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Abstract
A survey of antibodies against parapoxvirus species bovine papular stomatitis virus (BPSV) was con-
ducted by agar gel immunodiffusion (AGID) test on 750 serum samples collected from cattle in 
Ishikawa Prefecture, Japan, in 2007.  On farms, 0-21.9% dairy cattle and 8.3-33.3% beef cattle were 
seropositive, but the difference was not significant.  The positive reaction rate was significantly higher 
in dairy cattle reared on public pastures (33.3-82.4%) than in dairy and beef cattle reared on farms.  
Among dairy cattle on farms, the positive reaction rate was significantly higher in cattle reared on 
public pastures and in cattle introduced from other prefectures than in cattle that were neither reared 
on pastures nor introduced from other prefectures.  The same serum samples were tested for antibod-
ies against orf virus (ORFV) by AGID, and the positive reaction rate for ORFV was almost the same 
or less than that for BPSV, and the immunodiffusion line on the gel was weaker for ORFV.  There was 
no correlation between positive reaction rates in cattle and grazing on public pastures that geographi-
cally overlap with the habitat of Japanese serows (Capricornis crispus), which are also hosts of 
parapoxvirus.  These results suggest that the risk of BPSV infection is higher for dairy cattle reared on 
pastures than on farms, but the risk of infection due to grazing on pastures inhabited by Japanese 
serows seems to be low.
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Introduction

Parapoxviruses cause papules, nodules, and scabs in 
the skin around the mouth and teats of affected ruminants, 
cattle, sheep, and goats8.  Parapoxviruses also infect humans 
and cause “milker’s nodule” or “human orf ”.  Parapoxvirus 
infection has a low fatality rate in animals, but the lesions 
around the mouth or on the teats can progress to ulcers in 
some severe cases, leading to economic losses for farmers.  
Genus Parapoxvirus in the family Poxviridae includes 
bovine papular stomatitis virus (BPSV), pseudocowpox 
virus, orf virus (ORFV), and parapoxvirus of red deer in 
New Zealand.  All four viruses are serologically cross-reac-
tive and cause similar histopathological lesions in the skin.  
Moreover, genetic analyses of these viruses using restriction 
endonuclease patterns showed that some ORFVs maintained 
mainly in sheep and goats can infect cattle8.

A Japanese serological survey of parapoxvirus in cattle 

in 1998 indicated that the morbidity of parapoxvirus infec-
tion is very high, ranging from 40 to 98% in cattle in 27 
prefectures12.  However, the status of infection in cattle in 
Ishikawa Prefecture, as well as neighboring Toyama and 
Fukui prefectures, had not been investigated.  Parapoxvirus 
infections are frequently seen in cattle and are continuously 
and frequently observed in free-ranging Japanese serows 
(Capricornis crispus) in Ishikawa Prefecture.  The wide 
range and increasing population of Japanese serows in 
Ishikawa Prefecture13 means that some pastures now overlap 
with the range of Japanese serows.  Although parapoxvirus 
infections in Japanese serows are mainly caused by ORFVs3, 
as mentioned above, ORFVs can infect cattle, and experi-
mental infection from Japanese serow to cattle was success-
ful7.  On the other hand, a BPSV Ishikawa-S strain was 
previously isolated from a Japanese serow, not a cow, in 
Ishikawa Prefecture2,14.  These findings indicate the possibil-
ity that the virus cycles between cattle and Japanese serows 
and that the spread of parapoxvirus infections in cattle is 
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correlated with the expanding range of the Japanese serows.  
However, little is known about the association of infections 
in cattle and the range of the Japanese serows.  In this study, 
we conducted a serological survey for antibodies against 
parapoxvirus in 750 cattle from Ishikawa Prefecture by agar 
gel immunodiffusion (AGID) test using two different 
parapoxvirus species, BPSV and ORFV, as antigens.  The 
epidemiological relationships between seroprevalence in 
cattle, the range of the Japanese serows, and the introduc-
tion status from other prefectures were also analyzed.

Materials and methods

1. Serum samples
A total of 750 cattle serum samples were collected in 

Ishikawa Prefecture, Japan, in 2007, and stored at -30°C 
until use.  Of the samples, 360 were collected from dairy 
cattle on 10 farms, 77 from beef cattle on four farms, and 
303 from cattle reared on four public pastures in four dis-
tricts: Okunoto, Nakanoto, Kuchinoto, and Kaga.  Ten sam-
ples from beef cattle grazing on abandoned cultivated land 
around the mountains of Kaga were also used (Fig. 1, Table 
1).  The clinical appearance of parapoxvirus infection was 
not observed on any of the cattle examined.

2. AGID test
Primary fetal bovine muscle cells were infected with 

the BPSV Ishikawa-B strain or the ORFV IJS087 strain.  
The BPSV Ishikawa-B strain was isolated from vesicles on 
the teats of a dairy cow in Ishikawa Prefecture in 19955, and 
the ORFV IJS087 strain was isolated from papules on the 
lips of a Japanese serow in Ishikawa Prefecture in 20084.  
After showing cytopathic effects (CPE), the cells were co-
cultured with Madin-Darby bovine kidney cells.  Cells 
showing 80% CPE were then collected by trypsinization, 
suspended in a small volume of phosphate-buffered saline 
containing 0.1% Triton X-100, and used as the viral antigen 
for the AGID test.  Positive control serum, showing clear 
and dense immunodiffusion lines in the AGID test using the 
BPSV antigen, was chosen from the collected serum sam-
ples.  The BPSV and ORFV antigens were serially diluted, 
reacted with the positive control serum, and the antigen titer 
was adjusted to the same clearness and denseness of the 
immunodiffusion lines, and then used as antigens in the 
AGID test.  The AGID test was performed as described pre-
viously12.  Briefly, plates were allowed to incubate for three 
days at room temperature in a closed humidified chamber, 
and precipitation lines were observed.  When a precipitation 
line did not form but the control line curved slightly toward 
the inside of the test serum well, the sample was regarded as 
a weak positive.  At least two independent AGID tests were 
carried out for each sample.

3. Statistical analysis
Significant differences in the positive reaction rate 

between breeding farms, regions, and type of cattle were 
analyzed by the χ2 test.

Results

The positive reaction rates for BPSV varied from 0 to 
21.9% in 360 dairy cattle on 10 farms, 8.3 to 33.3% in 77 
beef cattle on four farms, and 33.3 to 82.4% in 303 dairy 
cattle grazing on four public pastures (Fig. 1, Table 1); the 
rates for ORFV were almost the same or less: 0-21.9%, 5.3-
33.3%, and 33.3-77.8%, respectively.  In 10 beef cattle graz-
ing on abandoned cultivated land, 50.0% were seropositive 
against BPSV and ORFV.  In general, the immunodiffusion 
line of ORFV on the gel was weaker than that of BPSV 
(Fig. 2), and a much longer time was needed for seroposi-
tive determination.  In total, the positive reaction rates for 
BPSV were 11.9% in dairy cattle, 18.2% in beef cattle, and 
65.3% in grazing dairy cattle reared on public pastures, 
while those for ORFV were 10.3%, 15.6%, and 61.7%, 
respectively.  The positive reaction rate was significantly 
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Fig. 1.   Distribution of farms and pastures in Ishikawa 
Prefecture from which serum samples were 
collected from cattle

White circles represent dairy cattle breeding farms, 
white squares represent beef cattle breeding farms, 
and black triangles represent public rearing pas-
tures.  The inset shows the location of Ishikawa 
Prefecture, Japan.  Farm and pasture IDs are the 
same as shown in Table 1.  Regions inhabited by 
wild Japanese serows are underlined.
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higher in grazing dairy cattle reared on public pastures than 
in dairy and beef cattle on farms (Table 2).  Differences in 
positive reaction rates for different ages of cattle could not 
be analyzed because serum samples could not be collected 
from cattle over a range of ages.  Of the 360 dairy cattle on 
farms, 121 cattle that had been reared on public pastures, 
and of these, 21 (17.4%) were seropositive; and 58 cattle 
were introduced from other prefectures, and of these, 10 
(17.2%) were seropositive.  These positive rates were sig-
nificantly higher than for cattle that were neither reared on 
pastures nor introduced from other prefectures (6.6%, 
12/181 cattle) (Table 3).  On the other hand, for 77 beef cat-
tle on farms, no significant difference was observed between 
introduced and non-introduced cattle (Table 3).  Among the 
57 dairy and beef cattle seropositive to BPSV cattle on 
farms, 14 were introduced to Ishikawa Prefecture from other 
prefectures: nine from Hokkaido in 2001-2006, two from 
Fukushima Prefecture in 2006, one from Aichi Prefecture in 
2004, one from Miyazaki Prefecture in 2005, and one from 
Oita Prefecture in 2006.  In Ishikawa Prefecture, most of the 
introduced cattle came from Hokkaido.  However, the posi-
tive reaction rate in Hokkaido during 1997-1998 was not 

Habitat Location Farm ID* No. of
sera tested

Positive sera against 
BPSV ORFV

No. % No. %
Serow habitat Kaga D- 1 30 0 0.0 0 0.0 

2 29 2 6.9 2 6.9 
3 59 10 16.9 9 15.3 
4 32 7 21.9 7 21.9 
5 38 0 0.0 0 0.0 
6 15 0 0.0 0 0.0 
7 23 4 17.4 2 8.7 

P- 1 176 145 82.4 137 77.8 
2 30 10 33.3 10 33.3 

G- 1 10 5 50.0 5 50.0 

Kuchinoto D- 8 63 8 12.7 7 11.1 
9 46 10 21.7 10 21.7 

B- 1 24 2 8.3 2 8.3 

 P- 3 49 18 36.7 17 34.7 

Nakanoto D- 10 25 2 8.0 0 0.0 

Subtotal 649 223 34.4 208 32.0 

Non serow Okunoto B- 2 19 2 10.5 1 5.3 
habitat 3 9 3 33.3 3 33.3 

4 25 7 28.0 6 24.0 

P- 4 48 25 52.1 23 47.9 

Subtotal 101 37 36.6 33 32.7 
Total 750 260 34.7 241 32.1 

*  D: dairy cattle breeding farm, B: beef cattle breeding farm, P: public rearing pasture, G: beef cattle grazing on aban-
doned cultivated land.

Table 1.  Positive reaction rates for BPSV and ORFV on different breeding farms
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Fig. 2.   Immunodiffusion lines in the AGID test using BPSV 
and ORFV antigens

The immunodiffusion line of the serum sample (S) 
was stronger for BPSV antigen (B) than for ORFV 
(O).
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markedly higher than other parts of Japan12, and in this 
study, there was no significant correlation between positive 
reaction rates and the prefectures of origin, including 
Hokkaido.

The correlation of positive reaction rates and geo-
graphical proximity to Japanese serow habitat was also 
assessed.  Positive reaction rates were 34.4% in districts 
inhabited by serows (Kaga, Kuchinoto, and Nakanoto) and 
36.6% in the district with no serows (Okunoto) (Table 1).  
A significant difference was found for the positive reaction 
rate between one public pasture (P-1) and the other three 
pastures, but no correlation was found for Japanese serow 
habitats among the four pastures (Table 1).  No relationship 
between the positive reaction rate in cattle and areas over-
lapping serow habitat was found.

Discussion

Screening tests for antibodies against parapoxvirus in 
breeding dairy and beef cattle from farms in Ishikawa 
Prefecture showed positive reaction rates of 0-33.3%.  In 
particular, seroprevalence was significantly higher in dairy 
cattle reared on public pastures (33.3-82.4%).  Among the 
43 BPSV seropositive dairy cattle on farms, 21 had been 
reared on public pastures with 15 on pasture P-1.  Together 
with the epidemiological status results, these findings sug-
gest that once parapoxviruses are introduced to a pasture 
from infected cattle, the viruses may persist subclinically in 
cattle grazed on the pasture, and/or the infectivity may be 
maintained for a long period.  McKeever et al. reported that 

parapoxvirus is resistant to temperature fluctuations and 
ultraviolet radiation typical of several months of the British 
winter6.  Resistance to environmental extremes is considered 
to result in a higher chance for direct contact with other cat-
tle, enabling the parapoxvirus to persist.  Consequently, dis-
infection is much more difficult on pastures than on farms, 
and the risk of parapoxvirus infection in cattle is likely to be 
higher on pastures than on farms.  Since parapoxvirus has 
been isolated from the peripheral blood of cattle showing no 
clinical symptoms, persistent infection is indicated1,11, and it 
is possible that dairy cattle infected at the pasture introduce 
the virus to other cattle within the home farm.  Similar to 
our findings on dairy cattle on pastures, Saori et al. reported 
the high risk of infection in beef cattle on public pastures10.

We found no correlation between positive reaction 
rates and the overlap of pasture and serow habitat.  Previ-
ously, we reported that Japanese serows are mainly infected 
by ORFV and accidentally infected by BPSV3.  In this 
study, the BPSV Ishikawa-B and ORFV IJS087 strains iso-
lated in Ishikawa Prefecture were used as antigens in the 
AGID test and were adjusted to the same titer using positive 
control serum, but similar or lower positive reaction rates 
were observed and the immunodiffusion line of ORFV was 
weaker than that of BPSV.  Therefore, although parapoxvi-
ruses cross-react serologically with each other and cattle, 
sheep, and goats can be experimentally infected with ORFV 
from Japanese serows, the positive reaction to parapoxvirus 
in breeding cattle in Ishikawa Prefecture is most likely not 
induced by ORFV infection.  This is consistent with previ-
ous findings that the envelope of parapoxviruses and the 
plasma membrane of parapoxvirus-infected cells contain 
specific antigens, and that the antiserum reacts more 
strongly with homologous strains than with heterologous 
strains9.

We found three of the 14 farms in our survey to be 
serologically parapoxvirus-free, as had been reported by 
Sentsui et al.12, and we found the positive reaction rate in 
Ishikawa Prefecture to be lower than in other prefectures5,12.  
With the exception of one cow, all 83 cattle in the three 
parapoxvirus-free farms had no history of grazing on public 
pastures and were not introduced from other prefectures.  
The one exception was introduced from neighboring 

Cattle type Not introduced from outside the prefecture Introduced
Not reared on public pastures Reared on public pastures

Dairy 6.6% (12/181)a 17.4% (21/121)b 17.2% (10/58)c

Beef 25.0% (10/40) – 10.8% (4/37)

Total 10.0% (22/221) 17.4% (21/121) 14.7% (14/95)

* Number of positive reactions/number of sera tested.
  Significant differences were found between a and b (p<0.01), and a and c (p<0.05).

Table 3.  Positive reaction rates in dairy and beef cattle on farms*

Cattle type Antigen*
BPSV ORFV

Dairy 11.9% (43/360)a 10.3% (37/360)a

Beef 18.2% (14/77)a 15.6% (12/77)a

Grazing 65.3% (198/303)b 61.7% (187/303)b

Total 34.5% (255/740) 31.9% (236/740)

*Number of positive reactions/number of sera tested. 
A significant difference was found between a and b (p<0.01). 

Table 2.  Positive reaction rates according to cattle type
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Toyama Prefecture but had no history of grazing on public 
pastures.  In contrast, the positive reaction rate on farm D-4 
was the highest among the 10 dairy farms.  Since this farm 
is managed by a livestock dealer, the risk of contact with 
parapoxvirus would be high.  These results indicate that the 
risk of parapoxvirus infection on farms is higher when cattle 
graze on pastures and if cattle are introduced from outside 
of Ishikawa Prefecture.  Therefore, the risk of parapoxvirus 
infection in cattle in Ishikawa Prefecture might be reduced 
by preventing grazing at high-risk pastures and introducing 
infected cattle from other prefectures, along with general 
hygiene control.  Thus, further serological and epidemiolog-
ical analyses are required to control parapoxvirus infection 
in cattle, and continuous serological testing for parapoxvirus 
infection is important for preventing the spread of infection 
on farms within Ishikawa Prefecture.
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