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Background.  Although rotavirus vaccines have proven to prevent the risk of rotavirus gastroenteritis (RVGE) in children under 
5 years old, they are also associated with an increased transient risk of intussusception (IS). Several quantitative benefit-risk models 
(qBRm) are performed to measure this balance in hospitalizations and deaths prevented versus the ones induced.

Method.  In this study, our objective was to provide a complete overview of qBRm used for rotavirus vaccination. We system-
atically searched 3 medical literature databases to identify relevant articles, in English, that were published between 2006 and 2019.

Results.  Of the 276 publications screened, 14 studies using qBRm for rotavirus vaccination were retained, based on preselected 
criteria. Four were performed in low- and middle-income countries. Almost all (13 of 14)  displayed the following characteris-
tics: force of infection assumed to be constant over time (static model), indirect effect of rotavirus vaccination (herd effect) not 
considered, closed model (individuals not allowed to enter and/or exit the model over time), and aggregated level (no tracking of 
individual’s behavior). Most of the models were probabilistic (9 of 14) and reported sensitivity and/or scenario analyses (12 of 14). 
Input parameter values varied across studies. Selected studies suggest that, depending on the models used, for every IS hospitaliza-
tion and death induced, vaccination would prevent, respectively, 190–1624 and 71–743 RVGE-related hospitalizations and deaths.

Conclusions.  The benefits of rotavirus vaccination were shown to largely exceed the increased risk of IS, across all studies. Future 
research aiming to harmonize qBRm for rotavirus vaccination should ensure the comparability of studies and provide additional 
information for regulatory authorities, physicians, and patients.

Keywords.   benefit-risk; intussusception; rotavirus; vaccines and immunization; systematic review.

Infection with rotaviruses is the most common cause of severe 
diarrhea and dehydration in young children. Although spread 
worldwide, rotavirus infection induces a higher burden in low-
income countries [1]. These highly contagious viruses virtually 
infect all children before they reach the age of 5 [2]. Rotavirus 
was responsible for an estimated 258 million (95% confidence 
interval [CI], 193–341 million) episodes of gastroenteritis and 
128 000 (95% CI, 104 500–155 600) deaths in children under 
the age of 5 in 2016 [3].

Historically, 9 months after an oral rhesus-human reassortant 
rotavirus tetravalent vaccine (RotaShield; Wyeth) was licensed 
in the United States in October 1998, the immunization pro-
gram was suspended because of a temporal association be-
tween rotavirus vaccination and occurrence of intussusception 

(IS) [4]. The estimated relative risk (RR) of IS during the 
3–7  days after RotaShield administration was 58.9 (95% CI, 
31.7–109.6) postdose 1 and 11.0 (95% CI, 4.1–29.5) postdose 
2 [5]. Intussusception is a rare but serious medical condition 
observed when a segment of the intestine invaginates into an 
adjacent distal segment [6, 7] resulting in blood vessel com-
pression and leading to pain, bowel oedema, and—if arterial 
supply is compromised—intestinal ischemia, necrosis, and even 
perforation. If left untreated, IS can be fatal. Although rare, IS 
is the most common cause of acute intestinal obstruction in in-
fants, occurring usually between 4 and 10 months of age [1]. 
Intussusception occurs without rotavirus vaccination with an 
average worldwide background incidence rate estimated at 74 
cases per 100 000 children under 1 year of age, and it was shown 
to range between 9 and 328 per 100 000 across countries [7]. 
Surgical rates of IS are substantially higher in Africa (77%) and 
Central and South America (86%) compared with other regions 
(13%–50%) [7, 8].

Since 2006, 2 live-attenuated rotavirus vaccines have 
been licensed in more than 100 countries [9]: Rotarix 
(GlaxoSmithKline Biologicals), a 2-dose schedule oral human 
rotavirus vaccine, and RotaTeq (Merck & Co., Inc.), a 3-dose 
schedule oral human-bovine reassortant rotavirus vaccine [10–
13]. The 2 established vaccines have proven to be effective, and 
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they have led to a significant decline in rotavirus gastroenteritis 
(RVGE)-related morbidity and mortality [10, 11]. Two new ro-
tavirus vaccines have received prequalification from the World 
Health Organization (WHO) in 2018: ROTAVAC (Bharat 
Biotech International Limited) and ROTASIIL (Serum Institute 
of India Limited) [14]. Moreover, other rotavirus vaccines have 
been licensed for national markets in China (Lanzhou Lamb ro-
tavirus vaccine; Lanzhou Institute of Biological Products) and 
in Vietnam (Rotavin-M1 rotavirus vaccine; Center for Research 
and Production of Vaccines) [15]. In 2009, the WHO recom-
mended rotavirus vaccination to all children, especially in 
countries with high diarrhea-related mortality rates [1]. By the 
end of 2018, 92 countries had introduced rotavirus vaccination 
into their routine immunization program for children [16].

Several observational postlicensure surveillance studies have 
been undertaken to assess the risk of IS after vaccination with 
Rotarix and RotaTeq in real-life settings [8, 17–24]. Data from 
epidemiological studies suggest that between 1 and 6 cases of 
IS per 100 000 vaccinated children may be attributable to rota-
virus vaccination [25]. A meta-analysis has reported an overall 
estimate of RR of IS postdose 1 of 5.4 (95% CI, 3.9–7.4) and 
5.5 (95% CI, 3.3–9.3) and postdose 2 of 1.8 (95% CI, 1.3–2.5) 
and 1.7 (95% CI, 1.1–2.6), after vaccination with Rotarix and 
RotaTeq, respectively [26]. These overall estimates were further 
confirmed by 2 recent meta-analyses [22, 27].

Given the increased risk of IS associated with rotavirus im-
munization, it is crucial to balance it with the benefits of vac-
cination in reducing RVGE-related hospitalizations and deaths 
[28, 29]. In this context, several studies have been conducted in 
various geographical settings to investigate the benefit-risk (BR) 
profile of rotavirus vaccination. These studies using quantitative 
BR models (qBRm) provided key information for regulatory 
authorities, physicians, and parents [30–33].

The aim of the present systematic literature review was as 
follows: (1) to provide a comprehensive overview of published 
qBRm focusing on rotavirus vaccination and their methodolog-
ical approaches and (2) to characterize the BR profile of rota-
virus vaccination on the basis of available scientific evidence.

METHODS

Search Strategy

We systematically searched Medline, Scopus, and the Institute 
for Scientific Information (ISI) Web of Knowledge databases 
to identify original studies on qBRm for rotavirus vaccination 
published from January 1, 2006 to December 13, 2019. The 
search strategy used prespecified terms (“benefit-risk” and “ro-
tavirus vaccines”), as detailed in Appendix Table 1, and was lim-
ited to publications in English.

Two reviewers (H.A.  and N.P.) independently screened 
all titles and abstracts using predefined criteria (Appendix 
Table 2). Subsequently, the assessment for eligibility of 

identified publications was carried out by examining their full 
text. Disagreements between the 2 reviewers were resolved 
through discussion. In addition, reference lists of eligible arti-
cles were screened (ie, “snowballing”) to identify potential ad-
ditional publications. Finally, a gray literature search of public 
health organization websites and Google was performed using 
the prespecified search terms. All citations were downloaded 
and imported in EndNote (version X7; Thomson Reuters Corp., 
New York, NY).

Data Extraction and Analysis

The following data were extracted and summarized: the qBRm 
general information, the model characteristics, the input param-
eters, and the BR estimates. General information includes the 
studied vaccine(s), the alternative(s) to the studied vaccine(s), 
the vaccine funding sources, and the income category of the 
countries for which the BR was estimated. The model charac-
teristics were classified according to the 8 attributes [34–36] as 
follows:

	1.	Simulation versus Nonsimulation model: the BR estimates 
were either derived from modeling approach using simula-
tion techniques of various degrees of complexity (eg, cohort 
or microsimulation models) including as many components 
and interaction as possible (simulation) or from a simple 
computation, mathematical function, or statistical model 
(nonsimulation).

	2.	Dynamic versus Static model: the force of infection was as-
sumed to change over time (dynamic) or not (static).

	3.	Model considering Herd effect or Not: a potential herd  
effect of rotavirus vaccination was considered (yes) or not (no).

	4.	Model considering Waning effect or Not: a potential waning 
effect (ie, vaccine efficacy/effectiveness decrease with time) 
was considered (yes) or not (no)

	5.	Open versus Closed model: an open model allows individ-
uals to enter and exit the model over time (open), whereas 
a closed model does not allow for new entrances over time 
(closed).

	6.	Probabilistic versus Deterministic model: the model takes 
into account the uncertainty around the input parameters 
(probabilistic) or not (deterministic).

	7.	Model integrating Aggregate versus Individual-based data: 
The population’s behavior in the model is simulated using 
population’s averages (aggregate data) or considering each 
individual’s attributes (individual-based data).

	8.	Model including Scenario/Sensitivity analyses or Not: sce-
nario (using analyses to investigate different epidemiological 
or healthcare scenarios of interest) and/or sensitivity (using 
analyses to quantify the range of uncertainty) analyses were 
conducted or not. Sensitivity analyses were categorized be-
tween deterministic (using point estimates) and probabilistic 
(using probability distributions).
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Input parameters used to perform qBRm along with benefit, risk, 
and BR ratio (BRR) after rotavirus vaccination were extracted 
from analyzed studies. The benefit of rotavirus vaccination was 
reported as the annual number or proportion of RVGE-related 
hospitalizations or deaths prevented by vaccination in children 
before 5 years of age. The risk of rotavirus vaccination was re-
ported as the annual number or proportion of IS-related hospi-
talizations or deaths attributed to vaccination in children under 
1 year of age. The BRR after rotavirus vaccination was expressed 
as the ratio of the annual number of RVGE-related hospitaliza-
tions or deaths prevented (benefit) and the annual number of 
IS-related hospitalizations or deaths attributed to vaccination 
(risk).

RESULTS

Study Selection

After removing duplicates, the search strategy yielded 276 
unique records, from which 248 were excluded based on titles 
and/or abstracts that were not relevant to the present analysis. 
The full-text review of the 28 selected articles led to the con-
sensual exclusion of 14 of them by both reviewers, leaving 14 
publications for data extraction and analysis (Figure 1).

General Information and Model Characteristics of Selected Studies

Quantitative BR models used for rotavirus vaccination were 
published from 2009 onwards (Table 1) [17, 18, 37–48]. Among 
the 14 selected studies, 8 investigated Rotarix (6 of 14) [18, 37, 

41, 44] or RotaTeq (2 of 14) [38], whereas 5 assessed both rota-
virus vaccines [17, 39, 40, 42, 43]. The last study [47] investigated 
all currently licensed vaccines (Rotarix, RotaTeq, ROTAVAC, 
ROTASIIL, and RV3-BB) and were assumed to be equivalent in 
terms of vaccine efficacy, effectiveness, or impact, or IS risks. All 
studies focused on rotavirus vaccines administered according 
to the national or WHO recommended vaccination schedule. 
Five of the 14 studies also considered rotavirus vaccination 
without age restriction [37, 42, 43, 46, 47], and 1 study [45] con-
sidered a targeted strategy with selective rotavirus vaccination 
of infants with medical risk conditions (prematurity, low birth 
weight, or congenital conditions). Only 2 studies were reported 
as funded by a pharmaceutical company (GlaxoSmithKline) 
[41, 48], whereas the others were classified as “other sources of 
funding” (such as academic institutions or health authorities). 
Nine studies were performed in high-income countries (HICs) 
[17, 37, 38, 40, 41, 44–46, 48], and 5 were performed in low- 
and/or middle-income countries (LMICs) [18, 39, 42, 43, 47]. 
Studies in HICs were country-specific and mainly used local 
data, whereas those in LMICs were conducted across several 
countries: in 2, 14, 117, 135, and 158 LMICs, respectively. In the 
studies that included 117, 135, and 158 LMICs, a generic model 
using data provided by geographic area (not country-specific) 
was used to calculate the different estimates [42, 43, 47].

Studies included in the review used simulation (9 of 14) or 
nonsimulation models (5 of 14)  to estimate final BR out-
comes. All simulation models used a cohort model as modeling 
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Figure 1.  PRISMA flow diagram. ISI, Institute for Scientific Information. 
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approach, ie, simulated a hypothetical cohort of individuals 
through a set of health states over time. A  few studies (5 of 
14) considered a waning effect over time after rotavirus vacci-
nation. Three attributes were identical across all studies, ie, all 
models were static, closed, and reported results at an aggregate/
population average level. Only 1 study took herd effect into ac-
count. Models were probabilistic in 9 studies and deterministic 
in the remaining ones. Most studies reported results from ad-
ditional analyses: scenario analyses (9 of 14), probabilistic sen-
sitivity analyses (PSA) (9 of 14), and deterministic sensitivity 
analyses (4 of 14). General information for each study and a 
description of the different models are summarized in Table 1.

Summary of Input Parameters

Almost all (13 of 14)  analyses included the following input 
parameters: vaccine efficacy or effectiveness (VE), vaccine 
coverage (VC), RR of IS after vaccination during a given risk 
period (Table 2), and the baseline incidence of hospitalizations 
or deaths (related to RVGE or IS) in children under 5 years (for 
RVGE) or 1 year of age (for IS) in the absence of vaccination 
(Table 3). One study considered baseline incidence for RVGE 
under <15 years [45]. Vaccine effectiveness varied according to 
the number of doses administered (1 to 3), the age of immuni-
zation (eg, VE >6 months and >12 months after vaccination), 
the vaccine used (mainly Rotarix or RotaTeq), and the health 
outcome of interest (hospitalization or death). Vaccine coverage 
considered for a full vaccination schedule was low in LMICs 
(approximately 50%) and high in HICs (approximately 90%). 
All studies considered a 7-day risk period for the risk of IS after 
vaccination, whereas half of them also investigated an addi-
tional risk period of up to 21 days [17, 18, 37, 40, 44, 46, 47]. 
The RR of IS ranged between 1.1 (95% CI, 0.3–3.3) (Brazil) and 
9.9 (95% CI, 3.7–26.4) (Australia and France) after the first dose 
with a 7-day risk period. The RR of IS ranged from 1.7 (95% CI, 
1.2–2.4) (158 LMICs assessed in the study by Patel et al [43]) to 
3.1 (95% CI, 0.4–23.4) (Singapore) after the second dose with 
a 7-day risk period. Only 1 study analyzed a RR of IS after the 
third dose with a risk period of 7 days [42]. Details on RRs used 
according to the different risk periods are available in Table 2. 
The baseline incidence of hospitalizations or deaths (number 
and rate) for RVGE and IS in the absence of vaccination were 
country or area specific and were higher in LMICs for deaths 
(Table 3 and Appendix Table 3).

Benefit-Risk Estimates of Rotavirus Vaccination

Based on the 14 selected publications, vaccination would pre-
vent 59.0% (Australia) to 89.9% (England) of RVGE-related 
hospitalizations and 32.1% (mean percentage in 135 LMICs 
assessed by Clark et  al [47]) to 87.5% (Lamrani et  al [40] in 
France) of RVGE deaths expected to occur in a no-vaccination 
scenario in children under 5 years of age. On the other hand, 
the IS-related hospitalization rate and the IS-related death rate S
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would increase by 2.1% (Ledent et al [48] in France) to 21.9% 
(Lamrani et al [40] in France) and 2.2% (Ledent et al [48] in 
France) to 17.8% (Lamrani et  al [40] in France) as a result 
of vaccination in children under 1  year of age, respectively. 
Benefit-risk ratios ranged from 190 (Singapore) to 1624 (Ledent 
et  al [48] in France) RVGE-related hospitalizations prevented 
for every additional vaccine-related IS hospitalization, whereas 
71 (United States) to 743 (Ledent et al [48] in France) RVGE-
related deaths would be prevented for every additional IS-death 
caused by the vaccine (Table 3 and Figure 2).

DISCUSSION

To our knowledge, the present review is the first to gather 
available evidence on qBRm used for rotavirus vaccina-
tion. It had 2 main objectives: (1) to describe methodolog-
ical approaches used in the selected models (ie, their model 

characteristics and input parameters) and (2) to characterize 
the BR profile of rotavirus vaccination based on the available 
scientific evidence.

Although a herd effect has been observed for rotavirus 
vaccination [49–54], only 1 study considered it as a model 
characteristic, among the 14 selected studies. Some authors 
argued that this choice intended to make the approach more 
conservative. In addition, more complex modeling tech-
niques such as transmission dynamic models were not used 
at all, and PSA were only conducted in 9 of 14 of the qBRm. 
Choosing for simpler approaches might be explained by the 
fact that some studies were not conducting qBRm as primary 
but as secondary objective. Although 5 studies considered a 
waning effect of rotavirus vaccination [37, 40, 45–47], their 
estimates of the proportion of RVGE-related hospitalizations 
or deaths prevented by vaccination in children aged less than 
5 years were similar to figures reported in the other studies. 

A Hospitalizations

B

0 1000 2000 3000

Benefit-risk ratios
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Patel et al 2009 (LMIC 117)
Patel et al 2011 (Brazil)

Patel et al 2011 (Brazil)

Patel et al 2011 (Mexico)
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Clark et al 2014 (England)
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Figure 2.  Forest plot of benefit-risk ratios associated with rotavirus vaccination from selected studies. (a) Hospitalizations. (b) Deaths. Confidence intervals were not re-
ported for all modeling studies.
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This might be explained by the fact that the majority of severe 
RVGE cases occurs during infancy [2], before the protective 
effect of vaccination starts to wane.

Comparing input parameters across the different studies 
showed that lower VC figures were considered in LMIC than 
in HIC studies. This might be linked to the year of publication, 
ie, between 2009 and 2012, the WHO-recommended adminis-
tration of the first dose of rotavirus vaccines with an upper age 
limit of 12–14 weeks to minimize the potential risk of IS. This 
strict age restriction may have reduced VC in some developing 
countries where the timeliness of pediatric vaccination varies 
widely [55]. In 2013, the WHO removed this age restriction to 
improve VC [56]. However, it is worth noting that the use of 
different VC figures had no impact on BRR estimates, because 
none of the selected qBRm considered transmission dynamic 
modeling.

The annual number of IS-related hospitalizations or deaths 
in children less than 1 year of age used as input parameter also 
varied across studies. The etiology of IS is not yet clearly under-
stood. Differences in infant diet, breastfeeding, maternal anti-
body levels, and association with several pathogens including 
adenoviruses might all contribute to the variances in back-
ground rates of IS [7, 57, 58]. A  higher number of IS-related 
deaths are observed in LMICs compared with HICs among 
selected studies. This finding might be due to differences in 
healthcare infrastructure or delays in care [7].

The present review systematically collected the published in-
formation on qBRm for rotavirus vaccination, which allowed 
further characterizing its BR profile. All selected studies con-
cluded that vaccine-prevented RVGE-related hospitalizations 
and deaths outweigh vaccine-induced IS-related hospitaliza-
tions and deaths, with no marked difference between LMICs 
and HICs. Differences in BRR noted across studies included in 
this review can be explained by (1) the choice of model attri-
butes (eg, simulation versus nonsimulation models), (2) varying 
epidemiology of RVGE and IS observed across countries and 
areas, (3) data availability at the time of the study, and (4) differ-
ences in the choice of input parameter values. Nevertheless, it is 
crucial to consider those differences when comparing models 
and their outputs. For example, despite the fact that they used 
similar modeling approaches, the 2 qBRm studies conducted 
in France showed differences with BRRs of 214 and 273 in 
Lamrani et  al ([40]) and 1624 and 743 in Ledent et  al ([48]), 
for hospitalizations and deaths, respectively. This might be ex-
plained by the value of some input parameters (eg, risk period 
duration and RR of IS). In this specific example, the use of sce-
nario analysis by Ledent [48] et  al considering the same risk 
period of 21 days as Lamrani et al [40] resulted in similar BRR 
between both studies [48].

This systematic literature review has some limitations. First, 
the search strategy may have not identified all relevant studies, 
notably due to the lack of limited specific keywords for qBRm. 

In addition, some studies conducted by or for local govern-
ments or pharmaceutical companies may not have been made 
publicly available or indexed. Second, the data from included 
studies were not pooled in a meta-analysis to estimate an overall 
BRR for rotavirus vaccination, because 95% CIs were not avail-
able for all studies. Nevertheless, a forest plot allowing a visual 
assessment of differences between BRRs is depicted without 
providing overall BRR estimate (Figure 2).

CONCLUSIONS

The present review provides a comprehensive overview of 
publications reporting on qBRm for rotavirus vaccination. 
This evidence confirms the favorable benefit-risk profile of 
rotavirus vaccines. The observed differences in qBRm ap-
proaches between studies complexified the comparison of 
their outputs and warrant the need for harmonization in 
such analysis to ensure comparability. In addition, because 
most studies focused on HICs, there is a need to increase 
BRR estimations in LMICs considering setting-specific 
input parameters and including sensitivity and/or scenario 
analyses to fully capture their effect.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility of 
the authors, so questions or comments should be addressed to the corre-
sponding author.
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