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Detection of canine distemper virus in dogs by real-time RT-PCR
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Abstract

Canine distemper virus is the etiological agent of a severe disease in dogs and many other carnivores. Clinical diagnosis of canine distemper is
difficult due to the broad spectrum of signs that may be confounded with other respiratory and enteric diseases of dogs. Accordingly, a laboratory
confirmation is required for suspected cases. In this study a real-time RT-PCR assay was developed for detection and quantitation of canine
distemper virus. The assay exhibited high specificity as all the negative controls (no-template-controls and samples from healthy sero-negative
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ogs) and other canine pathogens were not misdetected. Up to 1 × 10 copies of RNA were detected by the TaqMan assay, thus revealing a high
ensitivity. Quantitative TaqMan was validated on clinical samples, including various tissues and organs collected from dogs naturally infected
y canine distemper virus. Urines, tonsil, conjunctival swabs and whole blood were found to contain high virus loads and therefore proved to be
uitable targets for detection of canine distemper virus RNA.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Canine distemper virus is the etiological agent of a serious,
ften fatal, disease in dogs and many other carnivores (Appel,
987). Canine distemper virus belongs to the genus Morbil-
ivirus, family Paramixoviridae, that includes measles virus,
hocine distemper virus and rinderpest virus. Morbilliviruses
ave enveloped virions and a negative-sense, single stranded
NA genome. The RNA encodes six structural proteins: two
embrane glycoproteins, the fusion (F) and the hemagglutinin

H), the envelope-associated matrix (M) protein, the phospho-
rotein (P), the large polymerase (L) and the nucleocapsid (N)
rotein.

Although vaccination against canine distemper has been used
idely for many decades, this infection still represents an impor-

ant disease for dogs. Targets of infection by canine distemper
irus are mainly mucous membranes and lymphoid tissues. Fol-
owing aerosol infection, the virus primarily replicates in lym-
hatic tissues of the respiratory tract and subsequently reaches

various organs, including the cells of the lower respiratory and
gastrointestinal tracts, the lymphoid organs, the urinary bladder
and the central nervous system (Appel, 1987). This can result in
either subclinical infection or a combination of respiratory, ocu-
lar, gastrointestinal, neurologic and cutaneous signs or lesions,
that appear simultaneously or sequentially (Greene and Appel,
1998). Nervous signs may be present in the chronic form of dis-
temper along with other manifestations, or may occur without
any other signs (Appel, 1987). The broad spectrum of clinical
signs, not dissimilar from the signs observed in other respira-
tory and enteric diseases of dogs, hampers clinical diagnosis of
canine distemper (Jones et al., 1997) and renders necessary labo-
ratory confirmation. Routine diagnosis of canine distemper virus
by immunofluorescence (IF) is applied to various specimens,
including conjunctival, nasal and vaginal smears, using poly-
clonal or monoclonal antibodies. This test is not sensitive and
can detect canine distemper virus antigens only within 3 weeks
after infection, when the virus is still present in the epithelial
cells (Appel, 1987).

Serological methods, such as enzyme-linked immunosorbent
(ELISA) and seroneutralization (SN) assays, have little diagnos-
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tic value because high titers of antibodies to canine distemper
virus may be the result of previous vaccination or subclini-
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cal/clinical infection (Shin et al., 1995; Frisk et al., 1999; Kim
et al., 2001).

A definitive diagnosis of canine distemper by virus isolation
on canine cells is fastidious and time-consuming, taking sev-
eral days to weeks, notably when applied to clinical specimens
(Shin et al., 1995; Frisk et al., 1999; Kim et al., 2001). Recently,
VERO cells expressing the canine signaling lymphocyte activa-
tion molecule were engineered that proved to be highly sensitive
for virus isolation, showing cytopathic effect as early as 24 h after
sample inoculation (Seki et al., 2003).

The contagious nature and the high mortality rates of canine
distemper make it necessary to speed up the diagnostic proce-
dure in order to quarantine infected dogs and start appropriate
treatments early. Accordingly, a sensitive, specific and rapid
method is desirable to detect even small amounts of virus early
in infection. Reverse-transcriptase-polymerase chain reaction
(RT-PCR) has been applied successfully to diagnosis of canine
distemper virus (Frisk et al., 1999; von Messling et al., 1999;
Rzeżutka and Mizak, 2002; Saito et al., 2006; Shin et al., 2004).
The aim of this study was to develop a rapid, sensitive and spe-
cific real-time RT-PCR method to detect and quantify canine
distemper virus in clinical specimens of naturally infected dogs.
Real-time RT-PCR assays for canine distemper virus offer sub-
stantial improvements in virus detection and thus may render
easier the control of canine distemper disease.
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by vortexing) and from 140 �l of urine. RNA was extracted from
tissues (25 mg) with the RNeasy Total RNA Kit (Qiagen S.p.A.).
To rule out carryover contamination, negative controls included
the RNA extracted from biological samples of healthy dogs as
well as the RNA of other canine pathogens. RNA isolation was
performed according to the manufacturer’s instruction.

2.3. Design of primers and probe

Sequenced retrieved from the GenBank database were
used to design primers and probe. Canine distemper virus
conserved regions were identified by generating multiple
sequence alignments using the BioEdit software package
(http://www.mbio.ncsu.edu/BioEdit/bioedit.html). The H and
F genes of canine distemper virus display a high rate of
nucleotide variation that allows distinction of a number of geno-
types or genetic clusters, according to a geographic pattern
(Martella et al., in press). Accordingly, selection of primers
was restricted to the N protein-encoding gene, that is subjected
to a lower degree of variation (Rima et al., 1995). Primers
and TaqMan probe were designed using Beacon Design soft-
ware version 2.0 (Premier Biosoft International, Palo Alto,
CA, USA) to amplify a conserved 83-bp fragment within
the N protein region. Primers and probe were synthesized
by MWG Biotech AG (Ebersberg, Germany). The TaqMan
probe was labeled with 6-carboxyfluorescein (FAM) at the
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. Materials and methods

.1. Animals and sample collection

Canine distemper virus-positive samples (blood, conjuncti-
al swabs and urines) from eight dogs (nos. 1–8) were collected
uring 2005. The dogs showed typical signs of canine distem-
er, such as fever, purulent ocular and nasal discharge, tonsillitis,
ronchitis, gastroenteritis or neurological disturbance and diag-
osis was confirmed by RT-PCR (Frisk et al., 1999). Archival
issue samples (brain and/or spleen) from seven additional dogs
ositive to canine distemper virus (nos. 9–15) were included in
he study. The whole carcase from a canine distemper virus-
ositive dog (no. 16) was used for detailed investigation of
anine distemper virus distribution in the various tissues and
rgans.

The negative controls used in the study included: (i) blood
amples taken from two healthy dogs one day prior to vacci-
ation; (ii) no-template-controls; (iii) samples containing other
anine pathogens, i.e. CCoV type I and CCoV type II (Decaro
t al., 2005a), reoviruses (Decaro et al., 2005b) and rotaviruses
Martella et al., 2001).

.2. Preparation of RNA samples

Each sample was prepared for RNA extraction using com-
ercial kits, depending on the examined probe. QIAamp Blood
ini Kit was used to isolate RNA from 1 ml of blood samples.
IAamp Viral RNA protocols (QIAamp Viral RNA, Qiagen
.p.A., Italy) were used to isolate total RNA from swabs (140 �l
rom 1 ml of transport medium used to resuspend the swabs in
′ end and with 6-carboxytetramethylrhodamine (TAMRA) at
he 3′ end. The position and sequence of the primers and
robe used for TaqMan RT-PCR amplification are reported in
able 1.

.4. Generation of standard RNA

An 880 nt-long RT-PCR product encompassing the tar-
eted region was prepared using canine distemper virus strain
nderstepoort. The sequence of the primers are the fol-

ows: P for 5′-ATGAAACGATCCCCAGGG-3′; P rev 5′-
CTGATGTAACACTGGTCT-3′. The resulting RT-PCR prod-
ct was cloned into pCR4-TOPO vector (TOPO TA cloning,
nvitrogen, Milan, Italy) and in vitro transcribed with Ribo-

AXTM Large Scale RNA Production System-T7 (Promega
talia, Milan, Italy) from the T7 promoter, according to the man-
facturer’s guidelines. Residual DNA was eliminated by DNAse
reatment and the transcript was purified with Rneasy columns
Qiagen S.p.A., Italy) and quantified by spectrophotometrical
nalysis. Ten-fold dilutions of the RNA transcripts were made
n TE (Tris–HCl, EDTA, pH 8.0) buffer containing 30 �g carrier
NA (tRNA from Escherichia coli, Sigma–Aldrich Srl, Milan,

taly) per ml. Aliquots of each dilution were frozen at −70 ◦C
nd used only once.

.5. Reverse transcription

Triplicate of the standard dilutions and RNA templates were
ubjected simultaneously to reverse transcription (RT). One
icroliter of each triplicate of standard dilutions or template
NA was reverse transcribed in a reaction volume of 20 �l

http://www.mbio.ncsu.edu/bioedit/bioedit.html
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Table 1
Oligonucleotides used in fluorogenic and conventional RT-PCR assays for canine distemper virus

Primer/probe Sequences 5′–3′ Sense Position Amplicon size (bp)

p1a ACAGGATTGCTGAGGACCTAT + 769–789 287
p2a CAAGATAACCATGTACGGTGC − 1055–1035
CDV-Fb AGCTAGTTTCATCTTAACTATCAAATT + 905–931 87
CDV-Rb TTAACTCTCCAGAAAACTCATGC − 966–987
CDV-Pbb FAM-ACCCAAGAGCCGGATACATAGTTTCAATGC-TAMRA − 934–963

FAM, 6-carboxyfluorescein; TAMRA, 6-carboxytetramethylrhodamine. Oligonucleotide positions are referred to the sequence of canine distemper virus strain
Ondesterpoort.

a Coventional RT-PCR (Frisk et al., 1999).
b Fluorogenic RT-PCR.

containing PCR buffer 1× (KCl 50 mM, Tris–HCl 10 mM, pH
8.3), MgCl2 5 mM, 1mM of each deoxynucleotide (dATP, dCTP,
dGTP, dTTP), Rnase Inhibitor 1 U, MuLV reverse transcriptase
2.5 U, random hexamers 2.5 U. Synthesis of c-DNA was carried
out at 42 ◦C for 30 min, followed by a denaturation step at 99 ◦C
for 5 min.

2.6. Real-time assay for canine distemper virus

For the real-time assay, 20 �l of c-DNA was added to 30 �l of
reaction master mix. The master mix consisted of 25 �l of IQTM
Supermix (Bio-Rad Laboratories Srl, Milan, Italy), 600 nM of
each primer (P for and P rev), 400 nM of probe CDV-Pb. Fluoro-
genic PCR was carried out in a LightCycler instrument (i-Cycler
iQTM Real-Time Detection, Bio-Rad Laboratories Srl) with the
following steps: activation of iTaq DNA polymerase at 95 ◦C
for 10 min and 45 cycles consisting of denaturation at 95 ◦C for
15 s, primer annealing at 48 ◦C for 1 min and extension at 60 ◦C
for 1 min.

Standard RNA (5000 copies/ml of faecal suspension) used in
a real-time RT-PCR assay for avian influenza virus (Di Trani et
al., in press) was employed as an internal control (IC) to con-
firm the successful extraction of RNA, conversion to c-DNA
and the TaqMan PCR reaction. The fixed amount of IC added to
each sample had been calculated to give a mean threshold cycle
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denaturation at 94 ◦C, annealing at 59.5 ◦C for 2 min, extension
at 72 ◦C for 1 min and final extension at 72 ◦C for 10 min. The
RT-PCR products were analyzed on 2% agarose gel after staining
with ethidium bromide.

3. Results

3.1. Dynamic range, specificity and reproducibility of the
real-time RT-PCR assay

Serial 10-fold dilutions ranging from 1 × 100 to 1 × 108

copies of control RNA were reversed transcribed. cDNAs were
then used to determine the detectability and the linearity of
the assay (Fig. 1). CT values were measured in triplicate and
were plot against the known copy number of the standard sam-
ples. The generated standard curve covered a linear range of
seven orders of magnitude and showed linearity over the entire
quantitation range (slope = −3.831), providing an accurate mea-
surement over a very large variety of starting target amounts. The
coefficient of linear regression (R2) was equal to 0.997 and the
PCR efficiency ranged around 82.4%.

Experiments were undertaken to asses diagnostic criteria
such as specificity and reproducibility. Samples known to be
positive for other infectious agents were run in this assay to
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CT) value in the real-time RT-PCR assay of 35.33 with a S.D.
f 0.79, as calculated by 30 separate runs. Real-time PCR for
C detection was carried out in a separate run, using primers

-Flu1 (CTTCTAACCGAGGTCGAAACGTA) and M-Flu2
GGATTGGTCTTGTCTTTAGCCA) and minor groove binder
robe M-Fluprob (FAM-CTCGGCTTTGAGGGGGCCTGA-
GB). Samples in which the CT value for the IC was > 36.91

average + 2S.D.) were excluded from analysis.

.7. Gel-based RT-PCR for canine distemper virus

The PCR assay amplifies a 287-bp region from the N gene
Frisk et al., 1999). The position and sequence of the primers are
eported in Table 1. Samples were extracted as described above.
riefly, for amplification the GeneAmp RNA PCR kit (Applied
iosystem, Applera, Italy) was used. RT was performed at 42 ◦C

or 30 min. After inactivation of MuLV reverse transcriptase,
he PCR mix (1 �M of each primer) was added, followed by
enaturation at 94 ◦C for 10 min and 45 cycles consisting of
ig. 1. Standard curve of the real-time RT-PCR assay for canine distemper
iirus. Ten-fold dilutions of standard RNA prior to amplification were used, as
ndicated in the x-axis, whereas the corresponding cycle threshold (CT) values are
resented on the y-axis. Each dot represents the result of duplicate amplification
f each dilution. The coefficient of determination (R2) and the slope value (s) of
he regression curve were calculated and are indicated.
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Fig. 2. Coefficient of variation intra- and inter-assay over the dynamic range of
the real-time RT-PCR for canine distemper virus.

determine whether there is any cross-reactivity with other tar-
gets. These samples were positive controls from other assays
currently being run in our lab. No cross-reactivity with CCoV
type I, CCoV type II, reoviruses and rotaviruses was observed
in this assay. Similarly, no detectable fluorescence signal was
obtained in control negative tubes (negative samples and no-
template controls), confirming that the assay was specific for
the detection of canine distemper virus RNA.

To asses the reproducibility of the fluorogenic assay, the inter-
assay and the intra-assay coefficient of variations (CVs) were
calculated by testing in five consecutive runs (CV inter-assay)
or five times in the same run (CV intra-assay) samples contain-
ing different amounts of virus RNA (Fig. 2). The intra-assay
CVs were in the range of 6.19% (samples containing 4.41 × 105

RNA copies) to 37.52% (samples containing 2.18 × 102 RNA
copies), whereas the inter-assay CVs were comprised between
9.79% (samples containing 6.34 × 106 RNA copies) and 46.72%
(samples containing 4.09 × 102 RNA copies).

3.2. Sensitivity comparison of conventional RT-PCR and
real-time RT-PCR

To assess the sensitivity, the real-time RT-PCR was compared
with an RT-PCR assay used in clinical diagnostics (Frisk et al.,
1999; Saito et al., 2006). A 50% homogenate containing 25 mg
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Fig. 3. Sensitivity of the conventional RT-PCR based on gene N of canine dis-
temper virus. Lane M, molecular size marker GeneRuler 100 bp DNA Ladder
(Fermentas, GmbH, St. Leon-Rot., Germany); lanes 1–9, 10-fold dilutions (undi-
luted to 10−8) of a canine distemper virus-positive sample, containing 3.13 × 108

RNA copies/�l of template.

steps and assayed with both real-time and conventional PCR.
Both the assays were able to detect virus RNA up to the dilution
of 10−2.00 TCID50/50 �l. Accordingly, the real-time assay and
the conventional PCR were equally sensitive in the detection of
virus RNA.

3.3. Internal control performance

The IC was detected in all the examined samples, with CT
values below the threshold value of 36.91. Therefore, significant
RNA losses and DNA polymerase inhibition did not occur during
nucleic acid extraction and PCR amplification, respectively.

3.4. Analysis of samples from dogs infected with canine
distemper virus

To evaluate the suitability of the real-time RT-PCR assay
for detection of canine distemper virus in clinical specimens
from eight positive dogs, conjunctival swabs, urines, and blood
were analyzed. As shown in Table 2, high levels of virus RNA
were detected in all conjunctival swabs with a range between
5.91 × 105 and 4.93 × 107 �l of template. The virus loads in
blood samples ranged between 6.26 × 104 and 7.58 × 106 RNA
copies/�l of template, while in the urines reached 2.35 × 109

RNA copies/�l of template.
Quantitation of virus loads in archival brain and spleen tis-
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f tonsil sample positive to canine distemper virus (dog no. 16)
as diluted 1:10 in eight steps by spiking a canine distemper
irus-negative tissue homogenate. Genomic RNA was then ana-
yzed in duplicate by both TaqMan assay and conventional RT-
CR. Real-time analysis predicted that the starting RNA copy
umber from the sample was 3.13 × 108 RNA copies/�l of tem-
late. The detection limit of the TaqMan assay was 1 × 102 and
.13 × 102 copies for standard RNA and genomic RNA, respec-
ively. Sensitivity of the conventional RT-PCR assay was as high
s 3.13 × 102 copies of genomic RNA (Fig. 3). In addition, the
ryolisate of a cell-culture-adapted strain, Onderstepoort, with a
itre of 104.00 TCID50 /50 �l, was diluted serially 1:10 in seven
ues was also determined. In all the examined animals, RNA
oncentration ranged from 1.04 × 104 to 1.87 × 109 copies/�l
f template.

Analysis of canine distemper virus distribution in dog no.
6 (Table 3) revealed high virus concentrations (3.10 × 106 to
.13 × 108 RNA copies/�l of template) in the lymphoid tissues
tonsil, spleen, thymus, mesenteric lymph node). Interestingly,
he virus was detected at high levels also in other tissues, such
s skin, muscular tissues, footpad, oral mucosa, with the virus
oads ranging from 2.10 × 106 to 4.25 × 108 RNA copies/�l of
emplate.

In order to investigate the distribution of canine distemper
irus throughout the brain tissues, a total of 17 samples were
btained from a positive brain. Six cortex areas and 11 medullar
reas were selected, including the cerebellum. As shown in
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Table 2
Analysis of samples from dogs naturally infected with canine distemper virus
by real-time RT-PCR

Sample Dog no. Real-time titrea

Blood 1 7.58 × 106

Ocular swab 1 1.63 × 106

Ocular swab 2 5.33 × 106

Ocular swab 3 8.03 × 105

Ocular swab 4 4.93 × 107

Urine 4 1.95 × 103

Ocular swab 5 5.91 × 105

Blood 5 6.26 × 104

Urine 5 2.35 × 109

Ocular swab 6 1.13 × 107

Blood 7 6.08 × 105

Ocular swab 8 6.38 × 105

Urine 8 1.90 × 105

Spleen 9 4.78 × 106

Brain 9 2.80 × 107

Spleen 10 3.80 × 108

Brain 10 1.03 × 108

Spleen 11 2.54 × 107

Spleen 12 1.87 × 109

Spleen 13 1.37 × 109

Spleen 14 1.04 × 104

Spleen 15 8.77 × 104

a Real-time titres are expressed as number of virus RNA copies/�l of template.

Table 3
Analysis of samples collected at necroscopy from a dog positive to canine dis-
temper virus (no. 16) by real-time RT-PCR

Tissues Real-time titrea

Thymus 3.96 × 107

Tonsil 3.13 × 108

Mesenteric lymph node 2.64 × 108

Spleen 3.10 × 106

Oral swab 2.72 × 108

Mouth 1.16 × 108

Rectal swab 1.61 × 108

Nasal swab 5.71 × 106

Urines 7.03 × 107

Urinary bladder 4.41 × 104

Kidney 5.64 × 106

Heart 2.79 × 104

Liver 3.23 × 106

Gall 1.55 × 107

Testis 1.86 × 106

Cerebrospinal fluid 3.06 × 104

Lung
Cranial lobe 1.43 × 108

Accessory lobe 6.28 × 107

Caudal lobe 1.41 × 108

Spinal cord
Thoracic segment 5.19 × 105

Lumbar segment 1.82 × 107

Sacral segment 1.35 × 105

Bone marrow 1.91 × 106

Footpad 9.87 × 107

Skin 4.25 × 108

Muscle tissue 2.10 × 106

Blood 5.27 × 105

a Real-time titres are expressed as number of virus RNA copies/�l of template.

Table 4
Virus loads evidenced by real-time RT-PCR in the brain of a dog positive to
canine distemper virus

Dog brain no. 16 Anatomic region Real-time titrea

1 Frontal lobe 3.40 × 107

2 Frontal lobe 1.28 × 107

3 Temporal lobe 1.64 × 107

4 Parietal lobe 3.50 × 106

5 Occipital lobe 3.23 × 106

6 Cerebellar hemisphere 1.36 × 106

7 Temporal lobe 2.21 × 107

8 Prorean gyrus 4.23 × 106

9 Prorean gyrus 5.76 × 107

10 Occipital gyrus 6.64 × 105

11 Splenial gyrus 2.96 × 106

12 Hypothalamus 1.44 × 106

13 Corpus callosum: genu 7.51 × 105

14 Cingulate gyrus 1.88 × 105

15 Corpus callosum: splenium 2.17 × 102

16 Superior cerebellar vermis 7.55 × 106

17 Inferior cerebellar vermis 8.66 × 105

a Real-time titres are expressed as number of virus RNA copies/�l of template.

Table 4, the highest viral loads (1.64 × 107 to 5.76 × 107 RNA
copies/�l of template) were detected in the frontal and temporal
lobe, as well as in the prorean gyrus, while the lowest viral load
was detected in the splenium of corpus callosum (2.17 × 102

RNA copies/�l of template). In the other brain samples the
viral concentrations were homogeneous and ranged between
1.88 × 105 and 7.55 × 106 RNA copies/�l of template.

4. Discussion

Canine distemper is a major disease of dog, characterised by
high morbidity and mortality rates, notably in dogs between 3
and 6 months of age. In recent years, several attempts have been
made to improve diagnosis of canine distemper, and several con-
ventional RT-PCR assays were developed that allow efficient
virus detection in vivo from swabs or biological samples (Frisk
et al., 1999; Shin et al., 1995, 2004). In addition, Seki et al.
(2003) engineered VERO cells expressing the canine signaling
lymphocyte activation molecule, that proved to be highly sensi-
tive for virus isolation.

The sensitivity, specificity and rapidity of RT-PCR compared
with conventional methods, including electron microscopy,
virus isolation, immunofluorescence and ELISA, render this
assay the first-choice diagnostic test. However, RT-PCR is tech-
nically demanding, and requires 4–8 h for a complete diagnosis
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ith additional post-PCR analysis for the detection of PCR
roducts.

The double-step real-time RT-PCR assay displays several
dvantages over conventional RT-PCR assays, increasing the
aboratory throughput and enabling simultaneous processing of
everal samples. The technique gives exhaustive results within
h and the reaction is performed in a closed-tube system, not

equiring additional manipulations. Although a limited carry-
ver contamination may occur due to separation between RT
nd fluorogenic PCR, a double-step assay was preferred rather
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than a one-step, since one-tube methods are more expensive
and less sensitive than two-step RT-PCR procedures (Nakamura
et al., 1993; Decaro et al., 2004). Another major advantage of
real-time RT-PCR is the ability to quantitate the viral load in
clinical specimens, whereas conventional RT-PCR allows only
qualitative analysis. This makes the fluorogenic assay useful for
pathogenesis studies. The real-time RT-PCR developed in this
study proved to be specific and no cross-amplification of non-
morbillivirus RNA virus was observed. The real-time RT-PCR
assay for canine distemper virus was highly reproducible and
linear over a range of eight orders of magnitude, from 102 to
109 copies, allowing a precise calculation of RNA load in sam-
ples containing a wide range of viral RNA amounts. In the study,
the reproducibility of the assay was high with relatively small
intra- and inter-assay variability. We used the TaqMan assay
to provide quantitative estimates of the virus genetic loads in
a variety of tissue samples. As expected, high viral load was
demonstrated in the lymphoid tissues (tonsil, spleen, mesenteric
lymph nodes). High viral levels were also demonstrated in sev-
eral internal organs, and, even more interestingly, in urines. This
finding is consistent with what observed previously (Shen et al.,
1981; Saito et al., 2006) and addresses urines as a good tar-
get for diagnosis of canine distemper virus in vivo in clinically
suspected dogs.

Post-mortem diagnosis of canine distemper is usually based
on detection of virus antigens by IF on brain smears. The real-
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