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[bookmark: _Toc482294264]Appendix S2. 
Supplemental Table 1: Input values calculated by RabiesEcon to start model with initial run of 10,000 weeks to arrive at steady statea
	Model Variable
	Model inputs
	Source

	
	Urban 
	Rural
	

	Effective reproduction number (R0) at startb
	1.2150
	1.0800
	Calculatedb 

	Susceptible dogs (dogs/ km2)a
	166.0940
	25.4919
	Calculated

	Exposed dogs (dogs/km2)a
	0
	0
	Calculated

	Infectious/rabid dogs (dogs/km2)a
	0.0145
	0.0003
	Calculated

	Susceptible humans (humans/km2 )
	3,007
	189
	Calculated

	Exposed humans (humans/km2)
	0
	0
	Calculated

	Infectious humans (humans/km2)
	0
	0
	Calculated

	Immune humans (humans/km2)
	0
	0
	Calculated

	Dog rabies infective period, life expectancy (days)
	5
	5
	[1]

	Loss of vaccination immunity (wks 0-25)
	.0081
	.0081
	[2]

	Loss of vaccination immunity (wks 26-52)
	0.1101
	0.1101
	[2]

	Dog-human transmission rate (km2/dogs/week)
	0.00003
	0.00040
	Calculated

	Risk of clinical outcome per bite (rabid dog-dog)
	0.45
	0.45
	[1]

	Dog rabies incubation period (days)
	45
	45
	[1]


Notes: 
a: The introduction of rabies into a previously rabies susceptible dog population initially causes great variation in the estimated weekly number of rabid dogs. RabiesEcon is programmed to take the user entered demographic and epidemiological information (Main text, Table 1), assume that a single rabid dog introduces rabies into a dog population, calculate the values shown in this Table, and then run an initial 10,000 weeks. This allows the weekly number of rabid dogs (before any interventions) to reach a steady state. 
b: Infectious/Rabid dog proportion at start, T0, is calculated first to determine the proportion of dogs entering the population that are infectious. The values used here are the equivalent of the “low transmission” scenario – Table 2, main text.

Supplemental Table 2: Input costs for the delivery of a mass dog rabies vaccination program (government perspective) targeting 50% of dogs in East Africaa
	 Item
	Units
	Work Days
	Price/Unit (US dollars)
	Total Cost (US dollars)

	1. Fixed costsb
	
	
	
	

	Workers (per diem)
	
	
	
	

	Training Supervisor
	3
	6
	14.72
	265

	Informational Supervisor
	0
	0
	0
	0

	Vaccination Supervisor
	6
	24
	21.44
	3,087

	Training Technician
	5
	6
	7.86
	236

	Informational Technician
	15
	24
	11.92
	4,291

	Vaccination Technician
	60
	24
	11.92
	17,165

	Driver
	7 
	24
	9.35
	1,571 

	Other Personnel
	 
	 
	 
	 

	Transportation
	
	
	
	

	Pick up (including gasoline)
	2
	24
	53.60
	2,573

	Vehicle
	5
	24
	107.21
	12,865

	Gasoline for Car
	80
	24
	1.07
	2,058

	Other vaccination program information
	
	
	
	

	Media (e.g. posters, leaflets, signs)
	7,500
	N/A
	1.56
	11,700

	Additional equipment
	1
	N/A
	6,944
	6,944

	Total fixed costs 
	 
	 
	 
	62,756

	2. Variable costs
	
	
	
	

	Percent vaccine wastage
	
	
	
	10%

	Vaccines 
	41,113
	
	0.65
	26,723

	Syringes and needles
	41,113
	
	0.11
	4,522

	Vaccination certificates
	41,113
	
	0.01
	411

	Dog marking
	41,113
	
	0.02
	620

	Total variable costs
	
	
	
	35,504

	3. Total
	
	
	
	

	Total dogs vaccinated
	
	
	
	41,113

	Average cost per dog vaccinated
	
	
	
	2.39


a: In the illustrative example, for a human population of approximately 1 million, there are 82,226 dogs (36,544 in urban setting, 45,682 in rural setting) (see Table 1, main text). We use this estimate (average cost per dog vaccinated when targeting 50% of dogs) as a baseline for various vaccination programs, assuming a linear relationship between fixed costs and the number of dogs vaccinated. Sources: Main text references;21,36,37,40.
b: These costs are “fixed” in the sense that they are the estimated, based on the referenced source,  to be the  resources needed to vaccinate 
Note #1: Equations used to define the dog rabies transmission model
(source: Adapted from Zinsstag et al. [2])
For Glossary of Terms used in these equations, see Supplemental Table 3 (below)
 




Equations used to define Dog to Human transmission model








Supplemental Table 3. Glossary of terms used in RabiesEcon. 
	Symbol
	Variable
	Estimate used

	T
	Time
	1 week

	R0
	Effective reproductive number at t0
	Calculated

	Re
	
	

	Sd
	Susceptible at t0
	Calculated

	Ed
	Exposed at t0
	0% of Nd dogs/ km2 

	Id
	Infectious/Rabid at t0
	Calculated

	Rd
	Immune at t0
	0% dogs/ km2

	Nd
	Population at t0
	Set by user dogs/ km2

	bd
	Dog birth rate
	 Adjusted_birthrate/52/1000 week-1

	λd1
	Loss of vaccination immunity (weeks 0-25)
	Default as published in Zinsstag et al.[2], 0.0081 week-1

	λd2
	Loss of vaccination immunity (weeks >26)
	Default as published in Zinsstag et al., 0.1101 week-1

	Incubation
	Dog rabies incubation period in days
	Set by user, default 45 days

	id
	Dog rabies incubation period in weeks
	Incubation/7.177 week

	σd
	Inverse of average incubation period
	1/ id

	rd
	Risk of clinical outcome
	Set by user, default 0.45

	Dog_life
	Dog life expectancy
	Set by user, default 3 years

	md
	Death rate
	(1/dog_life)/52 week-1

	βd
	Transmission coefficient (inverse of time between dog contacts)
	 *( () km2/(dogs . .week)

	γ
	Dog density dependent mortality
	(bd -md )/K km2 / (dogs . .week)

	K
	Mean carrying capacity
	Nd*1.05*(1+1/(ln(Nd*program area)) dogs km2

	vd
	Dog vaccine efficacy
	Set by user, default 0.95

	vaccine
	Vaccination coverage per program
	Set by user

	αd
	Dog vaccination rate (weeks 1-10) 
	-(1/10)*(ln(1-vaccine) week-1

	
	Dog vaccination rate (weeks 11+)
	0% week-1

	cd
	Culling rate per program 
	0%

	Infective
	Dog rabies infective period
	Set by user

	μd
	Inverse of average infective period, rabid mortality rate
	(1/infective)*7 week-1

	Sh
	Susceptible at t0
	Nh humans/ km2

	Eh
	Exposed at t0
	0 humans/ km2

	Ih
	Infectious/Rabid at t0
	0 humans/ km2

	Rh
	Immune at t0
	0 humans/ km2

	Nh
	Population at t0
	Set by user humans/ km2

	birth_rate
	Human birth rate per 1,000 population
	Set by user

	bh
	Human birth rate
	(birth_rate/52)/1000 week-1

	λh
	Human loss of vaccination immunity rate
	0 week-1

	Life_expectancy
	Human life expectancy
	Set by user

	mh
	Human mortality rate
	(1/life_expectancy)/52 week-1

	vh
	Human vaccine efficacy
	Set by user, default 0.95

	αh
	Human pre exposure prophylactic rate
	0 week-1

	Human_deaths
	Human deaths annually in current program
	Set by user

	βdh
	Dog human transmission rate, based on value in Zinsstag et al 2009
	Set by user, default 0.0002054 km2/(dogs . .week)

	P10
	Human post exposure prophylactic (PEP) vaccination rate
	Set by user week-1

	P2
	Probability of a bite to the head
	Set by user, default 0.07 [3-5]

	P3
	Probability of a bite to the arm
	Set by user, default 0.384 [3-5]

	P4
	Probability of a bite to the trunk
	Set by user, default 0.06 [3-5]

	P5
	Probability of a bite to the leg
	Set by user, default 0.486 [3-5]

	P6
	Prob. of developing rabies after a bite to the head
	Set by user, default 0.45 [3-5]

	P7
	Prob. of developing rabies after a bite to the arm
	Set by user, default 0.275 [3-5]

	P8
	Prob.of developing rabies after a bite to the trunk
	Set by user, default 0.05 [3-5]

	P9
	Prob.of developing rabies after a bite to the leg
	Set by user, default 0.05 [3-5]

	ihead
	Human incubation period after bite to the head
	Set by user, default 15.00 days

	iarm
	Human incubation period after bite to the arm
	Set by user, default 15.00 days

	itrunk
	Human incubation period after bite to the trunk
	Set by user, default 20.00 days

	ileg
	Human incubation period after bite to the leg
	Set by user, default 45.00 days [1]

	Infective_h
	Average infective period for humans
	7 days

	μh
	Inverse of average infective period, rabid human mortality rate
	(1/infective_h)*7 week-1

	pupsd
	Number of pups per litter
	Default, 4

	Dog_births
	Dog birth rate (per 1,000 dogs, per year)
	Set by user

	birthsd
	Number of dogs born annually at t0
	 (Dog_births/1000)*Nd 

	littersd
	Average annual number of litters at t0
	birthsd /pupsd 

	Adult_ femaled
	Number of adult female dogs t0
	Nd /2

	whelpedd
	Number of female dogs whelped in last 6 months
	(littersd / Adult_ femaled)*(1- spayd)*(1- neuterd)

	spayd
	Proportion of adult female dogs spayed
	Set by user

	neuterd
	Proportion of adult male dogs neutered
	Set by user

	Adjusted birthrated
	Adjusted dog birth rate (per 1000 dogs)
	 1000*( whelpedd * Adult_ femaled * pupsd /Nd)


[bookmark: _Toc482294267]Source: Zinsstag et al [2].





Note #2: Calculation of Years of Life Gained (YLG) and cost-effectiveness of YLG





Where: We calculated YLGs, in RabiesEcon, using the formula for Years of Life Lost, as presented by Mathers et al [11].


[image: ]Where, in RabiesEcon, we used the input values in Supplemental Table 4 to calculate YLL/ YLG.

We did not include any disability, or loss of life years, associated with treatments for dog bites and post-exposure prophylaxis (PEP).  Patients definitely do experience disabilities due to receiving such treatments. However, given that a loss of life that is essentially inevitable if a patient develops a clinical case of rabies, it is the YLG from preventing such losses that are the prime focus of public health officials. 

	Supplemental Table 4: Parameters for Years of Life Lost/ Gained 

	a, Average age of death (human) due to rabies exposure (years)
	[bookmark: RANGE!C6]10.00

	Life expectancy at 10 years
	58.5

	L, standard expectation of life at age a
	[bookmark: RANGE!C8]48.50

	K, age weighting modulation factor
	[bookmark: RANGE!C9]1

	β, parameter from the age weighting function
	0.02

	C, Constant
	[bookmark: RANGE!C11]0.0634

	Years of Life Lost (YLL) per death, at 3% discounting
	23.9

	
	

	Years of Life Lost (YLL) per death, at 0% discounting
	49.0

	Years of Life Lost (YLL) per death, at 16% discounting
	4.5
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Where: K = age weighting modulation factor; C = constant;
r = discount rate: a = age of death: B = parameter from the
age weighting function: L = standard expectation of life at
age a.




