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Simultaneous Detection of Canine Respiratory Disease Associated Viruses by a
Multiplex Reverse Transcription-Polymerase Chain Reaction Assay
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ABSTRACT. A multiplex reverse transcription polymerase chain reaction (mRT-PCR) assay was developed for the simultaneous detection of
canine distemper virus (CDV), canine respiratory coronavirus (CRCoV) and canine influenza virus (CIV). These viral pathogens are all
causative agents of canine infectious respiratory disease (CIRD). The sensitivity and specificity of the mRT-PCR were determined by com-
paring it to a rapid antigen test (RAT) or immuno-chromatography test kit and reverse transcription-polymerase chain reaction (RT-PCR)
in the detection of CDV, CRCoV and CIV antigens present in 100 clinical samples (nasal swabs and whole blood samples) from 50 dogs
with respiratory disease symptoms. This study revealed that mRT-PCR had almost exactly the same performance or results were almost
100% in agreement with that of RT-PCR and RAT both in terms of the assay sensitivity and specificity which was more highly evident in
detecting CIV, CDV and CRCoV antigens present in canine nasal swab samples. Therefore, this assay could be a better alternative for the

definitive and simultaneous ante-mortem detection of the three viral pathogens that cause CIRD by using nasal swabs.
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The etiological agents involved in Canine Infectious
Respiratory Disease (CIRD) are complex. They are thought
to include canine distemper virus (CDV), canine influenza
virus (CIV), canine respiratory coronavirus (CRCoV), ca-
nine adenovirus 2 (CAV-2), canine parainfluenza virus
(CPIV), canine herpesvirus (CHV), reovirus and Bordetella
bronchiseptica [5, 8]. CIV H3N2 strain is associated with
the development of acute respiratory disease in dogs, and
is a novel pathogen for CIRD in South Korea and South
China [18, 25]. Serological surveys carried out in South
Korea, Italy, U.K., Ireland, U.S.A. and Japan [2, 6, 7, 22,
241, have identified CRCoV as a worldwide pathogen found
in the respiratory tract of dogs suffering from mild or severe
respiratory disease. CDV is one of the most serious diseases
in domestic dogs worldwide [11, 13, 14, 16]. It is highly
contagious, affects dogs of all ages and is associated with
high morbidity and mortality [10, 21]. All three viruses are
present in South Korea, where 5.1% of dogs are seroposi-
tive for CIV and 12.8% are seropositive for CRCoV [2, 17].
Using one step RT-PCR, CDV has been detected in 21-70%
of clinical samples such as blood, urine, nasal swabs, and
saliva [3, 23].

Previous studies have shown that multiplex reverse tran-
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scription PCR (mRT-PCR) can be used to amplify more than
one respiratory viral target all at the same time, thus detect-
ing multiple respiratory infections within a single sample
[4, 20, 27]. In addition, it may overcome the limitations
associated with traditional diagnostic techniques, because
of'its increased sensitivity, specificity and rapid results. The
aim of the present study was to develop a novel mRT-PCR
assay for the simultaneous detection in clinical samples of
three CIRD associated viruses (CIV, CRCoV and CDV),
which represents a less laborious, rapid and cost-effective
method in comparison to other conventional diagnostics
such as viral culture and mono-specific RT-PCR. CIV
H3N2 strain (A/canine/Korea/GCVP01/2007), CRCoV
K39 strain and CDV Lederle strain were maintained in
Madin-Darby canine kidney (MDCK) cells, human rectal
tumor (HRT-18) cells and Vero cells, respectively. All cell
lines were grown in Dulbecco’s modified Eagle’s medium
(GibcoBRL, Gaithersburg, MD, U.S.A.) supplemented
with 5% heat-inactivated fetal bovine serum (GibcoBRL)
in a humidified 5% CO, atmosphere at 37°C. CIV (1037
TCIDsy/m/), CRCoV (10°? TCIDsy/m/) and CDV (1030
TCIDsy/ml) were serially diluted 2-fold to assess the sensi-
tivity of the mRT-PCR assay. The CPIV (103! TCIDs,/m/),
CHV (103% TCIDsy/m/) and influenza virus type B (103©
TCIDso/m/) were used as negative controls to determine the
specificity of the mRT-PCR assay. For the mRT-PCR assay,
nasal swabs (n=50) and whole blood samples (n=50) were
collected from 50 dogs (25 pet and 25 feral) with respiratory
symptoms in 2010. The clinical samples from pet and feral
dogs were supplied by an animal hospital in Jeonbuk prov-
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ince, and an animal rescue shelter in Gyeonggi province. All
clinical samples were tested by mRT-PCR, RT-PCR and a
rapid antigen test (RAT) that could detect both CIV (Cat. No.
RG 11-07, Bionote, Hwaseong, South Korea) and CDV (Cat.
No. RG 11-03, Bionote). The total viral RNA was extracted
from each virus or clinical sample using the viral RNA kit
(Cat. No. 52906, Qiagen GmbH, Hilden, Germany) accord-
ing to the manufacturer’s instructions. First-stand ¢cDNA
was synthesized using the first-strand synthesis system
with oligo (dT) primer for RT-PCR (Cat. No. 18080-051;
Invitrogen, San Diego, CA, U.S.A.). The viral DNA of
CHV was extracted using Viral RNA/DNA Mini Kit (Cat.
No. 12280-050; Invitrogen) according to the manufacturer’s
instructions. The oligonucleotide primers used to amplify
the genes encoding the CIV matrix protein (Accession No:
FJ560885), the CDV nucleocapsid protein (Accession No:
EF4187830) and the CRCoV spike protein (Accession No:
EU983107) were designed with the Clone Manager v 9.0
software (Scientific and Educational Software, Cary, NC,
U.S.A.) according to the genomic sequences deposited in the
GenBank database at the National Center for Biotechnol-
ogy Information. The primers sequences were as follows:
CIV MF 5’-TCAGGCCCCCTCAAAGCCG-3’, and CIV
MR 5’- CCATCGTCAACATCCACAG C-3’; CRCoV SF
5’- GCAATGCTGGTTCGGAAGAG -3°, and CRCoV SR
5’- GTTGGCAT AGGTGAGCACTG -3°; and CDV NF
5’- CATGGTGGCACTCATCTTGG -3’°, and CDV NR 5°-
TTCGGACCTCTTGT TGATGG -3°. The multiplex PCR
PreMix (Cat. No. K-2111; Bioneer, Daejon, South Korea)
was used for the mRT-PCR according to the manufacturer’s
instructions. The 20/ of mRT-PCR reaction mix contained
all viral RNA/DNA and all three primer pairs for CIV,
CRCoV and CDV in the same tube. The condition for mRT-
PCR was follows: 95°C for 10 min, followed by 35 cycles of
95°C for 30 sec, 52°C for 30 sec, and 72°C for 60 sec, with
a final extension step at 72°C for 5 min and holding at 4°C.
The size of the amplified products, as determined by agarose
gel electrophoresis was 956 bp for CIV, 442 bp for CRCoV
and 624 bp for CDV (Fig. 1). Each clinical sample was
tested by RT-PCR specific for each of the 3 target viruses one
at a time. The primers used in RT-PCR for the detection of
the CDV nucleoprotein (NP) and the CRCoV NP were PP-I
and BCV-LS/NP6, respectively [9, 10]. The product sizes
were 287 bp and 500 bp, respectively. Also, primers for the
detection of viral genes H3 and neuramidase 2 (N2) of CIV
were used in the RT-PCR assay as described previously [25].
The product sizes were 1.7 kb and 1.4 kb, respectively. After
performing both RT-PCR and mRT-PCR, the PCR products
were analyzed at the Zenotech Institute (Zenotech Co., Ltd.,
Daejon, South Korea) to confirm that the correct targets were
amplified.

The sensitivity limits of the mRT-PCR assay for each of
the target genes were detected at the concentration of 10%°
TCIDsy/m/ for CIV, 10>° TCIDsy/m/ for CRCoV and 108
TCIDsy/ml for CDV (Fig. 2). No amplicon was detected in
all the negative control viruses namely the CPIV, CHV and
influenza virus type B (Fig. 1).

Comparing with the Rapid Ag kit, the mRT-PCR was

Fig. 1.  Specificity of the mRT-PCR assay. M, 1 kb plus DNA ladder;
lane 1: CIV (1037), lane 2: CRCoV (10%2), lane 3: CDV (1039),
lane 4: CPIV (1031), lane 5: CHV (10%?), lane 6: influenza virus
type B (10%9), lane 7: CIV (10*7) + CRCoV (1032), lane 8: CIV
(1037) + CDV (1039), lane 9: CRCoV (1032) + CDV (1039), lane
10: CIV (10>7) + CRCoV (1032) + CDV (1039). The standard unit
of virus concentration is TCID5y/m/.

1,000 bp —»
650 bp =

400 bp =

Fig. 2.  Sensitivity limits of the mRT-PCR assay for each
of the target genes in a mixture of viral cDNA from
CIV, CRCoV, and CDV. M, 1 kb plus DNA ladder;
lanes 1-6, 2-fold serial dilution for multiplex RT- PCR
(1037-1022 TCID5(/m! for CIV, 103?-10'7 TCIDs,/m/
for CRCoV, 1039-10'* TCIDsy/m! for CDV).

100% accurate both in terms of sensitivity and specificity for
CIV in both nasal swabs and whole blood samples, while for
CDV it showed 97.4 and 95.1% sensitivity for nasal swab
and whole blood samples, respectively, and 100% specificity
for both clinical samples (Table 1). In comparison to the RT-
PCRs, the mRT-PCR assay was again 100% accurate both in
sensitivity and specificity for CIV and CRCoV in both nasal
swabs and whole blood samples, while it showed 100% and
97.6% sensitivity to CDV in nasal swab and whole blood
samples, respectively, and 100 specificity for both clinical
samples (Table 2).

The mRT-PCR assay detected CIV in 8% (2/25) and 20%
(5/25) of nasal swabs from pet and feral dogs, respectively.
CRCoV was detected in 4% (1/25) of nasal swabs from pet
dog and CDV in 76% (19/25) of nasal swabs from both pet
and feral dogs. In the whole blood samples, only CDV was
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Table 1.  Sensitivities and specificities of the mRT-PCR assay and the with that of
the Rapid Ag kit
mRT-PCR assay
‘ ‘ CIV® CDVY
Rapid Ag kit NSO WED NS WB
+ - + - + - + -
+ 7 0 0 0 37 0 39 0
- 0 43 0 50 1 12 2 9
Total 7 43 0 50 38 12 41 9

a) Canine influenza virus. b) Canine distemper virus. ¢) Nasal swab samples. d) Whole

blood samples

Table 2.  Sensitivities and specificities of the mRT-PCR assay and RT-PCR
mRT-PCR
CIV CRCoV? CDV®
RT-PCR
NS9 WB9 WB NS WB

+ - + - + - + - + - + -

+ 7 0 0 0 1 0 0 0 38 0 40 0

- 0 43 0 50 0 49 0 50 0 12 1 9

Total 7 43 0 50 49 0 50 38 12 41 9

a) Canine influenza virus. b) Canine respiratory coronavirus. ¢) Canine distemper virus. d) Nasal swab samples.

e) Whole blood samples.

Table 3.  Detection of viruses in clinical samples using mRT-PCR
. Pet dogs Feral dogs
Virus
Nasal swab Whole blood Nasal swab Whole blood
CIvV 2/259) 0/25 5/25 0/25
CRCoV 1/25 0/25 0/25 0/25
CDV 19/25 20/25 19/25 21/25
CIV+CRCoV 0/25 0/25 0/25 0/25
CIV+CDV® 1/25 0/25 3/25 0/25
CRCoV+CDV® 1/25 0/25 0/25 0/25
CIV+CRCoV+CDVY 0/25 0/25 0/25 0/25

a) Simultaneous detection of CIV and CRCoV. b) Simultaneous detection of CIV and CDV.
¢) Simultaneous detection of CRCoV and CDV. d) Simultaneous detection of CIV, CRCoV and
CDV. e) Number of positive samples for each target virus /number of clinical samples.

detected in 80% (20/25) and 84% (21/25) of pet and feral
dogs, respectively (Table 3). CDV and CIV were detected
simultaneously in nasal swabs from 4% (1/25) and 12%
(3/25) of pet and feral dogs, respectively, whilst co-infection
with CRCoV and CDV was detected only in nasal swabs
from 4% (1/25) of pet dogs (Table 3). The three viruses were
confirmed by sequencing PCR products by which the correct
targets were amplified. CIV positive samples were identified
as H3N2 using H3 serotyping and N2 typing as described
previously [25] (data not shown).

In this study, CIV was only detected in nasal swabs. This
is consistent with the findings in the other studies, suggest-
ing that CIV infected dogs only excrete the virus through
the nasal discharges, and histopathological changes are
observed in the upper and lower respiratory tracts [12, 25,
26]. CRCoV replicates in the upper respiratory tract and can,
therefore, be detected in respiratory tissues and nasal swabs

[19]. CDV can be detected in various body fluids including
urine, blood, saliva, nasal secretions, and cerebrospinal fluid
[15, 23]. Because all these three viruses can be detected in
nasal secretions, hence nasal swabs were used for the mRT-
PCR assay. In comparison to the Rapid Ag kit and RT-PCR,
the mRT-PCR provided similar results for sensitivity and
specificity.

Viral pathogens are responsible for a significant propor-
tion of the CIRD burden, and new viruses are emerging
worldwide. A recent study in South Korea reported CIRD in
dogs caused by CIV (H3N2) and CRCoV [1, 2]. Interestingly,
in this study, we indentified four dogs co-infected with CIV
and CDV and, one dog co-infected with CRCoV and CDV.
Therefore, there is an urgent need for an easy to perform test
that can effectively identify multiple viruses simultaneously
and can be used as well to screen for CIRD associated agents
in canine respiratory disease samples. This study has shown
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that mRT-PCR, in just one single assay, is capable to detect
target genes from three viral pathogens causing CIRD. This
mRT-PCR assay was developed to provide a rapid and sensi-
tive diagnostic method for the simultaneous detection of the
three viral pathogens associated with CIRD in the antemor-
tem canine nasal swab samples. Future studies are required
to expand the “coverage” of mRT-PCR enabling detection of
other viral pathogens associated with CIRD

ACKNOWLEDGMENTS. We are grateful to Mr. Sung Yub
Kim for technical assistance, and this work was supported by
a grant from the animal, Plant and Fisheries Quarantine and
Inspection Agency, Ministry for Food, Agriculture, Forestry
and Fisheries, South Korea.

REFERENCES

1.

10.

An, D. J., Jeong, W., Yoon, S. H., Jeoung, H. Y., Kim, H. J. and
Park, B. K. 2010. Genetic analysis of canine group 2 coronavirus
in Korean dogs. Vet. Microbiol. 141: 46-52. [Medline] [CrossRef]
An, D. J., Jeoung, H. Y., Jeong, W., Chae, S., Song, D. S., Oh, J.
S. and Park, B. K. 2010. A serological survey of canine respira-
tory coronavirus and canine influenza virus in Korean dogs. J.
Vet. Med. Sci. 72: 1217—1219. [Medline] [CrossRef]

An, D.J., Kim, T. Y., Song, D. S., Kang, B. K. and Park, B. K.
2008. An immunochromatography assay for rapid antemortem
diagnosis of dogs suspected to have canine distemper. J. Virol.
Methods 147: 244-249. [Medline] [CrossRef]

Boonsuk, P., Payungporn, S., Chicochansin, T., Samransamrua-
jkit, R., Amonsin, A., Songserm, T., Chaisingh, A., Chamnan-
pood, P., Chutinimitkul, S., Theamboonlers, A. and Poovorawan,
Y. 2008. Detection of influenza virus types A and B and type A
subtypes (H1, H3, and H5) by multiplex polymerase chain reac-
tion. Tohoku. J. Exp. Med. 215: 247-255. [Medline] [CrossRef]
Buonavoglia, C. and Martella, V. 2007. Canine respiratory vi-
ruses. Vet. Res. 38: 355-373. [Medline] [CrossRef]

Decaro, N., Desario, C., Elia, G., Mari, V., Lucente, M. S.,
Cordioli, P., Colaianni, M. L., Martella, V. and Buonavoglia, C.
2007. Serological and molecular evidence that canine respiratory
coronavirus is circulating in Italy. Vet. Microbiol. 121: 225-230.
[Medline] [CrossRef]

Erles, K. and Brownlie, J. 2005. Investigation into the causes
of canine infectious respiratory disease: antibody responses to
canine respiratory coronavirus and canine herpesvirus in two
kennelled dog populations. Arch. Virol. 150: 1493—-1504. [Med-
line] [CrossRef]

Erles, K., Dubovi, E. J., Brooks, H. W. and Brownlie, J. 2004.
Longitudinal study of viruses associated with canine infectious
respiratory disease. J. Clin. Microbiol. 42: 4524-4529. [Med-
line] [CrossRef]

Erles, K., Shiu, K. B. and Brownlie, J. 2007. Isolation and se-
quence analysis of canine respiratory coronavirus. Virus. Res.
124: 78-87. [Medline] [CrossRef]

Frisk, A. L., Konig, M., Moritz, A. and Baumgartner, W. 1999.
Detection of canine distemper virus nucleoprotein RNA by
reverse transcription-PCR using serum, whole blood, and cere-
brospinal fluid from dogs with distemper. J. Clin. Microbiol. 37:
3634-3643. [Medline]

Gowtage-Sequeira, S., Banyard, A. C., Barrett, T., Buczkowski,
H., Funk, S. M. and Cleaveland, S. 2009. Epidemiology, pathol-
ogy, and genetic analysis of a canine distemper epidemic in

12.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Namibia. J. Wildl. Dis. 45: 1008—-1020. [Medline]

Jung, K., Lee, C. S., Kang, B. K., Park, B. K., Oh, J. S. and Song,
D. S. 2010. Pathology in dogs with experimental canine H3N2
influenza virus infection. Res. Vet. Sci. 88: 523-527. [Medline]
[CrossRef]

Kapil, S., Allison, R. W. 3rd, Johnston, L., Murray, B. L., Hol-
land, S., Meinkoth, J. and Johnson, B. 2008. Canine distemper
virus strains circulating among North American dogs. Clin. Vac-
cine. Immunol. 15: 707-712. [Medline] [CrossRef]

Kapil, S. and Teary, T. J. 2011. Canine distemper spillover in
domestic dogs from urban wildlife. Ver. Clin. North Am. Small
Anim. Pract. 41: 1069—1086. [Medline] [CrossRef]

Kim, D., Jeoung, S.Y.,Ahn, S.J., Lee, J. H., Pak, S. I. and Kwon,
H. M. 2006. Comparison of tissue and fluid samples for the early
detection of canine distemper virus in experimentally infected
dogs. J. Vet. Med. Sci. 68: 877-879. [Medline] [CrossRef]

Lan, N. T., Yamaguchi, R., Kien, T. T., Hirai, T., Hidaka, Y. and
Nam, N. H. 2009. First isolation and characterization of canine
distemper virus in Vietnam with the immunohistochemical ex-
amination of the dog. J. Vet. Med. Sci. 71: 155-162. [Medline]
[CrossRef]

Lee, C., Song, D., Kang, B., Kang, D., Yoo, J., Jung, K., Na,
G., Lee, K., Park, B. and Oh, J. 2009. A serological survey of
avian origin canine H3N2 influenza virus in dogs in Korea. Vet.
Microbiol. 137: 359-362. [Medline] [CrossRef]

Li, S., Shi, Z., Jiao, P., Zhang, G., Zhong, Z., Tian, W., Long, L.
P., Cai, Z., Zhu, X., Liao, M. and Wan, X. F. 2010. Avian-origin
H3N2 canine influenza A viruses in Southern China. Infect.
Genet. Evol. 10: 1286—-1288. [Medline] [CrossRef]

Mitchell, J. A., Brooks, H., Shiu, K. B., Brownlie, J. and Erles,
K. 2009. Development of a quantitative real-time PCR for the
detection of canine respiratory coronavirus. J. Virol. Methods
155: 136-142. [Medline] [CrossRef]

Osiowy, C. 1998. Direct detection of respiratory syncytial virus,
parainfluenza virus, and adenovirus in clinical respiratory speci-
mens by a multiplex reverse transcription-PCR assay. J. Clin.
Microbiol. 36: 3149-3154. [Medline]

Ozkul, A., Sancak, A. A., Gungor, E. and Burgu, 1. 2004. De-
termination and phylogenetic analysis of canine distemper virus
in dogs with nervous symptoms in Turkey. Acta. Vet. Hung. 52:
125-132. [Medline] [CrossRef]

Priestnall, S. L., Brownlie, J., Dubovi, E. J. and Erles, K. 2006.
Serological prevalence of canine respiratory coronavirus. Vet.
Microbiol. 115: 43-53. [Medline] [CrossRef]

Shin, Y. J., Cho, K. O., Cho, H. S., Kang, S. K., Kim, H. J., Kim,
Y. H., Park, H. S. and Park, N. Y. 2004. Comparison of one-step
RT-PCR and a nested PCR for the detection of canine distemper
virus in clinical samples. Aust. Vet. J. 82: 83-86. [Medline]
[CrossRef]

Soma, T., Ishil, H., Miyata, T. and Hara, M. 2008. Prevalence of
antibodies to canine respiratory coronavirus in some dog popula-
tions in Japan. Vet. Rec. 163: 368-369. [Medline] [CrossRef]
Song, D., Kang, B., Lee, C., Jung, K., Ha, G., Kang, D., Park, S.,
Park, B. and Oh, J. 2008. Transmission of avian influenza virus
(H3N2) to dogs. Emerg. Infect. Dis. 14: 741-746. [Medline]
[CrossRef]

Song, D., Lee, C., Kang, B., Jung, K., Oh, T., Kim, H., Park,
B. and Oh, J. 2009. Experimental infection of dogs with avian-
origin canine influenza A virus (H3N2). Emerg. Infect. Dis. 15:
56-58. [Medline] [CrossRef]

Xie, Z., Pang, Y. S., Liu, J., Deng, X., Tang, J., Sun, J. and Khan,
M. 1. 2006. A multiplex RT-PCR for detection of type A influenza
virus and differentiation of avian H5, H7, and H9 hemagglutinin
subtypes. Mol. Cell. Probes 20: 245-249. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/19819086?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2009.09.002
http://www.ncbi.nlm.nih.gov/pubmed/20410676?dopt=Abstract
http://dx.doi.org/10.1292/jvms.10-0067
http://www.ncbi.nlm.nih.gov/pubmed/17950910?dopt=Abstract
http://dx.doi.org/10.1016/j.jviromet.2007.09.006
http://www.ncbi.nlm.nih.gov/pubmed/18648185?dopt=Abstract
http://dx.doi.org/10.1620/tjem.215.247
http://www.ncbi.nlm.nih.gov/pubmed/17296161?dopt=Abstract
http://dx.doi.org/10.1051/vetres:2006058
http://www.ncbi.nlm.nih.gov/pubmed/17215093?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2006.12.001
http://www.ncbi.nlm.nih.gov/pubmed/15841339?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15841339?dopt=Abstract
http://dx.doi.org/10.1007/s00705-005-0533-x
http://www.ncbi.nlm.nih.gov/pubmed/15472304?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15472304?dopt=Abstract
http://dx.doi.org/10.1128/JCM.42.10.4524-4529.2004
http://www.ncbi.nlm.nih.gov/pubmed/17092595?dopt=Abstract
http://dx.doi.org/10.1016/j.virusres.2006.10.004
http://www.ncbi.nlm.nih.gov/pubmed/10523566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19901377?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19963232?dopt=Abstract
http://dx.doi.org/10.1016/j.rvsc.2009.11.007
http://www.ncbi.nlm.nih.gov/pubmed/18256210?dopt=Abstract
http://dx.doi.org/10.1128/CVI.00005-08
http://www.ncbi.nlm.nih.gov/pubmed/22041204?dopt=Abstract
http://dx.doi.org/10.1016/j.cvsm.2011.08.005
http://www.ncbi.nlm.nih.gov/pubmed/16953092?dopt=Abstract
http://dx.doi.org/10.1292/jvms.68.877
http://www.ncbi.nlm.nih.gov/pubmed/19262025?dopt=Abstract
http://dx.doi.org/10.1292/jvms.71.155
http://www.ncbi.nlm.nih.gov/pubmed/19231112?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2009.01.019
http://www.ncbi.nlm.nih.gov/pubmed/20732458?dopt=Abstract
http://dx.doi.org/10.1016/j.meegid.2010.08.010
http://www.ncbi.nlm.nih.gov/pubmed/19013196?dopt=Abstract
http://dx.doi.org/10.1016/j.jviromet.2008.10.008
http://www.ncbi.nlm.nih.gov/pubmed/9774555?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15119793?dopt=Abstract
http://dx.doi.org/10.1556/AVet.52.2004.1.12
http://www.ncbi.nlm.nih.gov/pubmed/16551493?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2006.02.008
http://www.ncbi.nlm.nih.gov/pubmed/15088966?dopt=Abstract
http://dx.doi.org/10.1111/j.1751-0813.2004.tb14651.x
http://www.ncbi.nlm.nih.gov/pubmed/18806283?dopt=Abstract
http://dx.doi.org/10.1136/vr.163.12.368
http://www.ncbi.nlm.nih.gov/pubmed/18439355?dopt=Abstract
http://dx.doi.org/10.3201/eid1405.071471
http://www.ncbi.nlm.nih.gov/pubmed/19116051?dopt=Abstract
http://dx.doi.org/10.3201/eid1501.080755
http://www.ncbi.nlm.nih.gov/pubmed/16542820?dopt=Abstract
http://dx.doi.org/10.1016/j.mcp.2006.01.003

