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ABSTRACT 
 
Canine distemper virus H gene is immunogenic and induces neutralizing antibodies against Canine distemper virus 
(CDV). In the present study the recombinant plasmid pSin.cdv.h transfected HeLa cell expressed H protein which 
was confirmed by immunoperoxidase test. The in vivo immunological response was studied in dogs immunized 
through IM route. The immune response on 30th day post vaccination induced by 4µg dose of rplasmid revealed 
protective serum neutralizing antibody titer 120, while control group did not show any antibody titer against CDV. 
Stimulation Index (SI) was found higher in vaccinated group as compared to healthy control animals. The T-cell 
response in the blood of vaccinated dogs suggested the role of cell mediated immunity in protection apart from 
neutralizing antibodies in serum. The challenge test revealed 100% protection of vaccinated dogs while all control 
dogs died of cdv infection. Therefore, this study demonstrates that DNA vaccination with 4µg dose of pSin.cdv.h can 
provide protective immunity 30 days post vaccination. 
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INTRODUCTION 

 
Canine distemper virus is 150 to 300 nm in diameter. CDV wild type isolates from (seals, a German dog a ferret and 
large fields) are significantly different from CDV vaccine strains [1, 2]. Canine distemper is one among the 
infectious diseases of dogs caused by virus canine distemper (CDV) which affects pups of age group mostly 
between 2 to 6 months old. The mortality is between 30 to 80% and the recovery from the disease depends on the 
immune status of the animal [3]. Many killed and live modified vaccines against CDV are in use [4]. CDV belongs 
to family Paramyxoviridae, under genus Morbillivirus [5]. CDV genome is 15,690 nucleotides in length and 
consists of a short 3’ leader region and six genes encoding the N, P, M, F, H, and L proteins [6-11]. 
 

EXPERIMENTAL SECTION 
 
1.1. Recombinant plasmid (pSin.cdvh) 
The recombinant plasmid pSin.cdvh was available in the Biotechnology Laboratory, IBIT, Bareilly. pSin vector 
contains replicase gene which produces thousand copies of gene insert mRNA. 
 
1.2. Cell Line 
BHK21 cell line and HeLa cell line was obtained from National centre for Cell Science (NCCS), Pune. BHK21 Cell 
line was maintained in DMEM (Gibco, NY), supplemented with 50 µg/ml gentamicin (Amresco, USA) and was 
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used for peroxidase based serum neutralization test. HeLa cell line was used in the study for in vitro expression 
analysis of recombinant plasmids (pSin.cdvh) and was maintained in GMEM (Micro lab), supplemented with 10% 
new born calf serum (Gibco, NY),100 µg/ml penicillin and streptomycin. 
 
1.3. Virus 
Virulent canine distemper virus as well as BHK21 cell culture adapted CDV were available in the laboratory. 
 
1.4. Conjugates and Hyperimmune serum 
Direct polyclonal antibody conjugate for CDV was purchased from VMRD, Pullman, USA. Hyperimmune sera 
against H gene were raised in mice using recombinant plasmid. The recombinant plasmid (50 µg/mouse) was 
administered four times at interval of one week, to six mice. The blood was collected from eye of the mouse and 
serum was harvested. 
 
1.5. In vitro expression analysis 
1.5.1. Transfection of HeLa cells 
Cells were trypsinised using trypsin-versenate solution (TVS) and then 4 ml of GMEM containing 10% FCS and 
penicillin and streptomycin (50 µl/ml) was added, to make cell suspension of 1X105 cells/ml. Harvested 
exponentially growing cells by trypsinization and prepared cell suspension in growth medium. Prepared the calcium 
phosphate-DNA coprecipitate as follows: combined 50 µl of 2.5M CaCl2 with 10 µl of plasmid DNA in a sterile 
microfuge tube, Added 40 µl DW, kept at room temperature.  
 
Immediately transferred the calcium phosphate-DNA suspension using 20 µl suspension for each wells of microtitre 
plate. Added 100 µl of cell culture suspension in each wells of 96 wells microtitter plate. Rocked the plate gently to 
mix the medium, which will become yellow-orange and turbid. Carried out this step as quickly as possible because 
the efficiency of transfection declines rapidly once the DNA precipitate is formed. Kept control wells without 
transfection. Incubated at 370C in a humidified incubator with an atmosphere of 5% CO2 for 72 hours. Examined for 
gene expression by IPT. 
 
1.5.2. Raising primary antibody against pSin.cdvh in mice 
Primary polyclonal antibody against the CDV H gene was raised in mouse by hyper immunization of six mice with 
pSin.cdvh plasmid. 50µl of plasmid DNA was injected IM rout in lateral region of thigh muscles of each mouse and 
repeated every week for four weeks consecutively. Mice were bled through inner canthus of eyes with a capillary 
and serum was prepared. 
 
1.5.3. Immunoperoxidase test (IPT) 
After 72 hours, transfected HeLa cells were washed with 1XPBS twice and fixed with 80% chilled acetone at 40C 
for 10 min and air-dried. Put a few drops of CDV H hyperimmune serum and incubated at 370C for 1 hr and again 
washed with PBS, added a few drops of horseradish peroxidase (HRPO) conjugated rabbit anti-mouse antibody to 
wells and incubated at 370C for 1 hr in humid chamber. The cells were again washed with PBS thrice and incubated 
with 2-3 drops of Nadi reagent for 5 min. After the development of color, cells were washed with PBS, dried in air 
and observed under microscope and photographed, protocol was carried out as per [12]. 
 
1.6. Immune response studies 
1.6.1. Immunization of dogs  
The in vivo experimental setup was designed with sixteen one month age old pups. One week before the start of 
immunization trial, all pups were treated with antihelminthics (Albendazole). These dogs were then tested for 
seronegativity against canine distemper virus. Dogs of group 1 were injected interamuscularly with 4 µg 
recombinant plasmid (pSin.cdv.H) in nuclease free water, and group 2 were injected intramuscularly 6 µg vector 
alone (pSin) in nuclease free water, while group 3 were kept as health control.  
 
1.6.2. Collection of blood and serum samples 
Blood samples were collected from each dog with a 24 gauge sterile needle of 1.5” length and 5 ml syringes at 0 day 
and 30 days of vaccination. For processing under uncoagulated condition, blood was collected in EDTA coated vials 
(Unique Lab Aids), while for serum collection blood was collected in sterilized vials without any anticoagulant, kept 
slanted overnight at 40C and centrifuged at 2,500 rpm for 10 min, serum was collected without disturbing the clot.  
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1.6.3. Serum neutralization test (SNT) using NPLA 
The neutralizing antibodies in the blood were measured through neutralizing peroxidase- linked assay (NPLA) [13]. 
 
1.6.4. Lymphocyte proliferation assay 
Whole blood was collected as per the method described earlier in EDTA coated vial. 4 ml of lymphocyte separation 
medium (LPM 1077, PAA) was taken in a 15 ml conical tube. Equal volume of whole blood sample was carefully 
layered over the LSM. The tubes were centrifuged at 1800 rpm for 30 min at 40C. Lymphocytes were collected from 
the plasma-LSM interface and washed twice with PBS at 1200 rpm for 10 min and finally the cell pellet was 
resuspended in 2 ml of RPMI-1640 growth medium (Sigma) without having phenol red and supplemented with 10% 
FCS. The cell count and viability was determined by Trypan-blue dye exclusion method [14]. The blastogenic 
response of lymphocytes was assessed by MTT colorimetry method [15]. 
 

RESULTS AND DISCUSSION 
 
Canine distemper (CD) is highly contagious disease of dogs characterized by fever, conjunctivitis, discharge from 
the eyes, bronchitis with coughing nasal discharge and difficult breathing, gastroenteritis with diarrhea, vomiting 
and slight rash. When the disease progresses to central nervous system it results in neurological disorders with the 
signs of in-coordinated gait, head pressing, chorea (muscles tremors), seizures and nystagmus (uncontrolled eye 
movements). 
 
Among the six proteins of canine distemper namely H, N, P, M, L and F, the highest antigenic variation is found in 
the H protein, whereas F and P proteins are affected to a much lower extent [16]. As the H protein’s primary 
function is cell receptor binding, its characteristic is therefore most closely related to the effective infectivity and 
host specificity of the virus. The protective efficacy of anti H monoclonal antibodies is higher than that of anti F 
mAbs [17]. So in our study we have used CDVH gene of Lederle strain to induce immunity against canine 
distemper.  
 
1.7. Expression of recombinant plasmid 
The expression ability of recombinant plasmids was checked by immunoperoxidase test (IPT) in HeLa cell line and 
cells were found to express the protein by development of purple color. Intense purple coloration of cells was 
observed in which HeLa cells were transfected with pSin.cdv.h (Fig.1), while healthy cell control did not show any 
color change. 

 
 

Fig.1. HeLa cells transfected with recombinant plasmid pSin.cdv.H and analysed with IPT showing purple color 

 
1.8. Immunological response of pSin.CDV.H in dogs 
1.8.1. Serum neutralizing antibody response 
Serum neutralizing antibody titer in serum of pSin.cdv.H injected dons on 30th day post immunization was 120. The 
groups maintained as vector control and healthy controls did not showed antibody titer against CDV (Table 1). 
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Table 1. Antibody titer of dogs after immunization 
 

Sl. No.            Groups                                     No. of dogs      SN* antibody titer on 30th day post  immunization 
1.                    Vaccinated (pSin.cdv.H) (4 µg)    4                                                            120 
2.                    Vector alone (pSin) (6 µg)             4                                                              0 
3.                     Healthy control                             4                                                               0 

*SN titer was calculated as reciprocal of highest dilution of serum able to neutralize 50% of cdv in culture replicates. 
 
1.8.2. Lymphoproliferative assay on PBMCs of immunized dogs 
Dogs immunized with 4 µg of pSin.cdv.H shown stimulation index (SI) of 2.50 at 30th days of immunization with 
cell culture adapted CDV. Unstimulated samples from each group maintained maximum absorbance (A550) near 
about 0.6. The SI (with virus) showed an increasing trend from control groups to vaccinated groups. The results 
obtained are presented in the (Table 2) and (Fig.2). 
 

Table 2. Antigen specific response of lymphocytes at 30th day post immunization as assessed by MTT assay 
 

Sl. No.    Groups                             No. of dogs      With Con A     With virus    SI 
1. Vaccinated (pSin.cdv.H) (4 µg)    4              0.640                    0.505         2.50 
2. Vector alone (pSin) (6 µg)             4              0.706                    0.325        1.83 
3. Healthy control                              4              0.610                    0.160        1.13 

 

 
 
 
 
 

Fig. 2. In vitro lymphoproliferative responses of dogs on 30th days post immunization 
 
1.9. Protection of dogs against CDV challenge  
Thirty days after immunization with pSin.cdv.H, all 4 vaccinated dogs belonging to group no. A completely resisted 
the challenge of 105 ID50 virulent CDV.  
 
The 4 dogs of vector control and also 4 dogs of healthy control group showed severe symptoms of disease such as 
fever, gastroenteritis with diarrhea, vomiting and conjunctivitis observed between 10-15 days post challenge (Table 
3).  
 
pSin is an alpha virus (Sindbis virus) based plasmid vector. After entering into the nucleus it is transcribed by host 
RNA polymerase enzymes from CMV promoter in to a full length RNA transcript. This full length transcript then 
acts as positive sense alpha virus which in turn is translated in cytoplasm to form replicase protein. This protein 
serves as RNA dependent RNA polymerase enzyme and forms negative sense RNA from positive sense transcript. 
From this negative sense strand full length as well as smaller fragments from subgenomic promoters are transcribed 
which in-turn is translated into proteins. Since the cloned insert is downstream to the subgenomic promoter, the 
translated proteins represents our target proteins. The subgenomic promoter of alpha virus is very strong so that it 
makes large number of target mRNA from the sequence downstream to it. Replicase based vectors are superior over 
other conventional vectors in terms of its lower requirement of dose of immunization [18-24]. 
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Table 3. Protection test of dogs challenged with 105ID50 of CDV 
 

Sl. No. Groups 
Dog 
No. 

No. of dogs 
 

No. of dogs 
Showing symptoms 

Protection 
% 

1. 
 
 
 

2. 
 
 
 

3. 

Vaccinated (pSin.cdv.H)(4 µg) 
 
 
 

Vector alone (pSin) (6 µg) 
 
 
 

Healthy control 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

4 
 
 
 
4 
 
 
 
4 

0 
 
 
 
4 
 
 
 
4 

100 
 
 
 
0 
 
 
 
0 

 
The result of the present study would be useful for the development of DNA vaccine against CDV disease. Studies 
are required to test pSin.CDV.H developed in inducing protective immune response in dogs. The 4 µg dose of 
pSin.cdv.H with regard to their immune response as assessed on 30th day post vaccination by lymphoproliferative 
test and stimulation index, SN antibody titer and was found to confer total protection 30th days post vaccination 
through intramuscular route. Thus, study confirmed that 4 µg recombinant plasmid was optimum for induction of 
immunity and protection in dogs. 
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