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ABSTRACT
Vaccine impact models against rotavirus disease (RD) and pneumococcal disease (PD) in low- and middle- 
income countries assume vaccine coverage based on other vaccines. We propose to assess the impact on 
severe disease cases and deaths avoided based on vaccine doses delivered by one manufacturer to Gavi- 
supported countries. From the number of human rotavirus vaccine (HRV) and pneumococcal polysacchar-
ide protein D-conjugate vaccine (PHiD-CV) doses delivered, we estimated the averted burden of disease 1) 
in a specific year and 2) for all children vaccinated during the study period followed-up until 5 years (y) of 
age. Uncertainty of the estimated impact was assessed in a probabilistic sensitivity analysis using Monte- 
Carlo simulations to provide 95% confidence intervals. From 2009 to 2019, approximately 143 million 
children received HRV in 57 Gavi-supported countries, avoiding an estimated 18.7 million severe RD cases 
and 153,000, deaths. From 2011 to 2019, approximately 146 million children received PHiD-CV in 36 
countries, avoiding an estimated 5.0 million severe PD cases and 587,000 deaths. The number of severe 
cases and deaths averted for all children vaccinated during the study period until 5 years of age were 
about 23.2 million and 190,000, respectively, for HRV, and 6.6 million and 749,000, respectively, for PHiD- 
CV. Models based on doses delivered help to assess the impact of vaccination, plan vaccination programs 
and understand public health benefits. In 2019, HRV and PHiD-CV doses delivered over a 5-y period may 
have, on average, averted nine severe disease cases every minute and one child death every 4 min.

PLAIN LANGUAGE SUMMARY 

What is the context?
● The WHO added the pneumococcal conjugate vaccine and the rotavirus vaccine in the recommended 

vaccination schedule of all countries in 2007 and 2009, respectively.
● Previous studies estimated the public health benefit of these vaccines by approximating the number of 

children who received them.

What is new?
● We used an alternative approach to estimate the benefit based on actual number of doses of the 

vaccines, human rotavirus vaccine (HRV; Rotarix) and pneumococcal polysaccharide protein D-con-
jugate vaccine (PHiD-CV; Synflorix) delivered to each country considered.

● The study analyzed data from children under 5 years of age in 60 Gavi-supported countries by identifying 
the number of vaccine doses delivered, estimating the number of children fully covered, applying the 
country-specific disease epidemiology, estimating the number of severe disease cases and deaths avoided.

● From 2009 to 2019, approximately 143 million children were vaccinated with HRV avoiding an 
estimated 18.7 million severe rotavirus disease cases and 153,000 deaths.

● From 2011 to 2019, about 146 million children were vaccinated with pneumococcal vaccine avoiding 
an estimated 5.0 million severe pneumococcal disease cases and 587,000 deaths.

What is the impact?
● The benefit of HRV and PHiD-CV in Gavi-supported countries is often estimated based on assumptions 

of vaccine coverage rates.
● A modeling approach based on doses delivered by the vaccine manufacturer can provide an additional 

view on the potential vaccine benefits and improve planning, contribution, and sustainability of the 
immunization programs at a country level.

● In 2019, HRV and PHiD-CV together averted nine cases of severe disease each minute and one child 
death every 4 minutes.

ARTICLE HISTORY 
Received 7 June 2022  
Revised 2 September 2022  
Accepted 8 October 2022 

KEYWORDS 
Rotavirus; pneumococcal 
disease; rotavirus vaccine; 
pneumococcal vaccine; Gavi; 
doses delivered

CONTACT Alen Marijam alen.x.marijam@gsk.com GSK, Upper Providence, PA, USA.
*Current affiliation: University Hasselt, Hasselt, Belgium.
Previous congress activities: Data has been partly reported in this manuscript have been presented as a poster at ESCMID 2019 – Conference on Vaccines – 5th

Supplemental data for this article can be accessed on the publisher’s website at https://doi.org/10.1080/21645515.2022.2135916

HUMAN VACCINES & IMMUNOTHERAPEUTICS     
2022, VOL. 18, NO. 7, e2135916 (11 pages) 
https://doi.org/10.1080/21645515.2022.2135916

© 2022 GlaxoSmithKline Biologicals S.A. Published with license by Taylor & Francis Group, LLC.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/), 
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

http://orcid.org/0000-0003-1046-9702
https://doi.org/10.1080/21645515.2022.2135916
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2022.2135916&domain=pdf&date_stamp=2022-12-18


Introduction

Vaccination is estimated to save up to 3 million lives every year 
and is considered to be the most successful and most cost- 
efficient public health intervention.1 Its implementation world-
wide has been achieved through the Expanded Programme on 
Immunization (EPI) that was initiated by the World Health 
Organization (WHO) in 1974 and provided universal immu-
nization of essential vaccines to young children. The program 
started with six classic infant vaccines against diphtheria, per-
tussis, tetanus, measles, poliomyelitis and tuberculosis. It now 
also includes vaccines against hepatitis B, rubella, rotavirus 
disease (RD) (the leading cause of diarrhea), pneumococcal 
disease (PD) and Haemophilus influenzae type b (Hib) (two 
major causes of bacterial meningitis, sepsis, pneumonia and 
acute otitis media).2

The EPI is built upon the collaboration of a wide range of 
stakeholders including people on the ground delivering the 
vaccines, EPI managers, government officials, regulatory 
authorities, vaccine manufacturers, and international organi-
zations such as the United Nations Children’s Fund (UNICEF) 
and Gavi, the Vaccine Alliance. Gavi and UNICEF are playing 
major roles in facilitating funding and the procurement of 
vaccines to EPI. Gavi was founded in 1999 as a public−private 
program with the aim of improving the immunization cover-
age of children living in the poorest countries of the world and 
to accelerate access to new vaccines.

Fifty-seven countries in the world in 2021 are eligible to 
apply for Gavi support based on their gross national income, 
which must be below the threshold of 1,630 US$/capita.3 

Approximately 80 million children (or 60% of the global 
annual birth cohort) are born every year in Gavi-supported 
countries.4 In reality, Gavi supports 73 countries because some 
countries continue to receive Gavi funding based on previous 
eligibility. Once countries have graduated from Gavi support, 
they are responsible for fully self-financing vaccine costs, with 
the exception of pneumococcal vaccine (PCV) under the 
Advance Market Commitment and with access to the reduced 
Gavi price for some antigens. Research done by Gavi and by 
independent study groups has shown that the organization has 
helped countries to substantially improve their vaccine cover-
age, which resulted in reductions of mortality caused by tar-
geted infectious diseases.5–9 The health impact of childhood 

vaccination programs against 10 pathogens in 98 low- and 
middle-income countries has been evaluated using model- 
based disease burden estimates.10 Increases in vaccine coverage 
and the introduction of new vaccines were estimated to result 
in a 45% reduction of deaths associated with the 10 pathogens 
from 2000 to 2019 compared with no vaccination.10 Moreover, 
for the 2019 annual birth cohort, vaccination was estimated to 
have prevented 72% of such deaths.10

The leading causes of death in children under 5 years (y) of 
age globally are pneumonia (15%), diarrhea (8%), and malaria 
(5%), most of which occur in low-income countries.11 The 
WHO has estimated that pneumonia only killed more than 
808,000 children under 5 y in 2017.12 Estimates for RD deaths 
(the main cause of diarrhea for the same age group) were 
between 122,000 and 215,000 in 2013.13,14 Approximately half 
of all the PD and RD associated deaths occurred in just four 
countries: India, Nigeria, the Democratic Republic of the 
Congo and Pakistan.13

Gavi and UNICEF have supported vaccine programs 
against RD since 2007 and against PD since 2009, but the 
vaccines preventing these two diseases are more costly than 
those using earlier antigens. By the end of 2019, Gavi had 
supported 48 countries to immunize more than 125 million 
children against RD and 60 countries to immunize more than 
215 million children against PD.4 One of the major supplier of 
vaccines to these countries via UNICEF, as part of the Gavi- 
supported country programs, is GSK that also has a large 
contribution of newer antigens such as the human rotavirus 
vaccine (HRV; Rotarix) against RD and the pneumococcal 
polysaccharide protein D-conjugate vaccine (PHiD-CV; 
Synflorix) against PD. Currently, in Gavi-supported countries, 
88% of the demand for RD vaccine is covered by HRV, while 
approximately half of the demand for PD vaccines is covered 
by PHiD-CV.15,16 In this study, we estimated the public health 
benefit of HRV and PHiD-CV for children under 5 y of age in 
Gavi-supported countries. The impact reported in the litera-
ture has often been estimated based on assumed approxima-
tions of vaccine coverage rates. In the present analysis, we had 
access to the number of vaccine doses delivered by the manu-
facturer to each country. This provides additional information 
on coverage rates that might in turn result in more precise 
impact estimates. Our analysis and reporting are descriptive, 
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but we compare our outcomes with other estimates published 
in the literature.

Materials and methods

Our analysis covered 60 countries that are currently supported 
by Gavi or have graduated from Gavi support and have 
received vaccines supplied by the manufacturer. A total of 57 
countries were included in the RD analysis (Supplement Table 
S1) and 36 were included in the PD analysis (Supplement 
Table S2).

General

Two models were developed, one for HRV and one for PHiD- 
CV, looking at the direct impacts of disease on children up to 
5 y of age. Each model first estimated the burden of the disease 
under study based on country-specific disease incidence rates 
before vaccine introduction and then the number of children 
who were able to receive the vaccine according to the doses 
delivered to each Gavi-supported country adjusted for wastage. 
In the second step, we estimated the benefit gained through 
vaccination for each disease, focusing on two main outcomes: 
disease-specific deaths and severe disease cases avoided. We 
estimated the benefit in children under 5 y of age for three time 
periods: 1) outcomes averted in a specific year, by weighting 
the doses delivered in the previous 5 y with the age-specific 
distribution of disease; 2) sum of the outcomes averted during 
the study period (2009 − 2019 for HRV and 2011 − 2019 for 
PHiD-CV); 3) total outcomes averted for children vaccinated 
during the study period, including cases averted beyond 2019 
(Figure 1). No community protection was assumed in the 
model to take a conservative approach.

We also conducted a scenario analysis adjusting for coun-
try-specific all-cause mortality in children under 5 y of age, 
based on data from the World Bank.17

The models employed Monte Carlo simulations to address 
parameter uncertainty, including vaccine efficacy as well as 
disease-specific severe case and death rates, based on minimum 
and maximum estimates for each country, on which an inverse 

beta distribution function was generated. The reported con-
fidence ranges presented in the figures were based on 90% 
intervals of 10,000 bootstrap simulations.

Model inputs

Both disease models were developed in MS Excel. The study 
period considered was from 2009 for HRV (approved by Gavi 
in 2006) and from 2011 for PHiD-CV (approved by Gavi in 
2011), up to the end of 2019. Vaccine doses were delivered to 
Gavi-supported countries prior to these dates for local clinical 
studies but were not included in this analysis. Both models 
follow the same analytical approach, applying specific inputs 
per vaccine and pathogen type for each country (Table 1). The 
total number of doses of each vaccine delivered to a country 
per year was extracted from the manufacturers’ internal 
databases.18 Vaccine wastage was accounted for from the 
Gavi estimate of 5% for single-dose vials and 10% for multi- 
dose vials.

Rotavirus model

Disease burden
Three organizations have produced estimates of RD deaths in 
children under 5: Child Health Epidemiology Reference Group 
(CHERG), Global Burden of Disease (GBD) Study 2013, and 
the WHO/Centers for Disease Control and Prevention CDC 
(joint estimates).13,14,19,20 We calculated the country-specific 
RD-related mortality rate under 5 y of age as the average of the 
three sources divided by the at-risk population estimates from 
the CDC (Supplement Table S1).13

Country-specific numbers of severe RD cases are not avail-
able in the literature. Therefore, we inferred the number of 
severe RD cases per country from the GBD 2015 report from 
overall diarrhea episodes in children under 5 y of age, using the 
following three steps.21 First, the number of diarrhea events per 
diarrhea-related death was retrieved by country from the GBD 
Study 2015.21 Secondly, based on the same study, it was 
assumed that 14% of diarrhea events were severe. Thirdly, we 
applied a country-specific estimate for the proportion of severe 

Figure 1. Example calculation for PHiD-CV for Pakistan in 2019. mo: months; PHiD-CV: pneumococcal polysaccharide protein D-conjugate vaccine. The total number of 
deaths averted over a 5-y period correspond to the sum of each cell of the same color, i.e. Total deaths averted for 2019 is 31,230, and is the sum of each dark blue cell 
(10,085 + 5,824 + 5,107 + 5,107 + 5,107 = 31,230)
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diarrhea cases attributable to rotavirus infections, ranging from 
38% to 44%, based on the countries World Bank income group 
(2000–2004).22 Supplement Figure S1 shows the numbers used 
in the model of country-specific severe RD cases corresponding 
to one RD death.

The age distributions of RD were then obtained by 
adjusting the epidemiological estimates according to the 
age-specific distributions of diarrhea reported by Kosek et 
al.:25 8.28% for children 4 y of age; 8.88% for 3 y; 15.38% 
for 2 y; 23.08% for 1 y; and 44.38% for 0 − 11 months. We 
assumed that the same proportions would be applicable to 
diarrhea events caused by RD.

HRV vaccine effectiveness
Vaccine effectiveness was based on the review by Jonesteller et 
al.25 of estimates from the first 10 y post-licensure of HRV 
vaccine effectiveness across a range of low-, medium- and 
high-mortality settings. Low-mortality countries were consid-
ered to be those in the lowest quartile of mortality rates for 
children under 5 y, medium-mortality as those in the second 
quartile, and high-mortality as those in the two highest quar-
tiles, based on figures from UNICEF.26 Vaccine effectiveness 
was considered to be 84% in low-mortality countries, 75% in 
medium-mortality countries and 57% in high-mortality 
countries.

Pneumococcal model

Disease burden
Only a limited number of sources were found that reported 
PD incidences in Gavi-eligible countries. Two publications 
provided country-specific PD morbidity and mortality esti-
mates for children under 5 y. Data for community acquired 
pneumonia were obtained from a 2010 report by Rudan et 
al.27 on the epidemiology and etiology of childhood pneu-
monia in 192 countries. Data for PD meningitis and non- 
pneumonia non-meningitis invasive PD (NPNM IPD) were 
reported according to WHO region by O’Brien et al.28 Based 
on those reports, we estimated the country-specific numbers 
of severe acute lower respiratory infections (ALRI) and IPD 
cases (meningitis and NPNM IPD) and the number of deaths 
in the absence of vaccination (Supplement Table S2). 
Disease-specific age distributions for PD (community- 
acquired pneumonia [CAP], PD meningitis, and NPNM 
IPD) were based on a global review by age and region, 
reported by Russell et al.29 We did not consider acute otitis 
media.

PHiD-CV vaccine efficacy
We applied disease-specific vaccine efficacy from the COMPAS 
trial as the level of direct protection against each disease out-
come: 23.4% (95% confidence interval CI: 8.8 − 35.7) for severe 
pneumonia and 66.7% (95% CI: 21.8 − 85.9) for any IPD 
(regardless of the serotype).30

Estimation of the disease burden avoided by vaccination
An example of how the methodology was applied is provided 
below, based on PHiD-CV doses delivered to Pakistan during 
2019 (Figure 1). An example based on HRV doses delivered to 
Ghana is provided in the Supplement.

1. From the manufacturer’s database, we retrieved the 
amount of PHiD-CV doses supplied to Pakistan in 
2019: 21,711,710.

2. Accounting for wastage (10%), we assumed 19,540,539 
doses remained.

3. Considering the full schedule of three doses per child, we 
estimated that 6,513,513 children could have been fully 
covered (Figure 1).

4. We assumed a vaccine effect of 5 y per vaccinated child. 
The total follow-up period during which the vaccine has 
an effect was estimated to be 32,567,565 y (6,513,513 * 5).

5. The number of disease-specific deaths expected during 
the follow-up period without vaccination was calculated 
from the annual disease-specific death rate in children 
under 5 y in Pakistan multiplied by the total follow-up 
period.27,28 The number of deaths expected without vac-
cination up to the age of 5 y was 125,626 (= years of 
children fully protected * [annual death rates for pneu-
monia/meningitis/NPNM IPD]).

6. Vaccine efficacy applied for PHiD-CV was 23.4% for severe 
pneumonia and 66.7% for any pneumococcal IPD, based 
on the COMPAS trial.30 The number of deaths avoided 
was calculated by multiplying the disease-specific vaccine 
efficacy by the number of deaths expected in the cohort 
without vaccination. This gave 31,230 deaths averted in 
the 2019 vaccinated cohort by the age of 5 y (= number of 
children up to the age of 5 y dying from pneumonia/ 
meningitis/NPNM IPD * vaccine efficacy [severe pneumo-
nia/IPD]). Note that not all of those deaths are avoided in 
the year of vaccination; rather, they are spread over a 5-y 
follow-up period accounting for the age-specific distribu-
tion of the disease (Figure 1, illustrated by colored 
highlighting).

7. The total number of deaths avoided during one specific 
year (2019) was calculated by looking at the number of 
children vaccinated over the previous 5 y (including 

Table 1. Data retrieved from databases and literature for RD vaccination.

Source Data retrieved

GSK database Doses delivered per year per country
Gavi-UNICEF estimates Wastage (%) among single-dose and multi-dose vials23

World Bank database Overall deaths in children under 5 y old by year and country17

Published literature Specific number of RD-related deaths in children under 5 old by year and country13,14,19,20

Published literature Number of severe events of RD-related disease per specific death per country21,22

Published literature Vaccine effect on specific deaths and severe events per country24

Published literature Proportional disease distribution by 1-y age group up to 5 y old25

RD: rotavirus disease, UNICEF: United Nations Children’s Fund.
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2019), weighting the deaths averted by the age-wise dis-
tribution of disease and summing the deaths averted in 
children aged 1 through 5 y in 2019 (25,882; Figure 1).

8. The number of deaths avoided during the study period 
was calculated by summing the number of deaths 
avoided in 2011 through 2019 (134,409; Figure 1).

9. The number of deaths averted in all children vaccinated 
during the study period and followed up until 5 y of age 
was calculated by summing the number of deaths 
avoided from 2011 through 2023 (180,748; Figure 1).

Results

Doses distributed

Across the Gavi-supported countries, 301 million doses of 
HRV were delivered between 2009 and 2019 to 57 countries 
and 488 million doses of PHiD-CV from 2011 to 2019 to 36 
countries.

HRV

The estimated number of children vaccinated with HRV rose 
from approximately 821,000 in 2009 to 23.0 million in 2019 
(Figure 2), with an accumulated total of 143 million. The yearly 
number of severe RD cases and deaths averted rose over time as 
the number of vaccinated children increased, from approxi-
mately 61,000 severe cases and 215 deaths averted in 2009, to 
about 3.8 million severe cases and 32,000 deaths averted in 
2019 (Figures 3 and 4). The sum of severe RD cases and deaths 
averted during the study period (2009 − 2019) in vaccinated 

children was estimated at 18,7 million (95% CI: 17,3 − 20,3) 
and 153,000 (95% CI: 142,000 − 164,000), respectively.

The total number of severe cases and deaths averted for all 
children vaccinated during the study period and followed up 
until 5 y of age (i.e. including cases averted beyond 2019) was 
23,2 million (95% CI: 21,2 − 25,2) and 190,000 (95% CI: 
176,000 − 205,000), respectively. The three countries with the 
highest estimates of severe RD cases averted for this time 
period were Pakistan (2,395,352), Ethiopia (1,923,460) and 
Tanzania (1,865,795) (Figure 5), while the highest numbers of 
expected RD-specific deaths averted were seen in Ethiopia 
(19,302), Pakistan (18,972) and Angola (15,824) (Figure 5). 
These numbers are influenced by the size of the birth cohort, 
the date of vaccine implementation, the uptake of the vaccine 
per year and the local burden of disease.

In the scenario analysis adjusting for country-specific all- 
cause mortality in children under 5 y of age, the sum of severe 
RD cases and deaths averted between 2009 and 2019 was 
estimated at 22.2 million and 182,000, respectively.

PHiD-CV vaccine

The estimated number of children vaccinated from 2011 to 
2019 was 146 million, increasing from approximately 3.9 mil-
lion in 2011 to 21.5 million in 2019 (Figure 3). The number of 
severe PD cases averted per year rose over time from about 
57,000 in 2011 to 973,000 cases in 2019 (Figure 3) and the 
number of deaths averted rose from 9,000 to 108,000 (Figure 
4). For the study period 2011 − 2019, the sum of severe PD 
cases and deaths averted in vaccinated children was estimated 

Figure 2. Number of children estimated to be vaccinated with HRV and PHiD-CV across Gavi-supported countries from 2009–2019. HRV: human rotavirus vaccine; PHiD- 
CV: pneumococcal polysaccharide protein D-conjugate vaccine
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at 5,0 million (95% CI: 2,9 − 7,7) and 587,000 (95% CI: 
359,000 − 855,000), respectively.

The total number of severe cases and deaths averted for all 
children vaccinated during the study period and followed up 
until 5 y of age was estimated at 6,6 million (95% CI: 3,7 − 10,2) 
and 749,000 (95% CI: 452,000 − 1,101,000), respectively. Over 
the same period, Pakistan had the highest estimate of severe PD 

cases averted (1,768,348), followed by Nigeria (1,105,276) and 
Ethiopia (942,196) (Figure 6). The highest numbers of PD 
deaths averted were estimated in the same countries with 
most in Nigeria (185,462) followed by Pakistan (180,748) and 
Ethiopia (139,495) (Figure 6).

The scenario analysis adjusting for all-cause mortality in 
children under 5 y estimated that the sum of severe PD cases   

Figure 3. Estimate of number of severe RD and PD disease cases averted by HRV and PHiD-CV vaccination per year in Gavi-supported countries. PHiD-CV impact not 
considered for any doses delivered before study period (2011 − 2019). HRV: human rotavirus vaccine; PD: pneumococcal disease; PHiD-CV: pneumococcal 
polysaccharide protein D-conjugate vaccine; RD: rotavirus disease

Figure 4. Estimate of number of RD and PD deaths averted by HRV and PHiD-CV vaccination per year in Gavi-supported countries. PHiD-CV impact not considered for 
any doses delivered before study period (2011 − 2019). HRV: human rotavirus vaccine; PD: pneumococcal disease; PHiD-CV: pneumococcal polysaccharide protein D- 
conjugate vaccine; RD: rotavirus disease
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Figure 6. Total estimated severe PD cases and deaths averted for all children vaccinated during study period and followed up until 5 y of age in selected countries. PHiD- 
CV impact not considered for any doses delivered before study period (2011 − 2019). PD: pneumococcal disease; PHiD-CV: pneumococcal polysaccharide protein D- 
conjugate vaccine

Figure 5. Total estimated severe RD cases and deaths averted for all children vaccinated during study period and followed up until 5 y of age in selected countries. RD: 
rotavirus disease

HUMAN VACCINES & IMMUNOTHERAPEUTICS e2135916-7



averted between 2011 and 2019 was approximately 6.3 million 
and the number of deaths averted was 719,000.

Discussion

The present analysis evaluated the impact of HRV and PHiD- 
CV from 2009 to 2019 in Gavi-supported countries. Based on 
the total number of vaccine doses supplied by one manufac-
turer to Gavi-supported countries from 2009 to 2019 
(approximately 300 million), the RD model estimated that 
by 2019, an accumulated 143 million children were vacci-
nated in 57 Gavi-supported countries. During that period, 
HRV vaccination was estimated to avert more than 18.7 
million cases of severe RD gastroenteritis and more than 
150,000 RD-specific deaths. From 2011 to 2019 approximately 
490 million doses of the PHiD-CV vaccine were delivered, 
vaccinating an accumulated 146 million children in 36 Gavi- 
supported countries. In the same period, the vaccine averted 
more than 5 million severe cases of PD and almost 590,000 
deaths. Looking at 2019 alone, the doses of both vaccines 
delivered over the last 5 y would have directly averted nine 
cases of severe disease each minute and one child death every 
4 min on average. It is noteworthy that the HRV has a much 
greater impact on avoidance of severe RD events than PHiD- 
CV, while the PHiD-CV has a greater impact on avoidance of 
disease-specific mortality, due to the higher incidence of RD 
and the higher case-fatality rate of PD, especially due to 
pneumonia.

While spectacular results from vaccination might have been 
accomplished over the past 10 y, we are still a long way from 
achieving full coverage of every child in Gavi-supported coun-
tries. Based on GAVI estimates, only to cover the 74 supported 
countries with RD and PD vaccines, all vaccine producers 
together would need to deliver ~176 million doses of RD 
vaccines and ~219 million doses of the PD vaccines each year.31 

This goal could only be achievable if manufacturers are well 
coordinated, if there is a clear plan of progressive coverage and 
if long-term contracts are set that allow manufacturers to make 
the up-front investments needed to secure sustainable supply 
and capacity building. This would ultimately result in direct 
health benefits in the target population, as well as wider local, 
regional and global public health benefits.

The comparison of our data with other published sources is 
a challenge. Only one published study has estimated the spe-
cific contribution of rotavirus vaccine on RD mortality reduc-
tion. In 2016, Troeger et al.32 reported an estimated reduction 
of 28,800 specific deaths worldwide and 24,200 specific deaths 
in sub-Saharan Africa, where most Gavi-supported countries 
are located. The estimated number of deaths avoided in sub- 
Saharan Africa reported by Troeger et al.32 is close to our 
estimate of 22,096 RD deaths avoided in Gavi-eligible countries 
in 2016. It therefore appears that using the number of doses 
delivered as a starting point for estimating vaccine impact 
provides similar estimates of deaths avoided to those produced 
by other models. Studies looking at the impact of rotavirus 
vaccination on severe RD cases in Africa reported an estimated 
47% reduction in hospitalizations, whereas we used a 57% 
reduction in severe cases.33 This suggests that our estimate of 

severe RD events avoided could be an overestimation, although 
it could be argued that not all severe cases are hospitalized in 
Gavi-supported countries due to reduced access to care; thus, 
reported hospital cases could be an underestimation of the true 
severe cases impacted by the vaccine. A recent publication 
from Nigeria confirmed that 50% of severe gastroenteritis 
cases are managed at home.34 Therefore, our numbers might 
be close to reality.

In estimating vaccine efficacy against PD, there was a pau-
city of studies evaluating PHiD-CV in Gavi eligible countries. 
A report evaluating PHiD-CV showed a 28% (range: 6–45%) 
efficacy against clinical pneumonia in Finland.35 The same 
report highlighted changes in incidence of clinical pneumonia 
in Fiji and Kenya, suggesting reductions of approximately 13– 
32% post-PHiD-CV introduction.35 These ranges support our 
efficacy estimates of 23.4% against PD as based on the 
COMPAS trial data.30

The focus of our analysis was on direct vaccine effects, and 
we made no attempt to look at indirect effects. It would be 
challenging to investigate the presence and amount of indirect 
vaccine effects in low- and middle-income countries, where 
primary and secondary sources of infections are more often 
present than in high-income countries. If there is some com-
munity protection induced by vaccination, our reported bene-
fit estimates would rather be an underestimation. However, it 
remains a challenge to obtain credible community protection 
estimates when robust detailed estimates of the disease burden 
prior to vaccination, current coverage and local effectiveness 
data are not available.

How important is it to measure vaccine impact based on 
doses delivered, instead of estimating a vaccine coverage rate 
as done in other modeling exercises? Estimates based on 
vaccine doses are helpful to better understand the evolution 
of vaccine impact over time and show when and if substantial 
vaccine coverage is achieved. For example, in Pakistan, a 
sufficient number of HRV doses to cover approximately 70% 
of the birth cohort was only delivered from 2017 − 18. The 
impact of vaccination on an outcome measure, such as RD- 
specific deaths avoided in a specific year, can only be reliably 
estimated from 2022 − 23 onwards. It can therefore be helpful 
to use the number of vaccine doses delivered per year and per 
country to better understand how and when certain goals can 
be reached. The ultimate aim is to achieve Universal Health 
Coverage, which seeks to ensure that all people have access to 
quality, effective and affordable health services and is one of 
the WHO Sustainable Development Goals.36 Immunization 
not only provides benefit at the individual level but is also a 
public health intervention that provides global societal bene-
fits. That societal gain will only be captured if a high enough 
coverage of the target population is achieved around the 
world. Therefore, real vaccine doses delivered could allow 
for a better assessment of the time when these societal benefits 
could be expected.37–39 Unlike other vaccine impact models, 
our study utilizes actual vaccine doses delivered to Gavi- 
supported countries by one major vaccine manufacturer, to 
provide an alternate method to evaluate and reinforce the 
impact of vaccination.

A limitation of this study was that it did not consider 
potential confounding or influencing factors on the effect of 
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vaccine doses once administered. This was due to the diffi-
culty of estimating the impact of such factors on the effect of 
vaccines. For instance, events such as Ebola or COVID-19 
outbreaks could have a significant impact on vaccine cover-
age, but it is assumed that once a vaccine dose is adminis-
tered, the impact of the outbreak on the vaccine effect is 
limited. Additionally, our study did not account for increased 
vaccine wastage that could have been the result of such 
events. Another limitation is that vaccine doses supplied by 
other vaccine manufacturers were not considered, because 
the purpose of this study was to estimate the public health 
contribution a vaccine manufacturer can have by supplying 
vaccines through UNICEF. As a consequence, the overall 
vaccine coverage may have been underestimated. Moreover, 
it cannot be excluded that local policies prioritized the intro-
duction of vaccines in high-risk areas first. This could poten-
tially have resulted in a higher vaccine impact but was not 
considered in this study. Potential herd effects of the vaccines 
have also not been taken into account, which could have 
resulted in an underestimation of the vaccine effects.

Conclusion

Gavi, the Vaccine Alliance, started supporting rotavirus and 
pneumococcal vaccination in 2007 and 2009, respectively, for 
73 countries. The potential impact of those vaccines on avoid-
ance of severe disease cases and deaths has so far been esti-
mated using extended modeling techniques. We have taken 
here an alternative approach of basing our models on the actual 
number of doses delivered by a manufacturer who is a major 
provider of vaccines to Gavi-supported countries and 
UNICEF. Our simple analysis resulted in estimated benefits 
that are in line with those calculated by using more sophisti-
cated techniques. This dose calculation method allows for a 
more precise indication of where and when public health 
benefits from vaccination can be expected. It also illustrates 
the contribution that a global vaccine manufacturer can pro-
vide to support global public health interventions.

Highlights

● Vaccine benefit is often estimated on assumptions of vaccine coverage
● Another approach is to use the number of vaccine doses supplied by 

manufacturers
● This provides a simple method to ascertain gaps in planning and 

implementation
● HRV averted an estimated 18 million severe RD cases and 150,000 

deaths (2009−2019)
● PHiD-CV averted estimated 5 million severe PD cases and 600,000 

deaths (2011−2019)
● HRV and PHiD-CV together averted 9 severe cases/min and 1 death 

every 4 min (2019)
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Vaccine impact against rotavirus disease and pneumococcal disease is 
estimated in low- and middle-income countries with an approach based 
on vaccine doses delivered through manufacturers, GAVI and UNICEF, by 
which the impact on severe disease cases and deaths avoided was assessed.
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