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	  Abstract 
     Canine parvovirus (CPV) and canine distemper (CDV) viruses cause important, often fatal diseases of dogs, which can be prevented by vaccination. Vaccination with effective vaccines does not always guarantee successful immunization because of interference by maternal antibodies. Attempts to develop immunization strategies to overcome this problem have been based on the administration of multiple vaccinations. It has been suggested that an alternative approach would be to determine the level of immunity after administration of a limited number of vaccinations. The development of a standardized in-clinic ELISA procedure for CPV and CDV antibody assay could allow the veterinarian to gauge the real-time response of pups, thereby accurately assessing the immunization status of a pup after vaccination. In this study, 102 pups were tested for CPV and CDV antibody titers following one of two vaccination protocols, depending on the age of the pup at first presentation. The rate of vaccination success for the two protocols was assessed 2 weeks after the last vaccination. Two thirds of pups vaccinated were immunized to both CPV and CDV respectively. Most pups developed a significant antibody titer following vaccination as determined by the ImmunocombTM ELISA solid phase immunoassay kit. The results demonstrated that the blot-ELISA technique offers the opportunity of vaccinating pups and concurrently assessing immunization success or failure. In this way, vaccination programs can be “tailor-made” for each individual pup without using generalized vaccination schedules that may result in vaccination failure and pup mortality. The ELISA kit was found to be suitable for work in the clinic, and is suggested as a simple clinic-based test for the assessment of the immune status of pups during the "critical phase" of 6 to about 18 weeks of age.


Introduction 
    The blot-ELISA technique is being used with increased frequency in all aspects of veterinary medicine for the assay of antibodies to a growing number of pathogens (1). The method is quick, easily available, and reliable and requires no specialized laboratory equipment or trained personnel. In the field of small animal practice, kits have been presented and verified for the assay of canine distemper (CDV) and canine parvovirus (CPV) antibodies (2, 3).
CPV and CDV are two important diseases of dogs, which can be prevented by vaccination. Vaccination with effective vaccines does not always guarantee successful immunization (4). Interference by maternal antibodies is regarded as a major cause of vaccination failure in young dogs. Maternal antibody transfer occurs primarily by means of intestinal absorption of colostrum during the initial 2 days of the pup’s life (5). The amount of colostral antibody that pups receive is proportional to the titer of the dam. The antibody titer of the pups at vaccination is usually unknown, and attempts to develop immunization strategies to overcome this problem are based on administration of multiple vaccinations (6). 
It has been proposed that with an easily accessible in-clinic procedure for CPV and CDV antibody assay, the veterinarian could gauge the real-time response of pups after vaccination, thereby accurately assessing the immunization status of the pups (1, 2, 3). In this study we have evaluated for the first time the application of a commercial ELISA kit in the clinic setting in order to assess its applicability for testing the response of pups to vaccination for CPV and CDV. 


 
Materials and Methods 
Animals: Pups (n=102) presented at random for vaccination at a private veterinary clinic in Rehovot Israel, were included in this study. After obtaining a prior history, a full physical examination of each puppy was undertaken and the client was informed of the nature of the investigation. All dog owners were advised to isolate their dogs and limit socialization with other young dogs until a sufficient immunization titer was reached for CPV and CDV.
Vaccines and vaccination schedules: 
Two vaccines were used:
1. Monovalent KF-11 parvovirus vaccine (CPV-2A isolate). Fort Dodge Laboratories, Fort Dodge, IA, USA.
2. Polyvalent Duramune DA2LPv vaccine. Fort Dodge Laboratories, Fort Dodge, IA, USA. The vaccine included CPV, CDV-2A isolate, canine parainfluenza virus, canine hepatitis virus, Leptospira icterohaemorrhagiae and Leptospira canicola.
Vaccination protocols: Puppies were vaccinated by one of the two protocols depending on their age at presentation at the clinic.
Vaccination protocol 1: Puppies (n=46) presented at 6 to 8 weeks of age were vaccinated with the attenuated live monovalent parvovirus vaccine. At about 14 days later these pups were vaccinated with the polyvalent vaccine followed by an additional polyvalent vaccination 2 weeks later.
Vaccination protocol 2: Pups (n=56) presented to the clinic after 8 weeksof age were vaccinated using the polyvalent vaccine followed by an additional polyvalent vaccine 2 weeks later.

Serum sample collection: Blood samples were collected two weeks after the last vaccination and tested by the dot-ELISA method (ImmunocombTM, Biogal, Israel) for CPV and CDV IgG antibodies. Blood was collected from the cephalic vein. Serum was separated by centrifugation, stored at 40C and assayed within 24 hours of blood collection. The results of the antibody assays were communicated to the dog owners.

ELISA immunoassay: Antibody titers were determined on serum samples using the ImmunocombTM ELISA solid phase immunoassay kit as described previously (2, 3). In brief, test sera were diluted 1:36 in buffer and incubated with antigen spots. After a wash to displace unbound antibodies from the reaction spot, the combs were allowed to react with whole molecule goat anti-dog IgG alkaline phosphatase conjugate (Jackson Immunosearch Laboratories Inc., Baltimore, PA). After two successive washing steps, bound antibody was detected with a precipitating chromogen, 5-broma-4-chloro-3-indolyl phosphate (BCIP/NBT) (Biosynth International, Il). The concentration of CPV antibodies for each sample was measured, using a color-coded scale provided in the kit. The results were expressed in "S” units on a scale of 0 to 6, where 3 “S” units was assigned as the positive protective serum titer corresponding to a 1:80 titer for CPV and CDV by the hemoglutination inhibition and serum neutralization tests, respectively (1, 5, 7).
Analysis of results: Dogs showing 3 “S” units or greater titer of CPV and/or CDV IgG antibodies were considered immunized and protected. Sera with IgG titers of 4 “S” units were equivalent to 1:160, with 5 “S” units 1:320 and 6 “S” units • 1:640, for both CPV and CDV respectively. 
Those that did not respond to vaccination by either protocol for either the CPV and/or CDV components was revaccinated and subsequently tested two weeks later.
Statistical analysis: Comparison of the response to vaccination by male and female pups was carried out using the Chi squared test. Statistical significance was defined as p ​ 0.05.
 

 

Results 
Table 1 presents the mean and median age of the pups at their respective vaccinations for the two vaccination protocols, and their immunization status to CPV and CDV after vaccination, as measured by the blot-ELISA. The immunization response of 102 dogs was studied, 46 dogs for the first protocol (20 male and 26 females) and 56 dogs for the second protocol (29 male and 27 females).
Seventy six percent of the pups vaccinated by protocol 1 (one monovalent and 2 polyvalent vaccines) were successfully immunized against both CPV and CDV. Six pups (13%) did not respond to the CPV vaccine and 6 pups did not respond to the CDV vaccine. Only one dog, a Samyoid female did not respond to both CPV and CDV vaccines. 
Seventy three percent of pups vaccinated by protocol 2 (receiving 2 polyvalent vaccinations) were successfully immunized against CPV and CDV. Fourteen percent (8 pups) failed to respond to CPV vaccination and 20% (11 pups) to the CDV component, respectively. Five percent (3 pups) vaccinated under protocol two failed to be immunized to both CPV and CDV vaccines. One was a female Canaani, the other a mixed breed male and the third a female Samoyed.
 

Table 1. Mean and median age of the pups at their respective vaccinations for the two vaccination protocols, and their immunization status to CPV and CDV after vaccination as measured by the blot-ELISA.  
	 
	Protocol 1
	Protocol 2

	Number of pups
	46
	56

	Males
	20
	29

	Females
	26
	27

	Mixed breed pups
	9
	13

	Pedigree pups
	37
	43

	Mean age and SD at 1st vaccination (weeks)
	6.9 ± 1.2
	9.3 ± 2.3

	Median age at 1st vaccination (weeks)
	7
	9

	Mean age and SD at 2nd vaccination (weeks)
	9.7 ± 1.6
	11.3 ± 2.5

	Median age at  2nd  vaccination (weeks)
	10
	12

	Mean age and SD at 3rd vaccination (weeks)
	12.6 ± 1.9
	-

	Median age at 3rd vaccination (weeks)
	12
	-

	Number (%) vaccination success to both CPV and CDV
	35 (76%)
	41 (73%)

	Number (%) of dogs - failure to CPV vaccine
	6 (13%)
	8 (14%)

	Number (%) of dogs - failure to CDV vaccine
	6 (13%)
	11 (20%)

	Number (%) of dogs - failure to CPV and CDV vaccine
	1 (2%)
	3 (5%)


SD = standard deviation
 

 

Figures 1 and 2 represent the distribution of post-vaccination antibody titers for pups responding to CPV and CDV for both vaccination protocols respectively. The majority of pups, which responded to vaccination to both CPV and CDV showed significantly high post-vaccination antibody titers. For the first vaccination protocol, 71% and 66% of pups had post-vaccination titers equal to or greater than 1:320, for CPV and CDV, respectively. For protocol two, 80% of pups had antibody titers equal to or greater than 1:320 for CPV and 70% for CDV. For both protocols combined only 10% of pups successfully immunized had titer in the range of 1:80 at the end of their respective vaccination protocols.
No pup in this study returned to the clinic with clinical symptoms of CPV and/or CDV after verification of a positive active IgG titer for both these agents. For both vaccination protocols studied there were no statistically significant sex differences regarding the rate of successful immunization to either CPV or CDV (p>0.05). 
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	Figure 1.
The distribution of the levels of IgG antibodies under protocol 1, as measured using the ImmunocombTM ELISA solid phase immunoassay kit in pups successfully vaccinated against CPV and CDV. 3 “S” units corresponds to a 1:80 titer for CPV and CDV; 4 “S” to 1:160; 5 “S” to 1:320 and 6 “S” • 1:640
	Figure 2.
The distribution of the levels of IgG antibodies under protocol 2, as measured using the ImmunocombTM ELISA solid phase immunoassay kit in pups successfully vaccinated against CPV and CDV. 3 “S” units corresponds to a 1:80 titer for CPV and CDV; 4 “S” to 1:160; 5 “S” to 1:320 and 6 “S” • 1:640


 

Discussion 
Interference by maternal antibodies is regarded as a major cause of vaccination failure in young dogs (4). Attempts to develop immunization strategies to overcome this problem are based largely on the administration of multiple vaccinations over a period of about 6 weeks to 4 months of age (6). Baker et al. suggested a normograph, based on the CDV IgG antibody titer of the dam just prior to parturition, as an aid to judge the optimal time to vaccinate pups (8). This idea largely failed due to the lack of an easily available and standardized method for the assay of CDV IgG antibodies. 
Experimental studies with the blot-ELISA kit have shown that both maternal passive antibodies and vaccine induced IgG CPV and CDV antibodies can be detected and semi-quantified (2, 3). It was proposed that the blot-ELISA procedure could be used to gauge the real-time response of pups to vaccination for CPV and CDV under clinic conditions (2, 3). In this study we have for the first time applied and evaluated the blot-ELISA method for its compatibility in the clinic. 
In this study we evaluated the IgG levels of CPV and CDV for both protocols two weeks after the final vaccination, when the pups were about 14 weeks of age. The levels of IgG were not monitored either before or during the vaccination process. This was not carried out for a number of reasons: Firstly, the aim of this study was to evaluate the applicability of this ELISA kit in the clinic at the end of the vaccination period. Secondly, the collection of blood samples from pups at 6-8 weeks of age is fraught with difficulties considering the size of the pup and the apprehension of the patients and owners. Finally, in previous studies we have shown that the levels of maternal passive antibodies at about 14 weeks of age are generally very low. (2,3). Any high levels of CPV or CDV IgG antibody (“S” values greater that 3, representing a titer of >1:80) detected at this age would be good evidence of active IgG antibody produced by the pup due to immunization process. In this study, the majority of pups which were shown to be successfully immunized, had titers equal or greater than 1:320 for CPV and CDV respectively, further strengthening this assumption. The chance of a pup at 14 weeks of age having a passive interfering IgG antibody titer greater is low, based on our previous experience in other experiments and taking into account the half-life of the passive maternal antibodies (2, 3, 5, 9). Ninety percent of pups will be immunized at 12-14 weeks of age since passively acquired antibody declines below the level where it can interfere with vaccines (9). The possibility of a pup with a very high initial passive antibody titer cannot be entirely excluded and this remains an option in a minority of pups.
The data presented in this study verify that not all pups vaccinated are immunized, in most cases probably due to interference with maternal antibodies. In both protocols there were pups that failed to gain immunity to either CPV or CDV, and in some cases to both these agents. Five percent of pups failed to respond to both CPV and CDV vaccination after receiving two polyvalent vaccines, the last at about 12 weeks of age. This high percentage of vaccination failures was unexpected and we found no satisfactory explanation for this phenomenon. The lower rate of vaccination failure for both agents in protocol 1 cannot be explained by the additional administration of the monovalent CPV vaccine, as in both protocols the vaccination failure for CPV was similar. Furthermore, the administration of the CPV monovalent vaccine at an early age, as was carried out in protocol 1, did not appear to add any advantage and did not increase the likelihood of protection against CPV, compared to the pups receiving two polyvalent vaccinations only. In both protocols the rate of vaccination failure was found to be similar, at about 13%. The highest rate of vaccination failure (20%) was found for CDV in the older group of vaccinated dogs. There is no adequate explanation for this observation, however these high rates of vaccination failure to CDV should enhance the reasons for monitoring the immune response to this agent.
At the initial visit to the clinic, the owners were warned not to expose their pups to other young dogs that could be potential sources of CPV and CDV infection, until the protective immunization status of the pups was confirmed. A prolonged period of isolation reduces interaction with other pups, which may be detrimental to their long-term social development, and therefore it is desirable to shorten this period. By measuring and reporting the level of immunization response it was possible to measurably reduce this isolation period in about 75% of the vaccinated pups. Under the multiple vaccination program, it would have been necessary to isolate the pups for a period of up to about 4 months of age, during which the pups continue to receive vaccinations. Further vaccination of pups that responded successfully would not have improved their immune status. Modified live virus vaccines require replication of the agent to trigger an immune response, and in this case the vaccine agent would be neutralized before replication (1). 
Although not documented in this study, the response of the owners to the program appeared to be good. In general, owners wanted to know the results and understand the process of vaccination.
The technique of measuring vaccination response can also be used by the veterinarian to test and decide on the best scheduling and choice of vaccine to be used in the clinic. In this regard it must be borne in mind by the practicing veterinarian that not all vaccines are as efficient, and that not all batches of an efficacious vaccine may be equally effective. Furthermore, there is the element of vaccine handling between the time of manufacture and delivery to the veterinary clinic, which may account for devitalization of live attenuated vaccines. 
In conclusion, the blot-ELISA technique offers the opportunity of vaccinating pups and concurrently assessing immunization success or failure, therefore allowing a more reliable and cost efficient program of vaccination. In this way vaccination programs can be “tailor-made” for each individual pup without using generalized vaccination schedules that may result in vaccination failure and pup mortality. The ELISA kit was found to be suitable for work in the clinic, and is suggested as a simple clinic-based test for the assessment of the immune status of pups during the "critical phase" of 6 to about 18 weeks of age.
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