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Abstract

Background: Rotavirus vaccine impact on rotavirus hospitalizations is not well-documented 

globally. We performed a systematic review to estimate the number of rotavirus hospitalizations 

that 1) occur annually, 2) are currently prevented by rotavirus vaccines, and 3) could be prevented 

with improved vaccine coverage and universal vaccine introduction.

Methods: We systematically reviewed articles indexed in the PubMed database published from 1 

January 2000 to 31 December 2019. We included all primary peer-reviewed studies with rotavirus 

hospitalization rates for children <5 years that reported data prior to vaccine introduction, utilized 

at least one continuous year of data collection, and collected hospitalization data after 2000 using 

active surveillance. We grouped pre-vaccine country estimates by childhood mortality strata and 

calculated the median rate among each group. We then assigned the mortality stratum-specific 

hospitalization rates to each country and calculated the number of rotavirus hospitalizations by 

country, mortality strata, and WHO region.

Results: Our search strategy identified 4,590 manuscripts, of which 32 were included in the 

final dataset. In 2019, an estimated 1,760,113 (Interquartile range [IQR]: 1,422,645–2,925,372) 

rotavirus hospitalizations occurred globally, with 524,871 (IQR: 415,987–814,835) prevented 

by rotavirus vaccination. With universal introduction of rotavirus vaccines and increased 

vaccine coverage, we estimate that an additional 751,609 (IQR:607,671–1,318,807) rotavirus 

hospitalizations can be prevented annually.

Conclusions: This analysis highlights the continued burden of rotavirus hospitalizations among 

children <5 years. A large, preventable proportion of this burden could be eliminated by expanding 

introductions to new countries and increasing rotavirus vaccine coverage to levels seen with other 

childhood vaccinations.
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Summary:

This study provides the first global hospitalization estimate for rotavirus using population-based 

data available in published literature. We estimate the burden of rotavirus hospitalizations in the 

absence of vaccine, with current vaccine coverage, and those potentially prevented with increased 

coverage.
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Introduction

Rotavirus is the leading cause of acute gastroenteritis among children globally, and 

prior to the introduction of rotavirus vaccines to the global market, rotavirus caused an 

estimated 528,000 deaths every year among children <5 years of age (1). In 2006, the 

first two rotavirus vaccines became available and the World Health Organization (WHO) 

recommended their routine use in North America, South America, Australia, and Europe 

(2). Following the release of additional vaccine efficacy data from countries in Africa and 

Asia in 2009, WHO updated its recommendation and now universally recommends rotavirus 

vaccine for all children (3). Today, more than 100 countries have implemented a rotavirus 

vaccine into their national immunization plan (4).

Since their licensure, rotavirus vaccines have continued to demonstrate substantial reduction 

on the burden of rotavirus disease globally (5). When determining global impact of rotavirus 

vaccine introduction, studies often examine reductions in mortality, as this outcome is 

commonly estimated and remains a key concern for vaccine decision making. However, 

with the introduction of oral rehydration salts and advances in medical care, overall and 

rotavirus-associated diarrhea mortality rates continue to decline, even in the absence of 

rotavirus vaccine (6). An often-overlooked metric of vaccine impact is the number of 

hospitalizations prevented due to rotavirus vaccine introduction, which can be used to 

inform decisions pertaining to the cost-effectiveness of implementing rotavirus vaccine 

into a country’s national immunization plan. Unfortunately, the incidence of rotavirus 

hospitalizations is not calculated as frequently as mortality, limiting the availability of global 

rotavirus hospitalization estimates.

Published estimates of the number of rotavirus hospitalizations occurring globally are 

scarce. In 2003, Parashar et al. published the first global estimate and predicted that 

approximately 2 million hospitalizations occurred annually from rotavirus gastroenteritis 

among children <5 years of age worldwide (7). To develop this estimate, the authors used 

published rotavirus hospitalization rates and population attributable fractions to calculate 

rotavirus hospitalizations among developed and developing countries independently, and 

then combined both to obtain the global burden. However, this review was based on 

sparse data, particularly for developing countries which used the population attributable 

fraction of diarrhea requiring hospitalization from a single study done in one country. More 

recently, Troeger et al. re-calculated this burden accounting for rotavirus vaccination, and 
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estimated 1,537,000 rotavirus hospitalizations occurred globally in 2016 (8). However, this 

hospitalization estimate was calculated entirely using the population attributable fraction 

method, in which the global diarrheal hospitalization burden (9) was multiplied by the 

modelled fraction of severe all-cause diarrhea attributable to rotavirus. We believe that 

utilizing population-based rotavirus hospitalization rates (e.g. hospitalizations per 10,000 

children <5 years of age) based on laboratory testing of gastroenteritis hospitalizations for 

rotavirus may offer a more direct approach to calculate this burden, as these data are locally 

generated. While several studies have used population-based rotavirus hospitalization rates 

to estimate the number of rotavirus hospitalizations before and after vaccine introduction in 

the United States (10), Latin America (11), Asia (12), and Africa (13), a global estimate 

has never been achieved. We performed a systematic review to estimate the number of 

hospitalizations that occurred globally due to rotavirus disease in 2019, the number that 

are currently prevented by rotavirus vaccines, and the number that could be prevented with 

improved vaccine coverage and further national introductions.

Methods

Literature Review

We systematically reviewed articles indexed in the PubMed database from 1 January 2000 

to 31 December 2019 to calculate the median incidence of hospitalizations attributed to 

rotavirus disease and the global impact of rotavirus vaccine on rotavirus hospitalizations. 

Following the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 

(PRISMA) guidelines (14), we searched article titles and abstracts using the search 

terms (‘Rotavirus’ OR ‘Diarrhea’) AND (‘burden’ OR ‘hospitali*’ OR ‘incidence’ OR 

‘epidemiology’ OR ‘surveillance’) AND (‘child*’). We did not restrict the search by 

language; texts not published in English were sent to fluent speakers with a brief 

description of the systematic review and desired data. Additional citations were obtained 

from references in articles selected for full text review.

Inclusion/Exclusion Criteria

We included all primary peer-reviewed studies that contained an annual rotavirus 

hospitalization rate prior to rotavirus vaccine introduction for children <5 years. 

Additionally, to be included articles must have contained at least one continuous year of data 

collection and collected hospitalization data after 2000. To ensure we did not include studies 

that may have systematically under or overestimated the rotavirus burden we abstracted 

rates exclusively from studies that used active surveillance to identify laboratory-confirmed 

rotavirus hospitalizations. We excluded studies that included nosocomial infections, focused 

on special populations (e.g. among children at military bases), studied non-human rotavirus, 

or used hospital discharge codes to calculate rates. Studies occurring in non-WHO member 

countries were excluded (2,504,280 children of the 2020 global population of children 

<5 (0.4%)) due to a lack of data on vaccine coverage, childhood mortality rates, and <5 

populations.
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Data Abstraction

We abstracted information from articles using a standardized collection form in Microsoft 

Excel. Variables included country, pre-vaccine surveillance dates, age of population, pre-

vaccine hospitalization rate and 95% confidence intervals, study population, and method of 

data collection. Articles were independently reviewed by BDH and TC for inclusion and 

abstraction of data, with discrepancies resolved by consensus discussion with JET and UDP. 

Our outcome of interest was the reported mean hospitalization rate among pre-vaccine years 

for children <5 years of age. If multiple years of pre-vaccine data were included without 

an aggregated mean, a mean pre-vaccine rotavirus hospitalization rate was calculated using 

annual estimates.

Study Parameters

We obtained population and childhood mortality estimates from the most recent United 

Nations World Populations Prospects report (15). Due to the absence of annual population 

data, the 2020 population was used as a proxy of 2019 population data, which estimated 

a total 675,366,379 children <5 years of age in 2020. Rotavirus has demonstrated variable 

incidence and mortality among high- and low-income groups (8), and VE performance 

across mortality strata (16). We therefore stratified our analyses by childhood mortality 

groups and WHO region. All countries with childhood mortality rates in the lowest quartile 

were considered low mortality, those in the second lowest quartile were considered medium 

mortality, and countries in the third and fourth quartiles were considered high mortality in 

our analysis, aligning with previous methodology (16). We obtained 2018 vaccine coverage 

estimates from the 2019 WHO/UNICEF Estimates of National Immunization Coverage 

(WUENIC) report (17). This report provides vaccine coverage estimates for all 194 WHO 

member countries for vaccines included in their national immunization plan, including 

rotavirus and diphtheria, tetanus, and pertussis (DTP) vaccines. DTP vaccine is given in a 

three-dose series on the same schedule as rotavirus vaccines. Despite similar schedules, DTP 

has demonstrated higher coverage than rotavirus vaccines (18), and therefore was used as a 

potential benchmark of reasonably attainable rotavirus vaccine coverage in our analyses. At 

the beginning of 2019 the two-dose Rotarix vaccine was the most used formulation globally, 

with exclusive use in 74 countries and concurrent use with RotaTeq in 9 additional countries 

(19).Thus, we used second dose DTP coverage (DTP2; calculated as the average between 

first and third DTP dose estimates) as our comparison for reasonably attainable rotavirus 

vaccine coverage across all countries. For countries in which DTP coverage was unknown, 

the median DTP2 coverage of the relevant mortality strata was applied.

Data Analysis

For rotavirus hospitalization rates we grouped pre-vaccine estimates from our literature 

review by mortality strata and calculated the median rotavirus hospitalization rate and 

interquartile range (IQR) for each mortality strata. We assigned the mortality stratum-

specific median hospitalization rate to each country in that stratum. We then calculated 

the burden of rotavirus hospitalizations that would occur in the absence of rotavirus vaccine 

in 2019 using the equation
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Hospitalization Burden = Under 5 Population * Hospitalization Rate

where the Hospitalization Rate was the calculated stratum-specific hospitalization rate for 

children <5 years prior to vaccine introduction. Next, we calculated the estimated number 

of prevented hospitalizations for 2019 given current vaccine introduction status. For this, we 

used the equation

Prevented Hospitalizations = Hospitalization Burden * Rotavirus Vaccine Coverage * VE

in which Rotavirus Vaccine Coverage was the WUENIC estimate, and VE was the most 

recently calculated vaccine effectiveness estimate against laboratory-confirmed rotavirus, at 

83%, 67%, and 58% in countries with low, medium, and high childhood mortality rates, 

respectively (16). We used VE estimates for Rotarix as it is the most widely used rotavirus 

vaccine globally. Using two dose DTP coverage estimates we calculated the potential impact 

if rotavirus vaccine if it was introduced in all WHO member countries and coverage matched 

DTP2 coverage, using the following equation

Potentially Prevented Hospitalizations = Hospitalization Burden * Optimum Vaccine Coverage * VE

where Optimum Vaccine Coverage was the DTP2 estimate if rotavirus coverage was lower. 

For each of the three scenarios we calculated estimates by country, mortality strata, and 

WHO region.

Role of the funding source

There was no funding source for this study.

Results

Our search strategy identified 4,590 manuscripts, of which 390 were selected for full 

text review and 32 were included in the final dataset (20–51) (Figure 1). Among these 

we identified 39 rotavirus hospitalization rates: 18 (46%) estimates from low mortality 

countries, 9 (23%) estimates from medium mortality countries, and 12 (31%) estimates from 

high mortality countries. By WHO region, we identified 4 (10%) estimates from AFR, 4 

(10%) from AMR, 3 (8%) from EMR, 16 (41%) from EUR, 4 (10%) from SEAR, and 8 

(21%) from WPR. As of December 2019, 35 (74%) AFR, 20 (57%) AMR, 14 (67%) EMR, 

20 (53%) EUR, 1 (9%) SEAR, and 8 (30%) WPR WHO-member countries had introduced 

rotavirus vaccine (Figure 2). A summary of included publications is included in Table 1.

Using pre-vaccine rotavirus hospitalization rates stratified by mortality stratum, we estimate 

that the median rotavirus hospitalization rate was 53.5 (IQR: 38.8–76.6) per 10,000 children 

<5 years of age in low mortality countries, 23.8 (IQR: 21.0–65.9) in medium mortality 

countries, and 34.9 (IQR: 27.9–49.0) in high mortality countries (Table 2). Using these 

rates, we project that without any rotavirus vaccine introduction, a median of 2,284,985 

(IQR: 1,838,632–3,740,207) children <5 years of age globally would have been hospitalized 
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for rotavirus in 2019. The majority (68%) of these hospitalizations would have impacted 

children in high childhood mortality countries due to a larger underlying population (Figure 

3). Accounting for current vaccine coverage, we estimate 524,871 (IQR: 415,987–814,835) 

or 23% of the globally projected hospitalizations were prevented in 2019, and a residual 

1,760,113 (IQR: 1,422,645–2,5,372) or 77% of these hospitalizations occurred (Table 3). 

Additionally, we estimate that with universal introduction of rotavirus vaccines globally 

and with vaccine coverage levels equivalent to DTP, an additional 751,609 (IQR:607,671–

1,318,807) or 42% of the currently remaining burden could be prevented (Table 3).

With global rotavirus vaccine introduction and coverage equal to DTP, we estimate 

that 1,276,476 or 56% of the total pre-vaccine projected rotavirus hospitalizations are 

preventable. Current rotavirus vaccination coverage and introductions addresses less than 

half (41 %) of the preventable burden. With current vaccine introductions and coverage 

levels, low mortality countries are currently preventing 37% the projected rotavirus 

hospitalizations that would have occurred in the absence of rotavirus vaccine, compared 

to 14% in medium mortality countries, and 22% in high mortality countries. With improved 

vaccine coverage and universal introductions globally, 80%, 64%, and 49% of the projected 

burden could be prevented in low, medium, and high mortality countries, respectively (Table 

2 and 3).

In 2019, SEAR (501,690 (IQR:403,231–721,376)) and AFR (433,194 (IQR: 347,306–

608,542)) had the highest rotavirus hospitalization burden, representing a respective 29% 

and 25% of the residual burden (Table 3; Figure 4). Due to the baseline burden, the number 

of countries who have introduced rotavirus vaccine, and their current vaccine coverage, 

AFR (169,066 (IQR: 135,553–237,614)) and AMR (133,875 (IQR: 105,860–254,826)) are 

currently preventing the highest number of rotavirus hospitalizations, contributing 32% 

and 26% of global prevented hospitalizations, respectively. With universal introduction and 

improved vaccine coverage, SEAR (224,645 (IQR: 180,772–326,541)) and WPR (208,541 

(IQR:174,611–469,952)) would see the greatest additional reduction in residual rotavirus 

hospitalizations, accounting for 58% of the additional 751,609 hospitalizations that could 

be prevented globally. The number of rotavirus hospitalizations in the absence of rotavirus 

vaccine in 2019, those currently prevented, and those potentially prevented with increased 

introductions and coverage are presented in Figure 2 by country.

Discussion

This analysis demonstrates the significant burden of rotavirus disease globally in children 

<5 years of age, with an estimated 1.76 million hospitalizations attributed to rotavirus 

in 2019. We identified the highest childhood rotavirus hospitalization rates were among 

countries in the low child mortality stratum, which may reflect differences in access to 

care or healthcare-seeking behaviors between groups. We estimate that current rotavirus 

vaccine introductions and coverage levels prevented >500,000 hospitalizations in 2019, with 

nearly 60% of the prevented hospitalizations coming from American and African regions 

where rotavirus vaccines are widely used. With universal rotavirus vaccine introduction and 

improved vaccine coverage, an additional 750,000 rotavirus hospitalizations could have been 
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prevented in 2019, with Asian regions accounting for nearly 58% of the additional prevented 

hospitalizations.

Our estimate of 2,284,985 hospitalizations that would occur in the absence of rotavirus 

vaccine is relatively close to the prevalence estimated by Parashar et al. (7) in 2003 

of 2,143,000 prior to rotavirus vaccine licensure. According to United Nations World 

Populations Prospects report (15) the <5 population grew by approximately 10% between 

these two estimates. Still, the methods used in this early estimation are not completely 

dissimilar to ours, as they utilized published hospitalization rates to calculate the 

hospitalization burden among developed countries (albeit estimates for developing countries 

were achieved using proportion attributable fractions). Furthermore, the estimate by Troeger 

et al. (8) of 1,537,000 in 2016 accounting for the impact of rotavirus vaccine is also 

similar to the residual 1,760,113 rotavirus hospitalizations we estimate would occur in 2019 

with current vaccine coverage despite disparate study designs. Specifically, their estimate 

was developed top-down using a global all-cause diarrheal estimate, then multiplying this 

estimate by the attributable fraction of severe diarrhea due to rotavirus. Our methodology 

represents a bottom-up approach in which country-level estimates generated through 

sentinel surveillance platforms were pooled by region then combined to produce our 

global estimates. The similar range of estimates across all three studies despite different 

methodologies is reassuring and provides confidence in our burden estimates.

While estimated diarrhea mortality has declined substantially from nearly 1.9 million in 

2000 (52) to 0.5 million in 2015 (53), severe morbidity from rotavirus diarrhea does 

not appear to have substantially declined over this period. This finding is consistent with 

studies that showed that while diarrhea mortality declined substantially between 1980–2000, 

morbidity from diarrheal illness in young children did not change appreciably (54). It 

is possible that measures to improve treatment of diarrheal illness such as ORS might 

disproportionately affect mortality from diarrhea compared with severe morbidity. While our 

current analysis describes the impact of vaccination on hospitalizations, it should be noted 

that various levels of severity may result in hospitalization depending on local context (e.g. 

affordability, access to care, transportation, etc.). Collectively, these findings indicate that 

vaccination may play a role in prevention of hospitalization due to rotavirus diarrhea.

To date, rotavirus vaccines have made a substantial impact on childhood morbidity and 

mortality from rotavirus diarrhea in countries where they have been introduced. A recent 

review of published manuscripts using data from 49 countries estimated that these vaccines 

have resulted in a global median 59% relative reduction in rotavirus hospitalizations, 36% 

reduction in AGE hospitalizations, and 36% reduction in AGE mortality after introduction 

(5). Furthermore, findings from the Global Rotavirus Surveillance Network, which operates 

in over 80 countries, estimate that the proportion of children hospitalized with rotavirus 

dropped 40% among sentinel hospitals from 2008–2016 where rotavirus vaccine had been 

introduced (55). Our review quantifies the absolute impact of vaccines in reducing the 

burden of rotavirus diarrhea hospitalizations.

This study has several limitations. Availability of population-based rates can lead to unequal 

representation of some regions. For example, publications from AFR and SEAR countries 
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each represent only 10% of the articles included in this review, despite the large disease 

burdens and large populations in these regions. This disparity is likely due to the difficulty 

of conducting active, population-based surveillance including capturing all hospitalizations 

as well as the availability of census data within catchment areas. We also generalized 

rates across mortality strata based on available data. Further studies that generate population-

based rates could be used to verify the accuracy of these estimates. Additionally, we used 

Rotarix-specific vaccine effectiveness against laboratory-confirmed rotavirus to estimate 

prevented hospitalizations in our analysis. This generalization was made for currently 

licensed rotavirus vaccines which are all live, attenuated oral vaccines, whereas this may 

not be applicable for other types of upcoming (e.g. parenterally administered or subunit) 

vaccines that are currently in testing (19). Rotarix is also the only licensed 2-dose rotavirus 

vaccine; all other rotavirus vaccines require 3 doses for a child to be fully vaccinated. 

Lastly, the WUENIC estimates used in this analysis are based on national-level reports 

submitted by WHO member countries and any supplemental published or grey literature. 

As such, availability of estimates for each country may impact the accuracy of estimates 

compared to the true coverage. Still, WUENIC estimates represent the most thorough and 

uniform estimation for global vaccine coverage available. Additionally, these estimates 

only provide data for countries with full introductions of globally available vaccines 

into national immunization programs. Therefore, vaccine use in countries with nationally 

licensed vaccines such as Rotavin and Lanzhou Lamb Vaccine, as well as subnational or 

private market coverage were not captured in this analysis. Our analyses have included the 

number of rotavirus hospitalizations in these countries in absence of vaccine, but not the 

amount prevented by nationally licensed or private market vaccines.

This analysis highlights the large number of rotavirus hospitalizations among children 

<5 years of age currently prevented by rotavirus vaccines; however, a substantial burden 

of preventable rotavirus hospitalizations still exists. To continue to reduce the number 

of rotavirus hospitalizations occurring in children globally, efforts should be directed at 

facilitating new introductions of rotavirus vaccines, particularly in the Asian region which 

is lagging, and renewed efforts to increase vaccine coverage. Our data also indicate that 

even with universal vaccine use at high coverage levels, a substantial proportion of rotavirus 

hospitalization will remain unprevented by direct effects of vaccination, primarily because of 

the relatively modest efficacy of these vaccines in low-income countries. Indirect (herd) 

immunity may result in additional reductions in rotavirus burden (56) although these 

were not measured in the current study. Other efforts to address this challenge, including 

development of parenterally administered vaccines that can overcome the barriers to efficacy 

of the current orally administered vaccines in low-income countries, may further enhance the 

impact of rotavirus vaccination worldwide.
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Figure 1. 
Prisma Article Inclusion Diagram
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Figure 2. 
The projected number of rotavirus hospitalizations in the absence of vaccination (red circle), 

the estimated number of rotavirus hospitalizations prevented by vaccine introduction (blue 

circle), and the potential additional hospitalizations that could be prevented by increased 

vaccine introduction and higher vaccine coverage (purple circle), by WHO member 

countries in 2019.
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Figure 3. 
The estimated number of rotavirus hospitalizations prevented by rotavirus vaccine, 

the estimated number of additional hospitalizations that could be prevented through 

improved vaccine coverage and global introduction, and the number of residual rotavirus 

hospitalizations that would remain due to vaccine coverage and vaccine effectiveness 

limitations, by mortality strata in 2019.
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Figure 4. 
The estimated number of rotavirus hospitalizations prevented by rotavirus vaccine, 

the estimated number of additional hospitalizations that could be prevented through 

improved vaccine coverage and global introduction, and the number of residual rotavirus 

hospitalizations that would remain due to vaccine coverage and vaccine effectiveness 

limitations, by mortality strata in 2019.
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