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Abstract India is considered to be endemic for rabies with dogs playing a major role as vectors in 

it’s transmission to human beings and other animals with special reference to the 
livestock. Thus, to control rabies in dogs, vaccination is the most practical approach. Cell 
culture based inactivated rabies vaccines are being used to vaccinate the dogs and the anti-
rabies vaccinal efficacy is determined by Rapid fluorescent focus inhibition (RFFIT)/ 
Fluorescent antibody virus neutralization (FAVN) test. A titer of 0.5 IU/ ml of the serum or 
greater is considered to be sufficient for conferring protection whereas, titre below 0.5 
IU/ml is considered as insuffcient, leaving the dog less likely to be protected from rabies. 
A plethora of factors have been implicated with vaccination failure viz., quality of 
vaccine, age of animal, duration after vaccination, breed and gender of dogs, health 
status, nutrition and management, endo parasitism, neutering status of dogs, genetic 
constitution, status of booster vaccination, storage of vaccines and stress. For a 
successful rabies vaccination all these factors need to be considered along with frequent 
monitoring for presence of vaccinal antibodies. 

Introduction 

Rabies is a well-known zoonoses that continues to pose global public health challenges. It is an 
acute viral encephalitis in humans and other mammals caused by Lyssa virus of the family 
Rhabdoviridae, and is nearly always fatal1. The annual number of human deaths caused by rabies 
is estimated to be 55,000 worldwide with about 32000 in Asia2. Prevalence of rabies is particularly 
high in India3 and stray dogs play an important role as reservoir and transmitters of disease to 
humans and domestic animals4.Despite the availability of various brands of vaccines in India, the 
disease prevails. There is a need for a much more coordinated vaccination programmes and it’s 
implementation in a larger scale covering wider area. 

 

After they have been vaccinated against rabies, dogs are protected primarily through the generation 
of rabies virus-specific neutralizing antibodies5.Establishment of pre-exposure immunity will 

protect individual animals from contracting rabies and thus preventing further spread to humans or 
other domestic animals. However, such vaccinal immunity is influenced by various factors. In this 
review, the factors that could affect the post-vaccinal immune response in dogs are discussed. 



Saga of development of anti rabies vaccines 

Vaccination is the only method to prevent rabies and Louis Pasteur pioneered this approach in 1885 using 
desiccated spinal cords derived from rabies-infected rabbits. Subsequent vaccines were also derived 
from neural tissues from a variety of animal sources and were effectIve and affordable throughout the 
world. Later, the Semple’s anti rabies vaccine was developed by David Semple in India in 19116. World 

Health Organization (WHO) has recommended discontinuation of this vaccine from 1993, because of 
high content of myelin basic proteins7. Alternatives to this approach included inactivation of chick 
embryo propagated rabies virus (RABV) 8 or inactivation of suckling mouse brain propagated RABV that 
has a lower level of myelin compared to the adult brain9. 

A new paradigm for rabies vaccines in general followed the development of cell culture for virus 
propagation. The first tissue culture vaccine was derived from virus grown in primary hamster kidney 

cells10,11, followed by growth of fixed RABV in a human diploid cell(HDC) line12. An alternative to 

HDCV was the use of purified chick embryo cells. These vaccines are now used successfully worldwide. 
Vos and others13 conducted safety studies on SAD B19, an attenuated oral rabies vaccine and 
concluded that it can be used for oral vaccination campaigns. Preparation of rabies vaccine using Vero 
cells was standardized for the purpose of large scale production and thus comparatively an economical 
rabies vaccine. 
Despite the undoubted success of current commercial vaccines against rabies, there have been numerous 
attempts to develop alternatives, based on the genetic manipulation. The key target for antibodies is 
virus glycoprotein, which is a surface-exposed protein. A number of antigenic sites to which neutralizing 

monoclonal antibodies bind have been identified on this protein14,15.Recently, new live attenuated 

Rabies virus vaccine candidates have been designed through reverse genetics approach by employing 
gene mutations 16, duplication or triplication of the G gene of rabies virus17,18. Some such attempts 
have been reported to be promising as these candidates have been found to be non pathogenic and 
immunogenic in animal models. However, one of the limitations of such DNA vaccines is the need of 
multiple immunizations using high doses of the DNA to achieve suffcient immunity. In addition to such 
multiple administration of vaccines resulting in immunotolerance, need of adjuvants to improve the 
effcacy may be a safety concern19.Although various recombinant rabies vaccines have been developed 
using several viral vector systems 20,21,22,23, their efficacy, safety and utility for both pre and post 
exposure vaccinations have to be well established. 

Factors Affecting Vaccinal Performance 

After vaccination against rabies,to assess whether a dog has adequate immunological protection,the 
standard method of testing is estimation of the presence of virus neutralizing antibodies (VNA) by the 
Fluorescent Antibody Virus Neutralization test (FAVN) / Rapid Fluorescent Focus Inhibition Test (RFFIT) 
at officially recognized laboratories24. A serum titre of 0.5 IU/ml and above of rabies virus-specific 

antibodies is considered adequate protection against rabies. A titre below this level is considered as 
vaccination failure, leaving the dog less likely to be protected from the rabies virus25.Such vaccination 
failures could be attributed to the following factors; 



• Age: Age is one of the important factors that influence immunological responses to vaccines, 
especially in the extreme ages of life. In general, young puppies and very old dogs do not show a sound 
immune response to vaccination unlike adult dogs. As per a study by Mansfield et al., dogs less than six 

months and cats more than 14 years of age had lower antibody titres26.The pre-vaccination rabies titre 

was higher in old dogs than in young dogs 
27. This could be attributed to more number of boosters / annual vaccinations in old dogs than the 
young ones. 
Where as young puppies are at greater risk of not attaining protective antibody titers after their first 
anti rabies vaccination probably due to the neutralization of vaccine virus by the maternally derived 
antibodies. However, this risk can be minimized by administering a second vaccination and blood 
sampling to assess the neutralizing antibody titre 28. 

 
• Duration after vaccination: Window period is the time between the vaccination and the appearance of 
detectable antibodies to the virus. In case of rabies, the window period of serum sample collection, in 
general has been recommended to be 20-50 days with an average of 28 days after vaccination. After 
one year of vaccination with booster, only 54.7% of the dogs maintained protective antibody levels 
against rabies 29. Non-adjuvant recombinant rabies vaccines have been reported to induce excellent 

antibody responses in previously vaccinated dogs 14 days after administration 30. 
• Breed: In a study by Kennedy et al., breeds of dogs that are small in size elicited higher antibody levels 
than larger breeds. Another observation was that the magnitude of response immediately following 
vaccination and duration of immunity varied between breeds of dog 31..This is because genetic 

variations across breeds are large, whereas within breed, variation is much more limited. However 
Jakel et. al.,28  could not find any differences in antibody response between breeds. 

• Management: Aghomo et al., reported that puppies from non-vaccinated female dogs responded 

well to vaccine after 4th week of age, showing progressive increase in virus neutralizing antibodies as 

measured by RFFIT. But puppies from vaccinated female dogs responded only at 10th week of age 
although maternal antibody levels had decreased by 6th week of age 32. The importance of the 
interval between vaccination and antibody testing was demonstrated by Cliquet et. al.,24 and Mansfield 
et. al.,26, showing that the risk of test failure significantly increased when dogs were tested beyond six 
weeks after vaccination. Primo-vaccinated pets had significantly lower rabies antibodies than dogs 
vaccinated twice or more, and a rapid decrease of rabies antibodies was seen in primo vaccinated 
dogs24. The choice of the vaccine and the timing of blood tests are critical factors in achieving successful 
serological test results after rabies vaccination33.Regular vaccination, exercise, companionship, 
neutering and annual booster of vaccination favoured long duration of immunity in the dog 34. 
• Gender: In a study by Rife et al., castrated mice responded to antigenic stimulation than uncastrated 

mice and had twice the number of T lymphocytes 35. It is suggested that testosterone may affect the 

immune system through enhancement of suppressive activity in testosterone injected animals. Due to 
late thymus involution, immune system in females works longer and effectIvely against parasitic and 
infectious diseases 36. Mansfield et al., reported that neutered animals responded better by maintaining 
a protective antibody titer to anti rabies vaccination than unneutered animals 26.In contrast to this, 



Kennedy et.al.31demonstrated that gender of the dog does not have any effect on immune response to 
anti rabies vaccination. 
• Genetic factors: One strong genetic factor known to influence immune response to vaccination is 
the Major Histocompatibility Complex (MHC). It has been previously identified that dog leukocyte antigen 
(DLA) polymorphism is related to both autoimmune and infectious disease susceptibility 31. 

• Nutritional status: Nutritional status of a dog constitutes an important factor in the outcome of 
vaccination as malnourished animals may be immune suppressed. Cell-mediated and non specific 
immunity are more sensitive to nutritional deficiency than humoral immunity. Van loveren et. al.,37 

indicated that nutritional status as well as individual nutrients in food can affect vaccination titers. 
• Stress:Stress is known to suppress the normal immune response probably because of increased 

steroid production and is reported in many studies 37. In general, stress in case of vaccinated animals 

has been reported to be responsible for certain extent of vaccination failure. 
• Parasitism: The infestation with ecto and endoparasites has been attributed as a factor responsible for 
vaccination failure. In puppies suffering from immune suppression due to heavy parasitism and not 
treated with anthelmintic, significantly lower specific antibody levels after anti rabies vaccination was 

demonstrated (Mojzisova et. al.38). 

• Multiple vaccinations: Boosting the immune system at a regular interval could result in better immune 
response. A study by Cliquet et al., revealed that Primo-vaccinated pets had significantly lower rabies 
antibodies than dogs vaccinated twice or more, and a rapid decrease of rabies antibodies was seen in 
primo vaccinated dogs 24.In a study by Hirayama et. al., where rabies vaccine was administered 

without the booster dose, the titers declined in 
 

120 days, therefore 40% of the animals did not have protective titers 39. Whereas, with booster, the 

drop of serum antibody titers (<0.5 IU/mL) in dogs occurred after 180 days 29. Administration of the 
first vaccine followed by a booster vaccine after 3-4 weeks as a part of the primary immunization 
schedule for rabies could result in a better vaccination response. This schedule is practiced by most of the 
practitioners. Similar observations have been made by Hirayama et al., 1990 39. 

• Storage Condition of Vaccine: Generally, proper storage of anti rabies vaccine in the cold chain is 
recommended. This factor appears to be most influencing on the post anti rabies vaccinal antibody levels. 
A study in dogs receiving properly stored and improperly stored vaccine resulted in slight differences in 

antibody response 40. Interestingly in yet another study carried out by Washington-led research team 

determined rabies vaccines stored at warmer temperatures still were found protective against the 
rabies.41 This study provided the preliminary robust data that the antibody response of dogs 
vaccinated with Nobivac® Rabies vaccine stored for several months at high temperatures (up to 30 °C) 
was not inferior to that of dogs vaccinated with vaccine stored under recommended cold-chain 
conditions (2–8 °C). A controlled and randomized non-inferiority study was carried out comparing the 
four-week post vaccination serological responses of Tanzanian village dogs inoculated with vaccine 
which had been stored at elevated temperatures for different periods of time with those of dogs 
vaccinated with the same product stored according to label recommendations. Specifically, the 
neutralizing antibody response following the use of vaccine which had been stored for up to six months 



at 25 °C or for three months at 30 °C was not inferior to that following the use of cold-chain stored 
vaccine. These findings provide reassurance that the vaccine was likely to remain efficacious even if 
exposed to elevated temperatures for limited periods of time and, under these circumstances, it can 
safely be used and not necessarily destroyed or discarded. The availability of thermo tolerant vaccines 
has been an important factor in the success of several disease control and elimination programs and could 
greatly increase the capacity of rabies vaccination campaigns to access hard to reach communities in 
Africa and Asia 41. 
 

Conclusion 
Rabies is fatal but can be prevented by vaccination which induces immunity against the disease. Pre 
exposure and post exposure vaccinations are mainly employed in control of rabies where a protective 
antibody response is generated. Several factors influence the immune response after vaccination. So, for a 
successful vaccination in dogs against rabies, factors such as type of vaccine, booster vaccinations, the 
breed, age at vaccination, and number of days after vaccination when the antibody titers are tested, 
nutritional and health status should be considered. A successful rabies vaccination needs booster at 
regular interval and frequent monitoring for neutralizing anti-rabies vaccinal antibody titre to ascertain 
protective levels. Further field based studies are necessary for checking the thermo tolerance of 
inactivated anti rabies vaccines. 

References 
• Knobel, D. L., Cleaveland, S., Coleman, P. G., Fevre, E. M., Meltzer, M. I., Miranda, E. G., Shaw, 

A., Zinsstag, J. and Meslin, F.X., 2005. Re-evaluating burden of Rabies in Africa and Asia. 
Bull. W. H. O., 83:360-368 

• Sugiyama,M. and Ito, N.,2007. Control of rabies: Epidemiology of rabies in Asia and 
development of new- generation vaccines for rabies. Comp. Immunol. Microbiol. Infect. Dis., 
30: 273-286. 

• Sudarshan, M.K., Mahendra, B.J., Madhusudana, S. N., Narayanan, A. D.H., Rahman, S. and 
Rao, N. S., 2006. An epidemiological study of animal bites in India: results of a WHO 
sponsored National multi-centered rabies survey. J.Commun. Dis.38:32–39. 

• Bhatia, R., Ichhpujani, R.L., Madhusudana, S.N. and Hemachudha, T., 2004. Rabies in South 
and Southeast Asia. In: “program and abstracts of the WHO Expert Consultation on 
Rabies”,Geneva, Switzerland. 

 

•  Macfarlan, R. I., Dietzschold, B. and Koprowski, H., 1986. Stimulation of cytotoxic T-
lymphocyte responses by rabies virus glycoprotein and identification of an immunodominant 
domain. Molecular immunology, 23(7): 733-741. 

• Chakrabarti, P., 2010. Living versus Dead: The Pasteurian Paradigm.Imperial Vaccine Res., 84: 
387–423. 

• Hemachudhat, Griffin De, Giffels, J. J., Johnson, R. T., Moser, A. B. and Phanuphak, P., 1987. 
Myelin basic protein as an encephalitogen in encephalomyelitis and polyneuritis following 
rabies vaccination.J. Med., 316:369–73 



• Koprowski, H. and Cox, H. R., 1948. Studies on chick embryo adapted rabies virus, culture 
characteristics and pathogenicity. J. Immunol., 60: 533 

• Fenzalida, E., Palacios, and Borgono, J. M., 1964. Anti-rabies antibody responses in man to 
vaccine made from infected suckling-mouse brains. Bull. W. H. O., 30: 431–436 

• Kissling, R. E. and D, R. Reese., 1963. Anti-rabies vaccine of tissue culture origin. J. Immunol., 
91: 362 

• Kissling, R., 1958. Growth of rabies virus in non-nervous tissue culture. Proc. Soc. Exp. Biol. 
Med., 98: 223 

• Wiktor, T. J., M., Fernandes, V. and Koprowski, H., 1964. Cultivation of rabies virus in human 
diploid cell strain WI-38. J. Immunol., 93: 353 

• Vos, A., Neubert, A., Aylan, O., Schuster, P., Pommerening, E., Muller, T., and Chai Chivatsi, 
D., 1999. An update on safety studies of SAD B19 rabies virus vaccine in target and non-
target species. Epidemiol. Infect., 123(1): 165-175 

•  Prehaud, C., Coulon, P. and Lafay, F., 1988. Antigenic site II of rabies virus glycoprotein: 
structure and role in viral virulence. J. Virol., 62: 1–7 

• Seif, I., Coulon, P., Rollin, P. E. and Flamand, A., 1985. Rabies virulence: effect on 
pathogenicity and sequence characterisation of rabies virus mutations affecting antigenic site 
III of the glycoprotein. J. Virol., 53: 926–934 

• Ertl, H.C., 2009. Novel Vaccines to human rabies. PLoS Negl. Trop. Dis. 3:e 515.doj:10.1371 / 
journal. Pntd.0000515. 

• Cenna J, Hunter M, Tan GS, Papaneri AB, Ribka EP, Schnell MJ, Marx PA, McGeƫgan JP. 2009. 
Replication-deficient rabies virus-based vaccines are safe and immunogenic in mice and 
nonhuman primates. J. In- fect. Dis. 200:1251–1260. 

• Faber M, Li J, Kean RB, Hooper DC, Alugupalli KR, Dietzschold B. 2009. EffectIve preexposure 
and postexposure prophylaxis of rabies with a highly attenuated recombinant rabies virus. Proc. 
Natl. Acad. Sci. U. S. A. 106:11300 
–11305. 

• Liu MA. 2011. DNA vaccines: an historical perspective and view to the future. Immunol. Rev. 
239:62–84 [PubMed] [Google Scholar] 

• Ge J, Wang X, Tao L, Wen Z, Feng N, Yang S, Xia X, Yang C, Chen H, Bu Z. 2011. Newcastle 
disease virus-vectored rabies vaccine is safe, highly immunogenic, and provides long-lasting 
protection in dogs and cats. J. Virol. 85:8241– 8252. 

• Saxena S, Dahiya SS, Sonwane AA, Patel CL, Saini M, Rai A, Gupta PK. 2008. A sindbis virus 
replicon-based DNA vaccine encoding the rabies virus glycoprotein elicits immune responses 
and complete protection in mice from lethal challenge. Vaccine 26:6592– 6601. 

• Yuan Z, Zhang S, Liu Y, Zhang F, Fooks AR, Li Q, Hu R. 2008. A recombinant pseudorabies 
virus expressing rabies virus glycoprotein: safety and immunogenicity in dogs. Vaccine 
26:1314 –1321. 

• Prehaud C, Takehara K, Flamand A, Bishop DH. 1989. Immunogenic and protective 
properties of rabies virus glycoprotein expressed by bacu- lovirus vectors. Virology 173:390 –
399. 

 



• Cliquet, F., Verdier, Y., Sagne, L., Aubert, M., Schereffer, J. L., Selve, M., Wasniewski, M. and 
Servat, A., 2003. Neutralising antibody titration in 25,000 sera of dogs and cats vaccinated 
against rabies in France, in the framework of the new regulations that offer an alternative to 
quarantine. Revue Scientifique et del Office InterNational des Epizooties, 22: 857–866 

• Fooks, A. R., Mcelhinney, L. M., Brookes, S. M., Johnson, N.,Keenev, Parsons, 
G.,2002.Rabies antibody testing and the UK pet travel scheme. Vet. Rec.150(14):428–30 

• Mansfield, K. L., Burr, R. D., Snodgrass, D. R., Sayers, R., and Fooks, A. R., 2004. Factors 
affecting the serological response of dogs and cats to rabies vaccination. Vet. Rec., 154: 423-
426 

• Hogenesch, H., Thompson, S., Dunham, A., Ceddia, M. and Hayek, M., 2004. Effect of age on 
immune parameters and the immune response of dogs to vaccines: a cross-sectional study. 
Vet. Immunol. Immunopathol., 97(1-2): 77-85 

• Jakel, V., Konig, M., Cussler, K., Hanschmann, K. and Thiel, H. J., 2008. Factors influencing the 
antibody response to vaccination against rabies. Dev. Biol., 131:431-437 

• Babboni, S. D., Da Costa, H. F., Martorelli, L. D. F. A., Kataoka, A. P. D. A. G., Victoria, C., 
Padovani, C. R. and Modolo, J. R., 2014. Kinetics of rabies antibodies as a strategy for canine 
active immunization. J. Venom. Anim. Toxins incl. Trop. Dis., 20(1): 37 

• Dodds, W.J., Larson, L.J., Christine, K.L. and Schultz, R.D., 2020. Duration of immunity after 
rabies vaccination in dogs: The Rabies Challenge Fund research study. Canadian J. Vet. Res., 
84(2), pp.153-158. 

• Kennedy, L. J., Lunt, M., Barnes, A., Mcelhinney, L., Fooks, A. R., Baxter, D. N. and Olliera, 
W.E.R., 2007. Factors influencing the antibody response of dogs vaccinated against rabies. 
Vaccine, 25: 8500–8507 

• Aghomo, H.O., Oduye, O. O. and Rupprecht, C. E., 1990. The serological response of young 
dogs to the Flury LEP strain of rabies virus vaccine. Vet. Res. Commun., 14(5): 415-425 

• Minke, J. M., Bouvet, J., Cliquet, F., Wasniewski, M., Guiot, A. L., Lemaitre, L., Cariou, C., 
Cozette, V., Vergne, 
L. and Guigal, P. M., 2009. Comparison of antibody responses after vaccination with two 
inactivated rabies vaccines. Vet. Microbiol., 133: 283-6 

• Yale, G., Ganesan, P. I., Tirumurugaan, K. G., Madhusudana, S. N., Vijaya, M., Thangavelu, 
B., Ashwin, Y. B., Sampada, S. and Taj, S., 2014. Factors affecting duration of immunity of 
rabies vaccination in dogs. Vet. Rec. Open., 23 

• Rife, S. U., Marquez, M. G., Escalante, A. and Velich, T., 1990. The effect of testosterone on the 
immune response. Mechanism of action on antibody forming cells. Immunological 
investigations, 19: 259-270 

• Aspinall, R., 2000. Longevity and the immune response. Biogerontology, 1(3): 273-8 

• Loveren, H. V., Jan, G. C., Amsterdam, V.,  Vandebriel, R. J., Kimman, T.  G., Rumke, H. C., 
Steerenberg, P.  S.  and Vos, J. G., 2001. Vaccine-Induced antibody responses as parameters 
of the influence of endogenous and environmental factors. Environ. health perspect., 106: 
757-764 

•  Mojzisova, J., Suli, J., Goldova, M., Bajova, V. and Svrcek, S., 2007. The effect of 
endoparasitism on the immune response to anti-rabies vaccination in puppies. Acta. 
Parasitol.,52 (2): 176-180 



• Hirayama, N., Raharjo, J. E., Aeny Rochman Noor, M., Sakaki, K. and Ogata, M., 1990. 
Immune state of dogs injected with rabies vaccines in the west Java, Indonesia. Nihon 
Juigaku Zasshi., 52(5):1099–1101 

• Tasioudi, K.E., Papatheodorou, D., Iliadou, P., Kostoulas, P., Gianniou, M., Chondrokouki, E., 
Mangana- Vougiouka, O. and Mylonakis, M.E., 2018. Factors influencing the outcome of 
primary immunization against rabies in young dogs. Veterinary microbiology, 213, 1-4. 

• Felix J Lankester, Pieter A W M Wouters, Anna Czupryna, Guy H Palmer, Imam Mzimbiri, Sarah 
Cleaveland, Mike J Francis, David J Sutton, Denny G P Sonnemans (2016).. Thermotolerance 
of an Inactivated Rabies Vaccine for Dogs.Vaccine,Nov.4;34(46):5504-5511.doi: 
10.1016/j.vaccine.2016.10.015. PMID: 27729174 

 
 


