sample
following description of blindness in newborn calves in
herds using this semen. Two other viruses were identified
in samples from herds with history of reproductive failure
in Southern Brazil.

Cases of Hobi-like viruses infecting cattle in countries
other than Brazil were reported in Thailand (Stahl et al.
2007). An epidemiological study demonstrated that ani-
mals in four herds seroconverted to Hobi-like viruses, al-
though no clinical signs were observed. Using heat inac-
tivated serum samples, one calf was identified as positive
for Hobi-like virus using antigen capture enzyme linked
immunosorbent assay (ACE). Later in Italy, 2009, Hobi-like
virus emerged in an outbreak of respiratory disease affec-
ting 26 calves aging 6 to 7 months-old (Decaro et al. 2011).
Hobi-like virus was detected by qRT-PCR in nasal dischar-
ge samples of six calves and in the lungs of the two dead
animals. The clinical signs included fever (39.4°-40.1°C),
cough, seromucoid nasal discharge, leukopenia, and acce-
lerated pulse and breath (Decaro etal. 2011). Experimental
infection of calves with Hobi-like virus leads to unapparent
to mild clinical signs including increased body tempera-
ture and decreased white blood cell levels (Schirrmeier
et al. 2004, Ridpath et al. 2013). Bilateral moderate con-
junctivitis, watery-mucoid nasal and ocular discharge and
cough were also described inoculating the Hobi-like isola-
te Th04_Khonkaen in 3-5 months old calves (Larska et al.
2012). Decaro et al. (2011) demonstrated that sheep are
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susceptible to HoBi-like virus isolate Italy-1/10-1, and yet
no increase in body temperature was observed, depletion
in circulating lymphocytes and moderate to abundant nasal
discharge was observed. Infection of pigs with the Hobi iso-
lates HoBi_D32/00 or Italy-1/10-1 led to seroconvertion,
although no clinical sign was detected (Schirrmeier et al.
2004, Decaro et al. 2011).

The relatedness of Hobi-like viruses and BVDV species
are also a major concern regarding BVDV control and era-
dication programs. On one hand, some BVDV assays as ACE
are able to detected Hobi-like virus, on the other hand, the
sensitivity of pair of primers known so far as “panpestivi-
ruses” may lead to elevate number of false negative results
(Bauermann et al. 2012, Bauermann et al. 2013a, Larska
et al. 2012). Moreover, indicative information whether her-
ds were exposed to different bovine pestiviruses may be
achieved by analyses of the serologic response when com-
paring the antibody neutralizing titers of the serum against
BVDV1, BVDV2, and Hobi virus (Bauermann et al. 2013a).
On the other hand, the use of BVDV antibody detection ELI-
SA Kkits for detection of animals exposed to Hobi-like viru-
ses may generate high levels of false negative results, and
the detection of positive samples is usually delayed (1 to 2
weeks) when comparing with virus-neutralization test de-
tection (Bauermann et al. 2012, Larska et al. 2012).

Most cases of Hobi-like virus infection to date course
subclinically or with mild disease and may, therefore, un-
dergo undiagnosed. As a consequence, it is difficult to de-
termine the economic impact of the disease. In addition, in
regions where BVDV species and Hobi-virus cocirculate,
the determination whether the economical losses are due
to one virus or a “synergistic” effect of both is difficult to
determine. Identification of Hobi-like viruses may be over-
looked at field conditions due clinical presentation resem-
bling BVDV infection. Also, available BVDV diagnostic tests
may fail to detect/differentiate these agents, thus, the use
of specific diagnostic tests must be applied. In addition,
biological products containing FBS should be carefully
screened avoiding further dissemination of the agent. The
spread of Hobi-like viruses into naive regions might have
profound effects on cattle production, and may also affect
the status of bovine pestivirus free that some regions achie-
ved following immense efforts.

Schmalemberg virus

In Summer-Autumn 2011, a novel virus associated with
fever and drop in milk production was detected in cattle
in northwestern Germany. Metagenomic analysis perfor-
med in blood samples from sick cattle revealed a new Or-
thobunyavirus (Hoffmann et al. 2012). The agent was then
temptatively named Schmallenberg virus (SBV), a referen-
ce to the county of its first detection (Tarlinton et al. 2012).
Following SBV detection in Germany, the emerging virus
was detected causing diarrhea, abortion in cattle and fetal
malformations in lambs in The Netherlands (Doceul et al.
2013). Subsequently, the virus was detected in blood, bovi-
ne and sheep fetuses in several European countries, inclu-
ding Belgium, France, United Kingdom, Italy, Spain, etc. SBV
was detected in Europe all across 2012 and also in the next

Pesq. Vet. Bras. 33(10):1161-1173, outubro 2013



1166

calving and lambing season (Autumn & Summer 2012). An-
tibodies to SBV were also detected in alpacas, bisons, deer,
red deer and mouflons in Europe, without association with
clinical disease (Anonymous 2013b).

At this point, the origin of SBV remains unclear. The vi-
rus may have come with insects from Africa or, alternative-
ly, SBV might have been circulating unnoticed or latently in
areservoir host in Europe (Tarlinton et al. 2012).

Genomic analysis has led to the allocation of SBV in the
Orthobunyavirus genus of the family Bunyaviridae. Bunya-
viruses are large, enveloped viruses containing a single-
-stranded, negative sense, segmented RNA genome consis-
ting of three segments (large - L, medium - M and small - S)
(Elliott 1990). The family comprises five genera: Hantavi-
rus, Nairovirus, Orthobunyavirus, Phlebovirus and Tospovi-
rus, and harbors important animal and human viruses, such
as, akabane virus (AkV) and hantaviruses. In particular, the
genus Orthobunyavirus contains 48 virus species grouped
in serogroups (ICTV 2012).

Sequence analysis of the three SBV genomic segments
revealed similarity with Shamonda virus (S segment: 97%
identity), Aino virus (M segment: 71% identity), and AkV
(L segment: 69% identity). Thus, SBV is closely related to
Shamonda virus, a member of the Simbu serogroup that
also includes Simbu virus, Oropouche virus, AkV, Sathupe-
ri virus and Aino virus, among others (Fig.2) (Hoffmann et
al. 2012). Genomic studies have suggested that SBV could
be the result of a ressortment between Sathuperi virus (M
segment) and Shamonda (S and L segments) (Yanase et al.
2012). However, sequencing and phylogenetic analysis of
several orthobunyaviruses indicates that SBV is more clo-
sely related to Sathuperi than to Shamonda virus, sugges-
ting that the novel virus may be, in fact, an ancestor of Sha-
monda virus (Goller et al. 2012). In any case, the definitive
origin of this emerging virus is still uncertain and, as such,
continues a matter of debate.

Epidemiological studies demonstrated that SBV is

Schmallenberg (HE649914) |
Shamonda (AF362404)
Sathuperi (AF362403)

Douglas (AF362393)

Sabo (AF362396)

Yaba (AF362392)

Tinaroo (AB000819)

Akabane (AB244030)

100 Simbu (AF362397)
7 Sango (AF362402) Simbu
Peaton (AF362401) serogroup
100 Shuni (AF362405)
100 i
85 Kaikalur (AF362394)
100— Aino (M22011)
Oropouche (AF164531)
Jatobal (AF312382)
87, Ingwavuma (AF362395)
61 Facey's Paddock (AF362400)
53 Buttonwillow (AF362398)
100[ Bunyamwera (AF362400) | Bunyamwera
Batai (FJ436806) serogroup
: California encephalitis (U12797) California
—_— 100 La Crosse (GU206123) serogroup

0.1
Fig.2. Phylogenetic relationship between Schmallenberg virus
and orthobunyaviruses of the Simbu, Bunyamwera, and Cali-
fornia serogroups, adapted from Hoffmann et al. (2012).
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transmitted by arthropod vectors, as most members of four
genera of Bunyaviridae. SBV genomic RNA was detected in
culicoides species during Summer 2011 in the Netherlan-
ds, the same vectors involved in Blue tongue virus (BTV)
transmission (Elbers et al. 2012). The SBV spreading in
Europe is compatible with an arthropod vector and may
reflect specific mosquito behavior (revised by Doceul et al.
2013). Direct transmission between animals is very unli-
kely, yet the virus may spread directly across the placenta
(OIE 2013).

The seroprevalence of SBV in European herds is varia-
ble but, in general, high antibody titers have been detec-
ted. Seroprevalence was 72.5% in Netherland herds during
winter 2011-2012 (Elbers et al. 2012). Retrospective sero-
logical studies (2006 to 2013) in domestic ruminant sera
identified seroprevalence ranging from 1.5% (buffaloes)
to 39.5% (cattle) in Turkey (Azkur et al. 2013). Although
SBV seroprevalence in Europe is high, the morbidity and
mortality rates are estimated in less than 3% in affected
countries (revised by Doceul et al. 2013).

In general, clinical signs associated with SBV infection
are more severe in cows than in sheep and goats. Infected
cows present fever, diarrhea, malaise, loss of appetite and
drop in milk production (Hoffmann et al. 2012). Infected
animals develop short-lived viremia (until 5-6 days) whi-
ch is enough to produce fetal infection in pregnant females
(Hoffmann et al. 2012). Pregnant sheep, goats and cows
may present high incidence of abortions and congenital
malformations (revised by Doceul et al. 2013). The main
malformations in the newborn are arthrogryposis, hydra-
nencephaly, ataxia, torticollis, kyphosis, lordosis, scoliosis
porencephaly, brain deformities and marked damage to the
spinal cord (Anonymous 2013b). If the pathogenesis of SBV
infection in pregnant ruminants is similar that of AkV, fetal
malformations would vary depending of the stage of gesta-
tion in which the infection occurs (Tarlinton et al. 2012). In
addition to blood of adults, SBV RNA has been detected in
the fetal brain and in placenta (Bilk et al. 2012, Hoffmann
et al. 2012). Histopathological examination of the brain of
newborn/aborted calves and lambs reveals inflammation,
characterized by a lymphohistiocytic, infiltration of the
grey and white matter (Herder et al. 2012). Immunohisto-
chemistry of the brain identifies SBV antigens in neurons
of the grey matter and in the grey matter of the spinal cord
(Varela et al. 2013). In general, the pattern of lesions cau-
sed by SBV in domestic ruminants is similar to other ortho-
bunyaviruses (Herder et al. 2012).

Diagnosis of SBV infection is mainly based on detection
of genomic RNA, virus isolation and serology. Blood and
central nervous system (CNS) are the samples/tissues used
to detect SBV RNA by qRT-PCR (Bilk et al. 2012, Anony-
mous 2013b). The S-segment has been used as target to
RT-gPCR and virus RNA was detected in different tissues
of malformed lambs and calves, such as CNS, spleen, carti-
lage, placental fluid, umbilical cord and meconium (Bilk et
al. 2012). Virus isolation can be performed in Vero, BHK-21
and KC (Culicoides variipennis larve) cells from blood and
nervous tissues (revised by Doceul et al. 2013). Serology to
detect neutralizing antibodies can be performed by virus
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neutralization test (VNT) in serum samples from cattle and
thoracic fluid samples from aborted or stillborn lambs and
calves. ELISAs to detected SBV antigens and anti-SBV anti-
body to are commercially available.

SBV prevention and control include measures to reduce
virus transmission and the development of vaccines. A re-
cently developed inactivated vaccine - not commercialized
yet - induced a good neutralizing antibody response in cat-
tle and sheep, reducing SBV viremia after challenge (Wer-
nike et al. 2013). Compulsory notification of newborn mal-
formations and restrictions on the import of live animals
and semen from SBV positive areas are under considera-
tion to reduce/avoid the introduction of the virus in free
areas. Protection of susceptible animals from biting midges
may also help in reducing exposure or infection (Doceul et
al. 2013, OIE 2013).

SBV is a new emerging virus producing important di-
sease in cows, sheep and goats, and is currently a matter
of important concern to veterinarians and animal health
authorities in Europe. Although morbidity and mortality
rates are low, the introduction of SBV in naive herds can
produce large economics losses. In this sense, sanitary me-
asures and vaccination (in development) are important to
avoid SBV spread and its introduction in other countries
and continents.

Hepatitis E virus

A former member of the Caliciviridae family, Hepatitis E
virus (HEV) is now reclassified as the only member of the
genus Hepevirus, family Hepeviridae (Vasickova et al. 2007).
The viral particle is composed by a non-enveloped capsid,
about 33 nm in diameter, which covers a single-stranded
positive sense RNA genome of 7.2 Kb in length. The genome
contains a unique short untranslated region at the 5 ‘-end
(5’-UTR) and three coding regions referred to as ORF-1,
ORF-2 and ORF-3, followed by a unique short untranslated
region at 3’-end (3 -UTR). The whole genome is coupled to
a poly-A tail (Vasickova et al. 2007).

The first detection of HEV in pigs was reported in 1997
in United States (Meng et al. 1998). The authors also repor-
tedly found antibodies to HEV in 15 conventional herds in
the Midwestern (Meng et al. 1998). Even though HEV in-
fections in human beings were not common at that time in
the U.S., swine HEV showed its ubiquitous nature just from
the beginning. More than this, the first swine HEV strains
shared about 97% percent identity at the amino acid level
with concurrent strains isolated in humans, showing the
zoonotic potential of the virus (Meng et al. 1998). Nowa-
days, virtually all swine-producing countries have already
reported the circulation of swine HEV. Although swine in-
fection is spread worldwide, the cases of human HEV indu-
ced hepatitis are far more common in developing countries,
indicating that poor levels of sanitation and inadequate dis-
posal of swine manure may have an association with the
epidemiology of human infection (Meng 2011). Four main
genotypes are identified, two of them circulate among pigs
and humans, thus many authors recognize HEV as an emer-
ging zoonotic virus (Meng 2011).

The disease caused by HEV in humans have some si-

milarities with that caused by the Hepatitis A virus (HAV),
including the fecal-oral route of transmission and the ab-
sence of chronification. The mortality rate is remarkable
higher in pregnant women, where HEV can cause the death
of up to 20% of patients, while in the non-pregnant popu-
lation HEV induces up to 4% of deaths (Aggarwal & Jameel
2011).

Although HEV seems to be an important agent of human
liver disease, the infection by swine HEV in pigs is subcli-
nical (Meng et al. 1998). Gross pathological lesions are ab-
sent both in naturally and experimentally infected animals.
Microscopic lesions including mild to moderate multifocal
periportal lymphoplasmacytic hepatitis are often reported
in the liver of infected pigs, without clinical signs (Meng et
al. 1998). After infection, pigs become viremic and shed the
virus on theirs feces from 8 days for up to 12 weeks. The
immunity raised by the infection is long lasting and a prior
infection with swine HEV prevents the onset of viremia and
fecal shedding of the virus is also diminished in immune
animals (Meng et al. 1998).

Four genotypes were reported for HEV, named 1-4, ba-
sed on the analysis of the complete genome sequence or
partial genomic regions including a 371-nt region in ORF1
and a 147-ntregion in ORF2 (Mirazo et al. 2012). The geno-
type classification has a relationship with the host species
infected and the geographical distribution of the virus (Mi-
razo et al. 2012). Viruses from all 4 genotypes were found
causing disease in humans, whereas only genotypes 3 and
4 are found in pigs. HEV genotypes were further subdivi-
ded into subtypes, however, the current separation into
some of the subtypes (specially within genotype 3) seems
to be controversial (Oliveira-Filho et al. 2013).

Genotype 1 is mainly found in Asia and Africa, during
HEV epidemics in humans; genotype 2 was firstly reported
in Mexico and was further reported as an endemic virus in
parts of Africa. As mentioned before, those genotypes are
restricted to humans (Mirazo et al. 2012). Genotype 3 is
worldwide distributed and has been causing infection in
both humans and swines (Oliveira-Filho et al. 2013). This
genotype is often associated to epidemics of HEV liver dise-
ase in humans in South America and is also found on swine
in this same region (Oliveira-Filho et al. 2013). Moreover,
genotype 3 HEV strains were also found in many other ani-
mal reservoirs including wild boar, rabbits, rats, deer and
mongoose (Vasickova et al. 2007). Similarly, genotype 4
HEV was detected in humans and pigs, as well in wild bo-
ars (Ishida et al. 2012); there are also some reports on the
finding of genotype-4 like viruses in cattle, goats and sheep.
Genotype 4 is particularly important causing sporadic ca-
ses of hepatitis in humans in Asia, and in recently reported
cases of human liver disease in France (Okamoto 2007).

The ubiquitous nature of HEV infection in pigs suggests
that contamination of meat products by HEV and viscera
can be quite frequent. Approximately 2% of livers of pigs
sold in grocery stores in Japan and 11% in the USA were po-
sitive for HEV genome (Wilhelm et al. 2011). The HEV-RNA
prevalence in swine collected at abattoirs is highly variable:
only 1% of bile samples in Hokkaido (Japan) (Wilhelm et al.
2011), 9.6% of bile samples in Brazil (Santos etal. 2011) up
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to to 51% percent of swine bile samples were positive for
the presence of HEV in Italy. Nucleotide sequences of HEV
derived from commercial porcine livers are closely related,
or identical in some cases, to those obtained from the virus
recovered in human patients (Okano et al. 2013). Sporadic
cases of acute hepatitis E have been associated with the
consumption of raw pork liver and undercooked contami-
nated pork or grilled meats (Meng 2011). Not only humans
became infected by the consumption of pork byproducts,
but it was also reported that the prevalence of HEV in pigs
fed on kitchen residues was higher than in those fed on
complete feed, thus indicating that indirect contact with
infected humans is also a source of infection for pigs. Vete-
rinarians and swine handlers are at higher risk of infection
than the normal population (Wilhelm et al. 2011).

Another concern about HEV is the ability of the virus
to contaminate water bodies and be transmitted by water.
Many authors consider that contaminated water should
constitute the major source of HEV infection in humans and
the reason of ubiquity and perpetuation of the infection in
pigs (Vasickova et al. 2007, Meng 2011). Outbreaks of HEV
in humans tend to be more common in regions where con-
ditions of water and sewage treatment are poor (Vasickova
etal. 2007, Meng 2011). HEV was found contaminating the
effluents of slaughterhouses and the virus is often found in
swine manure storage facilities. The virus strains detected
on swine herds and in the environmental matrices in a gi-
ven geographic region are often phylogenetically related to
those found in human cases of hepatitis occurred in people
living nearby (Mirazo etal. 2012). These findings reinforces
the need of control measures to avoid the contamination of
the environment, including better management practices
to deal with swine manure and even the use of vaccination
of swine in the future.

Avian gyrovirus 2

Circoviruses are a growing group of non-enveloped,
spherical viruses that contain circular, single-stranded DNA
genomes. They belong to the family Circoviridae, which com-
prises the genus Circovirus and the genus Gyrovirus, and are
able to infect a number of animal species. For more than 30
years, Chicken anemia virus (CAV) was the only gyrovirus
known to infect chickens. However, this scenario changed
with the discovery of the genome of a small DNA virus in
chickens, in 2011, preliminarily named Avian gyrovirus 2
(AGV2) (Rijsewijk et al. 2011). The DNA of AGV2 was ini-
tially found in serum samples of poultry displaying signs of
retarded growth, during a search of CAV DNA using multi-
ple primer rolling circle amplification with random primers
(MPRCA). Following the complete sequencing and sequen-
ce analysis of the amplified DNA (NCBI accession number
HM590588), it was possible to demonstrate that it displays
a similar genomic organization to that of CAV (Fig.3). Like
CAV, the AGV2 genome has a putative 5" non transcribed
region of about 400 nucleotides (nt), followed by three par-
tially overlapping open reading frames encoding VP1, VP2
and VP3 homologs of CAV. The amino acid identities betwe-
en each of these homologs and the respective segments of
CAV are 38.8%, 40.3%, and 32.2%, respectively.
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Fig.3. Schematic representation of the genomic organization of
chicken anemia virus (CAV) (a) and avian gyrovirus 2 (AGV2)
(b). The horizontal bars in the lower part represent the sizes
and positions of VP2, VP3 and VP1 genes of both viruses. The
nucleotide sites for BamHI in both genomes are indicated.

Since the first description of AGV2 in chickens, ano-
ther complete genome sequence of AGV2, detected in fecal
samples of children in China, became available (NCBI ac-
cession number JQ690763). In addition, other gyroviruses
have been described in clinical and biological samples of
humans (Sauvage et al. 2011, Chu et al. 2012, Maggi et al.
2012, Phan et al. 2012, Biagini et al. 2013) and chickens
(Chu et al. 2012). The genomic similarities among the hu-
man gyroviruses and AGV2 indicate that they are closely
related viruses (see Fig. 4), yet the clinical significance of
the detection of viral DNA from these human samples still
needs a deeper investigation. However, a detailed compari-
son of VP1, 2 and 3 of both AGV2 available sequences sho-
ws about 99% identity (Fig.4).

In addition to domestic chickens, AGV2 has also been
found in samples of other birds. In a preliminary study to
investigate AGV2 distribution in wild species, clinical and
biological samples of sick and healthy animals were col-
lected and submitted to virus DNA detection by PCR. AGV2
DNA was detected in an Alagoas curassow (Mitu mitu)
(Lima et al. 2012) and in a Japanese quail (dos Santos et al.
unpublished data). Although the role for AGV2 as a patho-
genic virus for these animals was not proven, its identifica-
tion in wild birds may have implications in the maintenan-
ce and dispersion of AGV2 in nature.

Avian gyrovirus 2 JQ690763.1 (China)
| Human gyrovirus type 1 NC 015630.1 (France)
Avian gyrovrus 2 HMS590588.1 (Brazil)
Gyrourus GyV3 JQ208210.1 (Chile)
Chicken anemia virus AF311800.3 (USA)
Gyrovirus 4 JX310702.1 (Hong Kong)

01

Fig.4. Molecular phylogenetic anaylsis based on the VP1 amino
acid sequences of AGV2 (JQ690763 and HM590588), HGyV
(NC015630.1), GyV3 (JQ308210.1), Gyrovirus 4 (]X310702.1)
and CAV (AF311900.3). The analysis was performed by Maxi-
mum Likelihood method. The evolutionary history was infer-
red by using the Maximum Likelihood method based on the
JTT matrix-based model [1]. The tree with the highest log like-
lihood (-3003.8159) is shown. The analysis involved 6 amino
acid sequences. All positions containing gaps and missing data
were eliminated. There were a total of 341 positions in the fi-
nal dataset. Evolutionary analyses were conducted in MEGAS5.
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Similar to other circoviruses, AGV2 seem to be quite
resistant in nature. Virus DNA is easily found in commer-
cial broiler litter and on the surface of the insects Alphito-
bius diaperinus, which is commonly found in commercial
litters and known to harbor and preserve infectious vi-
ruses (Franco 2012). Interestingly, the virus is kept in an
infectious state in broiler litter, as previously AGV2 nega-
tive chickens are infected after being in contact with AGV2
contaminated litters (Franco 2012). The detection of virus
DNA in the environment is probably associated to a wide
distribution of the virus in chickens, especially if this virus
is resistant to unfavorable conditions as heat, UV incidence,
dehydration, etc.

Circoviruses, like other eukaryotic ssDNA viruses, may
display a high degree of genomic variation due to recombi-
nation (Lefeuvre et al. 2009, Martin et al. 2011) and high
mutation rates (Duffy et al. 2008, Grigoras et al. 2010).
This may facilitate the emergence and spread of some
ssDNA viruses as pathogens of animals. However, these ru-
les apparently do not apply equally to all members of the
Circoviridae. While nucleotide variation in CAV genomes
have been described, which allowed the classification of
virus isolates in four distinct groups or genotypes (Eltahir
etal. 2011), and the studies on molecular epidemiology of
AGV2 are still scarce, genomic variation seem to exist at
a higher frequency when compared to CAV (Santos et al.
2012, Muterle A.P. personal communication). In a study
designed to establish the frequency of AGV2 in chickens
in Southern Brazil, sequencing of the VP2 /VP3 coding re-
gion revealed a higher degree of nucleotide variation than
that commonly found in CAV isolates (Santos et al. 2012).
These nucleotides changes in AGV2 variants lead to 5 and
8 amino acid changes, in VP2 and 3, respectively (Santos et
al. 2012). Further comparative analysis of the amino acid
sequences of the VP1 coding region of AGV2 of different
origins, indicates that variation in this region also occurs
(Muterle A.P. personal communication).

AGV2 DNA has been found in clinical samples of chi-
ckens from Southern Brazil and from the Netherlands. In
the study mentioned above (Santos et al. 2012) the fre-
quency of positive samples collected from Brazilian chi-
ckens which presented signs of retarded growth, loss of
weight or brain lesions was 100 %. In the Netherlands, the
frequency of AGV2 positive animals, among chickens which
displayed brain lesions, was 42.9 % (Santos et al. 2012). In
addition, the same authors demonstrated that virus DNA is
also readily detected in 60 to 85 % of healthy chickens, de-
pending on the geographic region. According to these pre-
liminary results, AGV2 seems to be widespread in domestic
chickens. However, further studies should be performed in
order to evaluate the real distribution of this virus in other
geographical regions.

The role of AGV2 as an etiologic agent for chickens is
unclear at the present. The fact that AGV2 DNA can be also
detected in samples of healthy chickens thwarts the esta-
blishment of an association between the virus and the de-
velopment of disease. Consequently, the results obtained
until now on the distribution of this virus in chickens may
bring us to two possible scenarios. In the first, the virus is
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not pathogenic at all and is just one of the many viruses
that have been recently discovered in clinical and biologi-
cal samples of animals through metagenomic techniques
(Foxman & Iwasaki 2011, Mavrommatis et al. 2013). In the
second scenario, AGV2 may indeed play a role as a patho-
genic virus, but for the development of disease other ele-
ments are needed. Additional factors that could contribute
to the development of disease are stress, mycotoxicosis,
malnutrition or co-infections with other microorganisms,
like bacteria and other viruses. If this is true, it would not
be the first time that a circovirus is involved in multifacto-
rial diseases (Schat 2009, Segales et al. 2013). Probably the
most famous member of the family that, in association with
a number of conditions, can cause a devastating disease in
animals is Porcine circovirus type 2 (PCV2) (Segales et al.
2013). Nonetheless, definitive conclusions on the involve-
ment of AGV2 in disease should be carefully examined in
the future.

Novel hepaciviruses of dogs, horses and rodents

In the last years, the long time search for animal relati-
ves (or ancestors) of human hepatitis C virus (HCV) has un-
dercovered a number of hepaciviruses (Flaviviridae), some
potentially relevant for veterinary practice. Although HCV
was discovered more than two decades ago and chronically
infects around 3% of the world’s population, its origin re-
mains obscure. The host range of HCV is restricted and na-
tural infection was detected only in humans. Non human
primates are susceptible to experimental HCV infection
(Bukl et al. 2010) and have been long suspected as harbo-
ring viruses related to HCV, with potential transmission of
some variants to humans (Simmonds 2013). However, no
published evidence to date has been obtained for infection
of HCV homologues in monkey species. The only known ho-
molog is GB virus B (GBV-B) (Simons et al. 1995, Adams et
al. 1998), which causes hepatitis in experimentally infected
New World monkeys (Bukl et al. 2010). Hence, the finding
of HCV relatives in other mammals would shed light on its
origin/evolution and favor investigations on the biology
and pathogenesis of this deadly human virus.

Investigating the viral flora of companion animals by
high-throughput sequencing, Kapoor et al. (2011) iden-
tified a Flaviviridae agent in respiratory samples of dogs
from two outbreaks of respiratory disease in shelters in the
United States. Preliminary phylogenetic analysis of a 6.500
nt genomic sequence revealed the presence of a unique vi-
rus, most closely related to HCV (Fig.5). The authors sug-
gested that the newly identified sequence/virus should be
classified as a separate Hepacivirus species, and proposed
the name canine hepacivirus (CHV). These findings raised
the proposition that HCV might have evolved as a result
of the close contact between dogs and humans during the
past several thousand years, with a divergence time of dog
and human viruses from a common ancestor within the
past 500-1.000 years (Kapoor et al. 2011). However, sub-
sequent investigations failed in detecting CHV sequences in
nasal secretions of healthy dogs but occasionally detected
related genomic sequences in a few livers of dogs which
died of unexplained gastrointestinal disease. In any case,
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Fig.5. Genome organization of novel hepaciviruses identified in
dogs (CHV) and horses (TDAV). The overall genome organi-
zation, number and putative functions of gene products and
polyprotein cleavage sites are strikingly similar to those of GB
virus and HCV.

this achievement called attention of the scientific commu-
nity since the long lasting search for the HCV ancestral mi-
ght have come to an end.

In spite of the initial excitement, this achievement also
raised a number of questions. First, whereas HCV and GBV-
-B are hepatotropic, it was not the case for CHV. Rather, the
CHV genome was found in high titers in respiratory sam-
ples from sick dogs (Kapoor et al. 2011), suggesting a role
for CHV in respiratory illness. Second, although CHV was
detected in dogs from different outbreaks of respiratory
disease, proofs were lacking that it was indeed a canine vi-
rus (Bukl et al. 2010). Third, it was surprising that CHV se-
quences recovered from respiratory or liver samples from
dogs in different outbreaks were practically identical, con-
trasting with the genetic variation of HCV isolates. Fourth,
subsequent screening of a number of healthy dogs from di-
fferent locations failed to detect evidence of present or past
exposure to CHV (Burbelo et al. 2012, Lyons et al. 2012). In
addition, major questions were still holding: How is CHV
transmitted to other dogs? Does it infect other mammals?
Do CHV variants exist as observed for HCV? Does it cause
persistent infections as HCV does? Is it restricted to dogs
or infects other mammals? Thus, these and other questions
should be obviously answered before considering CHV de-
finitively a canine virus (Bukl et al. 2010, Simmonds 2013).

Regardless, the initial identification of this putatively
novel hepacivirus in dogs caused a great deal of excitement
and triggered a series of investigations. Then, a novel se-
rology-based approach based on detection of antibodies to
the highly conserved helicase domain of CHV NS3 was em-
ployed to search for exposure to related agents in several
non-primate animal species (80 dogs, 14 rabbits, 81 deer,
84 cows and 103 horses) in New York state (Burbelo et al.
2012). No reactivity was observed in sera of dogs or in the
other species either. Surprisingly, thirty-six samples from
horses were immunoreactive, suggesting previous infec-
tion by a hepacivirus closely related to CHV in the helica-
se protein. In addition, viral genomic RNA was detected by
PCR in sera of 8 of the 36 seropositive horses and in none
of the seronegatives. Initial sequencing identified a series
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of genetically diverse viruses. Complete genome sequences
revealed 8 genetically diverse viruses (average nucleotide
divergence 14%), tentatively named nonprimate hepacivi-
ruses (NPHVs 1 to 8). Therefore, initially identified in dogs,
hepaciviruses related to HCV were no longer detected in
this species. Rather, HCV relatives were now identified in
horses, raising the suspect that the outbreaks of infection
in dog kennels were due to cross-species virus transmis-
sion.

Almost concomitantly, studies in Europe reinforced the
latest hypothesis. Again, a PCR search for active CHV-like
infection in domestic animals in the United Kingdom resul-
ted negative in dogs (46 respiratory, 99 plasma, 45 autopsy
samples), as well as in 362 samples from cats, donkeys, ro-
dents and pigs (Lyons et al. 2012). Strickingly, three sam-
ples (2%) from horses were serologically positive. Virolo-
gical and clinical follow up of positive horses demonstrated
hepacivirus persistence, high viral loads in plasma (10%-107
RNA copies/mL) and liver functions ranged from high nor-
mal to mildly elevated (Lyons et al. 2012). Moreover, the
samples from the UK were genetically divergent from tho-
se NPHVs identified in horses in NY (Burbelo et al. 2012).
At this point, the recent data indicated horses rather than
dogs as the more likely hosts for this novel hepacivirus.

More recently, genome sequences of a novel and highly
divergent member of the Flaviviridae were identified by
massive parallel sequencing analysis of samples from hor-
ses suffering from acute hepatitis (Chandriani et al. 2013).
Blood-derived acute hepatitis, known as Theiler’s disease,
has long been recognized in horses yet its etiology - in spi-
te of continuous investigation - remains largely unknown.
Thus, the new agent was temptatively called Theiler’s dise-
ase associated virus (TDAV). Phylogenetic analyses cluste-
red TDAV with GB viruses of the recent Pegivirus genus of
the Flaviviridae, with a highly similar genomic organization
(Fig.5). Regardless, a low aminoacid identity (35.5%) was
found with its closest GB relative, GB virus D. An epidemio-
logical survey and experimental inoculation of horses with
TDAV-positive plasma supported the association of TDAV
with acute serum hepatitis. In addition, the agent displayed
some key features of hepaciviruses associated with hepati-
tis, e.g. sustained viremia preceding liver injury, ability to
produce persistent infection in some individuals and a low
horizontal transmissibility. On the other hand, TADV is ge-
netically divergent from non-primate hepacivirus (NPHV),
previously identified in horses (Burbelo et al. 2012). There-
fore, several lines of evidence point out TDAV as an etiolo-
gical candidate for equine serum hepatitis. Whether TDAV
is the sole virus or merely one of the several agents that
may be associated with Theiler’s disease - as occurs in hu-
man hepatitis - remain unclear at this point. On one hand,
the identification of this novel agent with many biological
similarities with HCV provides insights into the diversity
of the Flaviviridae and opens opportunities to investigate a
potentially important pathogen of horses (Chandriani et al.
2013). On the other hand, definitive proofs of the causal as-
sociation of TADV and acute horse hepatitis are still lacking.

Regardless the origin and clinical relevance - and only
time and investigation may answer - it seems clear that the
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discovery of hepaciviruses in dogs and horses was circums-
tantial. These viruses came out as a result of the intensive
investigation carried out to identify animal relatives of HCV
rather than as a result of investigations of disease etiology
in these species. Such investigations, mainly if employing
exquisite, massive and powerful molecular techniques, will
probably gift us with a number of viruses, some of unkno-
wn pathogenic potential. In fact, recent articles described
the detection of homologues of HCV and GBV in rodents
and bats worldwide, extending the host range of these vi-
ruses (Kapoor et al. 2011, Drexler et al. 2013, Quan et al.
2013). In the case of TDAV, at least, evidences point out for
a potential association with Theiler’s disease. However,
these discoveries are quite recent and the investigations
have frequently changed directions. Thus, at this point, any
interpretation should be cautious and definitive conclu-
sions should be avoided.

CONCLUSION

As time and investigation keep on uncovering new animal
viruses, the answer for the title question will also require
continuous updating.
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