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Text A. Estimating the theoretical price ranges for MR-MAPs 

Utilising vaccine pricing data sources from the WHO Market Information for Access to Vaccines (MI4A) 

database (formerly known as VP3), United Nations Children’s Fund (UNICEF) Supply Division price 

dashboard, and Pan American Health Organization Revolving Fund, a price benchmarking analysis for 

measles-rubella microarray patches (MR-MAPs) was conducted using data for MR vaccines considering 

single-dose vials (SDV) and pre-filled syringe (PFS) presentations procured by UNICEF for use in Gavi-eligible 

countries (low- and middle-income settings).1-3 The identified prices for SDV and PFS presentations serve as 

the proxy for potential price ranges of MR-MAPs. 

Currently, UNICEF procures only multi-dose vials (MDV) of MR for Gavi-eligible countries. To address this gap 

and to be able to estimate the potential price ranges of MR-MAPs as if procured by UNICEF for Gavi-eligible 

countries, a three-step approach was adopted.  

 

Step 1: Identify non-MR vaccine price benchmarks and calculate the price differentials 

All available data on vaccine prices were reviewed from the abovementioned data sources. Two criteria were 

applied when selecting the potential pricing data: (I) If it was possible to isolate the impact on price due to 

difference in presentation selected; and (ii) If different presentations (i.e., MDV, SDV, or PFS) were 

commercialised by one manufacturer in different markets (e.g., Gavi-eligible countries, self-procuring low 

and middle-income countries (LMICs)). Based on these criteria, pricing data for two vaccines were selected. 

The monovalent paediatric Hepatitis B vaccine was selected as the most appropriate benchmark of MDV to 

SDV with an average difference between MDV and SDV prices of 122%. The paediatric Pneumococcal 

Conjugate vaccine was selected as the most appropriate benchmark of SDV to PFS with an average 

difference SDV and PFS of 110%. Note that these presentations are purchased by self-procuring countries. 

 

Step 2: Apply the price differentials to calculate potential price ranges for MR in SDV and PFS presentations 

First, the MR MDV (10-dose) price was converted to a SDV by applying the 122% price differential to the 

UNICEF price for Gavi-eligible countries of US$0.58 per dose and US$0.72 per dose. This estimated a MR SDV 

price range of US$1.29 to US$1.60 per dose for Gavi-eligible countries.  

Next, the MR PFS price was estimated by applying the 110% price differential to the above calculated SDV 

price ranges resulting in an estimated MR PFS price range of US$2.70 to US$3.36 per dose in self-procuring 

LMICs.  

Finally, these estimates were further validated by comparing measles-mumps-rubella (MMR) in SDV and PFS, 

and inactivated polio vaccine (IPV) in MDV and PFS, which indicated a general validity of the theoretical MR 

SDV and PFS prices.  
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Step 3: Calculate a potential price range for MR-MAPs for Gavi-supported countries 

As the MR PFS price is for self-procuring LMICs, tiered pricing should be reflected, and it is important to 

consider Gavi-eligible countries procuring through UNICEF. Thus, we calculated the price differentials 

between self-procuring LMICs and UNICEF prices for Gavi-supported countries considering other vaccines. 

Four different vaccine products were utilised for this price differential, including: 2 pentavalent vaccines, 1 

IPV vaccine and 1 MMR vaccine. The average price differential between self-procuring LMICs and Gavi-

supported countries was 15%. Thus, the 15% price differential was applied, resulting in a theoretical MR PFS 

price range for Gavi-eligible countries between US$2.35 to US$2.92 per dose.  

A similar methodology was employed to calculate estimated prices for middle-income countries. The table 

below provides an overview of the potential ranges of MR-MAP prices considering the country type. It 

should be noted that the actual market prices can vary based on many factors such as cost of goods sold, 

balance of demand and supply, specific country demand for one specific presentation. In this cost-

effectiveness analysis, we took the lower SDV price and higher PFS price of each income group and used 

these proxy prices as the lower and upper MR-MAP prices. 

 

Table: Potential ranges for MR-MAP prices by eligibility of Gavi support and income levels (US$) 

Abbreviation: MR-MAP-measles-rubella microarray patch. 

Price comparators Gavi-eligible or  

low income  

Lower middle income 

(excluding Gavi-eligible) 

Upper middle income  

Single-dose vials 

(SDV)  

Low 1.29 1.48 2.63 

High 1.60 1.84 3.27 

Pre-filled syringe 

(PFS) 

Low 2.35 2.70 4.19 

High 2.92 3.36 5.20 
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Text B. Cost of treating a measles case 
To understand the cost of treating a measles case or an episode of measles disease in low- and middle-

income countries (LMICs), we searched on PubMed with the search term combining the following criteria:  

1. measles  

2. AND (((treatment OR medic* OR health*) AND cost) OR cost-of-illness)  

3. NOT (Andorra OR Aruba OR Australia OR Austria OR Bahamas OR Belgium OR Bermuda OR 

Brunei Darussalam OR Canada OR Cayman Islands OR Channel Islands OR Cyprus OR Denmark 

OR Faeroe Islands OR Finland OR France OR French Polynesia OR Germany OR Greenland OR 

Guam OR Hong Kong OR Iceland OR Ireland OR Israel OR Italy OR Japan OR Korea Republic OR 

Kuwait OR Liechtenstein OR Luxembourg OR Macao OR Monaco OR Netherlands OR New 

Caledonia OR New Zealand OR Northern Mariana Islands OR Norway OR Portugal OR Qatar OR 

Singapore OR Spain OR Sweden OR Switzerland OR Taiwan OR United Arab Emirates OR United 

Kingdom OR United States OR Virgin Islands OR Netherlands Antilles). 

Adding a timeframe filter, we identified 322 articles published from 1st January 2000 to 30th September 2022. 

After screening and title, abstract, and full-text articles, we included 15 studies that provide cost estimates 

for measles treatment in LMICs. We further included 3 studies found through the reference lists of articles in 

the initial search collection.  

We extracted a total of 35 estimates from 25 countries. All the cost estimates were converted to United 

States dollars4 if needed and then inflated to the 2020 price using the Gross Domestic Product deflators.5 We 

summarised the cost estimates by the World Bank income levels defined at the study years, with median and 

25th─75th percentile: US$10.9 (6.47─19.2) in low-income countries,6-12 US$120 (13.3─130) in lower-middle-

income countries,6, 7, 9, 13-17 and US$235 (134─295) in upper-middle-income countries.6, 7, 18-23 The median cost 

of treating a measles case increases with income level. However, a large heterogeneity was observed across 

countries within income groups. 
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Table A. List of 70 countries and related inputs included in the study 
Country-specific information on World Bank income level, Gavi eligibility, N&S type in use, introduction years 

and market penetration of MR-MAPs. The market penetration proportion of MR-MAPs was applied to 

replace traditional N&S doses used in national immunisation programmes, as the delivery components A─C 

described in Table 1 in the main text. For countries using mostly MMR in their immunisation programmes, 

the market penetration of MR-MAP is null. Abbreviations: MR-MAP-measles-rubella microarray patch, MMR-

measles-mumps-rubella, N&S-needle and syringe. 

Income 

level 

ISO 

code Country 

Gavi 

eligibility 

N&S type 

Introduction year of 

MR-MAPs  MR-MAPs 

market 

penetration Valent Vial 

Sequential 

plan  

Accelerated 

plan 

Low  

(n = 20)  
AFG Afghanistan Yes MR 5 2033 2033 0.8 

BFA Burkina Faso Yes MR 5 2033 2030 0.8 

BDI Burundi Yes MR 5 2033 2032 0.8 

TCD Chad Yes MR 10 2032 2031 0.8 

COD 

Democratic 

Republic of 

the Congo Yes MR 10 2032 2030 0.8 

ETH Ethiopia Yes MR 5 2033 2033 0.8 

GMB Gambia Yes MR 10 2035 2036 0.8 

LBR Liberia Yes MR 5 2031 2030 0.8 

MDG Madagascar Yes MR 5 2031 2031 0.8 

MWI Malawi Yes MR 10 2032 2030 0.8 

MLI Mali Yes MR 5 2033 2030 0.8 

MOZ Mozambique Yes MR 10 2034 2031 0.8 

NER Niger Yes MR 10 2031 2031 0.8 

SLE Sierra Leone Yes MR 5 2037 2034 0.8 

SOM Somalia Yes MR 5 2032 2032 0.8 

SDN Sudan Yes MR 5 2033 2030 0.8 

SYR Syria Yes MR 10 2039 2039 0.3 

TGO Togo Yes MR 5 2037 2033 0.8 

UGA Uganda Yes MR 10 2032 2030 0.8 

YEM Yemen Yes MR 5 2031 2030 0.8 

Lower 

middle  

(n = 35) 

DZA Algeria No MR 10 2032 2034 0.3 

AGO Angola No MR 10 2033 2030 0.8 

BGD Bangladesh Yes MR 5 2034 2034 0.8 

BEN Benin Yes MR 10 2031 2033 0.8 

CMR Cameroon Yes MR 5 2031 2032 0.8 

COM Comoros Yes MR 5 2037 2037 0.8 

COG 

Republic of 

Congo Yes MR 5 2032 2032 0.8 

CIV Cote d'Ivoire Yes MR 10 2036 2031 0.8 

EGY Egypt No MR 10 2038 2035 0.3 

SWZ Eswatini No MR 5 2039 2037 0.8 

GHA Ghana Yes MR 5 2032 2032 0.8 

IND India Yes MR 5 2035 2030 0.8 

IDN Indonesia No MR 10 2033 2030 0.8 
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KEN Kenya Yes MR 5 2036 2032 0.8 

KIR Kiribati No MR 10 2040 2039 0.8 

LAO Laos Yes MR 5 2033 2031 0.8 

LSO Lesotho Yes MR 5 2038 2034 0.8 

MRT Mauritania Yes MR 10 2038 2033 0.8 

FSM 

Federated 

States of 

Micronesia No MMR 2 2038 2036 0 

MMR Myanmar Yes MR 5 2036 2035 0.8 

NPL Nepal Yes MR 10 2037 2033 0.8 

NGA Nigeria Yes MR 5 2034 2031 0.8 

PAK Pakistan Yes MR 10 2033 2031 0.8 

PNG 

Papua New 

Guinea Yes MR 5 2036 2033 0.8 

PHL Philippines No MR 5 2030 2030 0.8 

WSM Samoa No MR 5 2037 2038 0.3 

STP 

Sao Tome 

and Principe Yes MR 5 2040 2039 0.8 

SEN Senegal Yes MR 5 2035 2031 0.8 

SLB 

Solomon 

Islands Yes MR 5 2039 2038 0.8 

TZA Tanzania Yes MR 5 2031 2032 0.8 

TUN Tunisia No MR 10 2033 2033 0.8 

UKR Ukraine No MMR 2 2038 2034 0 

VNM Viet Nam No MR 10 2035 2032 0.8 

ZMB Zambia Yes MR 5 2033 2032 0.8 

ZWE Zimbabwe Yes MR 10 2037 2034 0.8 

Upper 

middle  

(n = 15) 

BIH 

Bosnia and 

Herzegovina No MMR 1 2032 2031 0 

BRA Brazil No MMR 1 2036 2037 0 

CHN China No MMR 1 2030 2033 0 

GNQ 

Equatorial 

Guinea No MR 10 2035 2036 0.8 

GAB Gabon No MR 10 2035 2036 0.8 

IRQ Iraq No MMR 10 2030 2031 0 

LBN Lebanon No MMR 1 2034 2034 0 

LBY Libya No MMR 1 2036 2035 0 

NAM Namibia No MR 10 2037 2039 0.8 

ROU Romania No MMR 1 2034 2035 0 

RUS 

Russian 

Federation No MMR 1 2036 2035 0 

SRB Serbia No MMR 1 2040 2038 0 

ZAF South Africa No MR 10 2030 2030 0.8 

TUR Turkey No MMR 1 2030 2031 0 

VEN Venezuela No MMR 5 2036 2038 0 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Glob Health

 doi: 10.1136/bmjgh-2023-012204:e012204. 8 2023;BMJ Glob Health, et al. Fu H



7 

 

Table B. DynaMICE model parameters 
Key parameters for measles transmission and vaccination used in the DynaMICE model are listed, adapted 

from Fu et al.24 Abbreviations: DynaMICE- dynamic model of immunization calculation engine. SIA-

supplementary immunisation activity. 

Parameters Value  References and notes 

Age-dependent contact matrix between 

a susceptible and an infectious case  

country-specific Prem et al.25 

Basic reproduction number  15.9 Guerra et al.26  

Measles recovering rate 1/14 d-1 Strebel et al.27 

Maternal immunity waning rate 1/0.5 y-1 Assumed to last for an average of 6 

months 

Amplification factor for seasonality 0.05 Assumed 

Two-dose vaccine efficacy 0.98 Sudfeld, Navar, and Halsey28 

Age-dependent first-dose vaccine 

efficacy 

0.64598+0.01485* 

age in months 

Hughes et al.29 

Determined by a linear function and 

capped at 98% 

Proportion of children with zero MCV 

dose (unvaccinated) 

0.077 Cata-Preta et al.30 

Used to allocate SIA doses by 

vaccination states in the target 

population 

 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Glob Health

 doi: 10.1136/bmjgh-2023-012204:e012204. 8 2023;BMJ Glob Health, et al. Fu H



8 

 

Table C. Incremental cost (in million US$) of introducing MR-MAPs by income groups, coverage 

assumptions, and the MR-MAP prices 
Numbers represent the total undiscounted incremental costs by income groups, coverage assumptions, and 

MR-MAP prices. Negative values indicate savings following the introduction of MR-MAPs, in consideration of 

costs for vaccine procurement, vaccine delivery, and measles treatment. Abbreviations: MR-MAP-measles-

rubella microarray patch. 

Projection assumption Higher coverage Lower coverage 

Introduction strategy Sequential  Accelerated  Sequential Accelerated  

MR-MAP price Lower Upper Lower Upper Lower Upper Lower Upper 

Low income 390 1167 455 1348 181 827 222 970 

Lower middle income 453 1986 787 2912 -1140 208 -1531 359 

Upper middle income 41.3 176 2.08 124 -75.7 45.8 -55.2 53.9 

Total 884 3329 1244 4384 -1034 1081 -1364 1383 

 

 

Table D. Number of countries where introducing MR-MAPs is cost-effective using differential 

discounting 
Introducing MR-MAPs is considered cost-effective if a country-specific ICER of introduction is below its 

country-specific threshold (Figure A in online supplemental file S1). Differential discounting that assumes 3% 

of annual discount rate on costs and 0% on health outcomes was applied. Abbreviations: ICER-incremental 

cost-effectiveness ratio, MR-MAP-measles-rubella microarray patch. 

Projection assumption Higher coverage Lower coverage 

Introduction strategy Sequential Accelerated Sequential Accelerated 

MR-MAP price Lower Upper Lower Upper Lower Upper Lower Upper 

Low income 5/20 1/20 6/20 2/20 18/20 14/20 18/20 15/20 

Lower middle income 10/35 7/35 10/35 7/35 26/35 22/35 28/35 24/35 

Upper middle income 6/15 5/15 7/15 7/15 11/15 11/15 11/15 11/15 

Total 21/70 13/70 23/70 16/70 55/70 47/70 57/70 50/70 
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Figure A. Health opportunity costs in 70 low- and middle-income countries.  
Circles denote country-level health opportunity costs extracted from and Ochalek et al.31 and used as cost-

effectiveness thresholds in this study. Horizontal bars denote the income-level health opportunity costs 

weighted by population size in 2020.32 
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Figure B. Net health benefits of introducing MR-MAPs in 70 countries using equal discounting  
To visualise the cost-effectiveness of MR-MAPs introduction for individual countries with different health 

opportunity costs, we calculated the net health benefits by subtracting the number of averted DALYs by the 

ratio of incremental cost to the country-specific health opportunity costs per DALY. Data points denote the 

net health benefits under equal discounting rates at the country level, presented by the assumptions of 

higher (panel A) and lower (panel B) coverage projection, sequential (green) and accelerated (red) 

introduction strategies, and lower (circles) and upper (triangles) MR-MAP prices. Values above zero, denoted 

by the horizontal grey dashed lines, indicate the introduction of MR-MAPs to be cost-effective based on 

country-specific thresholds. Abbreviations: DALY-disability-adjusted life year, MR-MAP-measles-rubella 

microarray patch.  
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