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Abstract

A sandwich-dot enzyme-linked immunosorbent assay (dot ELISA) was developed for the detection of canine distemper virus
(CDV). In 56 dogs suspected to have CD the rates of detection of CDV antigen in samples of blood lymphocytes and palpebral
conjunctiva by dot ELISA and ELISA were, respectively, 91% (49/54) and 81% (44/54) for the lymphocyte samples and 88%
(28/32) and 75% (24/32) for the conjunctival samples. The CDV detection limits were 10 ng/50 L for dot ELISA and 40 ng/50 pL
for ELISA. The reliability of dot ELISA relative to electron microscopy was 96% with 22 samples: all 21 samples in which CDV
particles were observed by electron microscopy yielded positive results with dot ELISA; the single sample in which particles
were not observed yielded false-positive results with dot ELISA. The results indicate that the dot ELISA developed can serve
as a reliable rapid diagnostic test in suspected cases of CD and also be useful for epidemiologic surveillance of the disease.

Resume

Une épreuve immuno-enzymatique sandwich par point (dot ELISA) a été développée afin de détecter le virus du distemper canin (CDV).
Chez 56 chiens suspectés d’avoir le CD, les taux de détection d’antigéne du CDV dans des échantillons de lymphocytes sanguins et de I
conjonctive palpébrale par dot ELISA et ELISA étaient, respectivement, 91 % (49/54) et 81 % (44/54) pour les échantillons de lymphocytes
et 88 % (28/32) et 75 % (75/32) pour les échantillons de conjonctive. Les limites de détection de CDV étaient 10 ng/50 wL pour le dot ELISA
et 40 ng/50 wL pour I'ELISA. La fiabilité du dot ELISA relativement au microscope électronique était de 96 % avec 22 échantillons : les
21 échantillons a partir desquels des particules de CDV furent observées ont donné des résultats positifs au dot ELISA; le seul échantillon
a partir duquel aucune particule ne fut observée a donné un résultat faussement positif au dot ELISA. Les résultats indiquent que I'épreuve
dot ELISA développée peut servir en tant que test diagnostique rapide et fiable lors de cas suspectés de CD et peut également étre utile pour
la surveillance épidémiologique de la maladie.

(Traduit par Docteur Serge Messier)

Furthermore, many puppies with maternal antibodies and vac-

Introduction

Canine distemper (CD) is a highly contagious disease that affects
dogs of all ages. It has high morbidity and mortality rates and occurs
worldwide. Canine distemper virus (CDV), a member of the family
Paramyxoviridae, genus Morbillivirus (1), causes acute generalized
infection or chronic localized and persistent infection in the central
nervous system (2). Infected dogs have either the catarrhal form of
distemper or epileptiform convulsions in the initial stages of the
disease. Since the virus shows strong infectivity and the infection
has a high mortality rate, most dog breeders suffer serious economic
losses with CDV infection (1,3).

Several serologic assays for evaluating antibody status have been
used to confirm clinical CD (4-7). However, only a low antibody
response can be detected in the first few weeks after infection (8).

cinated dogs may have high titers of neutralizing antibodies (5).
Therefore, detection of the neutralizing antibodies is not fully
reliable for a diagnosis of CD, and more attention has been paid
to detecting CDV antigens. The most reliable method of detecting
CDV in infected dogs is virus isolation (9); however, the method is
time-consuming and frequently unsuccessful when the infection
is not in an acute stage (8). Other laboratory tools, such as stain-
ing for inclusion bodies (10) and fluorescent antibody testing (8),
also produce a negative result in subacute or chronic cases. An
enzyme-linked immunosorbent assay (ELISA) using protein A and
monoclonal antibody (11), an immunochromatographic assay (12),
and an immunocapture ELISA (13) were developed to detect CDV
in cell cultures and clinical specimens. They all have high specific-
ity and sensitivity; however, they require an ELISA reader and have

Clinical Laboratory, Dalian Municipal Central Hospital, 826-Xinan Road, Shahekou District, Dalian city, Liaoning 116033, China (Zhi Li);
Department of Wildlife Medicine, College of Wildlife Resources, Northeast Forestry University, 26-Hexing Road, Harbin, Heilongjiang 150040,
China (Zhang); Institute of Immunology, College of Life Science and Technology, Dalian University, 10-Xuefu Avenue, Dalian Economical and
Technological Development Zone, Liaoning 116622, China (Wang, Jin, Wenzhe Li).

Address all correspondence to Dr. Zhi Li or Dr. Wenzhe Li; e-mail: postlizhi@126.com or liwenzhe46@hotmail.com

Zhi Li and Yanlong Zhang contributed equally to this work.
Received April 17, 2012. Accepted November 1, 2012.

2013;77:303-308

The Canadian Journal of Veterinary Research 303



Figure 1. Vero cells grown for 24 h and then inoculated (A) with canine distemper virus (CDV) or not inoculated (B). After 72 h about 90% of the CDV-
inoculated Vero cells showed cytopathic effects. Images were acquired with a Leica DM IRB microscope (Leica Microsystems, Heerbrugg, Germany)
at a maghnification of x 200.

limitations for field studies (13,14). Recently, methods to detect the
CDV nucleocapsid protein gene by means of reverse-transcription
polymerase chain reaction (PCR) (10,15) and real-time PCR (16) have
been developed. These methods can be carried out only in equipped
laboratories but are highly sensitive and useful. Rapid and sensitive
laboratory and field tests for the diagnosis of CDV infection are
essential for CD control.

Sandwich-dot ELISA (dot ELISA) is a sensitive and specific tech-
nique for detecting various virus antigens that has wide clinical diag-
nostic applications (9,17,18). The aim of this study was to establish a
rapid and sensitive laboratory and field test for the diagnosis of CDV
infection. Our results indicate that the monoclonal-antibody-based
dot ELISA has virtues such as reliability, simplicity of performance,
and good reproducibility.

Materials and methods

Cells and virus strains

Vero cells were seeded into 75-cm? cell-culture flasks. After
being grown for 24 h in modified Eagle’s medium supplemented
with 100 U/mL of penicillin G, 100 mg of streptomycin (GIBCO
BRL, Carlsbad, California, USA), and 5% fetal bovine serum (Sigma
Chemical Company, St. Louis, Missouri, USA) at 37°C in 5% CO,,
monolayer cultures that were 80% to 90% confluent were infected
with CDV (19). Noninfected Vero cells were used as controls.

Yongchun Jin (Yanbian University, Jilin, China) kindly provided
20 CDV (Y]J-1V) strains, 4 canine parvovirus (CPV) (JIN-C-4) strains,
3 infectious canine hepatitis virus (ICHV) (TS-25) strains, and
3 rabies virus (RV) (RU-34) strains, to be used as indicator viruses
in the dot ELISA.

Purification of virus antigen

When approximately 75% of the CDV-inoculated Vero cells showed
cytopathic effects (CPE) (Figure 1, bottom panel), 72 h after inocu-
lation, the cell-associated viruses were harvested by freezing and
thawing the cells 3 times in serum-free medium. The resultant cells

and medium were then centrifuged at 650 X g for 20 min to remove
cellular debris. The supernatant was filtered through 0.22-um filters
(Millipore Corporation, Bedford, Massachusetts, USA). The partially
purified virus was placed on a discontinuous sucrose gradient of 30%,
45%, and 60% (w/v) and centrifuged for 18 h at 54 000 X g to separate
CDV particles from cellular proteins responsible for cross-reactivity
with the virus. Among the 6 major fractions obtained, infectivity in
Vero cell culture was greatest for fraction 4, at a 50% tissue culture
infective dose (TCID,) of 1050. This fraction was therefore used as
the antigen for specific antibody production and for the dot ELISA.

Preparation of polyclonal IgG against CDV

In brief, rabbits were given a subcutaneous injection of 500 pg of
gradient-purified CDV (fraction 4) Gradient purified CDV antigen of
fraction 4 used for preparation of the monoclonal IgG.mixed with an
equal volume of complete Freund’s adjuvant (1,3). Two weeks later
a booster dose, 500 p.g of purified CDV mixed with an equal volume
of incomplete Freund’s adjuvant, was injected subcutaneously. Two
weeks later 500 pg of purified CDV was injected intraperitoneally.
Blood was drawn 10 d after the last injection and 33% ammonium
sulfate added to precipitate the protein. The partially purified IgG
was dialyzed overnight against 0.02 M phosphate-buffered saline
(PBS), pH7.2, and then the IgG was isolated by affinity chromatog-
raphy with a HiTrap Protein G HP column (GE Healthcare, Fairfield,
Connecticut, USA).

Preparation of monoclonal IgG against CDV

Monoclonal antibodies were produced as described previously
(20,21) with some modifications. Briefly, BALB/C mice (male, 8 wk
old) were injected subcutaneously with the gradient-purified whole
CDV antigen of fraction 4. Splenic cells obtained from the mice were
fused with SP2/0 myeloma cells with the use of polyethylene glycol
4000. The resulting hybridomas (Figure 2) were screened by ELISA,
and those that produced CDV-specific monoclonal antibodies were
subcloned 3 times from single cells by the limiting-dilution method.
The purified CDV was coated on 96-well plates and then incubated
with 100 pL of the IgG at different dilutions (1:100 to 1:102 400).
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Figure 2. Development of hybridoma from spleen cells obtained from CDV-inoculated BALB/c mice and fused with SP2/0 myeloma cells. A — day 1.

B — day 7. The maghnification is x 200.

Optical density was measured at 492 nm with a computer-interfaced
microplate reader (Bio-Rad Laboratories, Hercules, California, USA).
Of the 12 CDV-specific antibodies screened, 1 antibody, named 9C11,
was selected for its strong immunoreactivity against CDV and little
cross-reactivity with other proteins in immunoblots. The 9C11 cells
were inoculated intraperitoneally into pristane-primed BALB/c
mice, and IgG was isolated from the resulting ascites fluid by affinity
chromatography with the HiTrap column.

The ELISA procedures

The rabbit polyclonal IgG against CDV was diluted 1:500 in
50 mM carbonate-bicarbonate buffer, pH 9.6, and coated on 96-well
plates. The plates were left at 4°C overnight, incubated for 60 min in
PBS containing 3% bovine serum albumin (BSA), and then washed
with PBS containing 0.1% Tween-20, pH7.4. A 50-pL aliquot of the
purified CDV antigen and clinical samples was distributed into
each well and the plate incubated at 37°C for 2 h. Each plate had
CDV-positive and CDV-negative control antigens. The plates were
washed and then incubated at 37°C for 1 h with 50 pL of the mouse
monoclonal IgG against CDV diluted 1:1000 in PBS containing 1%
BSA. After being washed the plates were incubated at 37°C with goat
IgG against rabbit antigen conjugated with horseradish peroxidase
(HRP) diluted 1:5000 in PBS containing 1% BSA. The HRP activity on
the immunoplate was detected with the use of O-phenylenediamine
(12) and H,0, as enzyme substrates. Color development was stopped
with 2 M H,SO, and the absorbance measured at 492 nm with
the microplate reader. The results were considered positive if the
absorbance was greater than that of the negative control. Titers
were expressed as a reciprocal of the highest dilution of the sample
showing a positive signal.

The dot ELISA was done according to a previously described
method (9) with minor modification. The nitrocellulose (NC) mem-
brane strips were divided into squares 0.3 X 0.3 cm with a hard
lead pencil, and 5-pL aliquots of rabbit polyclonal IgG against CDV
diluted 1:500 in PBS were dotted on separate squares. The strips
were allowed to dry, and then the protein-binding sites were blocked
with a solution of 2% BSA in PBS. After a washing with PBS, the

strips were cut into the squares and placed in the microwells. The
remainder of the protocol was the same as for the ELISA described.
A substrate solution of diaminobenzidine in 0.1 M Tris-HCl buffer,
pH 7.4, with 0.01% H,O, was used to color the NC membranes.

Determination of analytic specificity and
sensitivity

The specificity of the dot ELISA was tested with the 20 supplied
CDV strains isolated from dog species and the 10 supplied non-
CDV virus strains (CPV, ICHV, and RV) along with 100 p.L of PBS
containing the purified CDV strains. Non-CDV viruses were used
to eliminate false-positive results. No cross-reactivity was observed
with any of the non-CDV viruses tested. The sensitivity of the dot
ELISA was determined with the YJ-IV CDV strain diluted serially
from 10 wg/50 pL to 1 ng/50 pL.

Clinical samples

A Yanbian University animal hospital provided 86 specimens
(54 swabs of palpebral conjunctiva and 32 samples of blood lympho-
cytes) from 56 dogs suspected to have CD. The dogs demonstrated
mainly acute and systemic clinical signs, such as fever, lack of appe-
tite, vomiting, diarrhea, and dehydration. Conjunctival epithelial
cells, obtained by vigorous swabbing with a cotton swab, were
frozen and thawed in 1 mL of PBS, the suspensions were centrifuged
at 2000 X g for 20 min, and the supernatant was stored at ~20°C until
tested. Blood lymphocytes were separated from 2 mL of peripheral
blood containing heparin (100 units/mL) by centrifugation with
Ficoll-Paque separation fluid. The samples were diluted from 1:5 to
1:80 with PBS for testing by ELISA and dot ELISA.

The palpebral conjunctival secretions and blood lymphocytes
were inoculated onto Vero cells and incubated at 37°C for 2 d. When
approximately 75% of the monolayer showed CPE the viruses were
harvested by freezing and thawing the cells 3 times. Thereafter they
were collected on carbon-coated grids by touching the grids against
the samples. The grids were blot-dried by touching the edge of the
grids to a filter paper. All of blood lymphocytes were then stained
with 2% (w/v) sodium phosphotungstate, pH 7.0, for 2 min and
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Figure 3. Infective titers of CDV purified by centrifugation on a sucrose
gradient of 30%, 45%, and 60% (w/v) for 18 h at 54 000 x g. Six major
fractions were collected and the 50% tissue culture infective dose
(TCID,) determined.
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Figure 4. Titers of monoclonal anti-CDV IgG (9C11) as detected by
enzyme-linked immunosorbent assay (ELISA). Purified CDV was coated
on 96-well plates and then incubated with 100 pL of the IgG at different
dilutions. Optical density was measured at 492 nm. A positive signal was
not detected in serum from unimmunized mice. *P < 0.05; **P < 0.01.

observed with a JEOL JEM-1200EX electron microscope (JEOL,
Peabody, Massachusetts, USA).

Statistical analysis

The results are expressed as means *+ standard deviation (SD).
Statistical analyses were carried out using the Student’s t-test. A
P-value of less than 0.05 was considered statistically significant and
less than 0.01 extremely significant.

In purifying the CDV, sucrose-gradient centrifugation allowed the
separation of CDV particles from cellular proteins that are respon-
sible for cross-reactivity with the virus. Of the 6 fractions obtained,
fraction 4 showed the greatest infectivity on Vero cell culture (103?
TCID,,); the infectivity of fractions 3 and 5 was 10"! TCID,, and
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Figure 5. Specificity of sandwich-dot ELISA in detecting purified CDV and
the CDV in CDV-infected blood lymphocytes and not cross-reacting with
canine parvovirus (CPV) (strain JIN-C-4), canine hepatitis virus (ICHV)
(strain TS-25), or rabies virus (RV) (strain RU-34). The experiment was
performed twice.

10" TCIDy,, respectively (Figure 3). The protein concentration of
fraction 4 was 1.36 mg/mL, whereas that of fractions 3 and 5 was
0.33 and 0.43 mg/mL, respectively. The purified CDV virions were
morphologically identical to morbilliviruses by electron microscopy,
and the virus diameter was approximately 200 nm. Fraction 4 was
therefore used as the antigen for specific antibody production and
for the dot ELISA.

The titer of the polyclonal antibody against CDV was measured
by ELISA as 1:102 400 (data not shown). Monoclonal antibody 9C11
was selected from among the 12 CDV-specific monoclonal antibodies
screened by ELISA because of its strong immunoreactivity against
CDV (Figure 4) and little cross-reactivity with other proteins in
immunoblots; its titer was 1:51 200, suggesting its high sensitivity
for recognizing the CDV protein.

Comparison of the results for dot ELISA and ELISA showed that
1:20 dilutions of samples, 1:1000 dilutions of monoclonal IgG against
CDV, and 1:2000 dilutions of polyclonal IgG against CDV gave opti-
mal results. The CDV detection limits of the dot ELISA and ELISA
were 10 ng/50 pL and 40 ng/50 pL, respectively. Moreover, the dot
ELISA showed no cross-reactivity with the other viruses: CPV, ICHYV,
and RV (Figure 5), indicating its high specificity.

Among the clinical specimens from 56 dogs suspected to have
CD, the rates of detection of CDV antigen by the dot ELISA and
the ELISA differed significantly (0.01 < P < 0.05): 91% and 81%,
respectively, for the 32 blood-lymphocyte specimens and 88% and
75%, respectively, for the conjunctival-swab samples (Table I). Of
the 22 blood-lymphocyte samples that were positive by dot ELISA
in which CDV particles were sought by electron microscopy, CDV
particles were observed in 21; 17 were positive and 5 negative by
ELISA. The particles configurationally resembled morbilliviruses.
The overall reliability of dot ELISA relative to electron microscopy
was therefore 96%, with only 1 sample yielding false-positive results
by dot ELISA.

Monoclonal antibody testing is a powerful tool for the detection
of CDV antigens (22). In recent outbreaks of CD in Yanbian, Jilin,
China, cross-reaction with the YJ-IV strain of CDV was prominent.
To develop a more sensitive test for rapid diagnosis, we referred to
previous successes in the purification of CDV (14) and used sucrose-
gradient centrifugation to isolate the fraction with greatest infectivity
in Vero cell culture. We then prepared monoclonal and polyclonal
antibodies against fraction 4 and used them in a dot ELISA to detect
CDV. In this study the dot ELISA had greater sensitivity than the
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Table I. Detection by enzyme-linked immunosorbent assay (ELISA) and sandwich-
dot ELISA of canine distemper virus in specimens from dogs with suspected

infection

Dot-ELISA results;” Number of specimens

Blood lymphocytes

Palpebral conjunctiva

(n = 54) (n =32) Total number
Results of ELISA? Positive Negative Positive Negative of specimens
Positive 44 0 24 0 68
Negative 5 5 4 4 18
Total 49 5 28 4 86

@ Rate of positive results: 81% (44/54) for blood lymphocytes and 75% (24/32) for palpebral

conjunctiva.

b Rate of positive results: 91% (49/54) for blood lymphocytes and 88% (28/32) for palpebral
conjunctiva, both rates significantly higher (0.01 < P < 0.05) than those for the ELISA.

ELISA: the lowest limits of detection of purified CDV antigen were
10 ng/50 wL and 40 ng/50 pL, respectively.

The porous structure of the NC membrane provides a higher
binding capacity than does the solid polystyrene surface of an
ELISA well (9,17,18,23). In addition, no apparent difference in color
intensity was observed on NC membranes freshly prepared or stored
for 6 mo (data not shown). Accordingly, the use of such membranes
could greatly facilitate the reproducibility and field applicability of
the dot ELISA (17,18).

Because CDV has been shown to multiply in the monocytes and
lymphocytes of the host (1,24) and can be detected with fluorescent
antibody techniques in the cytoplasm of epithelial cells and neutro-
phils in conjunctival or genital smears (8), we used ELISA and dot
ELISA to detect CDV antigen in blood lymphocytes and palpebral
conjunctival secretions from dogs suspected of having CD. Our
data showed that lymphocytes are the most suitable clinical speci-
mens from live dogs, the rates of detection of CDV antigen being
91% for the dot ELISA and 81% for the ELISA. From a diagnostic
viewpoint, one of the most reliable methods for the diagnosis of
CD is isolation of CDV from affected animals or detection of CDV
antigen in their tissues or cells (11,25). Comparison of the results of
dot ELISA and electron microscopy for detection of CDV yielded a
relative reliability of 96% for dot ELISA: only 1 of 21 samples had
false-positive results.

In this study, using the Y]J-IV CDV strain, we successfully estab-
lished a monoclonal-antibody-based dot ELISA to detect CDV infec-
tion in dogs. This rapid test detected infection in clinical samples
from different regions and years. Because the dot ELISA proved
to be nearly as sensitive and specific as electron microscopy while
being simpler and more rapid, it would be an adequate screening
test for suspected CDV and useful for epidemiologic surveillance of
CD infections in the field.
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