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Guinea pigs experimentally infected with vaccinia virus replicate and shed, but do not
transmit the virus

Cobaias  infectadas  experimentalmente  com  vírus  vaccínia  replicam  e  excretam,  porém
não  transmitem  o  vírus
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ABSTRACT

The origin of vaccinia viruses (VACV) associated
with vesicular disease in cattle and humans in Southeast Brazil
remains uncertain, yet the role of wild species in virus
transmission has been suggested. This study investigated the
susceptibility and transmission potential by guinea pigs (Cavia
porcellus) – phylogenetically close to an abundant Brazilian
rodent (Cavia aperea) – to two VACV strains (P1V and P2V)
isolated from an outbreak of cutaneous disease in horses in
Southern Brazil. Eight guinea pigs inoculated intranasally with
P1V and P2V (106 TCID50.ml-1) did not develop clinical signs,
but six animals shed virus in nasal secretions (day 1 to 9 post-
inoculation – pi), developed viremia (between days 1 and 10
pi) and seroconverted to VACV. In spite of virus replication and
shedding, the virus was not transmitted to sentinel animals by
direct or indirect contact (aerosols) or through food and water
contaminated with virus. These results demonstrate that, in
spite of replicating and shedding the virus, guinea pigs do not
transmit the virus upon experimental inoculation. This finding
makes unlikely a possible participation of related species in
VACV maintenance and transmission in nature.
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RESUMO

A origem dos vírus vaccínia (VACV), envolvidos
em surtos de doença vesicular em bovinos e humanos no
Sudeste do Brasil, permanece desconhecida, e a participação
de espécies silvestres na manutenção e transmissão do vírus
tem sido sugerida.  O objetivo deste trabalho foi investigar a
susceptibilidade e o potencial de transmissão por cobaias (Cavia
porcellus) - filogeneticamente relacionada a uma espécie de
roedor, conhecido por preá (Cavia aperea), bastante abundante

no país - a duas cepas de VACV (P1V e P2V) isoladas de um
surto de doença cutânea em equinos no Rio Grande do Sul.
Oito cobaias inoculadas pela via intranasal com uma mistura
das amostras P1V e P2V (106 DICC50.ml-1) não apresentaram
sinais clínicos, porém seis animais excretaram o vírus nas
secreções nasais (1 a 9 dias pós-inoculação – pi),
desenvolveram viremia (1 a 10 dias pi) e soroconverteram ao
VACV. Apesar da replicação e excreção viral, o vírus não foi
transmitido a sentinelas por contato direto, indireto (aerossóis)
ou por água e alimentos contaminados com fezes
deliberadamente contaminadas com o vírus. Esses resultados
demonstram que, apesar de replicar e excretar o vírus, as
cobaias não transmitem o VACV nas condições estudadas. Esses
achados tornam pouco provável a participação de espécies
relacionadas na manutenção e transmissão do VACV na
natureza.

Palavras-chave: Cavia porcellus, Cavia aperea, Orthopoxvirus,
reservatórios, epidemiologia.

Vaccinia virus (VACV) is the prototype
member of the family Poxviridae, genus
Orthopoxvirus, whose infection results in vesiculo-
pustular and scab lesions, mainly in cattle and man
(BULLER & PALUMBO, 1991). In Brazil, several
outbreaks of VACV infection have been described since
the 90’s, especially in the Southeast region. These
cases were characterized by vesicular and pustular
lesions in the udder and teats of milking cows; in the
lips, tongue and muzzle of suckling calves and,
occasionally, on the hands and fingers of milkers
(DAMASO et al., 2000; SILVA-FERNANDES et al.,
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2009). The origin of these viruses has been a matter of
debate, but is still uncertain. During decades, VACV
was used as the vaccine strain in the world programme
of eradication of smallpox, due to its low virulence and
antigenic similarity with the agent of smallpox, variola
virus (VarV) (BAXBY, 1977). Thus, it has been
suggested that the virus causing these outbreaks was
originated from a vaccine escape virus. Later evidences,
however, argue against this hypothesis and indicate
an autochthonous origin of these VACV strains,
possibly maintained in wild species and occasionally
transmitted to cattle and man (KROON et al., 2011).
Hence, potential reservoirs for VACV in nature have
been investigated by serology and virus isolation
attempts from wild rodents (da FONSECA et al., 2002;
ABRAHÃO et al., 2009).

An outbreak of cutaneous disease in horses
was described in Southern Brazil in 2008, in which a
mixed VACV infection was demonstrated. Two VACV
strains (P1V and P2V), belonging from different
genogroups, were isolated from the same sick animal
(BRUM et al., 2010, CAMPOS et al., 2011). The origin
of this outbreak is still under investigation yet some
hypotheses have been considered and, progressively
discarded. First, the introduction of the virus into the
herd through an infected horse is very unlikely. VACV
infection in horses is very rare and this is the first report
in Brazil. In addition, no animal had been introduced
into the herd in the period preceding the outbreak.
Second, the introduction through an infected bovine
is also unlikely since the farm raises exclusively horses
and there is no report of such disease in cattle in
neighboring farms (BRUM et al., 2010). Third, the farm
where the outbreak occurred is far distant from the
cattle and human outbreaks in Southeast Brazil. As a
part of the epidemiological investigation, a serological
survey in cattle and horses of the region of the outbreak
was conducted, with negative results.  Then, a
serological survey in some wild mammals of the region
was performed, also yielding negative serology.
Concomitantly, we investigated the susceptibility of some
species to VACV strains P1V and P2V.

 Rabbits were shown to be highly susceptible
to these strains and developed severe systemic disease
upon nasal or cutaneous inoculation (CARGNELUTTI et
al., 2011, 2010). Mice are also highly susceptible to VACV
P1V e P2V (CAMPOS et al., 2012). Based on these studies,
rabbits were proposed as a model for VACV pathogenesis
(CARGNELUTTI et al., 2011, 2012) and mice have been
used for preliminary phenotypic screening of VACV
isolates (FERREIRA et al., 2008; CAMPOS et al., 2011).

The present experiment focused on an
epidemiological aspect of VACV infection, investigating
the susceptibility and transmission potential of P1V e
P2V by guinea pigs (Cavia porcellus). Guinea pigs are
phylogenetically related to a rodent species (Cavia
aperea or “preás”), very abundant in many Brazilian
rural areas, including the region of the outbreak.  In Rio
Grande do Sul state, these rodents are particularly
abundant, live in brushes nearby pastures and, thus,
share grass pastures with livestock (SANTOS et al.,
2008),   Thus, our hypothesis was that a rodent species
related to guinea pigs (in his case, Cavia aperea) might
serve as a reservoir for VACV in nature. As obtaining
wild “preás” for the experiment would be difficult, we
decided first to investigate the susceptibility and
transmission potential of a related species, guinea pigs,
to P1V and P2V.

The susceptibility of guinea pigs to VACV
was investigated by intranasal (IN) inoculation of eight
animals (400 to 500g, adults, both genders) with a mixed
inoculum (P1V and P2V, virus titer of 106 TCID50/animal),
after anesthesia with ketamine (50mg kg-1) and xilazine
(5mg kg-1). Animals were monitored daily for 30 days
regarding clinical and virological aspects. Nasal swabs
were submitted to for virus isolation in Vero cell
monolayers, and monitored for cytopathic effect (CPE)
during three passages of five days each. Pools of
peripheral blood and faeces were submitted to PCR for
viral DNA PCR reaction for vgf gene was performed
according to ABRAHÃO et al. (2010). Serology was
performed in serum samples collected at days 0 and 30
post-inoculation (pi), and submitted to a standard virus-
neutralization (VN) assay in 96-well plates, testing two-
fold dilutions of sera against a fixed dose of virus (100
- 200 TCID50/well). Vero cells were used as indicators
of virus replication. VN readings were performed after
five days of incubation. The VN titers were considered
as the reciprocal of highest dilution of sera that
prevented the production of CPE in the indicator cells.
Serum from infected rabbit with VACV and fetal bovine
serum were used as positive and negative controls,
respectively.

Six out of eight inoculated animals shed
virus in nasal secretions during an average of 5 days
(days 1 to 9pi) and seroconverted to VACV (VN titers
of 2 to 16 at day 30pi). Viral DNA was detected by PCR
in pools of peripheral blood between days 1 and 10 pi,
supporting systemic viral spread following IN
inoculation. In spite of efficient virus replication and
systemic spread, the animals remained healthy. No local
(nasal) or systemic clinical signs (temperature, alertness,
food and water consumption, weight gain) were
observed. Likewise, no virus shedding was detected
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in faeces. These results showed that guinea pigs are
susceptible to VACV infection but do not develop
disease, under our experimental conditions.

Wild rodents have been investigated as
possible reservoirs for VACV in Brazilian regions where
the cattle and human cases have been reported.
Positive serology and viral particles have been found
in some mice species living in the affected farms
(ABRAHÃO et al., 2009). The isolated virus was shown
to be genetically and phenotypically similar to the virus
infecting dairy cows and milkers in this outbreak,
suggesting a possible epidemiological link (ABRAHÃO
et al., 2009).

In the present study, VACV susceptibility
and excretion by guinea pigs would be compatible with
a possible participation of a related species (“preás”)
in the epidemiology of VACV.  Even though such
extrapolation would appear excessive, we sought to
investigate the potential virus transmission by
inoculated animals.

The transmissibility of VACV by guinea pigs
was investigated in three experiments: in Exp. #1, nine
controls (non-inoculated) were housed together with
two animals inoculated IN with 1mL of a mixture of P1V
and P2V (106 TCID50.ml-1). In Exp. #2, four sentinel
guinea pigs were housed in a cage 5 cm distant from
another cage housing four animals inoculated with P1V
+ P2V (106 TCID50.ml-1). The only contact between the
two groups would be by aerosols. In Exp. #3, four
sentinel animals received water and food contaminated
with faeces containing VACV. Animals were monitored
during 60 (Exp. #1), 30 (Exp. #2) and 45 days (Exp. #3).
VN performed after the observation period resulted
negative for VACV antibodies. These results
demonstrated that virus excretion by inoculated
animals did not result in transmission to sentinel
animals, regardless the proximity of the contact. The
lack of transmission may be attributed to the low titers
of virus shedding by inoculated animals (below 101.8

TCID50.ml-1).
Summarizing, the results obtained herein

demonstrate that guinea pigs are susceptible to
infection with VACV strains isolated from horses since
they replicate, shed the virus and seroconverted.  The
magnitude of virus shedding, however, seemed not to
suffice to ensure transmission. Although using a related
species (guinea pigs) rather than the target animal
species (“preás”), these results argue against the
participation of “preás” in the maintenance and
transmission of VACV in nature. Obviously, definitive
evidence would be obtained after screening “preás”
for VACV antibodies in the wild and definitively proving
they are not susceptible to VACV infection.
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