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ECONOMIC ANALYSIS  
 
A.  Introduction 
 
1.  The proposed project ($29.66 million) will assist the governments of Samoa, Tonga, 
Tuvalu, and Vanuatu in reducing the health and economic burden of cervical cancer, rotavirus, 
and pneumococcal disease through the introduction of three new vaccines: human papilloma 
virus (HPV) vaccine, rotavirus vaccine, and pneumococcal conjugate vaccine (PCV). The 
rationale for this investment project is based on the need to provide financial stimulus to enable 
Gavi-ineligible middle-income countries to overcome financial barriers to the introduction of new 
vaccines.1 Financial barriers include higher initial market prices and high introduction costs, 
particularly costs to strengthen health systems by investing in cold chain equipment and training 
health workers. Importantly, this project makes use of regionalism by pooling countries with small 
populations together to benefit from lower vaccine prices. 
 
2. The economic analysis follows the recommended Asian Development Bank (ADB) 
approach for Economic Analysis of Health Sector Projects.2 Given the health-related nature of the 
project, which makes quantification of the monetary value of project benefits difficult, and with the 
majority of project funding dedicated to the introduction of new vaccines and the strengthening of 
health systems to support effective coverage, a cost-effectiveness analysis of each vaccine in 
each country was carried out. The project is also preventive in nature, and some health benefits 
and economic savings will accrue well in the future, so this analysis models a 10-year vaccination 
program (2019–2028) over a lifetime benefit stream. While the program is expected to continue 
beyond 10 years, this time frame provides a conservative estimate of cost-effectiveness (recurrent 
costs are small relative to the upfront costs of vaccine introduction), and limits uncertainty around 
inputs, such as vaccine price reductions as competing products enter the market.3  

 
3. The economic analysis does not include costs and benefits of all components of the 
project, e.g., HPV catch-up vaccination of girls and women 10 years and older, PCV catch-up 
vaccination of children 12 months and older,4 capacity building for health workers, and community 
engagement. 
 
B.  Macroeconomic Context and Sector Analysis 
 
4. Government health expenditure is relatively low as a percentage of gross domestic 
product (GDP) in all four countries, despite health being one of the biggest sectors for spending 
in each country. Health care is generally free apart from small user fees in Samoa and Vanuatu, 
and out-of-pocket expenditures are relatively low compared with the region and globally.5 The 
sector is characterized by low use of facilities and difficulties in access to care, particularly 
because of geographical constraints and high transport costs. High reliance on donor support 

                                                
1   Gavi eligible countries are those with a Gross National Income per capita below or equal to $1,580  
2      ADB. 2000. Handbook for the Economic Analysis of Health Sector Projects. Manila; ADB. 2017. Guidelines for the 

Economic Analysis of Projects. Manila. 
3    A new rotavirus vaccine achieved World Health Organization pre-qualification in January 2018:   

https://in.news.yahoo.com/grants-prequalification-bharat-biotechs-rotavirus-vaccine-rotavac-065025613.html  
4    PCV catch-ups could not be modelled because the primary impact of PCV vaccination of older cohorts is herd 

immunity and the UNIVAC model is not a dynamic transmission model. Recent modeling studies estimate a 25% 
reduction in invasive pneumococcal disease incidence with a catch-up campaign to under-2 years of age; O. le 
Polain de Waroux et al. 2017. Predicting the impact of pneumococcal conjugate vaccine programme options in 
Vietnam: A dynamic transmission model. bioRxiv 121640; doi: https://doi.org/10.1101/121640    

5    World Bank Data. Out-of-pocket health expenditure. https://data.worldbank.org/indicator/SH.XPD.OOPC.TO.ZS  
     (accessed 22 December 2017). 

http://www.adb.org/Documents/RRPs/?id=50282-001-2
https://in.news.yahoo.com/grants-prequalification-bharat-biotechs-rotavirus-vaccine-rotavac-065025613.html
https://doi.org/10.1101/121640
https://data.worldbank.org/indicator/SH.XPD.OOPC.TO.ZS
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persists in many areas, including human resources, vaccines, and specialist services. Capacity 
for offering some diagnostic and specialist services, such as cervical cancer screening and 
treatment, is limited. For cervical cancer, patients rely on the use of overseas treatment schemes, 
but these are highly restrictive and often lack adequate funding. Despite uncertainties in coverage 
rates, immunization services are relatively strong across all countries, with generally high routine 
immunization coverage despite the geographic challenges. However, Samoa and Vanuatu have 
experienced static or declining coverage, with the potential to further strengthen routine 
immunization services through additional training, policy, and supportive supervision. 
 
5. Project beneficiaries. This project targets children under 5 and women at risk from 
cervical cancer in Samoa, Tonga, Tuvalu, and Vanuatu. Specifically, the main beneficiaries are 
girls born since 2009 and future birth cohorts. Other groups also benefit through catch-up 
campaigns. Each country exhibits geographical inequalities in timely access to care because 
outer islands are remote and transport is costly and time-consuming, particularly since tertiary-
level hospitals are situated in urban settings. The project is designed to achieve wide coverage 
of the new vaccines, targeting all age-eligible children regardless of wealth, and will therefore 
boost equity and strengthen universal health coverage. 
 
6. Rationale for public sector involvement. The project also addresses market failures 
through the positive externalities of herd immunity against the targeted diseases. Although some 
tiered vaccine pricing exists, the cost of the HPV and rotavirus vaccines and PCV can be 
prohibitive for middle-income countries with small population sizes and thus weak individual 
purchasing power.6 Pooled procurement through through the vaccine independence initiative (VII) 
of the United Nations Children’s Fund (UNICEF)—enables countries to negotiate lower prices, 
and allows more efficient provision of regional supply and logistics management, planning and 
procurement, monitoring and quality assurance, and emergency stockpiles. 
 
C.  Cost-Effectiveness Analysis 
 

1.   Economic Costs and Benefits  
 

7.  The analysis was conducted using a well-established and validated cost-effectiveness 
model, UNIVAC.7 The model allows for country-specific data inputs such as population, burden 
of disease, coverage, costs, and vaccine efficacy. Results are presented in terms of averted 
cases, visits, hospitalizations, deaths, disability-adjusted life years (DALYs), and costs.8 Each 
vaccine was modeled separately (assuming a scenario of simultaneous rollout of all three 
vaccines). An incremental cost-effectiveness ratio (ICER)—United States dollars per DALY 
averted—was calculated for each vaccine and compared with the status quo (no vaccine).9 All 
costs are converted to 2017 United States dollars.10 Primary analyses were conducted from a 

                                                
6 PCV: $3.3–$7.0 per dose through Gavi, $14.1–$15.7 per dose through the Pan American Health Organization  

Revolving Fund, and $159.6 per dose in the private sector. (S. Tricarico et al. 2017. Pneumococcal conjugate 
vaccine implementation in middle-income countries. BMC Pneumonia. London). 

7    UNIVAC, copyright Pan American Health Organisation, 2017-12-22. Developed by Professor Andy Clark (London     
School of Hygiene and Tropical Medicine). http://www.provac-toolkit.com/documents/study-examples/ 

8    A DALY is a composite measure of lost healthy years of life. It is the sum of the time a person lives with a disability 
or disease, and the time lost due to premature mortality. 

9   This analysis is not intended to compare different brands of the same vaccine head-to-head because of uncertainties 
about the relative impact and cost of the different products, and because the model is designed to capture simple 
direct effects, rather than the relative indirect benefits of different products. Rather, the intention is to provide 
estimates of the cost-effectiveness of each vaccine in general, taking into account all available evidence. 

10  Costs inflated to 2016 local currency units using World Bank GDP deflators, then inflated to 2017 using       country-
specific inflation rates (ADB), then converted to United States dollars using 2017 midyear exchange rates (xe.com). 

http://www.provac-toolkit.com/documents/study-examples/
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health system perspective (which includes economic costs incurred by the government and ADB 
project costs). Where reliable local data was available, country-specific estimates were used for 
parameter input values. Sources used to inform model inputs are shown in Table 1. 
 

Table 1: Input Parameters for Cost-Effectiveness Model 
 

ADB = Asian Development Bank; DHS = demographic and health survey; DTP = diphtheria, tetanus, and pertussis; 
HPV = human papilloma virus; PCV =  pneumococcal conjugate vaccine; RV = rotavirus; UN = United Nations; 
UNICEF = United Nations Children’s Fund; WHO = World Health Organization; WHO-CHOICE = WHO Choosing 
Interventions that are Cost Effective. 
a   Informed by high country-specific school-based vaccination coverage rates, e.g., Tonga DTP5 coverage     

estimated to be 99%  
b    Based on care-seeking for fever where diarrhea or pneumonia care-seeking is not available. 
c      Based on assumption of all four countries introducing all three vaccines. 
d     This cost represents the additional cost to the health system of introducing new vaccines (e.g., cold chain  
     upgrades, printing of immunization cards, social mobilization, training), plus recurrent delivery costs. 
e    Incremental cost per dose for HPV based on average for low- and middle-income countries.  
Sources: J. Salomon et al. 2015. Disability Weights for the Global Burden of Disease 2013 Study. Lancet Global 
Health 3(11): e712-e723; N. Campos et al. 2016. Resources required for cervical cancer prevention in low- and middle-
income countries. PLoS One 11(10):e0164000; U. Griffiths et al. 2016. Costs of introducing pneumococcal, rotavirus, 
and a second dose of measles vaccine into the Zambian immunization programme: Are expansions sustainable? 
Vaccine 34: 4213-4220. 

 

Item Source Further description 

Demographic 
data 

UN population projections Country-specific; Tuvalu projections scaled from 
Tonga 

Epidemio-
logical data 

Mixed sources Limited in-country data collection; published 
studies; unpublished reports (e.g., Fiji pre-
vaccine disease surveillance); expert opinion 

Vaccine 
efficacy 

Mixed sources Published studies; Fiji New Vaccines Evaluation 
Project (unpublished); expert opinion 

Disability 
weights 

Global Burden of Disease Study 
 

Disease-specific, same across all countries 

RV/PCV 
coverage 

WHO/UNICEF estimates of 
national immunization coverage  

2017 DTP vaccine coverage rates as proxy  

HPV coverage Expert opinion based on current 
school-based coverage a   

School-based program for 10-year-old girls 

Care-seeking 
behavior b 

Demographic and health survey Samoa DHS 2014; Tonga DHS 2012; Tuvalu 
DHS 2007; Vanuatu DHS 2013 

Hospital use 
(early-stage 
cancer) 

Country-specific pap smear data  Proportion of women who receive 1 pap smear in 
10 years as proxy 

Vaccine program costs 
 

Vaccine prices 
(vaccine only) 

UNICEF estimate c HPV $12 per dose; PCV $16 per dose;  
RV $7.5 per dose.  
 
 

Vaccine 
supplies and 
other costs 

UNICEF/ADB estimate 10% wastage; 3.5% international handling; 15% 
international delivery 

Health 
systems  cost 
per dose d 

Literature estimates (Campos 
2016; Griffiths 2016) e  

HPV: $7  
PCV: $5.5 (Years 1-5); $1.4 (Years 6+)  
RV: $4.5 (Years 1-5); $2.3 (Years 6+)  
 Health care 

costs 
Mixed sources; country-specific 
where available 

Country costing studies and reports; hospital fee 
schedules; laboratory and pharmacy costs; 
WHO-CHOICE 2011; literature 

Discount rate  ADB guideline for social projects 6% base case for costs and health outcomes 
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2. Interpretation of Cost-Effectiveness Thresholds 
 

8.  Explicit country-specific or regional cost-effectiveness thresholds are not available. 
Previoulsy, guidance for cost-effectiveness thresholds in low- and middle-income countries was 
based on GDP/capita.11 Interventions less than 1xGDP/capita are considered highly cost-
effective; those that fall from 1–3xGDP/capita are considered cost effective. It is unclear whether 
these thresholds accurately reflect societal willingness to pay, particularly in relation to national 
budgets, implying that lower benchmarks may be more in line with true willingness-to-pay 
thresholds. ICERs are compared with 0.5xGDP/capita, 1xGDP/capita and 3xGDP/capita. 
Understanding the cost-effectiveness of existing health interventions included in the national 
health budgets of each country would provide more useful thresholds with which to compare the 
new vaccines; unfortunately, this information is not available. 
 

3. Cost-Effectiveness of the New Vaccines 
 

9.  Vaccine program costs, health care cost savings to government, and health benefits of a 
10-year vaccine program are shown in Table 2.12 In the base-case analysis, all vaccines have 
ICERs that fall below GDP/capita in all four countries, with the exception of the rotavirus vaccine 
in Samoa and Vanuatu, which have ICERs that fall below 2xGDP/capita, indicating that all 
vaccines considered separately are moderately good value for money. Considering all three 
vaccines together, a joint ICER falls below GDP/capita in every setting, indicating that adding 
these three new vaccines together would be considered good value for money if GDP/capita is a 
robust measure of societal willingness to pay. Given the preventative nature of these vaccine 
programs, with health benefits accruing well into the future, lower discount rates resulted in much 
more favorable ICERs.  
 

Table 2: Cost-Effectiveness Results – 10-year program, lifetime benefit streama 
 

Outcome  Samoa Tonga Tuvalu Vanuatu 

HPV     

Vaccine program costs ($) b 649,520 351,355 37,268 943,912 
Healthcare cost savings ($) c 5,757 1,626 2,708 8,798 

Hospitalisations averted (no. of admissions) d 38 19 2 148 

Deaths averted (no. of persons) 200 115 
 

12 474 

DALYs averted e 285 161 17 623 

ICER ($/DALY averted) 2,260 2,175 2,027 1,500 

PCV     

Vaccine program costs ($) b 2,115,686 1,203,314 144,340 3,128,324 

Healthcare cost savings ($) c  174,529 217,884 31,158 406,868 

Outpatient visits averted (no. of visits) 1,582 895 109 2,125 

Hospitalisations averted (no. of admissions) 621 386 48 828 
Deaths averted (no. of persons) 42 24 3 76 
DALYs averted e 576 322 40 1,024 
ICER ($/DALY averted) 3,368 3,064 2,836 2,657 

RV     

Vaccine program costs ($) b 841,215 437,217 52,279 1,163,381 

                                                
11    Guidance from Commission of Macroeconomics and Health, as referenced in T. Tan-Torres Edejer et al. 2003.       

Making choices in health: WHO guide to cost-effectiveness analysis. Geneva: World Health Organization. 
12    For cervical cancer, health care cost savings (primarily from reduced overseas transfers) occur decades into the       

future. Due to discounting, they appear much smaller than health care savings from avoidable pneumococcal and 
rotavirus disease.  
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Outcome  Samoa Tonga Tuvalu Vanuatu 

Healthcare cost savings ($) c 128,984 179,170 16,557 313,269 

Outpatient visits averted (no. of visits) 3,758 3,015 343 6,476 

Hospitalisations averted (no. of admissions) 437 313 38 540 

Deaths averted (no. of persons) 10 6 1 12 

DALYs averted e 137.4 86.7 11.7 166.5 

ICER ($/DALY averted) 5,185 2,976 3,060 5,106 

Overall program ICER ($/DALY) f 3,303 2,797 2,672 2,485 

GDP/capita (2016)  4,030 3,749 3,084 2,861 
DALY = Disability-adjusted life year, GDP = gross domestic product, ICER = incremental cost-effectiveness ratio, HPV 
= human papilloma virus, PCV =  pneumococcal conjugate vaccine, RV = rotavirus. 
a   Costs and benefits of a 10-year (2019–2028) program are discounted at 6% and summed over a lifetime horizon.  
b  Vaccine dose costs plus incremental health system cost (one-time investment plus recurrent delivery and outreach 

costs). 
c    Savings to government as a result of reduced outpatient visits and/or hospitalizations.  
d    The model assumes only hospitalizations for cervical cancer, no outpatient visits. 
e    Sum of life years gained (age-specific deaths averted x life expectancy) and averted years of life lived with disability 

(disease cases x disability weight x duration spent in the diseased state). 
f    Overall program represents rollout of all three vaccines. This calculation was conducted outside the UNIVAC model 

by summing total vaccine program costs for all three vaccines, subtracting out total health care costs saved, and 
dividing the resulting cost by the total number of DALYs averted. The relevant comparator is no vaccine (current 
status).  

Source: World Bank Data. GDP per capita in current US$. https://data.worldbank.org/indicator/NY.GDP.PCAP.CD 
(accessed 22 December 2017) 

 
4. Sensitivity Analyses 
 

10.  Considerable uncertainty exists over the underlying epidemiological and cost data. 
Varying cost inputs did not have a major effect on results, apart from the high incremental system 
cost scenario in Tuvalu. However, varying the disease burden had an important impact on results. 
In low-disease-burden scenarios, ICERs exceeded 3xGDP/capita in several countries and 
vaccine scenarios. Improved epidemiological data would provide more certainty on vaccine cost-
effectiveness. Secondary analyses conducted from a societal perspective resulted in slightly more 
favorable results (lower ICERs).  
 

5. Risks 
 

11.  If one or more countries do not introduce all three vaccines, the negotiation of the assumed 
vaccine price per dose through pooled procurement could be at risk, and countries might 
potentially have to pay much higher prices. If the project design changes, the cost-effectiveness 
of these vaccines needs to be reevaluated. 

https://data.worldbank.org/indicator/NY.GDP.PCAP.CD

