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Bovine viral diarrhea virus (BVDV) is distrib-
uted all over the world15). There are many BVDV-
infected cattle that do not show the typical clinical
manifestations of diarrhea and mucosal diseases.
These cattle including those persistently infected
(PI) with BVDV are a latent source of infection of
BVDV in the herd, which could cause serious eco-

nomic damage to the farmer4,9). Detection and
elimination of BVDV from the herd are important
to prevent its spread11, 12). In the dairy herd, bulk
tank milk (BTM) is an available sample for the de-
tection of BVDV. To identify PI cattle in BTM test-
positive herd, serum or leukocytes are usually col-
lected from individual cattle on the farm. In the
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Abstract

Bovine nasal and oral discharges were used as samples for bovine viral diarrhea virus (BVDV)
gene detection. Viral genes in serum (S), nasal discharge (N) and oral discharge (O) were quan-
tified with real-time polymerase chain reaction using SYBR Green by the relative quantifica-
tion method, and findings were compared among samples. Although the quantity of the BVDV
gene in S was greater than those in N and O, all samples were available to identify persistently
infected (PI) cattle with BVDV by reverse transcription polymerase chain reaction (RT-PCR).
The swab samples were able to be stored for a few days at 4℃with a little decrease of amplifica-
tion signal in RT-PCR. Oral swab sampling was easier than nasal swab sampling, and was also
less uncomfortable for the cattle than other sampling methods without pain or unnecessary re-
tention. This sampling method can be performed without any special technique and equip-
ment. Therefore, the oral swab sampling method is useful for screening to detect BVDV PI cat-
tle by RT-PCR.
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present study, more convenient and easier meth-
ods of collecting samples to detect BVDV by re-
verse transcription polymerase chain reaction (RT-
PCR) from individual cattle were evaluated.

Nasal and oral discharges were used as sam-
ples for BVDV detection. They were collected by
swab and the swabs were stored in 2 ml of saline.
Then 140 µl of these samples were used for the ex-
traction of RNA. RNA was extracted using
QIAamp Viral RNA Mini Kit (Qiagen Inc., Tokyo,
Japan) according to the manufacturer’s instruc-
tions. Synthesis of cDNA was carried out using
Moloney murine leukemia virus reverse transcrip-
tase (MMLV-RT, Invitrogen Inc., Tokyo, Japan) and
a random hexamer (Promega Inc., Tokyo, Japan) 14).
Specific primers13) for 5’ UTR of BVDV1and BVDV
2 were used for the detection by RT-PCR. The cy-
cling conditions were 94°C for 1min, 35 cycles (de-
naturation at 94°C for 30 sec, annealing at 55°C for
30 sec and extension at 72°C for 30 sec) and a final
extension step (72°C for 2.5 min). The amplifica-
tion was confirmed by 2% agarose gel electrophore-
sis after RT-PCR. The viral genes in serum (S), na-
sal discharge (N) and oral discharge (O) were
quantified with the real-time PCR method using
SYBR Green (Applied Biosystems Japan Inc., To-
kyo, Japan) by the relative quantification method
(qPCR), and findings were compared among sam-
ples. The conditions for real-time PCR were 50°C
for 2 min, 50 cycles (denaturation at 94°C for 30
sec, annealing at 55°C for 30 sec and extension at
72°C for 60 sec) and a dissociation step for the con-
firmation of specific amplification. The primers
were the same as those for RT-PCR and the reac-
tion mixture was prepared according to the manu-
facturer’s instructions for SYBR Green. The num-
ber of copies of BVDV gene per µl of sample was es-
timated from the 10 times serial dilutions of 10 ng
of amplified products corresponded to 3.67×1010

copies. The standard curve showed a highly sig-
nificant (R2= 0.999) negative correlation between
the threshold cycle (Ct) value and gene copies/µl
(Fig. 1). The number of gene copies was calculated
using the molecular weight of the amplified prod-
uct (242 bp) and Avogadro’s number.

By RT-PCR, specific amplification bands of
BVDV gene were recognized using S, N and O as
examination samples. It has been reported that
the sensitivities of virus isolation (VI) and RT-PCR
for detecting BVDV were almost the same or RT-
PCR was high sensitivity5,6,8). Moreover, nasal, ocu-
lar and tracheal swabs and sera showed the same
results for the detection of BVDV by VI and RT-
PCR5). In the present study, although the quantity
of the BVDV gene in S was greater than those in N
and O by real-time PCR, the appearances of the
bands on agarose gel electrophoresis were almost
the same among the three samples (Fig. 2).

By qPCR, the quantities of viral gene from 13
PI cattle were estimated. The relative quantities
of viral gene calculated by Ct differed individual
PI cattle between 105 to 107 copies/µl of serum.
Thus the results of qPCR of swabs were evaluated
as relative value against that of serum sample. As
shown in Table 1, in 6 of 13 PI cattle, oral swabs in-
cluded more virus gene than serum. This was
thought depend on the sampling manner in the
field such as manipulation of the cotton stick (vig-
orously or mild in oral or nasal cavity), volume of
saline, and so on, because the samples were col-
lected from individual BVDV-PI cattle by different
operators (veterinarian or farmer). In general, se-
rum did not include the cells, however, swab sam-
ples sometimes included some cells by vigorous
manipulation of the cotton stick. In all cases, the
amplification bands of RT-PCR appeared almost
the same on gel electrophoresis, therefore, swab
samples could be used for the detection of PI-cattle
by RT-PCR. This indicated that RT-PCR was satis-
fiable method and swab was enough as the exami-
nation sample. All samples could be stored for a
few days at 4°C with a little decrease of amplifica-
tion signal on RT-PCR. However, freezing and
thawing of the swab sample markedly decreased
amplification signal. These could be easily recog-
nized on RT-PCR as shown in Fig. 3. The decreas-
ing of signal by freezing might resulted from the
freezing damage by saline as stock solution of cot-
ton stick. The causes could not identify in the pre-
sent study.
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By the use of oral swab sampling, 1,488 new-
born beef calves were examined by RT-PCR in 2

farms for a year. 2 PI calves were detected. Acute
infection could not be identified from swab sam-

Fig. 1. Correlation between the BVDV gene copies and the threshold cycle (Ct).
(a) The number of copies of the BVDV gene per µl of sample was estimated from the 10 times serial dilu-
tions (1 to 10-6) of 10 ng of amplified products. The curves of each dilution were indicated from the results
of triplicate reactions. (b) The standard curve showed a highly significant (R2=0.999) negative correla-
tion between the Ct value and the number of gene copies.
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ples in the present study. Also Antonis et al.1) re-
ported that acute infection of BVDV could not iso-
lated from swab sample but peripheral leukocyte
in experimentally infected calf with BVDV.

BVDV distributes throughout the body of PI
cattle2,10). PI cattle spread the virus in the herd
through nasal discharge, saliva, urine, feces, blood,

milk, and so on. Serum or leukocytes are usually
used as a sample for BVDV detection. In North
America, an ear notch skin sample is widely util-
ized for the detection of BVDV by immunohist-
pathological examination or enzyme linked im-
munosorbent assay3,7). A scrap of ear lobe obtained
during the attachment of ear tag is usually used as

Table 1. Relative quantities of gene copies in the each sample from BVDV-PI cattle

Cattle No. Breed1) Age (Months) Genotype Serum2) Oral2) Nasal2)

K492 F1 1 1b 1 ０．０３ 0.65
K512 Hol 37 1b 1 ０．３４ 0.42

76 Hol 1 1b 1 １７．１５ 4.66
2 Hol 1 1a 1 １７．６８ NT

408 JB 1 1c 1 ０．０４ 1.84
409 JB 1 1c 1 ０．５７ 1.09

AK2025 JB 6 1b 1 ０．０５ NT
602 F1 1 1b 1 １０．６３ NT
631 Hol 1 1b 1 １．２６ NT
IZ JB 6 2 1 ０．１６ 1.57
45 Hol 45 1a 1 ０．１１ 0.11
52 JB 1 1b 1 ６．９５ 6.37

600 Hol 40 1a 1 １．０８ 5.38

1)Hol, Holstein; JB, Japanese Black; F1, Mix
2)Relative quantity is indicated as relative value (Rv) calculated by following equation.
Rv=the number of copies of BVDV gene in the sample/the number of copies of BVDV in serum
The number of copies computed by Fig. 1-b). NT: not tested

Fig. 2. Amplification signal of real-time PCR of viral gene in each sample
S, serum; O, oral swab sample; N, nasal swab sample. Appearance of 2% agarose gel electrophoresis is
almost same each other.
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a sample. In Japan, ear tags are attached by the
pierce method, without a skin piece being extruded
during attachment. Therefore, the ear-notch
method is not widely used for surveillance of PI
cattle in Japan.

Oral swab sampling was easier than nasal
swab sampling, and was also less uncomfortable
for the cattle than the other sampling methods
such as blood collection and ear notching, without
pain causing or unnecessary retention. This sam-
pling method can be performed without any spe-
cial technique and equipment. Therefore, the oral
swab sampling method is useful for the screening
to detect BVDV.
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