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Abstract
Background: Mass vaccination of dogs is considered fundamental for national rabies control programmes in Sri
Lanka, as dog is the main reservoir and transmitter of the disease.
Methods: Dogs were followed to determine the sero-prevalence of antibodies to the rabies virus. Altogether 510
previously vaccinated and unvaccinated dogs with owners (domestic dogs) and dogs without owners (stray dogs) of the
local guard dog breed in different age groups recruited from Kalutara District, Sri Lanka. The dogs were vaccinated with a
monovalent inactivated vaccine intramuscularly and serum antibody titres on days 0, 30, 180 and 360 were determined
by the Rapid Fluorescent Focus Inhibition Test (RFFIT).
Results: The results indicated, a single dose of anti-rabies vaccination fails to generate a protective level of immunity
(0.5 IU/ml) which lasts until 1 year in 40.42% of dogs without owners and 57.14% of previously unvaccinated juvenile
(age: 3 months to 1 year) dogs with owners. More than one vaccination would help to maintain antibody titres above
the protective level in the majority of dogs. The pattern of antibody titre development in annually vaccinated
and irregularly vaccinated (not annual) adult dogs with owners is closely similar irrespective of regularity in vaccination.
Previously vaccinated animals have higher (2 IU/ml) antibody titres to begin with and have a higher antibody titre on
day 360 too. They show a very good antibody titre by day 180. Unvaccinated animals start with low antibody titre and
return to low titres by day 360, but have a satisfactory antibody titre by day 180.
Conclusions: A single dose of anti-rabies vaccination is not sufficient for the maintenance of antibody titres for a period
of 1 year in puppies, juvenile dogs with owners and in dogs without owners. Maternal antibodies do not provide
adequate protection to puppies of previously vaccinated dams and puppies of previously unvaccinated dams. Immunity
development after vaccination seems to be closely similar in both the groups of puppies.
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Background
Rabies is a vaccine preventable, zoonotic disease [1]. Still
it remains as a serious public health problem all over the
world [2]. It is commonly transmitted to other animals
and humans through close contact with saliva from
infected animals [3]. It is estimated that 60,000 human
rabies-related deaths occur worldwide each year [1, 4, 5].
Sri Lanka has invested a large amount of money to
control dog rabies. Human deaths due to rabies were
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further decreased from 56 (2.8 per 1,000,000) in 2007 to
19 (0.05 per 1,000,000) in 2014. This was the lowest incidence reported in Sri Lanka. This reduction was mainly
because of mass vaccination of dogs against rabies, mass
Animal Birth Control (ABC) programmes, Post Exposure Prophylaxis (PEP) for rabid and rabies suspected animal bites and mass awareness programmes [6, 7]. Being
an island once rabies is completely eradicated from Sri
Lanka it should be easier to prevent re-introduction of
rabies from other countries [7, 8].
The mass vaccination of dogs is considered fundamental
in rabies control programmes in many countries including
Sri Lanka [7, 9]. The total number of animal rabies cases
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reported during the 2014 was 746. The majority 81.7% (610)
of the animal rabies were dogs. Nearly 50% of the total dog
population in the country are vaccinated annually [10]. A
strong body of theoretical and empirical evidence indicates
that vaccinating 70% of the dog population during annual
campaigns should be sufficient to control rabies [11, 12].
According to the vaccine schedule practice in Sri Lanka
dogs are vaccinated against rabies at the age of 3 months
if the dam is previously vaccinated. If dam is unvaccinated,
the 1st vaccine is given to the pup at the age of 6 weeks
with a booster at the age of 3 months and subsequently
with annual boosters. The study carried out by Gunatilake
et al. [13] showed that antibodies transferred from the
dam is well below the protective level in the puppies of
vaccinated dams at the age of 3 months.
As the government has been investing large amount of
money on the treatment of dog bite victims, it is important to determine the ideal time period for the 1st Antirabies Vaccination (ARV) for puppies and the level of antibody titres in dogs until the time of revaccination. Measurement of humoral immune response (virus neutralizing
antibody titres) in vaccinated dogs is helpful in judging
the protectiveness of vaccinated dogs [14]. In a serosurvey carried out in Garborone, Bostwana, it was shown
that dogs that had more than one successive vaccination
against rabies had better antibody titres than that had received only one vaccination [15]. Another study carried
out in Thailand suggested that one dose of tissue culture
vaccine in dogs is not adequate to maintain rabies neutralizing antibody titre in serum for 1 year [16].
It is important to know whether dogs in a representative
population (specially Sri Lankan local breed) have antibody
titres above the protective level (higher than 0.5 IU/ml on
WHO recommendation) after the 1st vaccination and
whether the antibody titres are maintained above the protective level until the time of annual revaccination [17].
This study was carried out to determine the pattern of
immunogenicity and the suitable time for booster vaccination among different age groups of dogs without owner
and owned dogs, in order to make recommendations regarding dog vaccination for rabies control in Sri Lanka.

Methods
Study design and sample recruitment

This study was carried out in Kalutara district, Sri
Lanka. It has 11 MOH (Medical Officer of Health) areas
and consists of multi cultural, rural and urban human
population. Out of nearly 2000 temporary vaccination
centers distributed in 11 MOH areas in the district 37
temporary vaccination centers were randomly selected
for the study. In 2014 the average number of confirmed
rabies cases in animals throughout the district was 7 per
year. Out of 19 total human deaths reported in Srilanka
in 2014, one death was in Kalutara district [7].
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A total of 510 apparently healthy dogs with owners and
without owners of the local breed were recruited based on
pre-defined age groups and previous vaccination history
(Fig. 1 and Table 1). Previously vaccinated groups contain
dogs with at least one vaccination with ARV.
To recruit dogs with owners, a message was sent
through dog handlers from house to house requesting
them to bring their dogs for vaccination with the vaccination card as evidence for previous vaccination. Dogs were
recruited after general clinical examination, that was carried out by a veterinarian. Pedigreed dogs, pregnant or
sick animals (e.g. with anorexia, pallor, large wounds),
dogs with a known allergy to rabies vaccine were excluded. Vaccination history of domestic animals was noted
down from their previous vaccination records.
Some areas in Kalutara district, which were not covered by the government anti-rabies programme were selected for the recruitment of unvaccinated dogs without
owners. Previously vaccinated dogs without owners were
identified by the presence of tattooing mark and/or red
dog collar with a confirmation from villagers from the
areas covered by the anti-rabies programme. The dogs
without owners were caught and restrained by specially
trained skilled dog catchers. A special tattooing number
and a photograph were used for easy identification of
dogs without owners for the follow up.
Anti-rabies vaccine and vaccination

A monovalent chemically inactivated vaccine (Nobivac®
Rabies) recommended by the WHO for rabies control
programmes was used to vaccinate all groups of dogs
[7, 18]. This imported vaccine contained >1.0 IU antigenic content per 1 ml dose and the virus was grown
on the Baby Hamster Kidney-21 (BHK-21) connective
tissue cell line. As recommended by the manufacturer
a single dose (1 ml) of vaccine was injected intramuscularly on day 0 (D0). After vaccination, the dogs
without owners were released to their territories.
Collection of blood samples

A venous blood sample (2–3 ml) was collected from the
cephalic vein of each animal on day 0 (D0) before vaccination and on day 30 (D30), 180 (D180), 360 (D360)
post vaccination. Samples were kept for 1 h at room
temperature for separation of serum and transported in
ice to the Medical Research Institute (MRI), Colombo.
Serum was separated and stored at −70 °C until analyzed
by Rapid Fluorescent Focus Inhibition Test (RFFIT) to
determine the titres of virus neutralizing antibodies [19].
Analysis of antibody titres

The antibody titres were analyzed using the Rapid
Fluorescent Focus Inhibition Test (RFFIT). Rapid
Fluorescent Focus Inhibition Test (RFFIT) is a tissue
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Fig. 1 Study Population

culture virus neutralization assay, which measures the
level of protection against rabies in humans and animals and consider as the “Gold standard method”.
The assay measures the amount of antibodies present
in serum that neutralizes and block rabies virus from
infecting the cells [19]. Infected cells were then identified by fluorescent microscopy. The endpoint titer
was calculated using Reed & Muench formula [20].
Serum of each animal was analyzed in the same run
to minimize variation.

Statistical analysis

Antibody titres of dogs in different groups were presented as mean, median and inter quartile range (IQR).
An antibody titer of 0.5 IU/ml was considered as the
protective level [7, 8, 21] and the percentage of protected dogs in each category was calculated.
Difference between means in different groups according to age and vaccination status was calculated and
compared. Multivariate analysis was applied to compare
antibody titres and significance was considered at 0.05

Table 1 The groups included in the study under pre-defined criteria and the number of animals recruited for each group initially
Group
A

Age

Vaccination history against rabies

No. of Dogs recruited

Stray (dogs without owner)

> one year

With previous vaccination

70

Without previous vaccination

70

Domestic (dog with owners)

3 months −1 year

With previous vaccination

60

Without previous vaccination

65

>1to 6 years

With regular annual vaccination

65

Without regular annual vaccination

60

> 6 weeks to 3 months

Puppies of vaccinated dams

60

B
C
D
E
F
G
H
Total

Puppies of unvaccinated dams

60
510
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level. Statistical analysis was done using a computer software package – SPSS version 10.

Results
Of the total recruited 510, 428 dogs were available in the
follow up until D360 due to unavailability of recruited dogs.
However 380 blood samples were available for analysis of
antibody titres as some of the samples were haemolyzed.
The mean, 95% confidance intervals, median antibody
titres, Inter Quartile Ranges (IQRs) are shown in Table 2.
The comparision of protective levels (0.5 IU/ml) of rabies
virus neutralization antibody titres of dogs in different age
groups on D0, D30, D180 and D360 are shown in Tables

3, 4, 5 and 6. Comparison of median antibody titres of
dogs in all groups is graphically presented in Fig. 2, with
the removal of outliers. Median antibody titres of all
groups with error bars is presented in Fig. 3.
Dogs in the previously vaccinated groups had higher
(2 IU/ml) antibody levels to begin with and had a higher
antibody level on day 360 than the unvaccinated groups.
They showed a very good antibody level at day 180.
Unvaccinated animals started with low antibody levels
and returned to low levels by day 360, but had a satisfactory antibody level by day 180.
As per Table 2, the antibody titres in puppies of both
vaccinated and unvaccinated dams were very low on day

Table 2 Comparison of mean, 95% confidence intervals, median, Inter Quartile Range in groups A to H
Group

Days

Mean

Median

Minimum

Maximum

IQR

% with protective titer

Group A
(n = 47)
Previously vaccinated
Adult stray dogs

0

6.66 (4.05–9.92)

2 (1.32–8.74)

0.02

49.09

9.4

70.21

30

51.85(35.90–71.27)

36.44 (13.74–49.05)

1.96

269.76

41.1

100

180

22.89 (15.11–31.20)

10.53 (8.43–14.32)

0.4

100.4

31.17

100

360

7.177 (4.25–10.88)

2 (1.62–4.01)

0.19

49.09

8.08

82.98

0

0.13 (.08–.19)

0.65 (0.2–.08)

0.02

0.8

0.08

6.4

30

12.61 (7.23–19.89)

4 (2.10–9.80)

0.02

102.6

11.68

87.24

180

9.16 (4.74–15.29)

2.15 (1.78–5.48)

0.02

110.2

7.75

87.24

360

3.89 (1.93)

0.67 (47–1.70)

0.02

50.24

1.85

59.82

0

15.99 (8.06–26.10)

2.7 (1.63–6.78)

0.03

177.5

8.53

78.72

30

34.77 (18.07–56.20)

10.74 (5.40–11.59)

0.03

269.79

25.11

95.74

180

27.09 (13.40–45.05)

8.34 (2.90–13-84)

0.06

269.83

17.76

93.62

360

21.59 (9.00–37.74)

2.90 (1.98–7.78)

0.08

229

8.31

78.72

0

0.11 (0.07–0.14)

0.06 (0.02–0.08)

0.02

0.8

0.07

1.59

30

17.39 (11.34–24.13)

9.40 (4.07–10.74)

0.02

125

17.44

93.65

180

11.21 (6.05–17.26)

2.50 (2.12–5.20)

0.02

124.02

6.34

93.65

360

3.04 (1.53–4.71)

0.44 (0.28–0.52)

0.02

27.4

1.7

42.86

0

13.62 (6.01–24-24)

29(.56–2.96)

0.03

214.63

7.28

76.47

30

29.81 (14.55–46.80)

10.02 (2.50–11.04)

0.03

269.79

18.87

96

180

39.47 (20.48–60.20)

10.50 (2.35–12.46)

0.06

269.83

18.03

88

360

24.23 (11.11–40.90)

2.56 (2.19–8.93)

0.36

229

10.21

78

0

6.84 (3.14–11.06)

0.93 (0.55–2.28)

0.03

51.41

5.6

77.08

30

25.73 (15.20–40.34)

10.74 (4.30–19.54)

0.72

269.76

17.54

100

180

16.95 (11.12–23.80)

9.41 (2.35–15.56)

0.06

96.5

17.85

95.84

360

9.69 (5.91–13.97)

2.95 (2.07–8.93)

0.26

47.98

9.15

83.33

0

0.10 (0.07–0.14)

0.08 (0.08–0.08)

0.02

0.44

0.03

0

30

10.66 (7.93–13.74)

9.80 (9.70–10.20)

0.4

49.09

6.3

97.5

180

4.63 (3.16–6.46)

3.31 (2.00–5.35)

0.04

32.5

5.64

82.5

360

0.23 (0.15–0.35)

0.09 (0.08–0.19)

0.04

1.8

0.32

7.5

0

0.07 (0.06–0.09)

0.08 (0.04–0.08)

0.02

0.38

0.04

0

30

12.56 (8.32–17.15)

8.50 (4.70–10.45)

0.08

51.45

9.75

94.59

180

4.76 (3.00–6.80)

2.09 (0.59–5.40)

0.08

25.6

7.31

78.38

360

0.32 (0.21–0.44)

0.19 (0.09–0.40)

0.04

1.5

0.36

10.81

Group B
(n = 47)
Previously unvaccinated
Adult stray dogs

Group C
(n = 47)
Previously vaccinated
domestic juveniles

Group D
(n = 63)
Previously unvaccinated
domestic juveniles

Group E
(n = 51)
Adult dogs with regular
annual vaccination

Group F
(n = 48)
Adult dogs without
regular vaccination

Group G
(n = 40)
Puppies of previously
vaccinated dams

Group H
(n = 37)
Puppies of previously
unvaccinated dams
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Table 3 Comparison of protective levels and percentage of rabies virus neutralization antibody (different age groups A to B) titers in
previously vaccinated and unvaccinated adult stray dogs
Day

P value

Group A

Group B

Stray (ownerless) dogs with previous vaccination history;Age
> one year (n = 47)

Stray (ownerless) dogs without previous vaccination history;Age
> one year (n = 47)

No. with antibody titre
≥0.5 IU/ml

% with antibody titre
≥0.5 IU/ml

No. with antibody titre
≥0.5 IU/ml

% with antibody titre
≥0.5 IU/ml

0

33

70.21

3

6.4

0.000*

30

47

100

41

87.23

0.026*

180

47

100

41

87.23

0.059

360

39

82.98

28

59.57

0.041*

*Indicates the significance level at 0.05 when groups A (Stray dogs with previous vaccination history) & B (Stray dogs without previous vaccination history) are compared

and puppies in the preliminary study conducted in
Kotte, Sri Lanka by Gunatilake et al. [13] was almost
similar to the present study. A study done by Seghaier et
al. [24] in Tunisia, showed a similar pattern when serum
samples of vaccinated dogs against rabies were analyzed.
Similarly, Adeyemi et al. [25] compared single vaccination and booster coverage and noted that booster vaccination developed significantly higher level of
antibodies. Bunn [26] and Sage et al. [27] reported that
single injection of rabies vaccine did not produce a long
lasting protective level of antibody titre in a significant
number of animals.
Antibody titres on D30 of 5 dogs in group A were between 269 IU/mL to 123 IU/mL which resulted an unusual peak in the median value and therefore to minimize
this deviation, these outliers were removed during analysis. This deviation in the antibody titres in individual
dogs specially in the stray population could have been resulted due to various reasons such as interval between
vaccinations, health or nutrition status, sex and age of the
animal (1 to 6 years) and sub-clinical infections. We conducted this study in their natural environment without
any intervention which mimics the similar situation in
mass vaccination programmes. Also, it was not an objective of our study to find out reasons for individual variation
in antibody titres following vaccination.

0. Irrespective of the presence of maternal antibodies,
titres in puppies after the first vaccination, came only to
very low levels by day 360. Data in group G (previously
vaccinated dams) indicates that puppies in that group do
not have protection by maternal antibodies until the
time of primer vaccination.

Discussion
This is the first comparative study conducted to investigate virus neutralizing antibody titre development
(humoral immunity) in stray and domestic dogs and in
puppies of vaccinated and unvaccinated dams after an
anti-rabies vaccination compared to the antibody titre
on the day of vaccination. Previous studies indicate that
peak titre of antibodies is generally reached between 4 to
6 weeks after vaccination if the antigenic response is
stimulated for the first time [22]. If it is a subsequent
stimulation, the time taken for the development of peak
titres should be less than this [23]. As per the results of
groups A to F, animals with previous vaccination history
have antibody titres above the protective level (> 0.5 IU/
ml) on D0 and have a higher antibody titre on D360 too
(Table 2). Animals without previous vaccination history
start with low antibody titres and return to low titres by
D360, but have a satisfactory antibody titre at D180.
Antibody titre development observed in domestic dogs

Table 4 Comparision of protective levels and percentage of rabies virus neutralization antibody (different age groups C to D) titers
in previously vaccinated and unvaccinated domestic juvenile dogs
Day

P value

Group C

Group D

Domestic juvenile dogs with a previous vaccination history:
Age 3 months – 1 year,
(n = 47)

Domestic juvenile dogs without a previous vaccination history:
Age 3 months – 1 year
(n = 63)

No. with antibody titre
≥0.5 IU/ml

% with antibody titre
≥0.5 IU/ml

No. with antibody titre
≥0.5 IU/ml

% with antibody titre
≥0.5 IU/ml

0

37

78.72

1

1.59

0.000*

30

45

95.74

59

93.65

0.487

180

44

93.62

59

93.65

0.643

360

37

78.72

27

42.86

0.000*

*Indicates the significance level at 0.05 when groups C (domestic juvenile dogs with a previous vaccination history) & D (domestic juvenile dogs without a previous
vaccination history) are compared
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Table 5 Comparision of protective levels and percentage of rabies virus neutralization antibody (different age groups E to F) titers in
regular annual and without regular annual vaccinated adult domestic dogs
Day

P value

Group E

Group F

Adult domestic dogs with regular annual vaccination history:
Age 1 to 6 years
(n = 51)

Adult domestic dogs without regular annual vaccination history:
Age 1 to 6 years
(n = 48)

No. with antibody titre
≥0.5 IU/ml

No. with antibody titre
≥0.5 IU/ml

% with antibody titre
≥0.5 IU/ml

% with antibody titre
≥0.5 IU/ml

0

39

76.47

37

77.08

0.566

30

49

96

48

100

0.133

180

45

88.23

46

95.84

0.095

360

40

78.43

40

83.33

0.275

necessary to give two anti-rabies vaccines to animals in
groups D, G and H at a suitable interval with annual
boosters. The recommendation of Adeyemi et al. [23], is
to give 2 vaccines 1–3 months apart with annual
boosters after that to all newly acquired pet dogs and
cats in canine endemic regions [25].
Although the dogs in groups B and D were without
previous vaccination history, the development and maintenance of antibody titres above the recommended protective level could be acquired by a primary vaccination
in majority of dogs until D180. This is an indirect evidence for the efficacy of the vaccine used in the study.
However, 40.42% and 57.14% dogs in groups B and D
out of 47 and 63 recruited for those groups did not have
protective level of antibody titres by D360. According to
Cliquet et al. [24] the number of dogs who had antibody
titres below the protective level was 7.8% after two
months, 19.1% between 2 and 4 months, 25% between 4
to 6 months, 22% more than 6 months after the primovaccination in 1351 dogs [32]. The very low humoral response observed in the present study on D0 in unvaccinated dogs could be a technical issue with the RFFIT as it
compares antibody titre with a reference sera sample.
However, we observed a large individual variation in
the humoral response in animals irrespective of previous
vaccination (e.g. minimum and maximum titres were

Antibody titres of dogs and puppies on D30 in all
groups except dogs in group A show that 8.4% of animals have not achieved protective levels of titres. The
lack of proper protective antibody level after the
vaccination of dogs against rabies was reported by
Tepsumathanon et al. [29] and Sage et al. [27]. In contrast,
Chomel et al. [28] found that 97% of the animals had titres
above 0.5 IU/ml D360 after vaccination.
When considering the number of animals in group D
(previously vaccinated), only 42.7% of animals had protective antibody titres at D360. Authorities should pay
more attention during vaccination programmes to animals in group D which included juvenile dogs without
previous vaccination history; aged 3 months-1 year and
who are more active and have closer contacts with
humans. They carry the greatest risk similar to the puppies in groups G and H. Of the human rabies cases in
Thailand, 57% were bitten by puppies under 3 months of
age [29]. More than 50% of dogs in group D and more
than 80% of puppies in groups G and H did not have
antibody titres on D360. Kasempimolporn et al. [22] analyzed serum antibody titres to rabies virus in 32 puppies before primary vaccination and only five showed
protective level of antibody [30]. Jakel et al. [31] reported
that low levels of neutralizing antibodies (less than
0.5 IU/ml) did not protect the animals. Therefore, it is

Table 6 Comparision of protective levels and the percentage of rabies virus neutralization antibody (different age groups G to H) titers
in puppies of previously vaccinated and unvaccinated dams
Day

P value

Group G

Group H

Puppies of vaccinated domestic dams: Age > 6 weeks to
3 months
(n = 40)

Puppies of unvaccinated domestic dams:Age > 6 weeks to
3 months
(n = 37)

No. with antibody titre
≥0.5 IU/ml

No. with antibody titre
≥0.5 IU/ml

% with antibody titre
≥0.5 IU/ml

% with antibody titre
≥0.5 IU/ml

0

0

0

0

0

30

39

97.5

35

94.59

180

33

82.5

29

78.38

0.433

360

3

7.5

4

10.81

0.203

0.470
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Fig. 2 Comparison of median antibody titres of all groups (A-H) without outliers. (Group A- Stray dogs with previous vaccination history; Age > one
year, Group B- Stray dogs without previous vaccination history; Age > one year, Group C- Domestic juvenile dogs with a previous vaccination history: Age
3 months – 1 year, Group D- Domestic juvenile dogs without a previous vaccination history: Age 3 months – 1 year, Group E- Adult domestic dogs with
regular annual vaccination history :Age 1 to 6 years, Group F- Adult domestic (dogs with owner) dogs without regular annual vaccination history: Age 1 to
6 years, Group G- Puppies of vaccinated domestic dams: Age > 6 weeks to 3 months, Group H- Puppies of unvaccinated domestic dams: Age > 6 weeks
to 3 months)

between 1.96 and 269.76 IU/ml compared to 0.02 and
102.6 IU/ml on D30 of dogs in groups A and B respectively). Similar results were observed by Cliquet et al.
[24] in the study carried out using 25,000 sera samples
of dogs and cats vaccinated against rabies [32]. We used
a monovalent anti-rabies vaccine recommended by
WHO and used by the Government Rabies Control
Programme for many years. After purchasing from the
local supplier vaccine was stored under recommended
conditions of the manufacturer until it is used. Therefore,
type and efficacy of vaccine could not be a major cause for
the variation in the humoral response that we observed as
there is a good response by the animals in certain groups
for the vaccination. We made every effort to recruit healthy
dogs after a general examination of the animal which is the
accepted method in mass vaccinations. It is difficult to
comment about the physical status of the animal by the
general examination if it is not very obvious. Therefore,
whether the discrepancy observed in the humoral response
in dogs in different groups is due to the nutritional status
of individual animals or not cannot be ruled out. When
grouping animals we considered similar age categories;
even with this categorization we observed discrepancies in
the humoral response. However, Cliquet et al., [24] had observed a significant difference in the humoral response in
dogs between primo-vaccinated and multi-vaccinated
groups while it was not significant among similar groups of
cats [32]. The method we used for the determination of

humoral response is RFFIT which has a higher sensitivity
recommended by the WHO and well established at the
MRI. Therefore, sensitivity of RFFIT is not a factor for the
differences observed in the humoral response among animals for the anti-rabies vaccination.
Humoral response induced by vaccination has been
identified as an important method of control and prevention of rabies which is a deadly zoonotic disease. Considering the cut off value of 0.5 IU/ml for antibody titres as
recommended by the WHO for human sera, our results
show that a single vaccination to dogs without owner and
owned dogs without a previous vaccination history and to
puppies fails to produce an adequate immune response on
D360 in many dogs. There were animals in other groups
with past vaccination history who did not have adequate
protection. Similar patterns of data had been observed by
research groups in other countries as well [33–35]. However, Barth et al., indicates by analyzing many experimental results that dogs have a very high probability of
survival after a later rabies infection, even if serum does
not contain detectable anti-rabies antibodies irrespective
of the period of time elapsed since the vaccination [18].
Without measuring immunogenecity (both humoral
and cell mediated) in an animal following vaccination
and without doing challenge studies it is difficult to
consider whether an animal is well protected or not.
Irrespective of this hypothesis, based on the results of
our study, it is necessary to vaccinate puppies at an early
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Fig. 3 Median antibody titers of all groups A-H with error bars. Green boxes represent medians, error bars range from 25th quartile to 75th
quartile. (Group A- Stray dogs with previous vaccination history;Age > one year, Group B- Stray dogs without previous vaccination history;
Age > one year, Group C- Domestic juveniles dogs with a previous vaccination history: Age 3 months – 1 year, Group D- Domestic juveniles
dogs without a previous vaccination history: Age 3 months – 1 year, Group E- Adult domestic dogs with regular an nual vaccination history: Age
1 to 6 years, Group F- Adult domestic dogs without regular an nual vaccination history: Age 1 to 6 years, Group G- Puppies of vaccinated domestic dams:
Age > 6 weeks to 3 months, Group H- Puppies of unvaccinated domestic dams: Age > 6 weeks to 3 months)

stage with a booster at a suitable interval with annual
boosters thereafter, in order to improve herd immunity.
This could interrupt rabies transmission by both urban
and sylvatic cycles. By this way vaccination could take
the lead role in eradicating rabies from Sri Lanka.

Conclusion
A single dose of anti-rabies vaccination is not sufficient for
the maintenance of antibody titres for a period of 1 year in
40.42% of canines in group B. Median antibody titres of
dogs in groups C and D indicate immune responsiveness in
animals in group C with previous vaccination history is
higher than the animals in group D without vaccination

history. Irrespective of whether previously vaccinated dogs
in groups E and F were regularly vaccinated or not, antibody
titres were above the protective level in most of the dogs on
day 60, 180 and 360. Maternal antibodies do not provide adequate protection to puppies in group G (puppies from
previously vaccinated dams) until the first anti-rabies vaccination. Immunity development after vaccination seems
to be closely similar in both the groups of puppies. There
seem to be many factors which affect development of antibodies following vaccination against rabies. Based on these
findings, we recommend that puppies should be given two
anti-rabies vaccines in the first year of life at suitable time
intervals with annual revaccinations. It is necessary to

Pimburage et al. BMC Veterinary Research (2017) 13:133

conduct further studies to determine the exact time interval for the first booster vaccine for puppies.
Abbreviations
ABC: Animal birth control; ARV: Anti-rabies vaccination; IQR: Inter quartile
ranges; MOH: Medical officer of health; MRI: Medical research institute;
PET: Post exposure treatment; RFFIT: Rapid fluorescent focus inhibition test;
WHO: World health organization

Page 9 of 10

4.

5.

6.

7.
Acknowledgements
We gratefully acknowledge the financial support given by the National
Science Foundation of Sri Lanka for this study.
Funding
Financial support given by the National Science Foundation of Sri Lanka this
study.

8.

9.

10.
Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.
Authors’ contributions
RMSP, Designed the study, analyzed serum samples, complied results, carried
out statistical analysis, wrote the paper. MG, Designed and supervised the
study, helped in drafting the paper and corrections. OW and KADNP,
Collaborated and guided RMSP for doing RFFIT. AB, helped in statistical analysis.
All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.

11.

12.
13.

14.

15.

Consent for publication
Not applicable.

16.

Ethics approval and consent to participate
This research project was carried out according to International and local
guidelines for animal research after obtaining ethical clearance from the
Ethics Review Committees of the Faculty of Medicine, University of Colombo
(EC/06/75) and the Medical Research Institute, Sri Lanka (17/2006). Animals
were recruited with the owners’ consent after obtaining permission from the
Regional Director of Health Services, Kalutara to recruit dogs to the study. All
personnel involved in the study during handling, collecting and processing
of blood samples from animals were given pre-exposure vaccination against
rabies. Handling of animals for blood collection was done with care to minimize
pain and discomfort to animals [36].

17.
18.

19.
20.
21.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Ministry of Health, No.555/5, Elvitigala Mawatha, Colombo 05, Sri Lanka.
2
Department of Physiology, Faculty of Medicine, University of Colombo,
No.25, Kynsey Road, Colombo 08, Sri Lanka. 3Department of Rabies Research
and Vaccine Quality Control, Medical Research Institute, Colombo 08, Sri
Lanka. 4Faculty of Medicine, General Sir John Kotelawala Defense University,
Kandawala Road, Rathmalana, Sri Lanka.

22.
23.

24.

25.

Received: 13 January 2016 Accepted: 24 April 2017
26.
References
1. Knobel D, Cleaveland S, Coleman PG, Fevre EM, Meltzer MI, Miranda MEG,
Shaw A, Zinsstag J, Meslin FX. Re-evaluating the burden of rabies in Africa
and Asia. Bulletin World Health Organization. 2005;83:360–8.
2. Rozario M. Rabies in India. CMAJ. 2008;178(5):64–566.
3. Wandeler AI, Budde A, Capt S, Kappeler A, Matter H. Dog ecology and dog
rabies control. Rev Infect Dis. 1988;10:684–8.

27.

28.

Hampson K, Laurent C, Tiziana L, Maganga S, Alexia K, Michaël A, Jacques B,
Jesse D. Blanton, Estimating the Global Burden of Endemic Canine Rabies.
PLOS Negl Trop. 2015.
Sudarshan MK, Madhusudana SN, Mahendra BJ, Rao NS, Ashwath NDH, Abdul
Rahman S. Assessing the burden of human rabies in India: results of a national
multi-center epidemiological survey. Intl J Infect Dis. 2007;11(1):29–35.
Touihri L, Zaouia I, Elhili K, Dellagi K, Bahloul C. Evaluation of mass vaccination
campaign coverage against rabies in dogs in Tunisia. Zoonoses Public Health.
2011;58(2):110–8.
Epidermiology unit, Ministry of Health. http://www.epid.gov.lk/web/index.
php?option=com_content&view=article&id=163&Itemid=450&lang=en.
Prevention and Control of Rabies in the South-East Asia Region World Health
Organization, Regional Office for South–East Asia. July 2004; New Delhi. http://
apps.searo.who.int/PDS_DOCS/B0216.pdf.
Coleman PG, Dye C. Immunization coverage required to prevent outbreaks
of dog rabies. Vaccine. 1996;14:185–6. [PubMed] https://www.ncbi.nlm.nih.
gov/pubmed/8920697.
Public Health Veterinary Services, Ministry of Health. Prevention and Control
of Rabies in the South-East Asia Region. https://www.google.lk/#q=www.
rabies.gov.lk. Accessed 11 Jan 2015.
Vigilato MA, Clavijo A, Knobl T, Tamayo HM, Cosivi O, Schneider MC, et al.
Progress towards eliminating canine rabies: policies and perspectives from
Latin American and the Caribbean. Phil Trans R Soc B. 2013;368:20120143.
WHO. Rabies vaccines: WHO position paper-recommendations. Vaccine.
2010;28:7140–2.
Gunatilake M, Wimalaratne O, Perera KADN. Persistence of antibody titres in
adult dogs and puppies following the anti-rabies immunization. Ceylon J Med.
2003;46(2):67–72.
Cleaveland S, Kaare M, Tiringa P, Mlengeya T, Barrat J. A dog rabies vaccination
campaign in rural Africa: impact on the incidence of dog rabies and human
dog-bite injuries. Vaccine. 21:2003, 1965–1973.
Tk S, Ndabambi N, Mpuchane S. A seroservey of Rabies antibodies in Dogs
in Gaborone, Botswana. J Anim Vet Adv. 2007;6(4):549–52.
Kamoltham T, Singhsa J, Promsaranee U, Sonthon P, Mathean P, Thinyounyong
W. Elimination of human rabies in a canine endemic province in Thailand: fiveyear programme. Bull WHO. 2003;81(5):375–81.
WHO. Expert consultation on rabies First report, WHO Technical Report
Series No. 931. Geneva: World Health Organization; 2004.
Barth R, Gruschkau H, Jaeger O. Chick embryo cell inactivated rabies vaccine
for veterinary use. Laboratory and field experience. In: Kuwert E, Merieux C,
Koprowski H, Bogel K, editors. Rabies in the tropics. Berlin: Springer Verlag;
1985. p. 241–8.
Smith JS, Yager PA, Bear GM. A rapid reproducible test for determining rabies
neutralizing antibody. Bull WHO. 1973;48:535–41.
Reed LJ, Muench H. A simple method of estimating fifty percent endpoints.
Am J Hyg. 1938;27:493–7.
Feyssaguet M, Dacheux L, Audry L, Compoint A, Morize JL, Blanchard I,
Bourhy H. Multicenter comparative study of a new ELISA for the detection
and titration of anti-rabies glycoprotein antibodies and comparison with
the rapid fluorescent focus inhibition test (RFFIT) on human samples from
vaccinated and non- vaccinated people. Vaccine. 2006;25:2244–51.
Kasempimolporn S, Jitapunkul S, Sitprija V. Moving towards the elimination
of rabies in Thailand. J Med Assoc Thail. 2008;91:433–7.
Aliye Ebru GAZI, Seyyal AK. Detection of neutralizing antibody titration in
vaccinated owned and stray dogs against rabies virus. J Fac Vet Med
Istanbul Univ. 2011;37(2):97–106.
Seghaier C, Cliquet F, Hammami S, Aouina T, Tlatli A, Aubert M. Rabies mass
vaccination campaigns in Tunisia: are vaccinated dogs correctly immunized?
AmJTrop Med Hyg. 1999;61(6):879–84.
Adeyemi IG, Adetunji VO, James VO, Alonge DO Ten Year. 1993–2002,
Retrospective Evaluation of Vaccination of Dogs against Rabies at the University
of Ibadan, Nigeria. Afr J Biomed Res. 2004;8(1):71–7.
Bunn TO. Canine and feline vaccines, past and present. In: Baer CM, editor.
The Natural History of Rabies. 2nd ed; 1991. p. 415–25.
Sage G, Khawplod P, Wilde H, Lobaugh C, Hemachudha T, Tepsumethanon
W, Lumlertdaecha B. Immune response to rabies vaccine in Alaskan dogs:
failure to achieve a consistently protective antibody response. Trans Roy
Soc Trop Med Hyg. 1993;87:593–5.
Chomel B, Chappi G, Bullon F, Cardenas E, De BT, Lombard M, Giambrun E.
Mass vaccination campaign against rabies: are dogs correctly protected?
The Peruvian experience. Revised. Infect Dis. 1988;10(4):697–02.

Pimburage et al. BMC Veterinary Research (2017) 13:133

Page 10 of 10

29. Wilde H, Khawplod P, Khamoltham T, Hemachudha T, Tepsumethanon V,
Lumlerdacha B, Mitmoonpitak C, Sitprija V. Rabies control in South and
Southeast Asia. Vaccine. 2005;23:2284–9.
30. Kasempimolporn S, Sichanasai B, Saengseesom W, Puempumpanich S,
Chatraporn S, Sitprija V. Prevalence of rabies virus infection and rabies antibody in
stray dogs: A survey in Bangkok, Thailand. Prev Vet Med. 2007;78(3–4):325–32.
31. Jakel V, Konig M, Cussler K, Hanschmann K, Thiel HJ. Factors influencing the
antibody response to vaccination against rabies. Dev Biol. 2008;131:431–6.
32. Cliquet F, Aubert M, Sagne L. Development of a fluorescent antibody virus
neutralization test (FAVN test) for the quantification of rabies-neutralizing
antibody. J Immunol Meth. 1998;212:79–87.
33. Suzuki KET, Gonzalez G, Ascarrunz A, Loza A, Ascarrunz G, Loza M, et al.
Antibody response to an anti-rabies vaccine in a dog population underfield
conditions in Bolivia, Zoonosis. Public Health. 2008;55(8–10):414–20.
34. Ogawa T, Gamoh K, Kanda K, Suzuki T, Kawashima A, Narushima R, Shimazaki
T. Rabies immune status of dogs brought into the Hyogo Prefecture Animal
Well-being Center, Japan. J Vet Med Sci. 2009;71(6):825–6.
35. Rigo L, Honer MR. Rabies virus antibody titers in dogs in Campo Grande,
Mato Grosso do Sul State, during the anti-rabies campaign, 2003. Rev Soc
Bras Med Trop. 2006;39(6):553–5.
36. Rowan AN. Animals, science, and ethics – Section IV. Ethical review and the
animal care and use committee. Hast Cent Rep. 1990;20(3):S19–24.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

