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Abstract 

Canine distemper and parvovirus infections are amongst of the most important infectious diseases of dogs. 
yntneceR, the range of reports of vaccinated dogs that developed canine distemper and parvovirus infections have 
multiplied throughout the world. The goals of this study were to evaluate the immune and hematological 
responses against canine distemper virus (CDV) and canine parvovirus (CPV) after vaccination using two 
commercially available vaccines. In addition, the antigenic differences between the vaccine strains of CDV and CPV 
and the current wild-type strains were analyzed to determine possible relationships between these vaccine 
strains and recent field outbreaks in vaccinated populations. The immune response of both vaccines was 
determined using serum neutralization and Dot-ELISA. Specific neutralizing antibodies against canine distemper 
and parvovirus were present in the sera of dogs three weeks after the initial vaccination for both vaccines. Peak 
antibody titers were documented from the second month post vaccination. Both vaccines were demonstrated to 
be safe and stimulate a humoral immune response. Results of serum neutralization test and Dot-ELISA were 
closely similar and correlated with each other.  Genetic variations between strains included in both commercial 
vaccines and circulating wild-type strains suggest that variant strains are most likely responsible for field 
outbreaks of CDV and CPV in vaccinated dogs.  
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1. Introduction  
Canine distemper virus (CDV) and canine 

parvovirus (CPV) are associated with high fatality rates 
in young dogs (Latha et al. 2007; Woldemeskel et al. 
2011). Canine distemper is an overwhelming infection 
that is generally pervasive in many countries (Rikula, 
2008). Clinical signs may range from non-visible to 
severe depending on the dog’s immune status and 
environment and may include mucopurulent nasal and 
conjunctival discharges, biphasic fever, anorexia, 
depression, diarrhea, hyperkeratosis of the footpads 
and the nose, and subsequent neurologic signs (Latha 
et al. 2007). Canine parvovirus is a highly contagious 
and devastating viral disease that occurs worldwide 
(Truyen et al. 2000; Shackelton et al. 2005). Enteritis is 
the key feature of CPV, where the virus destroys 
rapidly dividing epithelial cells lining the intestinal 
tract. Secondary bacterial translocation due to loss of 
intestinal barrier function leads to abdominal pain, 
septicemia, and death (Prittie 2004; Woldemeskel et al. 
2011).  

Prophylaxis through vaccination is the most 
effective method of preventing CDV and CPV infection 
in young dogs (Soliman 2014; Day et al. 2016). All 
vaccines that are currently commercially available for 
dogs are multivalent vaccines (Rikula 2008). The 
measurement of antibody titers is considered the only 
practical method for predicting a protective immune 
response following vaccination and is considered a 
valuable indicator to determine if revaccination is 
needed (Day et al. 2010; Sykes 2014). Serum 
neutralization and hemagglutination inhibition tests 
are considered the gold standards for determining 
protective antibody titers against CDV and CPV (Gray 
et al. 2012; Litster et al. 2012). 

Recently, the number of reports of vaccinated 
dogs that developed CDV infection with characteristic 
clinical signs has increased throughout the world (Lan 
et al. 2006; Kapil et al. 2008; Gamiz et al. 2011; da 
Fontoura et al. 2014; Zhao et al. 2014; Riley and Wilkes 
2015). The CPV-2 vaccine-induced immunity is 
protective against CPV-2 homologous virus but not 
against the variants, thus allowing virulent strains to 
cause infection and even death in regularly vaccinated 
dogs (Martella et al. 2005;  Decaro et al 2008; Miranda 
and Thompson 2016).  

Studies focusing upon the genotypic analysis of 
vaccine strains included in various commercially 
available canine vaccines are very rare (Demeter et al. 
2007; Ramdas 2011). Vaccine strains genotypic 
characterization will help in knowing or confirming if 
there are major antigenic differences between the CDV 
and CPV vaccine strains and the currently circulating 
wild-type strains, which may be a possible cause of the 
field outbreaks in vaccinated populations. Therefore, 
the aims of this study were to measure the immune 
and hematological responses of two widely used 
commercially available canine vaccines and to analyze 
the potential role of antigenic differences between the 
CDV and CPV vaccine strains and the currently 
circulating wild-type strains as a potential cause of the 
vaccine related diseases in dogs. 

2. Materials and methods 
Animals and vaccination protocols 

Twenty, approximately 10 to 13-weeks-old 
Thebes Land Dog (Baladi) puppies seronegative to CDV 
and CPV, were divided into 3 groups. Group A (n=8), 
puppies were vaccinated with the Nobivac® DHPPI 
vaccine according to manufacturer's instructions. 
Group B (n=8), puppies were vaccinated with the 
Vanguard® plus 5/CV-L vaccine according to 
manufacturer's instructions. Group C (n=4), control 
group which was not vaccinated. Vaccinated and 
control puppies were maintained separately under the 
same housing conditions and feeding regimen.  Animal 
studies were conducted according to the guidelines of 
the Committee of Animal Care and Welfare, University 
of Sadat City (VUSC-011-1-18). 
Vaccines 

Commercially available vaccines used in this study 
were Nobivac® DHPPI vaccine (Schering-Plough 
Animal Health, New Zealand) and Vanguard®

 
Plus 

5/CV-L vaccine (Pfizer Animal Health, Ireland).  
Nobivac® DHPPI vaccine is composed of a live 
attenuated freeze-dried CDV, canine adenovirus type 2 
(CAV-2), CPV and canine parainfluenza (CPI). 
Vanguard®

 
Plus 5/CV-L vaccine is composed of a 

freeze-dried preparation of attenuated strains of CDV, 
CAV-2, CPV, CPI, and inactivated whole cultures of 
Leptospira (L)icterohaemorrhagicae, and L. canicola 
plus a liquid preparation of inactivated canine 
coronavirus (CCV).  
Blood sample collection 

Blood samples were collected by jugular 
venipuncture into sterile screw-capped vials and 

centrifuged at 4,000 × g for 10 minutes at 4°C. Serum 
was aliquoted into smaller volumes and stored at -20°C 
until analysis. Serum samples were obtained before 
and weekly after vaccination for 7 weeks then monthly 
up to 8 months post vaccination. 
Cell culture and virus titration  

CDV- and CPV-free baby hamster kidney (BHK21) 
and African green monkey kidney (Vero) cell lines 
were supplied by Veterinary Serum and Vaccine 
Research Institute (VSVRI, Egypt). BHK21 and Vero 
cells were used for virus titration and serum 
neutralization tests (SNT). 

Ten-fold serial dilutions of CDV and CPV stock 
(VSVRI, Egypt) were prepared and inoculated into 
replicate BHK21 cell cultures in 96-well tissue culture 
plates. The number of cells that were infected was 
determined for each virus dilution, mainly by looking 
for evidence of cell death. The end of the titration was 
expressed as the dilution of virus at which 50% of the 
cells were infected as 50% infectious dose (ID50) per 
milliliter. Virus titer was expressed as log10 of 50% 
tissue culture infectious doses (log10TCID50) (Reed and 
Muench 1938). 
Serum neutralization test (SNT)  

The SNT was carried out to measure antibody 
responses to CDV and CPV using the microtiter 
technique as described by (Appel and Robson 1973; 
Bass et al. 1982; Pratelli et al. 2001; Abdelmagid et al. 
2004).  Briefly, all sera were heat inactivated in a water 
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bath at 56°C for 30 minutes. Twenty-five micro liters 
(μl) of Hank’s balanced salt solution (HBSS) were 
added to all wells of flat-bottomed 96-well microtiter 
plates except those in the first raw. (Positive and 
negative control included). Fifty μl of the tested sera 
was added to the individual wells of the first raw then 
two fold serial dilutions were carried out. Five wells 
were allocated for each serum dilution. Twenty-five μl 
of the specific virus (CDV or CPV) containing 100 
TCID50 was added to each well of diluted serum 
sample. The plate was agitated to mix the virus serum 
mixture and incubated for one hour at 37°C. Each well 
of the plates received 150 μl of BHK21 cell suspension 
resuspended with Eagles MEM containing 5% fetal calf 
serum containing 1 to 2 × 104 cells/0.1 ml cells. The 
plates were incubated for 7 days at 37°C and daily 
examined microscopically for the development of the 
cytopathic effect (CPE). The antibody titer was 
expressed as the reciprocal of the final serum dilution, 
which neutralizes and inhibits completely the CPE of 
100 TCID50 of the used virus according to (Singh et al 
1967). 
Dot ELISA assays for detecting antibodies to CDV and 
CPV  

The Dot ELISA assays for CDV and CPV IgG 
antibodies were carried out using the immunocomb 
dot ELISA (Biogal Laboratories, Israel) as described by 
(Waner et al. 1996; Waner et al. 1998). Results were 
expressed as S units on a scale of 0 to 6. 
Sequence and phylogenetic analysis 

The sequences of H gene (Canine distemper 
viruses) and Vp2 gene (Canine parvoviruses) of 
Nobivac® DHPPI, Vanguard® Plus 5/CV-L vaccine 
strains, other vaccines strains and field isolates from 
different countries were retrieved from the GenBank 
and aligned using ClustalW algorithms available in the 
Molecular Evolutionary Genetic Analysis (MEGA 
version X ) software (Kumar et al 2018). The 
phylogenetic trees were built in MEGA version X using 
the Neighbor-Joining method (Saitou and Nei 1987). 
The evolutionary distances were computed using the 
Jukes-Cantor method. One thousand bootstrap 
replicates were conducted to assess statistical support 
for the tree topology. Sequences identity percent were 
calculated using analysis tool web services from the 
EMBL-EBI (McWilliam et al. 2013). The potential N-
linked glycosylation sites of the CDV H protein were 
determined using the NetNGlyc1.0 server available at 
the CBS (Center for biological sequence analysis, 
http://www.cbs.dtu.dk/services/NetNGlyc/).  
Hematological examination 

Hematological examination was performed as 
described previously (Coles, 1986). The total number 
of erythrocytes per cubic millimeter was determined 
using physiological saline solution as a diluent and a 
Neubauer hemocytometer. The total number of 
leukocytes per cubic millimeter was determined using 
Turkey's solution as a diluent and a Neubauer 
hemocytometer. The volume of erythrocytes (PCV) was 
determined after centrifuging whole blood at 3000 rpm 
using centrifuge-graduated tubes. Hemoglobin (Hb) 
was measured colorimetrically using an Hb kit 
(Egyptian company for biotechnology). Giemsa-stained 

blood films were examined and differential leukocytic 
counts performed using the cross-sectional method 
(Schalm et al. 1975). 
Statistical analysis 

All values are expressed as mean ± standard error 
of the mean (SEM). Data normality was assessed using 
the Shapiro-Wilk statistic and D’Agostino-Pearson 
omnibus test, of which all data were normally 
distributed. Therefore, parametric one-way ANOVAs 
and Duncan post-hoc tests were used to determine if 
significant differences existed between experimental 
groups. All procedures were performed using 
statistical analysis software (SPSS Version 16.0; SPSS 
Inc., Chicago, USA). Statistical significance was set at P 
< 0.05 (Ilstrup 1990). The correlation between the 
mean serum neutralization titers and the Dot-ELISA 
results, expressed in S units, was assessed by using 
Pearson's correlation coefficient (r). 

3. Results  
Humoral immune response  

No statistically significant differences existed in 
antibody titers for CDV and CPV between Nobivac® and 
Vanguard® vaccines along the duration of the study (P 
> 0.05, Table 1). The results of the dot ELISA and the 
SNT techniques for IgG of CDV and CPV showed a good 
correlation between the two techniques for the IgG 
titers of both CDV and CPV (P<0.0001) and about 90 
percent confidence limits between the SNT titers (as 
their mean values) and the S values for the IgG of CDV 
and CPV, respectively. Table 2 shows the Pearson's 
correlation coefficients for the relationships between 
SNT and Dot-ELISA. 
Nucleotide (nt) and amino acid (aa) sequence alignment 
of CDV 

Nobivac® CDV vaccine strain (strain 
Onderstepoort) H gene sequence is 1815 bp length, 
encoding for 604 amino acids; while Vanguard® CDV 
vaccine strain (strain N-CDV) H gene is 1824 bp length, 
encoding for 607 amino acids. Genetic identity 
percentages between Nobivac® and Vanguard® CDV 
vaccine strains to the most frequently used vaccine 
strains are summarized in Table 3.  

By further FASTA  (DNA and protein sequence 
alignment software) analysis, Vanguard® CDV vaccine 
strain had the highest identity (99.78% nt, 99.51% aa) 
to virus Rockborn-46th laboratory strain, followed by 
(99.73 nt, 99.34 aa) to the vaccine virus Rockborn-
Candur  and (99.34 nt, 98.68 aa) to a Lesser Panda 
(Ailurus fulgens) in China (AF178039). Genetic 
identity percentages between Nobivac® and Vanguard® 
CDV vaccine strains to the field isolates from different 
localities were summarized in Table 4. 

Nobivac® CDV vaccine strain showed 6 potential 
glycosylation sites for asparagine N-linked 
glycosylation at positions 19–21, 149–151, 391–393, 
422–424, 456–458 and 587–589. Vanguard® CDV 
vaccine strain showed 7 potential glycosylation sites 
for asparagine N-linked glycosylation at positions 19–
21, 149–151, 309–311, 391–393, 422–424, 456–458, 
and 603–605. Concerning field isolates, ten potential 
glycosylation sites for asparagine N-linked 
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Glycosylation were Mfound at amino acid positions 19-21, 126–128, 149–151, 309–311, 391–393, 422–424,
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
456–458, 584–586, 587–589 and 603–605. Field 
isolates showed from 6 positions as minimum to 9 
positions as maximum with positions 19–21, 149–151, 
309–311, 391–393, 422–424, 456–458, 587–589 and 
603–605 most frequently recorded.   

By phylogenetic analysis, using CDV strains from 
various CDV lineages, Nobivac® CDV vaccine strain was 
shown to be genetically related to America-1 vaccine 
strains (Fig. 1).  Vanguard® CDV vaccine strain was 
shown to be genetically related to America-2 viruses 
and indistinctly related to America-1 CDVs (Fig. 1). 
Nucleotide and amino acid sequence alignment of CPV 

Nobivac® strain C154 and Vanguard® strain NL-
35-D are both CPV-2 strains of 1755 bp length and 584 
amino acids. Their identity percent with a reference 
CPV-2 and its variants are summarized in Table 5.  

By further FASTA analysis, Nobivac® C154 and 
Vanguard® NL-35-D as CPV-2 differ from CPV-2 a 
(GU380298.1), CPV-2 b (FJ005263.1), CPV-2 c 
(FJ222821.1) variants in 4 nt at positions 259 (T-A), 
302 (T-C), 899 (C-G), 913 (G-T) and their 
corresponding amino acids ( 87 M-L, 101 I-T, 300 A-G, 
305 D-Y). Residue 426 has N in case of CPV-2 and CPV-

2a, D in case of CPV-2b and E in case of CPV-2c (Table 
6). 

By phylogenetic analysis, using representatives of 
CPV variants, Nobivac® C154 and Vanguard® NL-35-D 
were shown to be genetically related to CPV-2 (Fig. 2). 
Effects of Nobivac® and Vanguard® on blood parameters  

Red blood cell (RBCs) count, packed cell volume 
(PCV), and Hb concentrations were not significantly 
different between Nobivac® and Vanguard® vaccinated 
groups when compared to controls for the duration of 
the experiment (P > 0.05).  White blood cell (WBCs) 
count was not statistically different in Nobivac® and 
Vanguard® vaccinated dogs when compared with 
controls on day 0 (P > 0.05); however, there was a 
significant increase in WBC count after both vaccines 
when compared with controls at all examined time 
points post-vaccination (P ˂ 0.05). There was no 
difference in both lymphocyte and neutrophil counts in 
Nobivac® and Vanguard® vaccinated dogs when 
compared with controls on day 0 (P > 0.05); however, 
there was a significant increase in both lymphocyte 
and neutrophil counts in both vaccinated groups when 

Table (1): Geometric mean of CDV and CPV neutralizing antibody titers in dogs 
vaccinated with Nobivac and Vanguard. 
Time of sera 
collection 

CDV CPV 

Nobivac® Vanguard® Nobivac® Vanguard® 

Day 0 <2a <2a <2a <2a 

3 weeks 13.45±1.12a 12.34±1.14a 13.45±1.12a 12.34±1.14a 

4 weeks 29.34±1.17a 26.91±1.12a 26.91±1.12a 29.34±1.17 a 

5 weeks 34.90±1.23a 41.50±1.14a 49.35±1.14a 53.82±1.12a 

6 weeks 53.82±1.12a 64.00±1.00a 98.70±1.14a 107.63±1.12a 

7 weeks 107.63±1.19a 98.70±1.14a 152.22±1.12a 152.22±1.19a 

2 months 166.00±1.14a 152.22±1.12a 166.00±1.20a 166.00±1.14a 

3 months 166.00±1.20a 152.22±1.19a 166.00±1.14a 152.22±1.29a 
4 months 181.02±1.14a 166.00±1.14a 152.22±1.29a 166.00±1.20a 

5 months 166.00±1.20a 166.00±1.14a 166.00±1.14a 139.58±1.39a 

6 months 166.00±1.14a 152.22±1.12a 152.22±1.19a 152.22±1.19a 

7 months 161.27±1.16a 156.03±1.14a 161.27±1.16a 172.28±1.15a 
8 months 128.00±1.20a 105.00±1.14a 128.00±1.20a 128.00±1.16a 

For all titers, results are expressed, as mean ± S.E.M. Similar superscripts (a) in the same row 
indicate no statistically significant difference (P > 0.05). CDV- canine distemper virus;  
CPV - canine parvovirus. 

Table (2): Pearson's correlation coefficients (r) for the relationships between 
the results of Dot ELISA and SN antibody tests for canine distemper virus 
(CDV) and canine parvovirus (CPV)  immunoglobulin G (lg G). 
Parameter R² P value (two-tailed) 
Nobivac® CDV antibody titer 0.9055 <0.0001 

Vanguard® CDV antibody titer 0.8801 <0.0001 
Nobivac® CPV antibody titer 0.9211 <0.0001 
Vanguard® CPV antibody titer 0.8917 <0.0001 

Table (3): Genetic identity percentages between Nobivac® and Vanguard® CDV vaccine strains to 
the most frequently used vaccine strains. 
Vaccines Onderstepoort Snyder Hill Lederle Convac 
Nobivac® 98.95 nt, 97.68 aa 97.02 nt, 95.70 aa 99.39 nt,   98.84 aa 98.62 nt, 97.35 aa 
Vanguard® 92.76 nt, 90.73 aa 92.93 nt, 92.09 aa 93.04 nt,  91.56 aa 93.09 nt, 91.27 aa 
nt, Nucleotides; aa, Amino acids 
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compared to the control group at all examined time points after vaccination (P < 0.05).  
 

Table (4): Genetic identity percentages between Nobivac® and Vanguard® CDV vaccine strains to the field 
isolates from different localities. 
Vaccines China 

(AF178039) 
Germany 
(AY386315.1) 

Uruguay 
(KM280689.1) 

South Africa 
(KY971528.1) 

USA 
(AY964110.1) 

Taiwan 
(DQ191175.1) 

Nobivac® 93.06%nt, 
92.39%aa 

92.78%nt, 
91.58%aa 

92.51%nt,  
91.91%aa 

92.12%nt, 
90.92%aa 

91.46%, 
91.09%aa 

91.57%nt, 
90.59%aa 

Vanguard® 99.34%nt, 
98.68%aa  

97.75%nt, 
96.71aa 

97.04%nt, 
96.05%aa 

96.05%nt, 
95.06%aa  

95.89%nt, 
95.72%aa  

95.72%nt, 
95.72%aa 

nt, Nucleotides; aa, Amino acids 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Discussion 
CDV and CPV vaccine-related disease in dogs has 

been described in several reports (Hartley 1974; 
Bestetti et al. 1978; Krakowka et al. 1982; Cornwell et 
al. 1988; McCandlish et al. 1992; Gloyd 1995). Dogs 
immunized with Vanguard® vaccines developed canine 
distemper (McInnes et al. 1992; Pardo et al. 2005). In 
addition, Onderstepoort-like CDVs vaccines have been 
recognized in wildlife animals' outbreaks in the United 
States and have been described infrequently in dogs 
from Ireland, Korea and Poland (Harder and Osterhaus 
1997; Rzeżutka and Mizak 2003; Lednicky et al. 2004; 
Keawcharoen et al. 2005). In case of CPV, outbreaks of 
disease caused by CPV-2c in adult dogs that had been 
vaccinated ideally with a CPV-2 vaccine have been 
reported (Decaro et al. 2008). The present study was 
designed to evaluate the immune response of dogs vac-
cinated with two commercial canine vaccines against 
CDV and CPV, which are both currently used in clinical 
veterinary medicine (Nobivac® DHPPI and Vanguard® 
plus 5/CV-L vaccines). In addition, investigating the 
antigenic differences between the CDV and CPV vaccine 
strains and the currently circulating wild-type strains 
as a probable cause of the vaccine related diseases in 
dogs was carried out. In summary, the results in this 
study suggest that both Nobivac® and Vanguard® 
vaccines have the ability to enhance humoral immunity 
whereby they reach peak antibody response from the 
second month post vaccination. These results are 
similar to previous studies (Abdelmagid et al. 2004; 
Bergman et al. 2006). 

The Dot-ELISA CDV/CPV test is a useful, in-clinic 
ELISA to determine CDV and CPV antibody status 
(Litster et al 2012). Dot-ELISA screening test is a 
simple, rapid, and sensitive method for the routine 
evaluation of antibody titers for CDV and CPV in dogs 

(Coyne et al 2001; Ramadass and Latha 2001; Waner et 
al 2003). The results of the current study have shown a 
good correlation between the results of the SNT and 
the dot ELISA for both CDV and CPV IgG antibodies. 
Our results for IgG antibodies agreed with previous 
report in which the dot ELISA IgG antibodies levels of 
CDV and CPV were compared with the serum 
neutralization tests (Waner et al 1998), 
hemagglutination inhibition test (Waner et al. 1996) 
and the immunofluorescence assay (Waner et al. 
2003). 

The genetic analyses have shown that Nobivac® 
CDV strain is genetically related to America-1 lineage 
vaccine group while, Vanguard® CDV is more closely 
related to Rockborn-Candur vaccine strain, a wild-type 
virus strain isolated from a lesser panda (AF178039) 
in China, and other wild-type strains genetically related 
to America-2.  These findings are supported by many 
previous reports (Pardo et al. 2005; Uema et al. 2005; 
Demeter et al 2007; Martella et al. 2011).  

The current study obviously shows the dissimilar 
genetic relationships of Nobivac® CDV vaccine strain as 
one of Onderstepoort-like CDVs vaccines from field 
strains of CDV around the world and this could be one 
of the causes for CDV vaccination failure (Li et al. 
2014). 

Conversely, Vanguard® CDV vaccine strain was 
found to be closer genetically to field strains of CDV 
around the world and even match (nearly 100% nt) 
the sequence (AF178039) of Lesser Panda (Ailurus 
fulgens) from China. Such high genetic identity 
between Rockborn like CDV vaccines and wild isolates 
of CDV is widely consistent with the residual virulence 
of vaccine strains hypothesis (Hartley 1974; Bestetti et 
al. 1978; Cornwell et al. 1988; Gloyd 1995; Martella et 
al. 2005). 

Table (5): Genetic identity percentages between Nobivac® and Vanguard® vaccine strains with CPV-2 and 
its variants. 
Vaccines CPV-2 (M38245.1) CPV-2a (GU380298.1) CPV-2b (FJ005263.1) CPV-2c (FJ222821.1) 
Nobivac® 99.6% nt, 99.49% aa 98.75% nt, 97.95% aa 99.15% nt, 98.12% aa 99.15% nt, 98.29% aa 
Vanguard® 99.54%nt,98.97% aa 98.88% nt, 97.77% aa 99.20% nt, 97.95% aa 99.20% nt, 98.12% aa 
nt, Nucleotides; aa, Amino acids 

Table (6): Important amino acids substitutions between 

Nobivac® and Vanguard® vaccine strains with CPV-2 variants. 
Strain Amino acids residues 

87 101 300 305 426 

Nobivac® C154 M I A D N 
Vanguard® NL-35-D M I A D N 
CPV-2 a (GU380298.1) L T G Y N 
CPV-2 b (FJ005263.1) L T G Y D 
CPV-2 c (FJ222821.1) L T G Y E 
M, methionine; I, isoleucine; A, alanine; D, aspartic acid; N, asparagine; L, 
leucine; T, threonine; G, glycine; Y, tyrosine; E, glutamic acid. 



Nayel et al. , VMPH  1(1);2020: 5-14                                                                                                                              10 

Comparing potential N-glycosylation of the CDV H protein between vaccine and wild strains is a point of 
interest as changes in potential N-glycosylation of the 
CDV H protein may result in variation in antibody 

neutralization (Harder et al. 1996a; Harder et al. 
1996b; Iwatsuki et al. 1997).  Usually, there are four to 

seven potential sites in the vaccine strains (Swati 
et al 2015). Nobivac® and Vanguard® showed 6 and 7 
potential glycosylation sites for asparagine N-linked 
glycosylation respectively. N-linked glycosylation in 
case of viruses has a potential role in its virulence and 
immune interaction properties (Vigerust and Shepherd 
2007). Seven to nine N-linked glycosylation sites have 
been reported in wild CDV strains of which amino acids 
positions 309–311 in H protein, is reported to be 
specific for virulent strains of CDV (Bolt et al. 1997; 
Iwatsuki et al. 1997). This glycosylation site was also 
present in Vanguard® CDV strain. Some reports 
assumed that the variations in H protein glycosylation 
played a critical role in the antigenic differences and 
increase in N glycosylation can cause vaccine failure 
(Iwatsuki et al. 1997; Zhao et al. 2008). 

There were several amino acids mutations within 
the VP2 sequence of Nobivac® and Vanguard® CPV 
vaccine strains in comparison with the three 
references variants, in particular M87L, I101T, A300G, 
D305Y. As well as, mutation located in residue 426, 
which entailed the switches, (A) asparagine (Nobivac® 
and Vanguard® as CPV-2 and CPV-2a), (D) aspartic acid 
(CPV-2b), and (E) glutamic acid (CPV-2c).  
Evolutionary modifications within the CPV-2 genome 
occurred from the time when CPV-2 appeared in 1978 
(Appel et al. 1979), generating the emergence of CPV-2 
variants, which includes structural amino acids 
substitutions in the capsid of the virus resulting in 
biological and antigenic modifications for each variant 
to be considered in immunity and natural infections 

(Carmichael 2005). 
Changes in the hematologic parameters can be 

diagnostic and/or an indicator of disease in both 
humans and animals (Feldman et al. 2000; Salem & 
Farag 2014; Willesen et al. 2009). There was no 
difference in this report in RBC and Hb values between 
Nobivac® and Vanguard® vaccinated dogs and the 
control group for the duration of the experiment. These 
results agreed with (Marinho et al. 2012), who 
reported that no hematological changes or effect on 
health status have been observed in puppies 
vaccinated with attenuated CDV and CPV vaccines. 

Evaluation of the leukogram following vaccination 
revealed that there was no difference in WBC counts, 
lymphocytes, and neutrophils in Nobivac® and 
Vanguard® vaccinated dogs when compared with 
controls on day 0. However, there was a significant 
increase in WBCs, lymphocytes, and neutrophils 
following vaccination in both groups when compared 
with controls. Our findings are in accordance with a 
previous study where there was a significant increase 
in peripheral WBCs in dogs vaccinated with polyvalent 
vaccines against CDV and CPV (Strasser et al. 2003). On 
the other hand, Phillips and Schultz (1987) and 
Miyamoto et al. (1992) reported no change or rather a 
decrease in WBC and lymphocyte counts one week 
after immunization with monovalent vaccines or 
virulent CPV. These differences might originate 
because of the continuous challenge of the immune 
system due to replication of polyvalent vaccine viruses. 

 

 
Fig (1): Phylogenetic tree based on the full-length H gene displaying the genetic relationships 
between CDV vaccine strains and a selection of wild CDV strains of various genotypes. 
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Fig (2): Phylogenetic tree based on the full-length VP2 gene displaying the genetic relationships 

between the vaccine strains ad a selection of CPV-2 variants strains. 

 

5. Conclusions 
In this study, we can conclude that there are no 

significant differences in the humoral response 
between both commercially available canine vaccines 
(Nobivac® and Vanguard®). Both vaccines induced 
good levels of immunity. Genetic dissimilarities 
between Onderstepoort-like vaccines (Nobivac®) and 
circulating wild-type strains and virulence residue of 
Rockborn-like vaccines (Vanguard®) have a 
contributory role in CDV field outbreaks in vaccinated 
dogs. Genetic variations between CPV-2 included in 
both commercial vaccines and its variants circulating 
in the field nowadays, stand behind CPV field 
outbreaks in vaccinated dogs. Antigenic matches 
between the canine polyvalent commercial vaccines 
and the circulating wild-type strains should be 
considered necessary for the efficacy of the vaccination 
process and to overcome post vaccinal disease. 
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