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Introduction: Rabies is a lethal, zoonotic, and neurological disease 
which is practically 100% fatal but vaccine preventable. The vaccination 
program will be successful only after maintaining the protective level 
of rabies antibodies in vaccinated animals and continuous estimation 
of titers of anti-rabies antibodies in ARV-vaccinated animals. 

Method: The present study investigates the status of anti-rabies 
antibody titers and estimates the humoral responses towards the 
rabies vaccination in rabies-vaccinated stray and pet dogs from the 
Mumbai and Navi-Mumbai regions using indirect ELISA. 

Results: Out of 184 serum samples obtained from vaccinated stray 
and pet dogs, 149 (80.97%) serum samples showed rabies antibody 
titer ≥ 0.5 IU/mL, consisting of 70/98 (71.42%) from vaccinated stray 
dogs and 79/86 (91.86%) from vaccinated pet dogs. In vaccinated 
stray dogs, the sex-wise analysis revealed that 33/46 (71.73%) male 
dogs and 37/52 (71.15 %) female dogs had protective levels of rabies 
antibody titer. In pet dogs, 54/56 (96.42%) male dogs and 25/30 
(83.33%) female dogs had protective anti-rabies antibody titers of ≥ 
0.5 IU/mL. Vaccinated pet dogs show a high prevalence (91.86%) and 
p value of 0.969 of anti-rabies antibodies compared to vaccinated 
stray dogs (71.42%) and p value of 0.335. 

Conclusion: The high prevalence in stray dogs in the present study 
indicates that the NGOs are vaccinating stray dogs regularly in their 
areas. Screening a large number of serum samples in stray dogs 
revealed the true status of antirabies antibody titers.

Keywords: Rabies Antibody Titer, Anti-Rabies Vaccine, Dogs, 
ELISA, Serosurveillance
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Introduction
Rabies is a lethal, zoonotic, and neurological disease caused 
by Lyssavirus, belonging to the family Rhabdoviridae. The 
rabies virus can infect any warm-blooded animal, except 
humans.1 Rabies is distributed throughout the world 
and is endemic in many countries except continents like 
Australia and Antarctica.2 An estimated 20,000 human 
deaths occur from dog-mediated rabies in India, with the 
annual incidence of animal bites at a rate of 6.6 per 1000 
people.3 This is estimated to account for one-third of all 
rabies-related deaths worldwide.4-8 As per a report, dog 
bites constitute the pioneering cause of human rabies 
in India, with an annual estimate of almost 17 million 
animal bites.9 In India, 59.9% of rabies deaths annually 
have been registered, and roughly 35% of human rabies 
deaths have also been reported worldwide.10,11 According 
to the World Health Organization (WHO), US$ 8.6 billion is 
the overall global cost involved in treating and preventing 
dog-mediated rabies.12

Rabies prevalence in domestic animals has increased from 
20% to 50%, with 48% in canines, 21.9% in felines, 61.4% 
in cattle, 48.7% in caprine, and 45% in equines.13 Rabies is 
spread unevenly within infected countries. Within cities, 
there are low and high endemic regions and zones with 
epizootic occurrences. Rabies is ubiquitous across Africa 
and Asia (except for Japan and Singapore). North and 
South America and Europe record disease outbreaks in 
disproportionately confined or present in areas of those 
countries.14 For the prevention and control of rabies virus 
transmission, vaccination is essential.15 As per the WHO, 
all endemic rabies countries should implement preventive 
vaccination programs for dogs (National Action Plan for 
Dog Mediated Rabies Elimination from India by 2030). 
The vaccination program will be successful only after 
maintaining the protective level of antibodies in vaccinated 
animals and continuous sero-monitoring.16 Under the 
“One Health” policy, rabies eradication can be achieved by 
educating the community regularly and vaccinating the local 
dog population9 It is essential for disease control to maintain 
a protective level of anti-rabies antibodies in vaccinated 
animals.17- 19 An anti-rabies antibody with a serum titer of 
0.5 IU/mL or above is considered protective and animals 
must be vaccinated at least once a year.20 As a result, it is 
recommended that following vaccination, ongoing sero-
monitoring be performed to assess the efficiency of the 
immunization programs and herd immunity.21-23 

Previous Sero-surveillance investigations conducted at 
Mumbai Veterinary College indicated that the a protective 
antibody titre of above 0.5 IU/ml.  stray dogs  is  39.2% and 
62.66%, respectively.24,25 A high seroprevalence of 97.87% 
of anti-rabies antibodies in pet dogs was reported from 
Mumbai.25 The ideal way to control the rabies virus is to 

conduct vaccination programs for stray and pet animals 
along with wild carnivores, and it is highly important to 
determine the rabies antibody titer levels from time to time 
in vaccinated animals. Anti-rabies antibody levels in animals 
must be checked to determine the efficacy of control 
measures.26 Seroprevalence studies can be conducted 
by collecting the animal’s serum and using methods like 
Fluorescent Antibody Virus Neutralization (FAVN), Rapid 
Fluorescent Focus Inhibition Test (RFFIT), and quantitative 
ELISA. As per WHO, for cases with rabies antibody titer 
values less than 0.5 IU/mL, a supplemental dose of the 
vaccine needs to be administered.27 Quantitative ELISA 
Biorad PATELIATM RABIES II ASSAY is an in vitro diagnostic 
ELISA test that helps in identifying the rabies antibodies 
in post-vaccination serum samples of dogs and cats.28, 29 
The WHO recommends a neutralizing antibody titer of ≥ 
0.5 IU/mL as a protective titer level.30 This study is aimed 
at testing the presence of anti-rabies antibodies in serum 
samples of stray as well as pet dogs to assess the immune 
status of the vaccinated dog population against rabies. 

Materials and Methods 
Ethical Statement 

The Institutional Biosafety Committee (IBSC) of Mumbai 
Veterinary College, Mumbai, provided the approval for 
conducting this study vide Resolution No 3.1.6. (Lr. No. 
MVC/Dean/VPH/IBSC/103 of 2021 dated 15/09/2021).

Sample Collection

In this study at the Mumbai Veterinary College, India, 
sterile disposable needles and syringes were used to collect 
blood samples from stray and pet dogs. Birthmarks, colour, 
and ear notches were used to identify the stray dogs. 
Separation and centrifugation of the serum were done 
and then it was stored at -20 °C in sterile microcentrifuge 
tubes. During the processing of the samples, the required 
precautions (biosafety measures) were taken. At the time 
of blood collection, information was gathered on the last 
date of vaccination, neuter status, breed, gender and age.

A total of 184 serum samples were obtained for sero-
surveillance from both pet and stray dogs having a history of 
anti-rabies vaccination from May 2021 to January 2022. The 
samples were collected and received from different sources, 
including the Department of Veterinary Microbiology, 
Mumbai Veterinary College, Mumbai, NGOs like AHIMSA 
and In Defense of Animal (IDA-Mumbai and IDA-Turbhe, 
Navi Mumbai) and Animal Birth Control Program (ABC) 
units like BSPCA Veterinary Hospital, Mumbai Veterinary 
College, Mumbai. A total of 98 samples were obtained from 
vaccinated stray dogs from NGOs near Mumbai and Navi 
Mumbai region, and 86 serum samples were received from 
pet dogs vaccinated with the Anti-Rabies Vaccine (ARV) in 
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and around the Mumbai region. The selection of stray dogs 
was based on their vaccination history, eliminating those 
without available records. Pet dogs were required to have 
received at least two doses of the rabies vaccine. These 98 
serum samples collected from vaccinated stray dogs were 
categorized into 3 groups based on the time interval after 
the last anti-rabies vaccination. Group I represented the 
early phase of immune response development. During this 
stage, antibody titers may be rising but have not yet reached 
peak levels. Group II indicated the peak phase of the 
immune response, where the body has mounted a strong 
antibody reaction. Finally, Group III reflected the waning 
phase of immunity. Among these groups, Group I consisted 
of serum samples collected from both sexes less than one 
month after pre-exposure anti-rabies vaccination, Group II 
consisted of serum samples between one and six months 
after pre-exposure anti-rabies vaccination, whereas Group 
III consisted of samples between six months and one year 
after pre-exposure anti-rabies vaccination. The 86 serum 
samples obtained from pet dogs were split up into three 
age-based groups. In pet dogs, Group A consisted of young 
dogs that generally have a more active immune system 
due to immunological priming from early vaccinations. 
Group B included adult dogs, which typically exhibit a 
more stable immune response and Group C was made up 
of older dogs who may experience immunosenescence, a 
gradual decline in immune function. Serum samples were 
obtained from dogs aged 6 months to 2 years in Group A, 
from dogs aged 2–5 years in Group B, and from dogs aged 
5–10 years in Group C. 

Use of ELISA in the Sero-surveillance of Rabies 
Antibodies in Dogs 

Samples were obtained for sero-surveillance from 
both pet and stray dogs having a history of anti-rabies 
vaccination. PLATELIA™ RABIES II ASSAY Ad Veterinarian 
(Ref: 3550180) BIORAD ELISA kit was used to analyze the 

samples obtained for the antibody titers. The provided kit 
included negative and positive controls. An ELISA test kit 
works on an indirect ELISA technique, which makes use of 
a solid-phase enzyme immunoassay. Rabies glycoprotein, 
taken from the inactivated and purified viral membrane, 
was put on a microplate. The manufacturer’s instructions 
were adhered to while performing the ELISA test. Once 
the reactions were stopped, within 30 minutes, an ELISA 
reader was used to measure the optical density at 450–620 
nm. The standard curve approach was used to calculate 
the level of anti-rabies antibodies. The Platelia Rabies II 
test mentioned here is a strong candidate for the routine 
detection of rabies antibodies in domestic carnivores as 
part of international trade for monitoring rabies vaccination 
programs.31

Statistical Analysis 
Web Access Server Protection version (WASP) 2.0 software 
was used for statistical analysis.32 Calculation of metrics 
such as mean, standard deviation, variance, maximum and 
minimum values, and standard error was done for stray 
dog sera samples. The stray dogs’ anti-rabies antibody 
status after pre-exposure vaccination and the variation in 
the dogs’ mean titer (IU/mL) values were analyzed using 
the chi-square test. 

Results 
Sero-surveillance of Rabies Antibodies in Vaccinated 
Stray and Pet Dogs Using ELISA 

An overall seropositive percentage observed in the present 
study was 80.97% (149/184), which revealed that the 
rabies antibody titers for these 149 samples were equal 
to or above the cut-off value of 0.5 IU/mL, including 70/98 
(71.42%) from stray dogs and 79/86 (91.86%) from pet dogs 
of both sexes (Table 1). All the stray and pet dogs were 
vaccinated with ARV from different companies. 

S. No. Group Species Sex Samples Examined
 (n)

Positive Samples 
(n)

Positive Samples 
(%) 

1 Stray Dog
Male 46 33 71.73

Female 52 37 71.15

Total A 98 70 71.42

2 Pet Dog
Male 56 54 96.42

Female 30 25 83.33

Total B 86 79 91.86

Grand Total (A + B) 184 149 80.97

Table 1.Group-Wise Percentage of Dogs Showing Positive/ Protective Titer Level
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The status of anti-rabies antibodies after pre-exposure 
anti-rabies vaccination in stray dogs of Mumbai and Navi 
Mumbai region was analyzed, and out of 98 stray dogs’ 
serum samples, 70/98 (71.42%) serum samples showed 
rabies antibody titer values of 0.5 IU/mL (cut-off value) or 
more. Similar values of rabies antibody titers were seen 
in 33/46 (71.73%) male dogs and 37/52 (71.15%) bitches 
(Table 2). Statistical analysis revealed a non-significant (p 
≤ 0.05) association between the anti-rabies antibody titer 
of vaccinated stray dogs and duration from the last ARV

The status of anti-rabies antibodies after pre-exposure 
anti-rabies vaccination in pet dogs of Mumbai and Navi 
Mumbai region was analyzed and among samples obtained 
from vaccinated pet dogs, 91.86% (79/86) exhibited rabies 
antibody titer values of 0.5 IU/mL (cut-off value) or more. 
Sex-wise distribution in vaccinated pet dogs indicated that 
96.42% (54/56) male dogs and 83.33% (25/30) female dogs 
showed similar values of rabies antibody titers (Table 1). 
Statistical analysis was performed using chi-square test to 

investigate the relationship between anti-rabies antibody 
titers and the age at which pet dogs were vaccinated. The 
analysis revealed that the anti-rabies antibody titers of 
vaccinated pet dogs showed no significant differences (p 
≤ 0.05) after statistical analysis.

In the present study, the overall prevalence  of  protective 
levels of rabies antibody titer percentage in stray dogs was 
observed to be 71.42%, protective anti-rabies antibody 
titer. A non-significant difference was observed between 
the anti-rabies antibody titer of vaccinated stray dogs 
based on duration from the last ARV. According to their 
age group, 86 pet dog serum samples were divided into 
three groups (A, B and C). The highest mean antibody titer 
of 0.698 IU/mL in pet dogs was observed in Group C (age: 
> 5 years to 10 years). The mean antibody titer values 
observed in Groups A and B in pet dogs were 0.647 IU/
mL and 0.66IU/mL, respectively (Figure 1). No significant 
difference was observed in the anti-rabies antibody titer 
values of vaccinated pet dogs belonging to varying age 
groups.

Table 2.Percentage and Statistical Analysis of Anti-Rabies Antibody Titers at Different Time Intervals after 
Vaccination in Stray Dogs

S. No. Groups Duration from Last 
ARV

Samples Examined
(n)

Positive 
Samples (n) % Positive Chi-Square 

Test p Value

1 I < 1 month 44 32 72.72

0.3352 II > 1 to ≤ 6 months 36 27 75.00

3 III > 6 months to ≤ 1 year
18 11 61.11

98 70 71.42

*Non-significant at the level of 5% (p < 0.05)

Table 3.Percentage and Statistical Analysis of Anti-Rabies Antibody Titers in Pet Dogs Categorized as per 
Their Ages

S. No. Groups Age
Samples 

Examined
(n)

Samples Showing 
Antibody Titer Equal 
To/ Above 0.5 IU/mL

(n)

% Positive
Mean Antibody 
Titer (IU/mL)/ 
Standard Error

p Value

1 A 6 months to 
2 years 26 23 88.46 0.647 ± 0.086

0.969*2 B > 2 to 5 
years 30 29 96.66 0.66 ± 0.047

3 C > 5 to 10 
years

30 27 90.00
0.698 ± 0.079

86 79 91.86

*Non-significant at the level of 5% (p < 0.05)
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Discussion
Rabies is still a major public health concern in India. Rabies 
is an endemic disease that has been reported in almost 
every part of the country.33,4,34 Brihanmumbai Municipal 
Corporation (BMC) has an estimated dog population of 
2.75 lakhs. Rabies is a fatal disease for which immune 
prophylaxis is perhaps the only preventable measure.23 

An overall seropositive percentage observed in the present 
study was 80.97% (149/184), which revealed that the 
rabies antibody titers for these 149 samples were equal 
to or above the cut-off value of 0.5 IU/mL, including 70/98 
(71.42%) from stray dogs and 79/86 (91.86%) from pet 
dogs of both sexes. The seropositive percentage was 
higher in the pet dog population compared to stray dogs, 
likely due to regular vaccinations in pets. In this study, the 
sample size of pet dogs was greater than that of stray dogs. 
Factors such as age, sex, breed, and vaccine brand can all 
influence the protective levels of rabies antibody titer .35 
71.42% of stray dogs had protective anti-rabies antibody 
levels above 0.5 IU/mL. A sero-surveillance study of anti-
rabies antibodies in stray dogs was previously reported 
from the same region by Nale et al.24 who documented 
39.2% (47/120) and Kevin25 who reported 61.01% (36/59) 
protective antibody titer in stray dogs. The present study 
showed that an anti-rabies antibody titer of 71.42% was 
seen in stray dogs. Correspondingly, Mugale et al.36 reported 
70.55% (115/163) protective antibody titer from stray dogs 
using ELISA. Rimal et al.37 revealed that out of 50 serum 
samples screened from street dogs, 80% (40) showed 
values ≥ 0.5 IU/mL, while 10 (20%) were below the range 
(< 0.5 IU/mL). In Bangkok, Thailand, Kasempimolporn et 
al.38 investigated 3314 serum samples obtained from stray 
dogs and found the antibody prevalence to be between 
49% and 86% in stray dogs. Most of the serum samples 
included in the studies were collected from areas with a 
history of regular rabies vaccination by NGOs [AHIMSA 
and In Defense of Animal (IDA-Mumbai and IDA-Turbhe, 
Navi Mumbai)].

Low anti-rabies antibody prevalence in stray dogs was 
reported by Jeong et al.39 when they screened 2408 serum 
samples and discovered that 36.8% (886) of the dogs had 
protective values. From India, Nale et al.24, Kevin25 from 
Mumbai, Singh et al.40 from Chandigarh, and Savaliya et 
al.35 from Gujarat reported that 39.2%, 61.01%, 1%, and 
1.88%, respectively, of stray dogs had protective levels of 
anti-rabies antibodies.

In the present study, the sex-wise distribution of rabies 
antibody titer was 71.73% and 71.15% in male and female 
stray dogs, respectively. Nale et al.24 reported that the 
sex-wise distribution of rabies antibody titer was 38% and 
40.32% in male and female dogs, respectively, whereas 
Kevin25 observed 63.33% in male and 58.62% in female dogs.

A non-significant (p ≤ 0.05) association was observed 
between vaccinated stray dogs’ anti-rabies antibody titer 
and duration from the last ARV. In the current study, stray 
dogs were divided into three groups according to the time 
since their last ARV and the highest mean antibody titer 
value was observed in Group I. In the case of vaccinated 
stray dogs, the positive percentage was 72.72% in Group 
I, 75.00% in Group II, and 61.11% in Group III. Nale et al.24 
reported 23/40 (57.5%) anti-rabies antibody titer in stray 
dogs in Group I, 11/40 (27.4%) in Group II and 13/40 (32.5%) 
in Group III. Kevin25 revealed 6/13 (46.15%) anti-rabies 
antibody titer in stray dogs in Group II, 25/31 (67.74%) 
in Group I and 5/15 (33.33%) in Group III. Nodari et al.41 
revealed that when examining serological data, the vaccine 
choice was also relevant. When serum was obtained after 75 
days of vaccination, they discovered a substantial difference 
between the two vaccine-type groups. It was found by 
Albas et al.42 that the percentage of dogs with antibodies 
was not substantially different between reactive (51%) 
and non-reactive serum (49%). Santosh et al.43 analyzed 
the serum samples of dogs taken between 20 and 50 days 
post-vaccination and found that a larger proportion of dogs 
had neutralizing antibody titer values of 0.5 IU/mL. Yale 
et al.44 reported that 60% (108/180) of vaccinated young 
prima dogs and vaccinated adult dogs failed to show a 
protective level of antibodies from the time when the 
year of last ARV.despite having a history of prior rabies 
vaccinations,A total of 86 sera samples from vaccinated 
pet dogs were screened, 91.86% (79/86) showed rabies 
antibody titer values of 0.5 IU/mL (cut-off value) or more. 
The sex-wise distribution in vaccinated pet dogs indicated 
that 96.42% (54/56) of male dogs and 83.33% (25/30) of 
female dogs had rabies antibody titer values of 0.5 IU/
mL or more. High percentages of rabies antibody titers in 
pet dogs [91.86% (79/86)] were observed in the present 
study indicating the awareness of pet owners towards the 
importance of rabies vaccination. The high percentage of 
protective titer observed in the present study (91.86%) 
was consistent with the findings of Kevin,25 who collected 

Figure 1.Age-Wise Distribution of Anti-Rabies 
Antibody Titers in Serum Samples of Pet Dogs
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107 serum samples from vaccinated dogs over a year. 
Out of 107 serum samples, 97.19% (104/107) of samples 
from pet dogs showed titer values ≥ 0.5 IU/mL. Santosh et 
al.43 investigated 149 serum samples from vaccinated pet 
dogs over a year and revealed that 81.87% (122/149) of 
the serum samples showed protective titer values of more 
than 0.5 IU/mL. Under the German pet travel plan, Knoop 
et al.45 examined 284 serum samples from vaccinated pet 
dogs; 78.1% (222/284) of the dog sera had protective titers 
equal to or above 0.5 IU/mL. Mugale et al.36 documented 
70.55% (115/163) rabies virus-specific antibodies (0.5I U/
mL) in vaccinated dogs. From Seoul, South Korea, Jeong 
et al.39 screened 990 sera samples from pet dogs; 55.3% 
(547/990) of the samples had protective antibody levels. 
Low percentages of protective rabies antibody titer from 
pet dogs were reported by Singh et al.40 and Yale et al.44 
(16% and 40%, respectively). 

The serum samples obtained from pet dogs were divided 
into three groups based on their age, to investigate the 
anti-rabies antibodies status following their usual anti-
rabies vaccination schedule. Group A consisted of 26 serum 
samples collected from pet dogs, having ages between six 
months and two years. A cut-off value of 0.5 IU/mL was 
found in 88.46% (23/26) of serum samples. Higher mean 
values were observed in Group C (0.698) as compared to 
the other groups (Figure 1 and Table 3). In vaccinated pet 
dogs, the value of the mean antibody titer seen in Group 
A was 0.647 IU/mL and in Group B, it was 0.66 IU/mL. 
A statistical study employing chi-square test was used 
to examine the link between anti-rabies antibody titer 
and vaccination age in pet dogs (Table 3). Anti-rabies 
antibody titers of vaccinated pet dogs were shown to be 
non-significantly (p ≤ 0.05) different after statistical analysis. 
The results of the present study regarding age has no effect 
on vaccinated pet dogs are in agreement with those of a 
study conducted by Nale et al.24 who examined 15 serum 
samples from routinely vaccinated pet dogs and found that 
86.66% (13/15) showed anti-rabies antibody levels of 0.5 
IU/mL or more, whereas 13.33% (2/15) of samples showed 
values less than 0.5 IU/mL, higher mean antibody titer levels 
in Groups C. Kevin25 reported higher mean antibody titer 
levels in pet dogs having age group between 2 to 5 years 
Olugasa et al.46 examined 116 samples from vaccinated pet 
dogs and divided them into five groups based on how long 
it had been since the last ARV vaccination. According to 
the findings, anti-rabies antibody levels were highest in the 
third group of dogs whose serum was obtained after 3 to 6 
months. Mansfield et al.47 evaluated 14,035 serum samples 
from dogs for the UK Pet Travel Scheme and examined the 
impact of numerous characteristics on pet dogs, such as 
vaccine choice, interval between vaccinations, sex, and 
place of origin. In a few vaccinated pet dogs, low antibody 
titers may occur due to variability in immune response 

influenced by factors such as age, sex, health status, and 
previous exposure to the virus or vaccine. Therefore, when 
implementing control strategies for rabies, it is crucial to 
consider individual variability. Some dogs may need booster 
vaccinations or alternative methods to ensure they have 
adequate immunity. Research indicated that young animals 
under one year of age had a higher likelihood of failing to 
produce anti-rabies antibodies compared to those over 
one year of age. The antibody titers in six-month-old dogs 
were notably lower than in the older groups.

Conclusion 
The study showed a higher prevalence of anti-rabies 
antibodies in vaccinated pet dogs compared to vaccinated 
stray dogs. In stray dogs, 71.42% were protected, and 
28.58% showed non-protective anti-rabies antibody titer 
indicating that the NGOs were vaccinating stray dogs 
regularly in their areas. In stray dogs, low antibody titers 
may be due to booster shots, nutritional status, stress levels, 
and environmental exposure. Anti-Rabies Vaccination 
program showed encouraging trends, however, stray dogs 
still pose a high risk of rabies in the dog population. A non-
significant association was seen between the gender of 
vaccinated stray dogs and their anti-rabies antibody titer. 
Similarly, a non-significant association was seen between 
the age of pet dogs and their anti-rabies antibody titer. 
Pet dogs showed 91.86% protective titer. This indicated 
that pet owners were regularly vaccinating their pets 
and were aware of the importance of rabies vaccination. 
More studies, preferably with a larger sample size, should 
be conducted to analyze true herd immunity in pet and 
stray dogs. 
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