S1 Text. Supporting information


1. Methods for economic evaluation of public finance for pneumococcal vaccination and pneumonia treatment

This section describes the methods we use for the economic evaluation of public finance for pneumococcal vaccination and pneumonia treatment in Ethiopia, drawing from methods described elsewhere [1,2]. Specifically, we estimate the level and distribution (across income groups) of: 
(1) the burden of disease averted (deaths averted); 
(2) the household private expenditures averted, and the total incremental costs of the program; 
(3) the financial protection brought by the program measured by a monetary value of insurance provided.
In Ethiopia, we divide the population in five income groups J, and we define: y, the income of an individual, and f(y), the income distribution. 

1.1.  Pneumococcal diseases and pneumonia deaths averted
We estimate the number of pneumococcal diseases and pneumonia deaths averted by the program for the under-five population in Ethiopia, using relative risks of under-five rotavirus mortality RRJ derived from the Ethiopian Demographic and Health Survey [3,4] and explained in the Methods section of the main text. By income quintile J, the pneumococcal diseases and pneumonia deaths averted are: 

							           (1)

where DTotal is the total number of under-five pneumococcal diseases/pneumonia deaths in the country before the program, Veff is the intervention effectiveness, Cov is the intervention incremental coverage, and RRJ is the relative risk of under-five pneumonia mortality for the income quintile J.

1.2. Consequences for household private expenditures
We estimate the household private expenditures averted (pneumococcal disease and pneumonia treatment costs averted by the program) in a given country. 
For the income quintile J, the private expenditures averted by full public finance of vaccination (per capita) are given by:

		                                              (2)

where pinp,J and pout,J are the 5-year risks of inpatient and outpatient visits for pneumococcal diseases, respectively; cinp,J and cout,J are the out-of-pocket costs of inpatient and outpatient visit for pneumococcal diseases (transport costs to facility are also included in cinp,J and cout,J). 
For the income quintile J, the private expenditures averted by full public finance of pneumonia treatment (per capita) are given by:

	                                            	   	           (3)

where pinp,J and pout,J are the annual risks of inpatient and outpatient visits for pneumonia treatment, respectively; cinp,J and cout,J are the costs of inpatient and outpatient visit for pneumonia.
From the public sector perspective, total vaccination costs incurred (per capita) are:

						           (4)

where cvaccine and cprogram are the costs (per dose) of the vaccine and the program, respectively. The healthcare costs averted through vaccination (per capita, per quintile J) are: 

		                                  (5)

where  is the vaccine effectiveness against pneumococcal disease (either pneumonia, meningitis or non-pneumonia non-meningitis). pinp,J and pout,J are the 5-year risks of inpatient and outpatient visits for pneumococcal disease, respectively; cinp,gov,J and cout,gov,J are the government costs of inpatient and outpatient visit for pneumococcal disease, respectively (transport costs to facility are not included). 
From the public sector perspective, total pneumonia treatment costs incurred (per capita, per quintile J) are:

		           (6)

where Cov is the intervention incremental coverage, pinp,J and pout,J are the annual risks of inpatient and outpatient visits for pneumonia treatment, respectively; cinp,J and cout,J are the costs of inpatient and outpatient visit for pneumonia; and  is the share of pneumonia treatment cost covered by the government before pneumonia treatment scale-up (assumed to be here).

1.3. Monetary value of insurance
We apply a utility-based model where risk-averse individuals value protection from the risk of rare events, and we estimate the expected value of the gamble associated with the eventuality of the disease with probability p and treatment cost c, before the program is introduced [1,2,5]. 
The expected value to an individual of income y in the quintile J of the gamble with the disease prior to the program is: 

	
							                      (7)

	The certainty equivalent for the same individual, noted YJ*, is:
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where U is a constant relative risk aversion (CRRA) utility function:

  									           (9)

with r the coefficient of relative risk aversion (here r = 3 [1,2,5]). The monetary value of the insurance for the individual of income y in the quintile J would then be:

										         (10)

For pneumococcal vaccination, as only a fraction of the population (Cov) receives the intervention of efficacy Veff, the total monetary value of insurance for the quintile J is: 	

						         (11)

where  is the income distribution in the population proxied by a Gamma density based on country gross domestic product per capita and Gini index [6,7].

1.4. Methods for estimating the introduction costs of strengthened routine immunization 
This section describes the methods we use for estimating the introduction costs of strengthening the routine immunization program in Ethiopia. Introduction cost for each vaccine is calculated as: 

	            	(12)

where nbirths is the total annual number of births in Ethiopia, CovTotal is the target vaccine coverage, ninjections is the number of doses per course, Costsys is average supply cost per dose (including cold storage, transport, training and public communication), and Costvial is the price per vaccine vial. We assumed that incremental cost by going from current coverage to a 90% target level entailed a twofold Costsys in to adjust for the fact that more investments are needed into the system to cover hard to reach groups.


1.5. Uncertainty analysis
[bookmark: _GoBack]We apply a one-way deterministic sensitivity analysis to explore variations in results according to parameter assumptions in the model. Around a 20-30% increase or reduction of all variables are introduced, and detailed results of this sensitivity analysis are presented in S2-S4 Tables. 
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