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Seroepidemiology of Reovirus in Healthy Dogs in Six Prefectures in Japan
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ABSTRACT. Reovirus infection is common in mammals. However, seroepidemiological data of reovirus neutralizing antibodies are limited 
in dogs. In this study, sera of 65 healthy dogs from six prefectures across Japan were tested for neutralizing antibodies against reovirus 
serotype 1 strain Lang (T1L), serotype 2 strain Amy (T2A) and serotype 3 strain Dearing (T3D) using plaque reduction neutralization 
test (PRNT). Seropositivity against reovirus T1L, T2A and T3D was 53.85%, 33.85% and 46.15%, respectively. Distribution of reovirus 
seropositive samples displayed no distinguishable geographical pattern. However, reovirus seropositivity increased with age and in dogs 
housed outdoor. Co-infection of multiple reovirus serotypes in dogs was also detected. These data will provide valuable insights towards 
the usage of reovirus in oncolytic virotherapy in canine cancers.
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Reovirus is a small, non-enveloped icosahedral virus with 
10 segments of double stranded RNA genome, belonging 
to the genus Orthoreovirus within the family Reoviridae 
[26]. Reovirus is ubiquitous in geographical distribution and 
has the capacity to infect nearly every known mammalian 
species, including humans and dogs [23]. However, as a 
single agent, reovirus rarely causes clinical disease. Upper 
respiratory or gastrointestinal symptoms are among the pos-
sible manifestations of reovirus infection in young and adult 
animals [9, 11, 16]. Reovirus has also been reported to be 
one of the aetiologies of kennel cough [3].

Seroepidemiological surveys of reovirus in healthy hu-
mans revealed that the incidence of seropositivity rises from 
approximately 35% in early childhood, to approximately 
60% in teenage years and more than 85% in late adulthood 
[10, 28, 29]. However, unlike in humans, seroepidemiologi-
cal data of reovirus in healthy dogs are limited. Reports have 
indicated that 14–63% of sampled dog populations have an 
elevated reovirus neutralizing antibody titer [5, 6, 17, 19]. 
Even though isolation of various serotypes of reovirus from 

dogs and cats has been reported, it is usually incidental [2, 
4, 9, 11, 13, 14, 16, 27]. Alternatively, reovirus infection can 
be detected, and reovirus serotypes are distinguishable by 
means of the capacity of reovirus neutralizing antibodies 
to neutralize viral infectivity and inhibit hemagglutination 
(HA) [22, 25]. Reovirus neutralization and HA activities are 
restricted to a single reovirus gene segment, S1, that encodes 
for the σ1 and σ1s proteins [32].

The usage of reovirus serotype 3 strain Dearing (T3D) 
has already reached phase II and III clinical trials in a range 
of human cancers [12], and our laboratory is exploring the 
feasibility of reovirus T3D in canine cancers [8]. It has been 
reported that the dramatic increment of reovirus neutralizing 
antibody titer hampers the efficiency of intravenous reovirus 
therapy in human cancer patients [33]. Therefore, reovirus 
neutralizing antibodies due to natural infection may also 
interfere with reovirus therapy. This emphasizes the im-
portance of seroepidemiological data of reovirus in the dog 
population in order to allow a sound prediction of the effects 
of therapy using reovirus in canine cancer patients.

This study focused on the seroepidemiological survey 
of reovirus serotype 1 strain Lang (T1L), serotype 2 strain 
Amy (T2A) and serotype 3 strain Dearing (T3D) in healthy 
dogs from six prefectures across Japan, namely Hokkaido, 
Tokyo, Aichi, Osaka, Yamaguchi and Fukuoka. Reovirus 
seropositive samples were also analyzed according to age 
groups, housing environment and co-infectivity of reovirus 
serotypes.

Mouse L929 fibroblastic cell line was used throughout 
the study. The cell line was obtained from the Cell Resource 

*CorrespondenCe to: Mizuno, T., Laboratory of Veterinary 
Internal Medicine, Joint Faculty of Veterinary Medicine, Yama-
guchi University, 1677–1 Yoshida, Yamaguchi 753–8515, Japan. 
e-mail: mizutaku@yamaguchi-u.ac.jp

©2014 The Japanese Society of Veterinary Science
This is an open-access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial No Derivatives (by-nc-
nd) License <http://creativecommons.org/licenses/by-nc-nd/3.0/>.



C. C. HWANG ET AL.472

Center for Biomedical Research (Institute of Development, 
Aging and Cancer, Tohoku University, Sendai, Japan) and 
maintained in R10 complete medium (RPMI1640 supple-
mented with 10% FBS, 100 U/ml penicillin, 100 µg/ml 
streptomycin and 55 µM 2-mercaptoethanol) kept at 37°C 
in a humidified 5% CO2 incubator. Reovirus T1L and T2A 
are stock viruses in our laboratory, while reovirus T3D was 
from Dr. Patrick W. K. Lee through Dr. Tsuyoshi Etoh (Oita 
University, Japan). All three serotypes of reovirus were 
propagated in L929 cells grown in RPMI1640 without FBS. 
Supernatant of the infected cells was collected when cyto-
pathic effect was observed in 80% of the cells. Viral titer was 
determined by plating the viral supernatant onto susceptible 
L929 cell monolayer using plaque titration method as previ-
ously described [1]. Briefly, virus was diluted serially and 
200 µl of each dilution added to wells in 6-well plates. After 
absorption for 1 hr at 37°C, the cells were overlaid with 2 ml 
of RPMI1640 containing 0.8% Seaplaque Agarose (Lonza, 
Rockland, ME, U.S.A.) and antibiotics without FBS. After 6 
days of incubation at 37°C in a humidified 5% CO2 incuba-
tor, plaques were fixed with 10% formalin and stained with 
crystal violet before being counted.

Serum was collected from a total of 65 healthy dogs that 

came to veterinary clinics for routine health checks in six 
prefectures (Hokkaido, Tokyo, Aichi, Osaka, Yamaguchi and 
Fukuoka) in Japan in 2006. All sera were stored at −20°C 
and inactivated at 56°C for 30 min prior to plaque reduction 
neutralization test (PRNT). A minimum of 10 samples from 
each prefecture were used in this study. PRNT was performed 
using L929 cell monolayer as previously described [32] with 
modifications. To screen for reovirus seropositive samples, 
sera were diluted at 1:20, and 60 PFUs of reovirus was 
mixed before incubation for 1 hr at 37°C. Next, the mixtures 
were incubated with the L929 cell monolayer for another 
hr at 37°C, 5% CO2. Finally, the mixtures were removed 
before RPMI1640 containing 0.8% Seaplaque Agarose and 
antibiotics without FBS was layered onto the cells and in-
cubated for 6 days. Plaques were fixed with 10% formalin 
and stained with crystal violet before being counted. Sera 
that reduce greater than 80% of plaques were considered 
positive for reovirus neutralizing antibodies [32]. Sera that 
were positive for reovirus neutralizing antibodies were se-
lected, and PRNT was repeated with dilutions of serum up to 
1:10,240 to determine the maximum antibody titer.

Frequency distributions of neutralizing antibody titers 
against reovirus T1L, T2A and T3D are shown in Table 1. Al-

Table 1. Summary of reovirus neutralizing antibody titers in dogs in 6 prefectures in Japan

Serotypes of 
reovirus

Neutralizing antibody titer
Total

<20 20 40 80 160 320 640 1,280

T1L
No. of samples 30 5 9 8 6 2 3 2 65
% 46.15 7.69 13.85 12.31 9.23 3.08 4.62 3.08 100.00

T2A
No. of samples 43 5 3 4 3 7 0 0 65
% 66.15 7.69 4.62 6.15 4.62 10.77 0.00 0.00 100.00

T3D
No. of samples 35 9 5 6 3 2 5 0 65
% 53.85 13.85 7.69 9.23 4.62 3.08 7.69 0.00 100.00

a) Samples are considered as reovirus seropositive when reovirus neutralizing antibody titer is 20 or greater.

Fig. 1. Distributions of neutralizing antibody titers against reovirus T1L (A), T2A (B) and T3D (C) in Hokkaido, Tokyo, Aichi, Osaka, 
Yamaguchi and Fukuoka. Samples are considered as reovirus seropositive when reovirus neutralizing antibody titer is 20 or greater.
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most half of the samples did not have neutralizing antibodies 
against reovirus T1L, T2A and T3D. There was no obvious 
difference between the frequencies of reovirus seropositivity 
among the 3 serotypes of reovirus. This indicates that reovi-
rus infection is widely spread in the sampled dog population 
regardless of serotype. Distributions of reovirus seropositive 
samples in each of the six prefectures across Japan were 
also analyzed. However, there was an uneven distribution of 
reovirus neutralizing antibody titers with no distinguishable 
pattern in those prefectures (Fig. 1). Although the number of 
samples was limited, this suggests that reovirus is prevalent 
in the six prefectures involved in this study.

Next, we investigated the correlation of reovirus seroposi-
tivity in various age groups and housing environment of the 
sampled canine population. There was a trend in reovirus 

seropositivity according to age groups (Fig. 2A). The num-
ber of reovirus seropositive samples in young dogs (less than 
two years) was comparatively lower than old dogs (more 
than 11 years). This finding is consistent with a report of 
reovirus seropositivity in humans [28], where the percentage 
of reovirus seropositivity rises due to increased exposure to 
reovirus in later parts of life. The housing environment of 
dogs also correlated with the number of reovirus seroposi-
tive samples (Fig. 2B). In comparison to dogs housed indoor, 
dogs housed outdoor or in both environments had a higher 
percentage of reovirus seropositivity. As reovirus is com-
monly isolated from contaminated water sources [15, 18, 
30], dogs housed outdoor are prone to exposure to reovirus. 
This result coincides with a report where a higher percentage 
of stray dogs were found to be reovirus seropositive [6].

Fig. 2. Percentage of reovirus seropositivity according to age groups (A) and hous-
ing environment (B). Samples are considered as reovirus seropositive, if they are 
seropositive for any one of the reovirus serotypes. Reovirus seropositive samples 
have reovirus neutralizing antibody titer of 20 or greater.

Fig. 3. Co-infection of reovirus T1L and T2A (A), T1L and T3D (B) and T2A and T3D (C). Samples are considered as reovirus seroposi-
tive when reovirus neutralizing antibody titer is 20 or greater.
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In order to detect the co-infection of reovirus serotypes 
in the sampled population, we created three comparison 
groups (T1L vs. T2A; T1L vs. T3D; T2A vs. T3D) (Fig. 
3). More than a quarter of the samples in all groups were 
seropositive for 2 reovirus serotypes. Out of the 65 sera, 
15 were also seropositive for all 3 reovirus serotypes. This 
finding indicates that reovirus neutralizing antibodies of one 
serotype do not provide immunity towards reovirus infection 
of another serotype. Hence, reovirus infection of more than 
one serotype can still occur depending on exposure. Similar 
trends of reovirus infection of multiple serotypes have been 
previously reported in healthy dogs [6, 17, 19], cattle [24], 
swine [7] and humans [20, 21, 31]. This finding has provided 
important information, suggesting that neutralizing antibod-
ies against reovirus T1L and T2A will not affect the usage of 
reovirus T3D as therapy in canine cancers.

In summary, there was no difference in the seropreva-
lence of the 3 reovirus serotypes in healthy dogs according 
to geographical distribution. However, exposure to reovirus 
infection increased with age and in dogs housed outdoor. 
Co-infection of various reovirus serotypes is not uncommon 
in dogs and depends on the exposure to the virus. Reovi-
rus seropositivity in the healthy dog population is high and 
comparable to that of the human population. This study has 
provided a better understanding of the seroepidemiology of 
reovirus in dogs. On top of that, these data are essential in 
predicting the outcome of oncolytic virotherapy using reovi-
rus in canine cancers.
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