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A B S T R A C T   

Background: Rabies is an endemic and major public health problem in India. This paper reports cost of imple-
mentation of various Pre-Exposure Prophylaxis (PrEP) and Post-Exposure Prophylaxis (PEP) strategies at pro-
grammatic level to avert rabies deaths in children in India. 
Methods: The cost of implementation of various PrEP + PEP and PEP only regimens recommended by WHO and 
national guidelines was calculated separately for the first year of implementation for children in the age group of 
0–5 years (U-5) and 5–15 years (U-15). The cost was calculated at the level of health facility from government’s 
perspective considering the implementation of the strategies under National Rabies Control Program. All costs 
were converted into 2020 Indian National Rupee and International Dollars’ value using implicit price deflators 
for Purchasing Power Parities. Base case, scenario and one-way sensitivity analyses were conducted. 
Results: The cost of implementation of PrEP regimen is several times higher than all other PEP regimens in 
children in the age groups of 0–5 years and 5–15 years for the first year of implementation. However, the study 
also reported use of intradermal route of vaccination and local infiltration of ERIG in wounds only as a cost- 
saving approach to prevent rabies deaths in children in situations where PEP only strategies are implemented. 
Conclusions: There is a need to conduct primary studies in order to obtain data for cost of implementation of 
shorter regimens in real-time settings.   

1. Introduction 

Rabies is an endemic and major public health problem in India. It is 
prevalent across the country except in Andaman & Nicobar and Lak-
shadweep Islands. Annual human deaths due to rabies are estimated to 
be around 20,000 and the annual incidence of dog bites to be 1.7% (17.5 
million per year) in India.1 Hence, India contributes approximately 
one-third of global rabies burden annually. The incidence is high and 
grossly under-reported in the country due to lack of awareness of pre-
ventive measures, poor knowledge of post-exposure prophylaxis, irreg-
ular supplies and lack of affordability of ant-rabies vaccines and 
immunoglobulins and weak surveillance system.2 Moreover, the 

prevalence of animal bites is increasing significantly in the country. 
Thirty-five percent (7000 out of 20,000) of these painful rabies deaths in 
India occur in children. As children have the propensity to play with 
stray dogs, they suffer bites on face, hands and other sensitive areas on 
their bodies.3 The fatal consequences of the infection can be prevented 
through adequate wound washing with soap and water along with 
appropriate administration of optimum quality anti-rabies vaccination 
and rabies immunoglobulins (RIG) for severe exposures following a bite 
or exposure.4 

There are various regimens of rabies vaccines and immunoglobulins 
currently used in India as post-exposure prophylaxis (PEP) under rabies 
control programme. Pre-Exposure Prophylaxis (PrEP) and various 
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shorter regimens of PEP are still under naïve phases of implementation 
in the country.5 In such a scenario, due to the limited and heterogenous 
implementation of PrEP and PEP in the country, evidence on costs would 
be needed for policy makers for increasing coverage, and design 
cost-effective innovative methods of implementation. A cost analysis of 
an implementation program can be defined as the cost impact of 
implementation efforts and is usually calculated at the level of provider 
or health system perspective.6 The costs of implementing public health 
interventions can be calculated across three phases: design, initiation 
and maintenance. In the design stage, it is calculated at an early stage of 
implementation for adoption and feasibility of an intervention. Initia-
tion phase during the mid-stage of implementation for penetration 
which may include training, initiation of supply chains, equipment 
installation etc, and in the maintenance phase during the late stage to 
ensure sustainability of the intervention through ongoing technical 
support, monitoring and evaluation, and troubleshooting.6,7 

Within the public health context, while there are a growing number 
of studies detailing the implementation, and its subsequent evaluations, 
implementation costs are under-represented in the Indian context.8 We 
performed an economic evaluation to understand the costs, cost effec-
tiveness and utilization of PrEP + PEP and PEP only strategies to avert 
rabies deaths in children in India. This paper reports the cost analysis of 
implementation of PrEP + PEP and PEP only strategies at programmatic 
level to avert rabies deaths in children in India. 

2. Methods 

The cost of implementation (COI) of PrEP + PEP and PEP only reg-
imens recommended by WHO and national guidelines (Table 1) was 
calculated separately for the first year of implementation for children in 
the age group of 0–5 years (U-5) and 5–15 years (U-15).4,9 The cost was 
calculated at the level of health facility from government’s perspective 
considering the implementation of the strategies under the National 
Rabies Control Program. 

The study has been conducted and reported in adherence to the 
Consensus Health Economic Criteria (CHEC) checklist for partial eco-
nomic evaluation.10 

3. Data inputs 

The data inputs were extracted from a published systematic review,3 

independent review of other published and grey literatures, national 
representative surveys, programmatic reports, and national and state 
level databases (Table 2). These data inputs and assumptions were also 
validated by the field experts working in the field of rabies in India. 

3.1. Vaccine schedule 

The CoI was calculated for nine different regimens in the study: PrEP 
+ PEP (PrEP I, comparator 1, 2 & 3) and PEP only (comparator 4,5,6,7 & 
8)4,9. PrEP I & comparators 1, 4 and 5 are administered through intra-
dermal (ID) routes while comparators 2,3,6,7 and 8 are administered 
through intramuscular (IM) routes (Table 1). 

3.2. RIG schedule 

The RIG is administered in category III exposures in previously un-
vaccinated individuals at the first visit. The administration of rabies 
immunoglobulins (RIG) in category III exposures was considered in all 
the PEP only regimens as no previous exposure to vaccination was 
assumed. The local plus systemic administration of Equine Rabies Im-
munoglobulins (ERIG) was considered for the base-case analysis as per 
the local practices.11 

3.3. Epidemiological data 

Population Size: The children in the age group 0–5 years and 5–15 
years were reported to be 113, 645, 000 and 233, 436, 000 respectively 
as per population projections reported under Census of India, 2011.12 

This estimated population size was used for the calculation. 
Annual Bite Incidence: A community-based cross-sectional study 

conducted in the urban parts of Patna reported a dog-bite incidence of 
1.62% in under-5 population.13 The study also reported a dog-bite 
incidence of 44 in 1000 children in the age group of 5–14 years.13 As 
dog is the main animal responsible for most animal bites in the country, 
this incidence was assumed to be the animal bite incidence in U-5 and 
U-15 population in India for the base-case analysis. Time horizon of the 
study was one-year and only one event of animal bite per year was 
considered for all the bite victims in both the population cohorts. 

Distribution of category of exposure: A cross-sectional study con-
ducted in anti-rabies vaccines (ARV) clinic in a tertiary care centre in 
Solapur district reported the profile of animal bite cases in children in 
2016.14 The category I, II and III exposure for children under-5 years of 
age was reported to be 2.47%, 18.93% and 78.60% respectively. 
Moreover, the category of exposure was reported to be 0.53%, 26.71% 
and 72.76% in category I, II and III exposures respectively in the age 
group of 5–15 years.14 These estimates are considered for the base-case 
analyses in both the cohorts. 

3.4. Costs and resource utilization 

The dose of vaccine utilized during vaccination was considered ac-
cording to the route of administration and was considered to be the same 
for both pre-exposure and post-exposure prophylaxes. The average age- 
specific proportionate weights were calculated from the data reported 
by Census of India (2011), National Family Health Survey (NFHS-4) 
2015–16 and Indian Growth References from 0 to 18-Year-Old children 
and Adolescents and were used for the calculation of average dose of RIG 
In the study12,15,16 (See Appendix 1 and 2). 

The procurement cost of one vaccine vial in the state of Madhya 
Pradesh (MP) by government as reported in the rate contract (2020) on 
the website of MP Aushadhi and the average procurement cost for a 5 ml 
vial of ERIG in study states as reported in World Health Organisation- 
Association for Prevention and Control of Rabies in India (WHO- 

Table 1 
Vaccine schedules.  

Arms Strategy Regimens Guidelines 

Intervention 
(PrEP I) 

PrEP (ID); ARV at Day 0, 7 (2-site); WHO 
Guidelines4 PEP (ID) ARV at Day 0 (4 site) 

Comparator 1 
(C1) 

PrEP (ID); ARV at Day 0, 7, 21 (1-site); National 
Guidelines9 PEP (ID) ARV at Day 0, 3 (1-site) 

Comparator 2 
(C2) 

PrEP 
(IM); 

ARV at Day 0, 7 (1-site); WHO 
Guidelines4 

PEP (IM) ARV at Day 0, 3 (1-site) 
Comparator 3 

(C3) 
PrEP 
(IM); 

ARV at Day 0, 7, 21 (1-site); National 
Guidelines9 

PEP (IM) ARV at Day 0, 3 (1-site) 
Comparator 4 

(C4) 
PEP only 
(ID) 

ARV at Day 0,3,7 (2-site) +
RIG in Cat III exposure 

WHO 
Guidelines4 

Comparator 5 
(C5) 

PEP only 
(ID) 

ARV at Day 0, 3, 7, 28 (2-site) 
+ RIG in Cat III exposure 

National 
Guidelines9 

Comparator 6 
(C6) 

PEP only 
(IM) 

ARV at Day 0, 3, 7, 14–28 (1- 
site) + RIG in Cat III exposure 

WHO 
Guidelines4 

Comparator 7 
(C7) 

PEP only 
(IM) 

ARV at Day 0 (2-site) + Day 7, 
21 (1- site) + RIG in Cat III 
exposure 

WHO 
Guidelines4 

Comparator 8 
(C8) 

PEP only 
(IM) 

ARV at Day 0, 3, 7, 14, 28 (1- 
site) + RIG in Cat III exposure 

National 
Guidelines9 

ARV = Anti-Rabies Vaccination; ID = Intradermal; IM = Intramuscular; INR =
Indian National Rupee; PrEP = Pre-Exposure Prophylaxis; PEP = Post-Exposure 
Prophylaxis; RIG = Rabies Immunoglobulins. 

A. Royal et al.                                                                                                                                                                                                                                   
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APCRI) survey was used in the study.17,18 

The procurement costs of syringes (per unit) and gloves (per pair) in 
2020 as reported from the state of Himachal Pradesh were used in the 
current study. The costs of human resources per visit of a bite victim was 
calculated from the data received from ARV clinic, Shimla and National 
Health System Cost Database of India (see Appendix 3).19 The per capita 
program management costs were calculated from a study on rabies 
control interventions conducted in the state of Tamil Nadu.20 

The wastage factor for vaccine and RIG was considered to be 30% 
and 15% respectively.17 All costs were converted in to 2020 Indian 
National Rupee and International Dollars’ value using implicit price 
deflators for Purchasing Power Parities as recommended by Campbell & 
Cochrane Economic Methods Group (CCEMG).21 

4. Data analysis 

4.1. Base case analysis 

The PrEP component in PrEP + PEP strategies was calculated for the 
total number of the children present in each cohort while PEP compo-
nent was applied to the calculated number of bite victims only. The costs 
of vaccine, consumables (including syringes and gloves), human re-
sources and program management were included for the calculation of 
costs for these strategies. 

4.2. Scenario and sensitivity analyses 

4.2.1. Scenario analysis 
The scenarios evaluated in the study consists of modes of adminis-

tration of RIG and different pre-approved regimens of RIG for both the 
cohorts: 1) local infiltration of ERIG in to wounds with no systemic 
infiltration of the remaining RIG; 2) local and systemic infiltration of 
Human Rabies Immunoglobulins (HRIG) and; 3) local infiltration of 
Rabies Monoclonal Antibodies (R-Mab) in category III exposures. The 
quantity of ERIG for local wound infiltration (scenario 1) in to wound 
considered from a study in Himachal Pradesh.22 The average cost of 
procurement of HRIG was taken as INR 3700 per vial as reported in 
community survey in WHO-APCRI Survey 2017.18 The market prices of 
R-Mab was taken for the calculations.18 The detailed calculations of 
ERIG, HRIG and R-Mab is mentioned in Appendices 1 & 2. The variables 
for scenario analyses are described in Appendices 4. The analyses was 
conducted in the calculations of cost of implementation of C4, C5, C6, C7 
and C8 comparators. 

4.2.2. One-way sensitivity analyses 
A one-way sensitivity analyses was conducted to test the uncertainty 

of all the variables on the outcomes. The upper and lower limits of the 
data inputs extracted from the literature was taken for one-way sensi-
tivity analyses in the study.10,11,13–15,18–20,23,24 For those variables, 
there are no additional data inputs in the literature, the upper and lower 
limits were set at varying degree of variations as per the feasibility of the 
values viz. ± 10%, ±20% and ±50%. (See Appendix 5). 

A tornado diagram was also constructed for every strategy for 
calculating the cost of implementation for both the cohorts. 

5. Results 

5.1. Cohort 1: children in the age group of 0–5 years (U-5) 

5.1.1. Cost of implementation of PrEP strategies 
The total CoI for PrEP (I) was calculated to be USD 2140 million (INR 

40, 503 million) at 2020 prices in the U-5 cohort in India. The per capita 
cost of implementation was calculated to be USD 18.83 (INR 356.4). The 
total cost of implementation for C1, C2 and C3 strategies was calculated 
to be USD 2617 million (INR 49,526 million); USD 5322 million (INR 
1,00,732 million) and USD 7941 million (INR 1,50,300 million) 

Table 2 
Data inputs.  

Data Inputs Values Source 

Epidemiology 
Population Age Group U-5 

Cohort 
0–5 years Objective of the study 

U – 15 
Cohort 

5–15 years 

Population (2021) U-5 113,645,000 Population Projections for 
India and States 
2011–203612 

U – 15 233,436,000 

Annual bite incidence U-5 1.62% N Agarwal 201513 

U-15 4.40% N Agarwal 201513 

Prevalence of Category 
of Exposure  

Cat 
I 

=

2.47%  
U-5 Cat 

II 
=

18.93% 
Nandimath 201914  

Cat 
III 

=

78.60%   
Cat 
I 

=

0.53%  
U-15 Cat 

II 
=

26.71% 
Nandimath 201914  

Cat 
III 

=

72.76%  
Costs & Resource Utilization 
Amount of eRIG 

required for children 
<5 years for local +
systemic wound 
infilteration 

1.57 ml Calculated from NFHS-4 
and Khadilkar V15,16 

Amount of eRIG 
required for children 
<5 years for local 
wound infilteration 
only 

1.5 ml Bharti 201622 

Amount of eRIG 
required for children 
5–15 years for local 
+ systemic wound 
infilteration 

4.33 ml Calculated from 
Population Projections for 
India and States 
2011–2036 and Khadilkar 
V 201912,16 

Amount of eRIG 
required for children 
5–15 years for local 
wound infilteration 
only 

2.64 ml Calculated from Bharti 
201622 

Cost per dose of 
vaccine (1 ml) 

INR 250 Rate Contract 2020, MP 
Aushadhi17 

Cost per eRIG vial (5 
ml) 

INR 313 WHO APCRI Survey 
201718 

Cost per hRIG vial (2 
ml, 300 IU) 

INR 3700 WHO APCRI Survey 
201718 

Cost per vial of 
monoclonal 
antibodies (2.5 ml) 

INR 1970 WHO APCRI Survey 
201718 

Cost of syringe (per 
unit) 

INR 2.5 Procurement costs (Email 
communication) 

Cost of gloves (per 
pair) 

INR 14 Procurement costs (Email 
communication) 

Cost associated with 
Human Resources 
per patient’s visit 

INR 87.39 Calculated from Data 
from ARV clinic, Shimla 
(email communication) 
National Health System 
Cost Database of India19 

Program Management 
Cost (per capita) 

INR 0.2 Calculated from Abbas 
201420 

Wastage Factor 
Vaccination 30% Abbas 201420 

RIG 15% Abbas 201420 

ARV = Anti-Rabies Vaccination; INR = Indian National Rupee; ID = Intrader-
mal; IM = Intramuscular; PEP = Post-Exposure Prophylaxis; RIG = Rabies 
Immunoglobulins. 
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respectively (Table 3). 

5.1.2. Cost of implementation of PEP strategies 
The total cost of implementation for C4, C5, C6, C7 and C8 strategies 

was calculated to be USD 62 million (INR 1166 million); USD 78 million 
(INR 1482 million); USD 177 (INR 3349), USD 177 (INR 3349) and USD 
218 million (INR 4133 million) respectively (Table 3). 

The individual cost of anti-rabies biologicals for U-5 cohort is pre-
sented in Appendix 6. 

5.1.3. Scenario analyses 
The scenario involving the calculation of CoI of local infiltration of 

ERIG in to wounds only in category III exposures reported in less than 
1% reduction in the total CoI in the strategies in comparison to the local 
plus systemic infiltration of ERIG. 

The CoI of scenario 2 involving the use of HRIG in category III ex-
posures was estimated to be 2.3 to 5.5 times higher than the cost of 
implementation of ERIG as per base-case analysis. Moreover, the cost is 
1.3–2 times higher in scenario 3 involving the implementation of R-Mab 
in comparison with local plus systemic infiltration of ERIG. Therefore, 
the implementation of ERIG can be considered to be the cost- 
minimization approach over implementation of HRIG and R-Mab. 
Moreover, the implementation of local infiltration of ERIG in wound 
only seems to have not much impact on the total CoI in U-5 cohort. The 
detailed results are tabulated in Table 4. 

5.1.4. Sensitivity analyses 
The CoI of PrEP (I), C1, C2 and C3 was sensitive to the following 

parameters: 1) cost of vaccine vial; 2) costs associated with human re-
sources; 3) vaccine wastage and; 4) cost of gloves. The cost of imple-
mentation of PEP strategies (C4, C5, C6, C7 and C8) was sensitive to the 
following parameters: 1) animal bite incidence; 2) cost of vaccine vial; 3) 
cost of RIG; 4) vaccine wastage and; 5) RIG utilization. The tornado 
diagrams are presented in Appendix 8. 

5.2. Cohort 2: children in the age group of 5–15 years (U-15) 

5.2.1. Cost of implementation of PrEP strategies 
The total CoI for PrEP (I) was calculated to be USD 4479 million (INR 

84,771 million) in the U-15 cohort in India. The per capita CoI was 
calculated to be USD 19.19 (INR 363.15). The total CoI for C1, C2 and C3 

strategies was calculated to be USD 5474 million (INR 1,03,607 million); 
USD 11,232 million (INR 2,12,606 million) and USD 16,612 million 
(INR 3,14,424 million) respectively (Table 3). 

5.2.2. Cost of implementation of PEP strategies 
The total CoI for C4, C5, C6, C7 and C8 strategies was calculated to be 

USD 428 (INR 8107), 523 million (INR 9907 million); USD 1085 million 
(INR 20,532 million); USD 1085 (INR 20,532) and USD 1320 million 
(INR 24,988 million) respectively (Table 3). 

The individual cost of anti-rabies biologicals for U-5 cohort is pre-
sented in Appendix 7. 

5.2.3. Scenario analyses 
The scenario involving the calculation of CoI of local infiltration of 

ERIG in to wounds only in category III exposures reported in 4–12.5% 
reduction in the total CoI in the strategies in comparison to the local plus 
systemic infiltration of ERIG in U-15 cohort. 

The CoI of scenario 2 involving the use of HRIG in category III ex-
posures was estimated to be 4 to 10.26 times higher than the CoI of ERIG 
as per base-case analysis. Moreover, the cost is 1.7–3.2 times higher in 
scenario 3 involving the implementation of R-Mab in comparison with 
local plus systemic infiltration of ERIG. Therefore, the implementation 
of ERIG can be considered to be the cost-minimization approach over 
implementation of HRIG and R-Mab in U-15 cohort too. However, the 
implementation of local infiltration of ERIG in wound only is associated 
with a reduction in the total CoI in U-15 cohort. Therefore, PEP with 
local infiltration of ERIG in wounds only is a cost-saving approach in 
category III exposures in previously unvaccinated children in U-15 
cohort. The detailed results are tabulated in Table 4. 

5.2.4. Sensitivity analyses 
The CoI of PrEP (I), C1, C2 and C3 was sensitive to the following 

parameters: 1) cost of vaccine vial; 2) costs associated with human re-
sources; 3) vaccine wastage and; 4) cost of gloves. The CoI of PEP 
strategies (C4, C5, C6, C7 and C8) was sensitive to the following pa-
rameters: 1) animal bite incidence; 2) RIG utilization; 3) cost of RIG; 4) 
cost of vaccine vial and; 5) costs associated with human resources. The 
CoI of intramuscular PEP strategies (C6, C7 and C8) was sensitive to 
vaccine wastage too. The tornado diagrams are presented in Appendix 8. 

Table 3 
Results of cost of implementation analysis.   

PrEP (I) Comparator 1 Comparator 2 Comparator 3 Comparator 
4 

Comparator 
5 

Comparator 6 Comparator 7 Comparator 8 

Regimen PrEP + PEP PrEP + PEP PrEP + PEP PrEP + PEP PEP PEP PEP PEP PEP 

Route of 
administration 

ID ID IM IM ID ID IM IM IM 

U-5 
Total Cost of 

Implementation 
(in millions) 

$ 2140 (₹ 
40,503) 

$ 2617 (₹ 
49,526) 

$ 5322 (₹ 
1,00,732) 

$ 7941 (₹ 
1,50,300) 

$ 62 (₹ 1166) $ 78 (₹ 1482) $ 177 (₹ 
3349) 

$ 177 (₹ 
3349) 

$ 218 (₹ 
4133) 

Per Capita cost of 
Implementation 

$ 18.83 (₹ 
356.40) 

$ 23.02 (₹ 
435.80) 

$ 46.83 (₹ 
886.37) 

$ 69.87 (₹ 
1322.54) 

$ 0.54 (₹ 
10.26) 

$ 0.69 (₹ 
13.04) 

$ 1.56 (₹ 
29.47) 

$ 1.56 (₹ 
29.47) 

$ 1.92 (₹ 
36.36) 

Cost of 
implementation 
per victim 

$ 1162.30 (₹ 
22,000.03) 

$ 1421.24 (₹ 
26,901.23) 

$ 2890.66 (₹ 
54,714.37) 

$ 4313.10 (₹ 
81,638.45) 

$ 33.45 (₹ 
633.15) 

$ 42.53 (₹ 
804.96) 

$ 96.12 (₹ 
1819.28) 

$ 96.12 (₹ 
1819.28) 

$ 118.59 (₹ 
2244.67) 

U-15 
Total Cost of 

Implementation 
(in millions) 

$ 4479 (₹ 
84,771) 

$ 5474 (₹ 
1,03,607) 

$ 11,232 (₹ 
2,12,606) 

$ 16,612 (₹ 
3,14,424) 

$ 428 (₹ 
8107) 

$ 523 (₹ 
9907) 

$ 1085 (₹ 
20,532) 

$ 1085 (₹ 
20,532) 

$ 1320 (₹ 
24,988) 

Per Capita cost of 
Implementation 

$ 19.19 (₹ 
363.15) 

$ 23.45 (₹ 
443.84) 

$ 48.12 (₹ 
910.77) 

$ 71.16 (₹ 
1346.94) 

$ 1.83 (₹ 
34.73) 

$ 2.24 (₹ 
42.44) 

$ 4.65 (₹ 
87.96) 

$ 4.65 (₹ 
87.96) 

$ 5.66 (₹ 
107.05) 

Cost of 
implementation 
per bite victim 

$ 436.04 (₹ 
8253.30) 

$ 532.92 (₹ 
10,087.18) 

$ 1093.58 (₹ 
20,699.31) 

$ 1617.30 (₹ 
30,612.26) 

$ 41.70 (₹ 
789.26) 

$ 50.96 (₹ 
964.50) 

$ 105.61 (₹ 
1998.98) 

$ 105.61 (₹ 
1998.98) 

$ 128.53 (₹ 
2432.84) 

HR = Human Resource; PrEP (I) = PrEP (Intervention); $ = US Dollars; ₹ = Indian National Rupee. 
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6. Discussion 

Our analysis shows that PrEP (I) strategy was reported to be very 
cost-effective from quasi-societal and quasi-health systems’ perspectives 
over all IM and ID PEP only strategies in children in the age groups 0–5 
years and 5–15 years in India,25 it has higher CoI than PEP only stra-
tegies. The CoI of PrEP (I) strategy was reported to be lower than all 
other IM and ID PrEP strategies in both the age groups. 

The administration of ERIG in category III exposures in PEP only 
strategies was reported to be the cost-saving approach over adminis-
tration of HRIG and R-Mab. The huge costs associated with HRIG and its 
lesser availability could be responsible for its unaffordability and 
therefore, limits its access to the bite victims as per the data inputs used 
in our analysis. This unrealistic high costs of HRIG has been reported to 
be beyond the affordability of even higher income groups.18 As newer 
formulations of ERIG have almost equal efficacy and safety as HRIG, 
implementation of ERIG can be a cost-saving approach in settings where 
PrEP strategies cannot be implemented. Moreover, the local infiltration 
of ERIG in to wounds only in category III exposures in previously un-
vaccinated children has been reported to be cost-neutral over local plus 
systemic infiltration of ERIG in both the cohorts. Though the strategy 
involving local infiltration of ERIG in wound has not been reported to 
reduce the CoI in U-5 cohort, this has been reported to reduce CoI by 
4–12.5% in PEP only strategies in children in the age group of 5–15 
years. A study conducted in Shimla concluded that local infiltration of 
RIG in wound only can be considered in times of non-availability in the 
market or unaffordability by poor patients.22,26 Therefore, local infil-
tration of ERIG in wounds only could be a resource and cost-saving 
strategy in resource constrained settings27 and in the context of India. 

National PrEP programs have been implemented in Peru and 
Philippines. The program in these countries has been shown to prevent 
rabies deaths in children due to bats in high-risk areas in Peru. The 
program has also proven that PrEP interventions are effective in pre-
venting rabies deaths in settings where rabies control in animal 

reservoirs is challenging.28 The implementation of canine vaccination 
intervention is challenging in India as a result of uncontrolled dog 
population and reservations against culling of dogs. Costs associated 
with canine vaccination has been estimated to be 3 to 10 times higher 
the ARV in humans in a study in India.20 A modelling study reported that 
canine vaccination interventions have to be maintained at a coverage 
rate of 70% over two decades to be effective in India.29 Moreover, this 
strategy has to be boosted by dog population control measures to reduce 
the number of dog bites as well as cost of PEP in bite victims.30 There-
fore, it is difficult to control rabies in animal reservoirs in the current 
situation. These evidence also supports the implementation of PrEP 
strategies in children in India. 

6.1. Limitations 

The data inputs were extracted from local and regional community- 
based studies and used in the analysis of our cohorts. However, the data 
inputs were extracted from representative studies similar to Indian 
context, and were also validated by the field experts working in the field 
of rabies in India. The study also did not consider the regional variations 
and challenges in implementation of the strategies. The costs related to 
system-wide and environmental interventions including supply chain 
management systems were not included in the calculation of costs. The 
costs were also not calculated for subsequent years. The cost of imple-
mentation would have been significantly lower in the consequent years 
due to vaccination requirements for the birth cohort only. The study also 
did not consider any variations in health budgets, logistics and resource 
procurement for rabies control in the respective states. 

Future research can focus on identifying and developing costs on; 
supply-chain management for multiple years, and health budgets across 
several states to provide state-specific COI estimates. 

Table 4 
Results of scenario analysis in cost of implementation analysis.   

Comparator 4 Comparator 5 Comparator 6 Comparator 7 Comparator 8 

Regimen PEP PEP PEP PEP PEP 

Route of administration ID ID IM IM IM 

Scenario 1 (Local wound infilteration of ERIG) 
U-5 Cohort 
Total Cost of Implementation (in millions) $ 61 (₹ 1157) $ 78 (₹ 1474) $ 177 (₹ 3341) $ 177 (₹ 3341) $ 218 (₹ 4124) 
Per Capita cost of Implementation $ 0.54 (₹ 10.18) $ 0.69 (₹ 12.97) $ 1.55 (₹ 29.40) $ 1.55 (₹ 29.40) $ 1.92 (₹ 36.29) 
Cost of implementation per victim $ 33.21 (₹ 628.67) $ 42.29 (₹ 800.49) $ 95.88 (₹ 1814.80) $ 95.88 (₹ 1814.80) $ 118.35 (₹ 2240.20) 
U-15 
Total Cost of Implementation (in millions) $ 374 (₹ 7080) $ 469 (₹ 8880) $ 1031 (₹ 19,505) $ 1031 (₹ 19,505) $ 1266 (₹ 23,962) 
Per Capita cost of Implementation $ 1.60 (₹ 30.33) $ 2.01 (₹ 38.04) $ 4.41 (₹ 83.56) $ 4.41 (₹ 83.56) $ 5.42 (₹ 102.65) 
Cost of implementation per bite victim $ 36.42 (₹ 689.32) $ 45.68 (₹ 864.56) $ 100.33 (₹ 1899.05) $ 100.33 (₹ 1899.05) $ 123.25 (₹ 2332.91) 
Scenario 2 (Use of HRIG) 
U-5 Cohort 
Total Cost of Implementation (in millions) $ 340 (₹ 6438) $ 357 (₹ 6754) $ 455 (₹ 8621) $ 455 (₹ 8621) $ 497 (₹ 9405) 
Per Capita cost of Implementation $ 2.99 (₹ 56.65) $ 3.14 (₹ 59.43) $ 4.01 (₹ 75.86) $ 4.01 (₹ 75.86) $ 4.37 (₹ 82.75) 
Cost of implementation per victim $ 184.74 (₹ 3496.74) $ 193.82 (₹ 3668.56) $ 247.40 (₹ 4682.87) $ 247.40 (₹ 4682.87) $ 269.88 (₹ 5108.27) 
U-15 Cohort 
Total Cost of Implementation (in millions) $ 4396 (₹ 83,198) $ 4491 (₹ 84,998) $ 5052 (₹ 95,623) $ 5052 (₹ 95,623) $ 5287 (₹ 1,00,080) 
Per Capita cost of Implementation $ 18.83 (₹ 356.41) $ 19.24 (₹ 364.12) $ 21.64 (₹ 409.63) $ 21.64 (₹ 409.63) $ 22.65 (₹ 428.72) 
Cost of implementation per bite victim $ 427.95 (₹ 8100.15) $ 437.20 (₹ 8275.38) $ 491.86 (₹ 9309.87) $ 491.86 (₹ 9309.87) $ 514.78 (₹ 9743.73) 
Scenario 3 (Use of R-Mab) 
U-5 Cohort 
Total Cost of Implementation (in millions) $ 128 (₹ 2432) $ 145 (₹ 2748) $ 244 (₹ 4616) $ 244 (₹ 4616) $ 285 (₹ 5399) 
Per Capita cost of Implementation $ 1.13 (₹ 21.40) $ 1.28 (₹ 24.18) $ 2.15 (₹ 40.61) $ 2.15 (₹ 40.61) $ 2.51 (₹ 47.51) 
Cost of implementation per victim $ 69.78 (₹ 1320.88) $ 78.86 (₹ 1492.70) $ 132.45 (₹ 2507.01) $ 132.45 (₹ 2507.01) $ 154.92 (₹ 2932.41) 
U-15 Cohort 
Total Cost of Implementation (in millions) $ 1380 (₹ 26,120) $ 1475 (₹ 27,920) $ 2036 (₹ 38,545) $ 2036 (₹ 38,545) $ 2272 (₹ 43,001) 
Per Capita cost of Implementation $ 5.91 (₹ 111.89) $ 6.32 (₹ 119.60) $ 8.72 (₹ 165.12) $ 8.72 (₹ 165.12) $ 9.73 (₹ 184.21) 
Cost of implementation per bite victim $ 134.35 (₹ 2543.00) $ 143.61 (₹ 2718.24) $ 198.26 (₹ 3752.73) $ 198.26 (₹ 3752.73) $ 221.18 (₹ 4186.58) 

ARV = Anti-Rabies Vaccination; ID = Intradermal; IM = Intramuscular; INR = Indian National Rupee; PEP = Post-Exposure Prophylaxis; RIG = Rabies 
Immunoglobulins. 
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7. Conclusion 

The cost of implementation of PrEP regimen is several times higher 
than all other PEP regimens in children in the age groups of 0–5 years 
and 5–15 years for the first year of implementation. Our study also re-
ported use of intradermal route of vaccination and local infiltration of 
ERIG in wounds only as a cost-saving approach to prevent rabies deaths 
in children in situations where PEP only strategies are implemented. 
There is a need to conduct primary studies in the future for calculating 
the cost of implementation of shorter regimens in real-time settings. 
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