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Rabies has profound public health, social and economic impacts on developing countries, with an esti-
mated 59,000 annual human rabies deaths globally. Mass dog vaccination is effective at eliminating
the disease but remains challenging to achieve in India due to the high proportion of roaming dogs that
cannot be readily handled for parenteral vaccination.
Two methods for the vaccination of dogs that could not be handled for injection were compared in Goa,

India; the oral bait handout (OBH) method, where teams of two travelled by scooter offering dogs an
empty oral bait construct, and the catch-vaccinate-release (CVR) method, where teams of seven travel
by supply vehicle and use nets to catch dogs for parenteral vaccination. Both groups parenterally vacci-
nated any dogs that could be held for vaccination.
The OBH method was more efficient on human resources, accessing 35 dogs per person per day, com-

pared to 9 dogs per person per day through CVR. OBH accessed 80% of sighted dogs, compared to 63% by
CVR teams, with OBH accessing a significantly higher proportion of inaccessible dogs in all land types. All
staff reported that they believed OBH would be more successful in accessing dogs for vaccination. Fixed
operational team cost of CVR was four times higher than OBH, at 127 USD per day, compared to 34 USD
per day. Mean per dog vaccination cost of CVR was 2.53 USD, whilst OBH was 2.29 USD. Extrapolation to a
two week India national campaign estimated that 1.1 million staff would be required using CVR, but
293,000 staff would be needed for OBH.
OBH was operationally feasible, economical and effective at accessing the free roaming dog population.

This study provides evidence for the continued expansion of research into the use of OBH as a supple-
mentary activity to parenteral mass dog vaccination activities in India.
� 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The rabies virus remains endemic across much of Africa and
Asia, with India estimated to suffer one third of the global burden,
costing the country an estimated 20,000 human lives and 2.3 bil-
lion USD annually [1,2]. Efforts to improve access to human post
exposure prophylaxis are underway to reduce human rabies
deaths, however the virus is maintained in the free-roaming dog
population reservoir.

Mass dog vaccination is advocated by the WHO and OIE as a
cost-effective method of rabies elimination, with many examples
of rapid decline in both canine and human rabies deaths following
annual vaccination of 70% of the dog population [3,4]. Neverthe-
less, examples of large scale dog vaccination activities in India
remain scarce, attributing for less than 0.5% of the estimated eco-
nomic burden from the disease [1].
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The dog population can be accessed for parenteral rabies vacci-
nation through a variety of practical approaches including static
point (SP), door-to-door (DD) and catch-vaccinate-release (CVR)
methodologies. SP-only approaches have the potential to achieve
70% coverage in settings where the community is engaged with
the vaccination campaign and a high proportion of the roaming
dog population can be brought to SP vaccination clinics by their
owners [5]. In areas where 70% is not achieved through the SP
approach, the addition of DD vaccination teams moving house-
by-house makes it possible to increase coverage by vaccinating
dogs that can be handled by their owners, but were not brought
to SP clinics [5,6]. The SP and DD approaches rely on owners pre-
senting their dogs for parenteral vaccination and their success at
scale has only been reported in Latin America where most dogs
are responsibly owned [4]. SP and DD approaches are less likely
to achieve adequate coverage in regions with a high proportion
of inaccessible roaming dogs and so the addition of more intensive
methods is required to consistently achieve over 70% vaccination
coverage, as is the case in many parts of Asia [7–9]. The ‘catch-vac
cinate-release’ (CVR) approach involves roaming vaccination teams
using butterfly nets to catch and restrain dogs for parenteral vacci-
nation before marking and release [10]. A combination of DD and
CVR methods have been reported to achieve adequate coverage
in urban settings [10], however there are limited examples where
this approach has been successfully applied on a scale that could
expand to a national level in India.

Mission Rabies, an international NGO working with interna-
tional partners and local governments to develop effective
approaches to rabies control, has been working in Goa State, India,
since 2013. In 2017 the campaign vaccinated over 97,000 dogs
throughout the state using a combination of DD and CVR vaccina-
tion approaches. Although the use of teams catching dogs with
nets can achieve high coverage [10], their widespread sustained
use has several limitations, including difficulty catching dogs in
open areas, roaming dogs becoming increasingly cautious of net
catching teams with repeated use and the requirement for a large
number of skilled catchers per vaccination team. Therefore, there is
a need for investigation of alternative approaches which can vacci-
nate free roaming dogs at high coverage.

Oral rabies vaccination is used in Europe and North America to
control rabies in wildlife reservoir species [11,12]. Oral vaccination
of dogs, as a supplementary tool to parenteral vaccination, has
been shown to increase dog vaccination coverage in various field
studies, especially of ownerless and poorly supervised owned dogs
[13–16]. The use of the oral bait ‘handout’ method (OBH) involves
offering a bait to owned and unowned dogs that cannot be held for
parenteral vaccination. Any bait or remnants that are not con-
sumed are recollected by the vaccination staff and disposed of
safely [17]. Studies to assess OBH have been conducted in settings
in the Americas, Africa, Europe and Asia [16,18–22], however its
use has not been studied in India and no studies have compared
the operational practicalities with CVR methods. WHO and OIE
advocate for the evaluation of this approach as a supplementary
measure to increase vaccination coverage in areas where a suffi-
cient proportion of dogs cannot be accessed for parenteral vaccina-
tion [17,23,24].

This study compares two vaccination approaches for inaccessi-
ble dogs, CVR and OBH, on the basis of effectiveness at accessing
the target population for vaccination, operational feasibility and
cost. Both approaches were used in conjunction with parenteral
vaccination of dogs that could be held for vaccination. There are
no oral rabies vaccines (ORVs) currently licensed for use in India
and so no ORV was used in this study, instead a prototype bait con-
taining an empty PVC sachet was used to assess the OBH method.
This study aimed to explore the proportion of dogs that could be
accessed by each method, with further optimization of the bait
construct required.

2. Methods

2.1. Study site

Goa is one of India’s smallest states, with a human population of
1.5 million [25]. The state has a growing urban population (62% of
total population) and tourism is a significant contributor to the
economy. The state is divided into two districts, North and South,
which are further divided into a total of 12 administrative regions
(Talukas). The Government of Goa has been supporting Mission
Rabies to intensify mass dog vaccination and rabies education
activities in Goa since 2015. The campaign now vaccinates approx-
imately 97,000 dogs throughout the state on an annual basis and
delivers rabies education classes to over 150,000 children in
schools every year.

The study was conducted over two weeks in February 2018. The
sampling frame was dogs within the Ponda Taluka due to it being a
convenient location alongside the ongoing vaccination schedule at
the time of the study and also away from the coast, where dog pop-
ulations are influenced by fluctuations in tourism throughout the
year. The Taluka was stratified by land type (urban, sub-urban, vil-
lage housing, sparse housing and forest-agriculture) according to
appearance on Google satellite images (Fig. 1, Section 3 in ‘‘Supple-
mentary materials”) [6]. Forest areas were omitted from the study
due to the absence of dogs (known from previous campaigns). The
remaining strata were divided into working zones based on subjec-
tive assessment of the Google satellite images to produce an area
that would take the vaccination teams 1–3 days to vaccinate.
Working zones were randomly assigned to either CVR or OBH
study arms within each stratum.

Permission for the study was granted by the Department of Ani-
mal Husbandry & Veterinary Services, Government of Goa. Dogs
were parenterally vaccinated in accordance with the Memoran-
dum of Understanding between Mission Rabies and the Govern-
ment of Goa as part of a non-research public health campaign.
Ethics approval was provided by University of Edinburgh R(D)SVS
Veterinary Ethical Review Committee (Reference number 113.18).

2.2. Comparison of CVR and OBH

Four vaccination teams were included in the study, with all
teams having approximately the same levels of experience and
ability. Two teams performed CVR for the first week, followed by
OBH the second week and the other two teams performed OBH
in the first week followed by CVR in the second week. All staff
had received pre-exposure rabies vaccination.

Because no ORV was used, all OBH regions were revisited
immediately following the study to catch, vaccinate and mark
roaming dogs that were not already marked as parenterally vacci-
nated in accordance with the standard campaign protocol.

For both study arms, dogs that could be handled either by an
owner or by the team were manually held and vaccinated par-
enterally. An inaccessible dog was defined as any dog which could
not be readily handled and restrained for parenteral injection of
vaccine. In the CVR study arm, an attempt was made to catch inac-
cessible dogs using nets, to enable parenteral vaccination. In the
OBH study arm, inaccessible dogs were offered a bait (Fig. 2). An
information leaflet containing an explanation of the study in Eng-
lish and Hindi, with contact details for further information, were
distributed to members of the public by all teams (Section 4 in
‘‘Supplementary materials”). In cases where owners refused vacci-
nation, were not available to give consent or reported that the dog



Fig. 1. Map of the Ponda Taluka showing working zones coloured by land type. Inserts show maps of India and Goa state indicating region of Ponda Taluka (red boxes).
‘‘Forest” regions were not included in the sampling frame for the study due to the absence of dog populations in these areas. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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was already vaccinated, the dogs were recorded as sighted, but
were removed from analysis in both arms as they were not avail-
able to attempt vaccination in either group.

Existing methods of estimating coverage in CVR, by marking all
vaccinated dogs and conducing post-vaccination dog sight surveys
to count the proportion of marked sighted dogs could not be used
to assess OBH because it was not possible to physically mark all
dogs consuming baits. The use of biomarkers within baits has been
described to evaluate coverage [26–28], however this was not con-
sidered acceptable for use in the dogs of unknown ownership sta-
tus in this study.
2.3. Oral Bait Handout method (OBH)

Empty vaccine capsules made of PVC (3 cm � 6.5 cm) and
sealed with aluminium foil were used to replicate the mechanical
presence of the capsule in the bait. The capsule was placed inside a
collagen casing with a section of blanched pig skin to encourage
chewing (Section 1 in ‘‘Supplementary materials”). The capsule
was tied at both ends and frozen until the morning of distribution.
Each morning baits were packaged into zip-lock bags and trans-
ported in cooler boxes. At the start of the vaccination session, a
sachet of commercial meat dog food and gravy (Chicken & Vegeta-
ble 100 g pouches) was poured into each zip-lock bag to coat all 15
baits in each bag.

OBH teams were comprised of two people riding a two-wheel
scooter. Roles within the OBH teams were a team leader,
responsible for vaccinating dogs parenterally and distributing
baits, and one assistant, who was responsible for navigation, data
entry and public communication. The total training period was a
full day the day before beginning OBH vaccination which consisted
of a verbal training and afternoon supervised practical session.
Where an owned dog could not be held for vaccination, verbal con-
sent was requested to offer a bait. They were informed that their
dog had not been vaccinated and that teams would return with
equipment to help vaccinate their dog within the same week.
Where accessible, all puppies were parenterally vaccinated, how-
ever puppies under approximately 5 kg that could not be caught
were not offered a bait.
2.4. Catch Vaccinate Release method (CVR)

CVR teams contained seven people travelling in a supply vehicle
[10]. Roles within the team were one team leader, one assistant,
one driver and four animal handlers/ butterfly-net catchers (Sec-
tion 1 in ‘‘Supplementary materials”). The CVR method requires
at least four catchers working as a team to capture dogs in nets.
The process is dynamic and requires physical strength, agility
and teamwork as well as an understanding of dog behaviour and
movement. All four teams were experienced in the CVR method
and are employed by Mission Rabies to conduct this method across
Goa state throughout the year. The mean number of months work-
ing experience in the CVR method per team member was
14 months. CVR teams received the same briefing as in the OBH



Fig. 2. Flow diagram for action taken for sighted dogs in each intervention arm. CVR = Catch-vaccinate-release, DD = Door-to-door, OBH = oral bait handout. Dogs which were
reported by the owner as already vaccinated or refused vaccination were not included in the counts or analysis for either group.
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training and were given training on the study data collection pro-
tocol, followed by an afternoon of supervised vaccination.

2.5. Data collection

Both study arms entered data about every dog sighted in the
WVS App, a tailor made smartphone-web system designed to
direct vaccination teams and monitor campaign outputs [29]. The
data structure is summarised in Section 2 of ‘‘Supplementary
materials”, however in brief, the dataset for every dog sighted
included (i) whether the dog was vaccinated and if not, why, (ii)
for dogs not parenterally vaccinated by hand, whether the alterna-
tive method was attempted. For OBH, information about bait
acceptance, swallowing and capsule/bait retrieval were also
recorded. For the purpose of the evaluation of the OBH method’s
potential, a dog was considered to have been ‘mock vaccinated’
by the bait if the dog made direct contact through licking or con-
suming the bait, with the assumption that the rudimentary bait
used in this study would be optimised for palatability to achieve
vaccination of these dogs. Throughout the manuscript references
to the number of dogs ‘vaccinated’ includes those mock vaccinated
using the bait constructs. The ownership status, confinement, sex,
neuter status, age and health of every dog vaccinated was also
recorded.

2.5.1. Spatial analysis
Convex Hull polygons were drawn around the GPS locations

within each working zone recorded in each vaccination session
using QGIS [30]. Anomalous GPS locations outside of the general
working area resulting from variation in GPS signal were removed
based upon time stamp and GPS accuracy records available for
each entry. The polygon boundaries were adjusted to the nearest
border of the assigned working zone so that the final polygon rep-
resented the proportion of the working zone that had been covered
(Section 5 of ‘‘Supplementary materials”). The area of polygons was
used to calculate the density of dog vaccinations and sightings by
each team and land type.

2.5.2. Statistical analysis
Data were exported from the WVS app database in CSV format.

Further analysis was then performed in R statistical software envi-
ronment [31].

Multivariable logistic regression was used to estimate the dif-
ference in vaccination coverage achieved by each arm of the study
adjusting for other factors including land type and team. Three dif-
ferent models were built; the first estimating the proportion of
total dogs vaccinated, the second estimating the proportion of
inaccessible dogs vaccinated (dogs unable to be vaccinated by
hand) and the third estimating the proportion of sighted dogs vac-
cinated by hand. All predictors were considered for inclusion in the
model and all possible combinations of interaction between pre-
dictors. The model with lowest Akaike information criterion (AIC)
was chosen as the final model.

To estimate the difference between the numbers of dogs vacci-
nated per hour a multivariable quasipoisson model was used. All
combinations of predictor variables and interactions were consid-
ered using the model averaging approaches implemented in the
package MuMIn [32]. The model with the lowest quasi-likelihood
AIC (QAIC) was chosen as the final model. Estimated marginal
means [33] of the overall predicted vaccination coverage/rate of
dogs vaccinated by each vaccination method and for each land type
were calculated using the emmeans package [34]. Results were
plotted using package ggplot2 [35]. Model selection procedures
for each model are shown in (Section 6 in ‘‘Supplementary
materials”).

Given variable reported rates of seroconversion in dogs con-
suming ORV, estimates were calculated to compare the proportion
of sighted dogs expected to seroconvert following the two meth-
ods. The proportion of dogs estimated to seroconvert from par-
enteral vaccination was 98% [36], whilst scenarios for
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seroconversion in 60, 70, 80 and 90% of dogs that accessed bait by
the OBH method were included [16,37].
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2.5.3. Cost comparison
All operational costs associated with implementing each

method were recorded based on expenditure during the study or
review of monthly project expenditure. This figure does not
include costs of post-exposure rabies prophylaxis for staff, training,
publicity, community awareness activities, bite surveillance, cold
chain storage or vaccine transport. Costs reported in this paper
are stated in US dollars at a currency exchange rate of 72.2 rupees
per dollar. Operational costs were defined as either fixed or vari-
able costs. Fixed costs were constant regardless of the number of
dogs vaccinated (e.g. salaries, staff pre-exposure vaccination, vehi-
cle purchase, equipment). In contrast, variable costs changed with
the number of dogs vaccinated (e.g. vaccine cost, needles, syr-
inges). Itemised fixed costs that span months or years were con-
verted into a daily operational cost (Section 8 of Supplementary
Materials). Variable costs were calculated per vaccine adminis-
tered, at a parenteral vaccine dose cost of 0.45 USD (32 Rupees),
0.05 USD per parenteral dose for consumable equipment (needle,
syringe, vaccine certificate) and 2.77 USD (200 Rupees) per oral
bait dose delivered. The mean daily variable cost was calculated
for each method using the parenteral and oral vaccine per-dose
costs, multiplied by the mean daily doses of each vaccine type
administered.

Mean variable daily cost ¼ Perdose parenteral vaccine costð
�mean parenteral doses per dayÞ
þðper dose oral vaccine cost

�mean oral vaccine doses per dayÞ
The cost per vaccine administered was then compared for each

approach using the following formula:

Cost per vaccine administered

¼ Fixed daily costþMean variable daily costs
Mean total vaccinations administered per team per day

� �
d
la
nd

ty
pe

.T
he

m
ea

n
fi
g

br
ac
ke

ts
in
di
ca
te

95
%
co

n

To
ta
l
do

gs
va

cc
*

To
ta
l

do
gs

h
an

d
va

cc

34
2

13
4

31
9

71
45

3
20

9
54

8
26

1
40

8
22

1
41

0
19

3
13

7
54

14
9

71
13

40
61

8

14
26

59
6

d’
by

ac
ce
pt
in
g
a
ba

it
,h

ow

2.5.4. Staff survey

A survey to explore the opinions of staff members was con-
ducted immediately following completion of the field study, con-
sisting of a face-to-face questionnaire with each Team Leader
and Assistant (Section 9 in ‘‘Supplementary materials”).
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2.5.5. Estimation of scalability
The approximate number of teams and staff that would be

required to vaccinate 50,000 dogs (district level estimate from his-
toric data) and 100 million dogs (national level estimate used in
previous studies [38,39]) was estimated for two campaign dura-
tions; a two week period (10 working days) or a one year period
(288 working days). The number of team-days required was calcu-
lated by dividing the number of dogs to be vaccinated by the mean
vaccinations per team per day for each method. This was divided
by the number of working days in the campaign duration to give
the number of teams that would be required. The total number
of staff required was calculated by multiplying the number of
teams by the number of staff in each method (2 per team for
OBH, 7 per team for CVR). The estimate was compared with current
project structure in Goa (three CVR teams, approximately 21 staff
vaccinating over a 12 month period) to assess reliability at the dis-
trict level.
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3. Results

In total 45 working zones were included in the study (23 CVR,
22 OBH) in which teams sighted a total of 3,928 available dogs
(Table 1). A further 467 dogs were sighted, but were not eligible
for attempted vaccination. The mean estimated by the regression
model was 10.43 and 11.48 vaccinations per team per hour for
CVR and OBH respectively (Section 6 in Supplementary Materials),
equating to 1.5 vaccinations per person per hour for CVR and 5.7
vaccinations per person per hour for OBH. For a working day con-
sisting of 6 h of vaccination time (1 h travel to/from vaccination
site), the CVR teams vaccinated 63 dogs per day as compared to
OBH teams vaccinating 69 dogs per day. Given the difference in
team size for each approach, the CVR method results in 9 dog vac-
cinations per person per day, compared to 35 dogs per person per
day for OBH. Teams using the OBH method had a higher vaccina-
tion output per hour compared to CVR in all land types, however
this difference was not statistically significant.

OBH teams were able to access a significantly higher proportion
of sighted dogs for vaccination than CVR teams. The predicted pro-
portion of sighted dogs vaccinated, adjusted for other factors, was
63% (CI 61–66) for CVR and 80% (78–82) for OBH (P < 0.001)
(Fig. 3A). Estimates for the proportion of dogs that would serocon-
vert for the two methods are given in Section 7 of ‘‘Supplementary
materials”.

The proportion of sighted dogs that could be captured by hand
was similar for both methods after adjusting for other factors, at
30% (CI 27 – 32) for CVR and 31% (CI 29 – 34) for OBH. Of all dogs
that were ‘vaccinated’ by each method, the mean proportion that
could be held for parenteral vaccination was 47% for CVR and
43% for OBH (Table 1).

Of dogs that could not be restrained by hand for parenteral vac-
cination (inaccessible dogs), OBH was able to access 69% (CI 66–72)
through baits, as compared to 46% (CI 43–49) by CVR. The differ-
ence between the proportion of inaccessible dogs ‘vaccinated’
was significantly different between methods for each land type
(Fig. 3B).

Overall OBH teams vaccinated a larger area than CVR at
1.47 km2 compared to 1.39 km2 and at a higher vaccination density
at 85 dogs per km2 compared to 75 dogs per km2 by CVR (Table 1).

In total, 924 baits were dropped during the study. Of the 94
baits that were not picked up by dogs, only one (0.1% of all baits)
could not be retrieved. Of the 830 baits that were picked up by
dogs, the capsules of 133 could not be retrieved because the dog
Fig. 3. (A) Point graph of predicted proportion of sighted dogs vaccinated for each method
proportion of inaccessible dogs that could be accessed for vaccination using the alternati
95% confidence intervals.
carried it away, of which the perforation status of 124 baits was
unknown. This represents 13% of all baits distributed that were
carried away by dogs to an unknown location and it is unknown
whether the capsule was perforated or swallowed.

The number of people bitten per day was recorded for 17 of 22
vaccination sessions for CVR and 19 of 22 sessions for OBH. Three
staff members were bitten during CVR work, and there were no
bites reported from OBH teams.

3.1. Staff survey

Eight staff (team leader and data collector for each of the four
teams) were interviewed. The full responses to questions are
included in Section 9 of ‘‘Supplementary materials”. All eight staff
responded that they believed that the OBH method could reach
more dogs than CVR. Seven staff responded that they preferred
the OBH approach, with all seven giving the reason that more dogs
can be reached and three additionally reporting the method is
easier. The one staff member who preferred the CVR method gave
the reason that there is less fear of dog bite when using the nets.

3.2. Cost

The costs associated with the two methods are summarised in
Table 2. The itemised breakdown of fixed costs is provided in Sec-
tion 8 of ‘‘Supplementary materials”. The mean cost per vaccine
delivered through CVR teams was 2.53 USD, whilst per dog vacci-
nated through OBH teams was 2.29 USD (Table 2). The CVR method
had high fixed costs at 127 USD per day, representing 80% of the
mean cost per dog vaccinated, but low variable vaccine costs
(Fig. 4A). The fixed cost of running an OBH team was 34 USD per
team per day, almost a quarter of the cost of CVR, however variable
costs were considerably higher due to the cost of ORV (Fig. 4A). The
high fixed cost of CVR resulted in increasing per dog vaccinated
costs in lower density areas where fewer dogs were vaccinated
each day, whereas OBH costs rose in areas with a greater number
of inaccessible dogs (Fig. 4B).

3.3. Extrapolation of resources to a district and national vaccination
campaign scale

Extrapolating the pilot study vaccination efficiencies for each
method to district and national dog vaccination campaign sizes
revealed large differences in the manpower and vehicle require-
by land type. Error bars show 95% confidence intervals. (B) Point graph of predicted
ve method (oral bait or net catching) for each method by land type. Error bars show
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ments (Table 3). To vaccinate 50,000 dogs in two weeks using CVR
would require 560 staff, compared to 146 staff using OBH, whereas
at the estimated national level would require 1.1 million staff using
CVR and 293,000 staff for OBH. The extrapolation accurately esti-
mated the current campaign structure at district level.
4. Discussion

This study reports the first field evaluation of a combined door-
to-door parenteral vaccination and oral bait handout (OBH)
method for accessing dogs on a large scale for rabies vaccination
in India. OBH was superior to CVR in terms of the proportion of
roaming dogs accessed for vaccination, mean cost per dog vacci-
nated and human resource efficiency.

Under the direction of the Government of Goa, there has been
success through the current state-wide mass dog vaccination cam-
paign using catch-vaccinate-release and door-to-door vaccination,
however the method has limited potential for sustained national
implementation. The large team sizes required in the CVR method
resulted in low per-person vaccination efficiencies (9 vaccinations/
person/day), in contrast to the OBH method, which was able to
vaccine three times as many dogs per person per day (35 dogs/
person/day). When extrapolating these methods to the district
and national scale this would result in a dramatic difference in
the human resource requirement of the campaign [39]. A national
two week campaign using CVR would require and estimated 1.1
million staff and 160,000 trucks, compared to 300,000 staff and
150,000 scooters using OBH. In 2015 there were reported to be
70,767 veterinarians and veterinary para-professionals in India,
highlighting that an intensive short campaign using either method
would need additional staff to be trained [40]. Experience from
multi-national dog vaccination efforts in Latin America demon-
strate a number of benefits to synchronizing large campaigns over
short timeframes, such as combining resources from multiple gov-
ernment and NGO sectors and in maximising public/political
awareness through mass media [41], however this would be infea-
sible with the CVR method. From a logistical and human resource
perspective, OBH would be a more feasible approach for conduct-
ing mass dog vaccination over a short timeframe at the national
scale.

The mean operational cost per vaccine delivered for the CVR
and OBH methods was 2.53 USD and 2.29 USD respectively, how-
ever this varied with land type. The high fixed daily operating cost
of each CVR team at 127 USD meant that acceptable cost-efficiency
relied on a high number of dogs being vaccinated every day. In low
density areas the CVR cost per dog vaccinated rose to 3.29 USD in
contrast to 2.33 USD for OBH. The higher vaccine cost of ORV in
comparison to high quality parenteral vaccine increases the cost
of OBH in regions where large numbers of inaccessible dogs require
vaccination by ORV. The only other study evaluating the cost of dif-
ferent methods was conducted in Tunisia, comparing door to door
or central point distribution of bait to dog owners and transect line
distribution [42], which would not be considered acceptable meth-
ods of bait distribution in Goa. The cost per dog vaccinated for both
methods here are comparable to reports from other mass dog vac-
cination campaigns in Africa ranging from to 1.73 to 7.3 USD, how-
ever these campaigns only accessed owned dogs that could be
handled for parenteral vaccination [43–45].

The OBH method of bait distribution has a number of advan-
tages to public safety and campaign efficiency over other methods
such as distributing to dog owners to administer and the wildlife-
immunisation model (WIM). A study in Tunisia distributed baits to
dog owners at central collection points [42], however this
approach could not be applied in most countries due to the
unacceptable risk of human exposure to the vaccine. Additionally,



Fig. 4. (A) Graph showing a breakdown of mean Fixed and Variable (oral/parenteral) cost per dog vaccinated based on the mean number of dogs vaccinated per team per day
in each method. (B) Bar graph of cost per dog vaccinated by land type and method in USD.

Table 3
Extrapolation of mean team ‘vaccination’ output for CVR and OBH methods to the district level in Goa.

Approx.
Scale

Method Campaign
duration

Dog vacc Number staff
per team

Vacc/
team/day

Working
days

Number of
team days

Number
of teams

Number
teams (LCI)

Number
teams (UCI)

Total
staff

Total
Staff (LCI)

Total
Staff
(UCI)

District CVR 2 weeks 50,000 7 62.6 10 799 80 74 88 560 518 616
District ORV 2 weeks 50,000 2 68.9 10 726 73 67 79 146 134 158
District* CVR* 1 year* 50,000* 7* 62.6* 286* 799* 3* 3* 4* 21* 21* 28*

District ORV 1 year 50,000 2 68.9 286 726 3 3 3 6 6 6
National CVR 2 weeks 101,067,346 7 62.6 10 1,615,157 161,516 147,975 176,297 1,130,610 1,035,825 1,234,079
National ORV 2 weeks 101,067,346 2 68.9 10 1,466,815 146,682 135,034 159,334 293,363 270,068 318,668
National CVR 1 year 101,067,346 7 62.6 286 1,615,157 5647 5174 6165 39,532 36,218 43,155
National ORV 1 year 101,067,346 2 68.9 286 1,466,815 5129 4722 5572 10,257 9444 11,144

* Indicates the estimated number of teams and manpower requirement for the method and timeframe that is currently being conducted in Goa across two districts
(therefore double the capacity stated here).
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parenteral vaccination should be prioritized for these owned dogs
whose owners can hold them for injection [17,24]. The use of WIM
may be of use for vaccination of dogs that cannot be approached,
which is often the case in garbage dumps [18,46,47]. The wide-
spread use of the WIM would be unfavourable in residential areas,
particularly due to the risk of children coming into contact with
baits and the increased risk of uptake or re-distribution by non-
target species such as crows, rats and cats [48]. Coverage achieved
by OBH in this study is comparable with studies conducted else-
where [19–22], likely due to roaming dogs generally being accus-
tomed to the presence of humans, albeit not comfortable enough
to be held.

Estimation of vaccination coverage using oral bait approaches is
challenging because the dogs cannot be easily marked and there-
fore conventional post-vaccination surveys counting marked dogs
are not possible [6,10]. In the current study the recording of all
dogs sighted enabled estimation of the proportion of all dogs
sighted that could be vaccinated, however this does not equate
to the vaccination coverage in the population. The proportion of
sighted dogs vaccinated may be influenced by the likelihood of
sighting dogs between the two methods. Many staff reported that
dogs are more likely to run away from the net catching teams and
alert dogs in the area by barking, therefore potentially making it
less likely for dogs that could not be vaccinated to be sighted. This
may have resulted in over-estimating the proportion of vaccinated
dogs in the CVR group in contrast to OBH teams, which did not
carry nets, and so were less likely to alert dogs prior to sighting.
In contrast, OBH teams reported that dogs were often attracted
to the baits and would gather around them. This not only has ben-
efits in the chances of vaccinating dogs, but would also be of ben-
efit to the sustainability of repeat vaccination campaigns.

Parenteral vaccination will continue to be the primary choice
for animals that can be readily handled because of the greater con-
trol over the certainty of administration and high rates of protec-
tion in dogs of different ages and immunocompetence [49]. With
the use of live-modified or live-attenuated oral rabies vaccines,
lower rates of immunoconversion are often seen [37]. A field study
of oral vaccination using SPBN GASGAS reported that 78% of dogs
that consumed the bait had detectable rabies binding antibodies
measured by blocking enzyme linked immunosorbent assay
(ELISA) [16]. Challenge studies have shown high levels of protec-
tion using a number of oral rabies vaccines [37,50–52], and that
evaluation of the presence of rabies binding antibodies using ELISA
is likely to be a better predictor of immunity in vivo than serum
neutralization tests [53]. Estimates of possible proportion of
sighted dogs successfully seroconverting following the two meth-
ods in this study remained comparable even at rates as low as
60% of dogs accessing ORV.

Ultimately the cost-effectiveness of a campaign hinges on the
successful elimination of rabies, and for this to occur it must be
feasible to achieve sustained, high vaccination coverage across
land types [54]. OBH was able to consistently access a higher pro-
portion of inaccessible dogs for vaccination across land types in
comparison to CVR (Fig. 3B). The challenges in catching dogs
through CVR in open areas, as well as dogs becoming fearful of nets
over time, creates the potential for pockets of low vaccination cov-
erage and therefore regions where sustained endemic transmission
may occur [55].
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The impact on the welfare and safety of the dogs, staff and gen-
eral public as a result of any intervention must be considered and
weighed against the consequence of not conducting the interven-
tion. Action to minimise the risk of injury or suffering to these
groups should be taken at every opportunity. Both CVR and OBH
methods present potential risks due to the fact that dogs are often
roaming freely in public areas and can behave unpredictably, how-
ever this must be weighed against the suffering that would be pre-
vented for future generations through rabies virus elimination. The
selection of an ORV that is safe in both target and non-target spe-
cies, including humans, is essential [56]. More than 270 million
doses of recombinant, modified-live and attenuated-live oral
rabies vaccines have been used in wildlife in Europe and North
America with minimal adverse events in target and non-target spe-
cies [23,24,57,58], and the handout distribution method reduces
the chances of human exposure to vaccine by removing a large pro-
portion of the unconsumed bait and capsule material from the
environment. In the current study it was possible to recover
99.9% of unconsumed intact baits, however the outcome of 13%
of baits was unknown. This compares to a study in Haiti, where
the fate of 4.8% of the baits offered was unknown [16]. This could
be because roaming dogs in Goa may be more likely to take the bait
away to eat, however may have also been influenced by the proto-
type bait construct used. The potential higher rate of non-retrieval
will need to be considered when evaluating the chances of human
exposure to vaccine material remaining in the environment. The
lower staff bite rate for OBH suggests that there may be benefits
to staff safety, project administration and cost, however the occur-
rence was too low to evaluate significancebetween the two
approaches. The rate of staff dog bites in this study was too low
to evaluate significance between the two approaches, however
warrants further study.

The results of the staff opinion survey in this study indicate that
staff preferred the OBHmethod and felt that they were able to ‘vac-
cinate’ more dogs with this as compared to the CVR method. The
limitations of small sample size and possible bias for a novel
method must be considered, however this survey found that expe-
rienced vaccination staff endorsed the OBH method as a feasible
supplement to door-to-door parenteral vaccination to reach inac-
cessible dogs. Training of catchers using nets is difficult, requiring
novice catchers to work within teams of experienced catchers for
several weeks or months to become competent. This presents lim-
itations to the rapid up-scaling of CVR in larger states. In the cur-
rent study, the comparison was between teams highly
experienced in CVR, compared to having had one day of field train-
ing using the OBH method. Despite this limitation, OBH was still
comparable in the number of dogs ‘vaccinated’ per team per day
with CVR. The OBH method still requires good training and strict
adherence to standard operating procedure, however this study
suggests that OBH can be successful, given good training over a
short time period.

There is no universally successful bait due to differences in local
culture, dog ecology and food preference between countries
[13,23,59,60]. The lack of a quality bait construct in this study is
likely to have affected the proportion of dogs ‘vaccinated’ through
the OBH approach. It is expected that more attractive baits will be
developed with time, however there were limited options at the
time of the study. It is important to note that the OBH ‘vaccination
coverage’ in this study includes all dogs that were interested in the
bait, as opposed to dogs that perforated the capsule. Studies using
intestine baits in Haiti and Philipines both reported that 93% of
baits offered to dogs resulted in the capsule being perforated
[16,21] and so with bait optimisation for use in Goa, it is expected
that similar outcomes could be achieved.
5. Conclusion

The development of efficient, scalable methods to repeatedly
vaccinate a high proportion of the roaming dog population is the
only way to avoid the indefinite provision of post-exposure pro-
phylaxis, suffering caused by rabid dog bites and detrimental
impact on tourism and agriculture industries in developing coun-
tries [24]. The lack of a licenced ORV means that capture of dogs
for parenteral vaccination is the only method of increasing cover-
age in inaccessible dog populations. This study indicates that
should ORV be available, it would likely benefit both operation effi-
ciency and vaccination coverage in the free roaming dog popula-
tion and therefore may be of considerable benefit to rabies
control activities in Goa and similar settings.
Declaration of interest

Ad Vos is a full-time employee of a company that manufactures
oral rabies vaccine bait. Alasdair King is a full-time employee of a
company that manufacture parenteral rabies vaccine. Other
authors have no conflict of interests.
Acknowledgements

We are grateful to Dogs Trust Worldwide for funding the work
of Mission Rabies, including grant funding towards mass dog vac-
cination, rabies education and surveillance in Goa State. We would
like to thank the Government of Goa for contributing to the fund-
ing the mass dog vaccination campaign and their support of this
study as part of their commitment to developing effective solu-
tions to rabies control in Goa State, in particular the Department
of Animal Husbandry & Veterinary Services (AH&VS), with special
thanks to the Director of AH&VS, Dr Santosh Desai, and Deputy
Director, Dr Vilas M. Naik. We are grateful to MSD Animal Health
for donating all Nobivac� Rabies vaccine used on Mission Rabies
projects and for their technical support. We are grateful to the
Rotary Club for donation of vehicles to the Goa rabies elimination
campaign in 2017, which were used in this study. We thank
Gregorio Torres, OIE, for commenting on the final manuscript.
Special thanks are due to Nigel Otter for his role in Mission Rabies
and Worldwide Veterinary Services. Finally we are grateful for the
tireless work of the Goa Mission Rabies team and their contribu-
tions to this study, in particular Rajesh Rai, Anmesh Goankar, Frank
Fernandez, Anjani Sharma, Shankar Goankar, Ashu Rizvi and Kedar
Sawant. Richard Mellanby was supported by a Wellcome Trust
Intermediate Clinical Fellowship. Richard Mellanby and Berend
MDec Bronsvoort were supported through BBSRC through the
Institute Strategic Programme funding (BB/J004235/1 and
BB/P013740/1). The funders had no role in study design, data
collection and analysis, decision to publish or preparation of the
manuscript.
Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jvacx.2019.100015.
References

[1] Hampson K, Coudeville L, Lembo T, Sambo M, Kieffer A, Attlan M, et al.
Estimating the global burden of endemic canine rabies. PLoS Negl Trop Dis
2015;9. https://doi.org/10.1371/journal.pntd.0003709.

[2] Bagcchi S. India fights rabies. Lancet Infect Dis 2015;15:156–7. https://doi.org/
10.1016/S1473-3099(15)70014-9.

https://doi.org/10.1016/j.jvacx.2019.100015
https://doi.org/10.1371/journal.pntd.0003709
https://doi.org/10.1016/S1473-3099(15)70014-9
https://doi.org/10.1016/S1473-3099(15)70014-9


10 A.D. Gibson et al. / Vaccine: X 1 (2019) 100015
[3] De Carvalho MF, Vigilato MAN, Pompei JA, Rocha F, Vokaty A, Flores BM, et al.
Rabies in the Americas: 1998–2014. PLoS Negl Trop Dis 2018;12:e0006271.
https://doi.org/10.1371/journal.pntd.0006271.

[4] Vigilato MAN, Cosivi O, Knöbl T, Clavijo A, Silva HMT. Rabies update for Latin
America and the Caribbean. Emerg Infect Dis 2013;19:678–9. https://doi.org/
10.3201/eid1904.121482.

[5] Mazeri S, Gibson AD, Meunier N, Bronsvoort BMdC, Handel IG, Mellanby RJ,
et al. Barriers of attendance to dog rabies static point vaccination clinics in
Blantyre, Malawi. PLoS Negl Trop Dis 2018;12. https://doi.org/10.1371/journal.
pntd.0006159.

[6] Gibson AD, Handel IG, Shervell K, Roux T, Mayer D, Muyila S, et al. The
vaccination of 35,000 dogs in 20 working days using combined static point and
door-to-door methods in blantyre malawi. PLoS Negl Trop Dis 2016;10:
e0004824. https://doi.org/10.1371/journal.pntd.0004824.

[7] Putra A, Hampson K, Girardi J, Hiby E, Knobel D, Mardiana I, et al. Response to a
rabies epidemic, bali, Indonesia, 2008–2011. Emerg Infect Dis
2013;19:648–51.

[8] Wera E, Mourits MCM, Hogeveen H. Uptake of rabies control measures by dog
owners in flores Island, Indonesia. PLoS Negl Trop Dis Publ Library Sci 2015;9:
e0003589.

[9] Belsare AV, Gompper ME. Assessing demographic and epidemiologic
parameters of rural dog populations in India during mass vaccination
campaigns. Prev Vet Med Elsevier BV 2013;111:139–46. https://doi.org/
10.1016/j.prevetmed.2013.04.003.

[10] Gibson AD, Ohal P, Shervell K, Handel IG, Bronsvoort BM, Mellanby RJ, et al.
Vaccinate-assess-move method of mass canine rabies vaccination utilising
mobile technology data collection in Ranchi, India. BMC Infect Dis. BMC Infect
Dis 2015;15:589. https://doi.org/10.1186/s12879-015-1320-2.

[11] Freuling CM, Hampson K, Selhorst T, Meslin FX, Mettenleiter TC, Muller T. The
elimination of fox rabies from Europe : determinants of success and lessons for
the future. Philos Trans R Soc B Biol Sci 2013;268. https://doi.org/10.1098/
rstb.2012.0142.

[12] Rosatte RC. Rabies control in wild carnivores. Rabies: scientific basis of the
disease and its management. 3rd ed. Elsevier Inc.; 2013. p. 617–70.

[13] Estrada R, Vos A, De Leon R. Acceptability of local made baits for oral
vaccination of dogs against rabies in the Philippines. BMC Infect Dis 2001;1.
https://doi.org/10.1186/1471-2334-1-23.

[14] Guzel N, Leloglu N, Vos A. Evaluation of a vaccination campaign of dogs against
rabies, including oral vaccination, in Kusadasi, Turkey. J Etlik Vet Microbiol
1998;9.

[15] Vos A, Aylan O, Estrada R. Oral vaccination campaigns of dogs against rabies.
In: Proc Seventh South East African Rabies Group/World Heal Organ Meet. p.
125–30.

[16] Smith TG, Millien M, Vos A, Fracciterne FA, Crowdis K, Chirodea C, et al.
Evaluation of immune responses in dogs to oral rabies vaccine under field
conditions. Vaccine 2017. https://doi.org/10.1016/j.vaccine.2017.09.096.

[17] OIE. Manual of Diagnostic Tests and Vaccines for Terrestrial Animals 2018. OIE
Terrestrial Manual 2018. 2018. p. Chapter 2.1.17.

[18] Darkaoui S, Boué F, Demerson JM, Fihri OF, Yahia KIS, Cliquet F. First trials of
oral vaccination with rabies SAG2 dog baits in Morocco. Clin Exp Vaccine Res
2014;3:220–6. https://doi.org/10.7774/cevr.2014.3.2.220.

[19] Bender S, Bergman D, Vos A, Martin A, Chipman R. Field studies evaluating bait
acceptance and handling by dogs in Navajo nation USA. Trop Med Infect Dis
2017;2:1–12. https://doi.org/10.3390/tropicalmed2020017.

[20] Schuster P, Gülsen N, Neubert A, Vos A. Field trials evaluating bait uptake by an
urban dog population in Turkey. J Etlik Vet Microbiol 1998;9:73–81.

[21] Estrada R, Vos A, De Leon R, Mueller T. Field trial with oral vaccination of dogs
against rabies in the Philippines. BMC Infect Dis 2001;1:2010–2. https://doi.
org/10.1186/1471-2334-14-60.

[22] Corn JL, Méndez JR, Catalán EE. Evaluation of baits for delivery of oral rabies
vaccine to dogs in Guatemala. Am J Trop Med Hyg 2003;69:155–8.

[23] Cliquet F, Guiot AL, Aubert M, Robardet E, Rupprecht CE, Meslin FX. Oral
vaccination of dogs : a well - studied and undervalued tool for achieving
human and dog rabies elimination. Vet Res BioMed Central 2018;49:1–11.
https://doi.org/10.1186/s13567-018-0554-6.

[24] World Health Organization. WHO Expert Consultation on rabies. Third report.
World Health Organization technical report series. 2018. doi:92 4 120931 3.

[25] Government of India Ministry of Home Affairs. Census of India - Uttar Pradesh
[Internet]. 2011. Available: https://www.census2011.co.in/census/state/uttar
+pradesh.html.

[26] Algeo TP, Norhenberg G, Hale R, Montoney A, Chipman RB, Slate D. Oral rabies
vaccination variation in tetracycline biomarking among ohio raccoons. J Wildl
Dis 2013;49:332–7. https://doi.org/10.7589/2011-11-327.

[27] Fernandez JR-R, Rocke TE. Use of rhodamine B as a biomarker for oral plague
vaccination of prairie dogs. J Wildl Dis 2011;47:765–8. https://doi.org/
10.7589/0090-3558-47.3.765.

[28] Cagnacci F, Massei G, Coats J, de Leeuw A, Cowan DP. Long-lasting systemic
bait markers for eurasian badgers. J Wildl Dis 2006;42:892–6. https://doi.org/
10.7589/0090-3558-42.4.892.

[29] Gibson AD, Mazeri S, Lohr F, Mayer D, Burdon JL, Wallace RM, et al. One million
dog vaccinations recorded on mHealth innovation used to direct teams in
numerous rabies control campaigns. PLoS ONE 2018;13. https://doi.org/
10.1371/journal.pone.0200942.

[30] QGIS Development Team. QGIS Geographic Information System. Open Source
Geospatial Foundation Project. [Internet]. 2018. Available: http://qgis.osgeo.
org.
[31] R Core Team. R: A language and environment for statistical computing
[Internet]. Computing RF for S, editor. Vienna, Austria; 2018. Available:
https://www.r-project.org/.
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