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Abstract

Introduction Two vaccines against rotavirus gastroenteritis

(RVGE) in young children, Rotarix and RotaTeq, have been

available in Europe since 2006. Vaccination against rota-

viruses significantly reduces the burden ofRVGE, but it is also

associatedwith a very small increased risk of intussusception.

In a benefit–risk analysis, the prevented RVGE burden is

weighed against the possible excess of intussusception.

Purpose The aim was to compare the estimated benefits

and risks of Rotarix vaccination in France.

Methods We estimated the benefits (vaccine-pre-

ventable RVGE hospitalizations and deaths) and risks

(vaccine-caused intussusception hospitalizations and

deaths) following two doses of Rotarix in a birth cohort of

791,183 followed for 3–5 years in France. We used data

from peer-reviewed clinical and epidemiological studies or

publications, and government statistics.

Results Within the total number of French children below

5 years of age,weestimate vaccinationcould prevent amedian

11,132 [95% credible interval (CI) 7842–14,408] RVGE

hospitalizations and 7.43 (95% CI 3.27–14.68) RVGE deaths.

At the same time, vaccination could cause an average of 6.86

(95% CI 2.25–38.37) intussusception hospitalizations and

0.0099 (95% CI 0.0024–0.060) intussusception deaths in the

entire French birth cohort of infants below 1 year of age.

Therefore, for every intussusception hospitalization and every

intussusception death caused by vaccination, 1624 (95% CI

240–5243) RVGEhospitalizations and 743 (95%CI 93–3723)

RVGE deaths are prevented, respectively, by vaccination.

Conclusions The vaccine-preventedRVGEhospitalizations

and deaths (benefit) greatly outweigh the excess potentially

vaccination-related cases of intussusception (risk), indicat-

ing a favorable benefit–risk balance for Rotarix in France.

Key Points

Currently, rotavirus vaccination is not recommended

in France due to safety concerns over intussusception

caused by vaccination.

We performed a benefit–risk analysis in France to

compare estimated vaccine benefits (prevented

gastroenteritis) with potential vaccine-related risks

(excess intussusception).

Our benefit–risk analysis predicts that the number of

prevented rotavirus gastroenteritis hospitalizations

and deaths would be 1624 [95% credible interval

(CI) 240–5243] and 743 (95% CI 93–3723) times

higher, respectively, than the excess intussusception

hospitalizations or deaths potentially caused by

vaccination.
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1 Introduction

Rotaviruses are the most common cause of severe diarrheal

disease in young children throughout the world. Almost

every child is infected at least once by the age of 3–5 years;

globally, rotaviruses are the leading cause of severe dehy-

drating diarrhea in children under 5 years of age [1–3].

Prior to introduction of vaccination, rotavirus gastroenteritis

(RVGE) accounted for approximately 2.4 million hospi-

talizations and 0.5 million deaths annually in this age cat-

egory [2, 4–6]; in 2016, the World Health Organization

(WHO) estimated that 215,000 child deaths occurred

globally in 2013 due to rotavirus infection compared to

528,000 in 2000 [7]. Most of these deaths occur in devel-

oping countries, with about 90% of them in Africa and Asia

[4, 7]. Although fatal outcomes are very rare in Europe,

rotavirus disease imposes a considerable burden, especially

on hospital services [8–10]. Furthermore, the highest rate of

hospitalization due to RVGE occurs during the winter

season (December to April). This peak in hospitalization

rates has an important impact on healthcare services,

because it coincides with the peak incidence of other dis-

eases occurring in the winter season (e.g., respiratory tract

infections caused by respiratory syncytial or influenza

virus) [11]. Consequently, RVGE outbreaks contribute to

the seasonal overcrowding of hospitals [10, 12–15].

Two live attenuated oral rotavirus vaccines (Rotarix,

GSK, and RotaTeq, Merck & Co. Inc.) have been licensed

and widely used in the past decade for the prevention of

RVGE in young children. The vaccination course consists of

two (Rotarix) or three (RotaTeq) oral doses. The first dose of

both vaccines may be given at 6 weeks of age. The two doses

of Rotarix should be separated by at least 4 weeks, and the

vaccination course must be completed before the age of

24 weeks [16, 17]; all three doses of RotaTeq should be

administered by 32 weeks of age. These vaccines have

demonstrated high efficacy in randomized clinical trials

within their development programs in the USA and Euro-

pean countries, including France [18–21]. Rotavirus vaccine

effectiveness data have shown similar levels of protection

against severe disease for Rotarix and RotaTeq [22]. Fur-

thermore, a population-based prospective cohort study

conducted in France using an active gastroenteritis surveil-

lance system [23] found that vaccine introduction had a

clinically relevant impact on hospitalization rates, in line

with efficacy results from randomized trials. In 2013, WHO

reissued recommendations to include Rotarix and RotaTeq

in all national immunization programs [24].

Nevertheless, rotavirus vaccination may be associated

with serious adverse events such as intussusception.

Intussusception is observed when a segment of the intestine

invaginates into an adjacent segment. Consequently, blood

vessels are compressed, leading to pain, bowel edema, and

eventually to intestinal ischemia, and even, with untreated

cases where the arterial supply is compromised, to fatal

outcomes [25]. Intussusception is a pediatric emergency.

An average worldwide annual incidence of 74 cases per

100,000 infants (aged below 1 year) has been estimated

[25]; in France, 25–50 cases of intussusception per 100,000

infants occur annually [26–28].

Data from epidemiological studies suggest that one to

six excess cases of intussusception per 100,000 vaccinated

infants might be attributable to rotavirus vaccination [29].

An increased risk of intussusception has been observed

mostly within 7 days of vaccination following adminis-

tration of the two first doses of Rotarix and RotaTeq

[30–36]. However, it remains unclear whether rotavirus

vaccines affect the overall incidence of intussusception

based on longer periods of follow-up.

In Europe, Rotarix and RotaTeq received marketing

authorization in 2006. Rotarix was introduced in France the

same year, but the Haut Conseil de la Santé Publique

(HCSP) decided to postpone the recommendation for uni-

versal rotavirus vaccination due to the absence of data for

effectiveness and benefit–risk and cost–benefit ratios [37].

In 2010, the HCSP decided not to recommend vaccination

because of safety and quality concerns (intussusceptions

and contamination with porcine circovirus) and a lack of

evidence of an effect on mortality [38]. In 2013, the HCSP

reevaluated available data and recommended vaccination

of all infants [26] on the basis of the positive effect of

rotavirus vaccination programs in industrialized countries

[15]. However, in 2014, the French Technical Committee

for Pharmacovigilance reported two fatalities in French

infants who had developed intussusception following vac-

cination between 2006 and 2012 [39]. In response to these

deaths, in 2015, the Haute Autorité de Santé (HAS) deci-

ded to not reimburse rotavirus vaccination [40]. At the

same time, the HCSP suspended the previous rotavirus

vaccination recommendation [41].

Given the historical context in France, it is important to

weigh the increased risk of intussusception against the

benefits of reducing hospitalizations and deaths from

rotavirus disease [42]. Benefit–risk analyses offer good

insights into the value of vaccination and can be an

important source of information for a variety of stake-

holders, including regulatory authorities, clinicians and

parents. A summary contextualizing the results and

potential clinical research relevance and impact is dis-

played in the ‘‘Focus on the Patient’’ section (Fig. 1), for

the benefit of health care professionals. Previous benefit–

risk assessments performed in other regions of the world

have shown that the benefits greatly outweigh the risks of

rotavirus vaccination [32, 34, 43–47]. This benefit–risk

analysis of rotavirus vaccination versus no-vaccination was
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performed over periods of 3 and 5 years in France, and

compared vaccine-preventable hospitalizations and deaths

due to RVGE (benefit) with vaccine-associated hospital-

izations and deaths due to intussusception (risk) following

two doses of Rotarix.

2 Methods

Data from peer-reviewed clinical and epidemiological

studies, publications and national French statistics were

used to conduct the benefit–risk analysis. The source data

were identified, reviewed and validated by several GSK

experts in epidemiology and safety. All parameters inclu-

ded in the benefit–risk analysis and their random distribu-

tions are provided in Table 1.

Benefit–risk estimates were calculated for a large

number (* 106) of scenarios generated randomly by

selecting different combinations of values drawn from the

distribution of the input parameters. Credible intervals

(CIs) around the benefit–risk ratios and differences were

calculated based on probabilistic uncertainty analyses and

Monte-Carlo simulations [43, 48].

2.1 Data Used to Support Benefit Estimate

The burden of RVGE is relatively high in France, with a

yearly estimate of 14,000 hospitalizations of children under

3 years of age, and a number of deaths between five and 13

over the 2007–2010 period [26]. The baseline RVGE

hospitalization rate for children younger than 5 years was

estimated based on the number of acute gastroenteritis

cases in France over 11 seasons (1999–2010) in children

younger than 3 years [26], using an integration method of

the age-specific RVGE rate curve provided by Fourquet

et al. [12]. The calculation of the age-specific RVGE pre-

ventable fraction of the RVGE incidence is described in

Supplementary Figure S1 [see the Electronic Supplemen-

tary Material (ESM)]. Case-fatality ratios (67.5 deaths per

105 hospitalizations) were derived as an empirical distri-

bution from the RVGE mortality rate observed in France

and the RVGE hospitalization rate [12, 26, 49, 50]. The

RVGE mortality rate for children below 3 years of age was

estimated based on the HCSP data, which reported a

minimum of four and maximum of 18 deaths over the

2007–2010 period [26]. The estimated value was extrapo-

lated to children below 5 years of age. Baseline rates were

calculated by including all children, independent of their

vaccination status. The calculation of RVGE mortality rate

included, for exhaustiveness purposes, deaths that occurred

outside hospital environments.

No data on vaccine effectiveness in France were avail-

able at the time this study was conducted. For this reason,

we used vaccine effectiveness estimates against RVGE

after two vaccine doses from a study conducted in a

neighboring country, Belgium (i.e., the results from a

Fig. 1 ‘‘Focus on the Patient’’ section: summary contextualizing the results and potential clinical research relevance and impact for the benefit of

health care professionals
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prospective case–control study in 39 Belgian hospitals)

[51]; vaccine effectiveness post dose 1 was extrapolated

for France using a ratio of vaccine effectiveness against

RVGE after a one-dose compared to a two-dose schedule

based on data from the USA and Brazil [52, 53]. We

assumed the ratio of vaccine effectiveness to be constant

across countries. Additionally, we assumed that vaccine

effectiveness would apply identically for children below 3

and 5 years of age.

Severalmodel parameterswere derived fromFrench data:

(1) French birth cohort data were used as the denominator for

the calculation of hospitalization and death incidence rates

[54]. (2) An average value from 2006 to 2014 of 791,183 live

births per year was used to estimate future cohorts, since

there was little variation in the cohort size over this period.

(3) The age distribution of children at first dose (median

2.18 months; 95% CI 1.42–5.11) and the delay before the

second dose (median 1.10 months; 95% CI 0.78–2.50) were

based on unpublished data from the Vaccinoscopie� study

(see the ESM, Supplementary Figures S2 and S3). Vac-

cinoscopie� is an internet survey using a self-administrated

questionnaire provided to a representative sample of moth-

ers, and has monitored vaccine behaviors and the attitude of

French parents since 2008 [55, 56]. The delay between the

first and second dosewas considered to be independent of the

age of the child at first dose.

Table 1 Model input random parameters used for the probabilistic uncertainty analysis

Input Median (95% CI)a Distribution Source

Demography Age at 1st dose (months) 2.18 (1.42–5.11) Dirichlet-

multinomial

Vaccinoscopie�b

Delay before 2nd dose (months) 1.10 (0.78–2.50) Dirichlet-

multinomial

Vaccinoscopie�b

Age at 2nd dose (months) 3.39 (2.54–6.48) Empirical Derived from 2

distributions above

Compliance to 2nd dose 0.92 (0.72–0.99) Beta (14.43, 1.60)

Benefit Baseline hospitalization rate due to RVGE/105

children/year

\3 years: 604.0

(526.9–688.4)

\5 years: 380.7

(305.9–467.1)

Gamma (216;

35711)

Gamma (86; 22534)

[62]

Mortality rate due to RVGE/106 children/year \3 years: 4.08

(1.94–7.42)

\5 years: 2.56

(1.17–4.92)

Gamma (9;

2,125,000)

Empirical

[49, 62]

RVGE fatality rate/105 hospitalizations 67.5 (31.7–125.0) Empirical Derived from 2

distributions above

Vaccine efficacy against RVGE D2 90% (81–95) 1-lognormal

(Ln(0.10); 0.341)

[51]

Ratio of vaccine effectiveness against RVGE after a

1-dose vs 2-dose schedule

0.85 (0.62–0.97) Beta (13.6, 2.73) [52, 53]

Vaccine efficacy against RVGE D1 75% (55–88) Empirical Product of the 2

distributions above

Risk Baseline hospitalization rate due to IS/105 infants

aged\ 1 year/year

40.85 (32.52–50.50) Gamma (80;

195005)

[27]

Mortality rate due to IS/106 infants aged\1 year/year 0.597 (0.24–1.11) Gamma (7;

11731635)

[58]

IS fatality risk/105 IS hospitalizations 139.17

(57.32–283.30)

Empirical Derived from 2

distributions above

Relative risk of IS D1 and D2 D1: 5.39 (3.94–7.38)

D2: 1.81 (1.32–2.48)

Lognormal

(Ln(5.39), 0.16)

(Ln(1.81), 0.16)

[30]

CI credible interval, D1 post dose 1, D2 post dose 2, IS intussusception, RVGE rotavirus gastroenteritis, SD standard deviation
aThe limits of 95% CIs were determined using the 2.5 and 97.5% percentile of our simulations implemented and correspond as much as possible

to the CI limits published in the source documents. Distribution parameters are beta (alpha; beta), gamma (shape; rate), and lognormal (mean;

SD)
bVaccinoscopie� study (unpublished data; kindly see the Electronic Supplementary Material, Supplementary Figs. S2 and S3)
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The age at the first dose of vaccine and the delay prior to

the second dose of vaccine define the windows where the

one-dose and the two-dose vaccine effectiveness apply and

were used to calculate the vaccine-preventable fraction of

the RVGE baseline rates. The reduction in the number of

RVGE hospitalizations was calculated for the French birth

cohort over a period of 3 and 5 years, and was derived from

the baseline hospitalization rate and the vaccine-pre-

ventable fraction. We assumed that the reduction of risk of

RVGE after one or two vaccine doses applies 2 weeks after

injection.

Compliance to the second vaccine dose was estimated at

0.92 (95% CI 0.72–0.99) using the observed vaccine cov-

erage in France for mandatory vaccination (diphtheria,

tetanus and poliomyelitis) [57]. We assumed that compli-

ance to the second vaccine dose was independent of any

prognostic factor.

2.2 Data Used to Support Risk Estimate

Baseline intussusception hospitalization rates for

infants\ 1 year were estimated using 80 intussusception

cases reported for eastern France in 2008 and 2009 by

Fotso Kamdem et al. [27], together with the birth cohort for

that region. We extrapolated this value to the birth cohort

of metropolitan France. The age-specific baseline intus-

susception hospitalization rates were determined by com-

bining data reported in two studies (Fotso Kamdem et al.

and Serayssol et al.) [27, 28] and are presented in Sup-

plementary Figure S4 (see the ESM). The intussusception

mortality rate in France was calculated by estimating the

number of intussusception deaths, identified in the Centre

d’épidémiologie sur les causes médicales de décès (CEPI-

DC) database [58] with the code K56.1 between 2000 and

2014 for infants\ 1 year, and dividing by the sum of birth

cohorts over the same period. The proportion of hospital-

ized infants with a fatal outcome was calculated by

dividing the estimated overall intussusception mortality

rate in France with the intussusception hospitalization rate.

We assumed that the probability of a fatal outcome fol-

lowing intussusception hospitalization applies irrespective

of the type and timing of hospitalization or the age of the

child.

The intussusception hospitalization rates due to vacci-

nation (i.e., the attributable risk) were calculated for each

of the two vaccine doses as the average intussusception

baseline hospitalization rate (calculated over the risk period

following vaccination) multiplied by the relative risk of

intussusception for each dose. The relative risk of intus-

susception following each dose was sourced from a meta-

analysis across several countries (USA, Australia, Mexico,

and Brazil) [30]; comparable relative risks were also

described in another meta-analysis [31]. The increase in the

number of intussusception hospitalizations after vaccina-

tion was calculated for a population of 105 vaccinees over a

risk window of 7 days post doses 1 and 2. Additionally, we

performed a sensitivity analysis on the risk window by

extending the risk period to 21 and 30 days post vaccina-

tion, and considering the same risk as for the 7-day

window.

2.3 Benefit Versus Risk Analysis

The hospitalization benefit–risk analysis was expressed as

the ratio of the reduction in the number of severe RVGE

hospitalizations attributable to vaccination over 3 or

5 years and the increase in the number of intussusception

hospitalizations (deaths) attributable to vaccination for a

risk window of 7 days following vaccination, relative to

the same cohort of 105 (106) vaccinees. Similarly, the death

benefit–risk comparison was expressed as a ratio of the

reduction in the number of RVGE deaths over 3 or 5 years

and the additional number of intussusception deaths

observed over a risk window of 7 days post vaccination.

The differences between benefits and risks were also esti-

mated and expressed as the difference between the reduc-

tion in number of RVGE hospitalizations (or deaths) and

the increase in number of intussusception hospitalizations

(or deaths).

2.4 Statistical Methods

Random distributions were assigned to the key model

parameters (Table 1) to implement up to 106 Monte-Carlo

simulations and generate an empirical distribution for the

ratio and difference of the benefit and risk estimates.

Parameters of random distributions were estimated to

match the 95% CI limits reported in publications, using

conjugate Bayesian distributions and least-squares meth-

ods. In the absence of CI limits, the maximum and mini-

mum values mentioned were used as 95% CI limits. Non-

linear regression techniques were applied to calculate the

RVGE and intussusception rates as a function of the age of

children. Functional forms of the curves are derived from

modifications of double-exponential models that appear to

fit well to similar data across various countries. The sen-

sitivity of the model for each input parameter was assessed

comparing the benefit–risk estimate derived by using mean

input values with the estimates derived by using the whole

range of plausible input values. The variations around the

mean benefit–risk estimates through simulations were

correlated to the percentiles of the distribution of the key

input parameters.

The CIs for the benefit–risk ratios were determined

using the 2.5 and 97.5% percentiles of the empirical dis-

tributions. The medians are presented in the main body of
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this paper, as they are robust centrality estimates, less

sensitive to extreme values or skewness of the distribution;

at most, half of the simulations provide results less than the

median value.

An outline of the benefit–risk model was explored in

Excel, and specifications were written prior to implemen-

tation of the simulations in SAS software (version 9.2).

3 Results

In the absence of a rotavirus vaccine program in France, we

estimated a median incidence of 15,059 (95% CI

12,100–18,476) RVGE hospitalizations and 10.13 (95% CI

4.64–19.46) RVGE deaths for an average French birth

cohort of 791,183 children followed from birth to 5 years

of age. Within the same cohort, we estimated an annual

number of 323 (95% CI 257–400) intussusception hospi-

talizations and 0.45 (95% CI 0.19–0.88) intussusception

deaths in infants below 1 year of age. All input parameters

for these estimates are reported in Table 1.

The results following vaccination with two doses of

Rotarix are given in Table 2. We estimate that vaccination

would prevent approximately 75% of all RVGE hospital-

izations and deaths in the total number of French children

below 5 years of age, leading to a reduction of 11,132

(95% CI 7842–14,408) hospitalizations and 7.43 (95% CI

3.27–14.68) deaths. We also estimated that vaccination

would cause 6.86 (95% CI 2.25–38.37) intussusception

hospitalizations and 0.0099 (95% CI 0.0024–0.060) intus-

susception deaths in one French birth cohort of infants

below 1 year of age. On average, one additional intussus-

ception death caused by vaccination would be observed

every 100 years if the birth cohort remains equal to

791,183 children.

The results of the probabilistic sensitivity analyses on

the reduction in number of RVGE hospitalizations and

deaths (benefit), the increase in number of intussusception

hospitalizations and deaths (risk) and a ratio between

benefit and risk, calculated for each simulation, areT
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cFig. 2 Two-dimensional plots of the overall reduction in the number

of RVGE hospitalizations (a, b) and deaths (c, d) over 3 (a, c) and
5 years (b, d) risk windows (x axis) and the increase in numbers of IS

hospitalizations (a, b) and deaths (c, d) post vaccination over two

7-day risk windows (y axis) for cohorts of 105 (hospitalization) and

106 (death) vaccinated French children. Each point represents the

joint calculations of benefits and risks under a specific scenario

selected at random from each of the random distributions of the input

parameters. The results presenting the highest frequencies across the

106 simulations are colored in red. The plots illustrate the dominance

of the hospitalization and death benefits in comparison to the

hospitalization and death risks under all scenarios. D1 dose 1, D2

dose 2, hosp. hospitalization, IS intussusception, RVGE rotavirus

gastroenteritis, sub. subjects
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presented in Fig. 2. The Rotarix benefit–risk ratio for

hospitalization is 1624 (95% CI 240–5243) for children

below 5 years of age (Table 2), with 100% of the plausible

values for the ratios, across all scenarios considered, being

greater than * 48. This means that for each intussuscep-

tion hospitalization caused, 1624 RVGE hospitalizations

would be prevented, on average, by vaccination. Similarly,

for each intussusception death caused, 743 (95% CI

93–3723) RVGE deaths would be prevented by vaccina-

tion, with 100% of the plausible values for the ratios,

across all scenarios considered, being greater than * 8.

Benefit–risk ratios in children below 3 years of age were

similar (Table 2), with all plausible ratios, across all sce-

narios, being greater than * 48 for RVGE hospitalizations

and greater than * 7 for RVGE deaths.

The sensitivity analyses summarized in tornado dia-

grams (Fig. 3) show the large influence of age at first dose

on the benefit–risk ratio for hospitalization. The benefit–

risk ratio deteriorates rapidly as the age at first dose gets

closer to 6 months. On the other hand, the benefit–risk ratio

increases greatly when the first dose is given very early (as

soon as 1 month). The other impact parameters have much

less influence on the benefit–risk ratio. The relative risk of

intussusception following the second vaccine dose is the

second most influential variable on the benefit–risk hospi-

talization ratio, but it has a much smaller influence than the

age at first vaccination (Fig. 3a). In analyses on the bene-

fit–risk death ratio, the fatality rates for intussusception and

RVGE are the parameters with the greatest impact after age

at first vaccination (Fig. 3b).

4 Discussion

The present analysis was carried out to compare numeri-

cally the clinical benefits and risks associated with Rotarix

vaccination in France. For a French birth cohort of 791,183

children vaccinated with two doses of Rotarix and followed

for 5 years, an estimated 11,132 from the 15,059 hospi-

talizations observed in this population would be prevented

(75% reduction), while causing a 6.9 excess of intussus-

ception hospitalizations (one in every 114,942 vaccinated

infants), which represents a 2% increase from the 323

annual baseline intussusception hospitalizations. Moreover,

in the same birth cohort, we estimated that 7.43 RVGE

deaths would be avoided in 5 years, while vaccination

could possibly cause 0.01 deaths (which also represents a

2% increase over the baseline intussusception deaths). This

analysis suggests that, on average, 1624 (95% CI

240–5243) RVGE-associated hospitalizations and 743

(95% CI 93–3723) RVGE-associated deaths would be

prevented for each intussusception hospitalization and

death caused, respectively.

Overall, our results are comparable to data from other

benefit–risk studies (Table 3) [32, 34, 43–45, 47]. Geo-

graphical differences in the epidemiology of RVGE and

intussusception and variations in the ranges of the model-

ing input values could explain the differences in the results

between the various studies. However, all the studies

published so far show that the benefits of vaccination

would greatly outweigh the risks. The benefit–risk ratio for

deaths in France is about twice that observed in Japan, but

due to its variability (95% CI 93–3723), this difference is

not significant. The benefit–risk ratio for hospitalizations is

in the same range as the ratios from Brazil or the USA.

Although the mean incidence of excess intussusception

estimated in our study is low, the benefit–risk ratio remains

favorable over the whole range of values (95% CI

0.0030–0.0754), which considers incidence of excess

intussusception values up to six times higher than the

median values.

RVGE can be a very serious condition, but in industri-

alized countries, improvements in hygiene and RVGE

management practices (particularly oral rehydration ther-

apy) have considerably reduced the burden of disease [59].

However, rotavirus transmission is difficult to control even

with good primary hygienic measures [60]. In France, the

probability of a fatal outcome following hospitalization for

RVGE is relatively low (67.5/105 hospitalizations) and

comparable with that of other European countries [8, 61].

Moreover, the RVGE probability of fatalities was shown to

decrease in France between 2000 and 2010, while the

number of hospitalizations was almost constant over the

same period [62]. Even if the RVGE mortality rate in

France decreased and reached a plateau in 2010, we think it

can be further decreased with vaccination. This reduction

would even be more visible for hospitalization related to

RVGE. Our analysis predicts a * 75% decrease in the

number of RVGE-related hospitalizations and deaths in

children vaccinated with two doses of Rotarix.

Intussusception is the most frequent cause of acute

intestinal obstruction among young children, regardless of

exposure to rotavirus vaccines. Peak incidences occur in

infants between 4 and 7 months of age [25, 26]. When

treated early, intussusception has a good outcome and is

rarely fatal. In France, both the yearly hospitalization rate

(41/105 infants) and the case fatality ratio (139/105 hospi-

talizations) of intussusception are low. However, case

fatality ratios for intussusception cases that are not hospi-

talized may be much higher. Moreover, a very recent study

reported a trend towards decreasing intussusception inci-

dence between 2009 and 2012 in France [26], but the

authors could not identify a plausible explanation and

suggested this might just be a natural variation in the rate

of intussusception. Even though the French setting did

provide two cases of deaths temporally related to
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Fig. 3 Sensitivity analysis

assessing the impact of the

variability of model parameters

on the BR ratio for

hospitalization (a) and death

(b) in children 0–3 years of age.

The tornado diagrams show on

the x axis the variations of the

BR ratio around its mean value

because of variations of the

main input parameters. The

vertical line on the left part of

the diagrams represents a BR

ratio equal to 1. The left and

right limits of each horizontal

bar indicate the change in BR

ratio calculated for the 1 and

99% percentile values of the

input parameter mentioned.

Other symbols indicate the BR

variations expected for those

percentiles of the input

parameter. BR benefit–risk, D1

dose 1, D2 dose 2, IS

intussusception, Max

Maximum, Min Minimum, Q1

first quartile, Q3 third quartile,

RR relative risk, RVGE

rotavirus gastroenteritis, VE

vaccine efficacy
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intussusception since rotavirus vaccines were introduced,

our analysis predicts a very low excess number of intus-

susception cases post vaccination: 6.9 hospitalizations and

0.01 deaths in the entire French birth cohort. We estimated

the annual baseline incidence of intussusception death to be

0.45 in France between 2000 and 2014, and we did not

observe an increase over this period in the CEPI-DC

database [58]. Furthermore, the small risk of a fatal out-

come following intussusception could be further decreased

by appropriately informing the relevant health staff about

the small increased risk of intussusception mostly during

the 7 days after rotavirus vaccination, when rotavirus

vaccines carry an increased risk of intussusception. There

is limited evidence of a smaller increased risk following the

second vaccine dose. Additionally, parents and caregivers

should be adequately counseled to monitor the signs of

intussusception and to seek immediate medical evaluation

and treatment, which is key for intussusception manage-

ment; not following these guidelines is probably one of the

explanations for the two French death cases [39, 41].

The results of our sensitivity analyses regarding the

influence of input parameters on the benefit–risk ratios are

comparable to those previously described for Japan [47].

For the benefit–risk ratios, the most influential parameters

are the ones that affect the risks (excess intussusception).

Our results show that the benefit–risk hospitalization and

deaths ratios would improve by 5000 and 3000 units,

respectively, if the age at first vaccination decreased from

its median value of 2.2 months. On the contrary, the ben-

efit–risk ratio deteriorates rapidly as the age at first dose

gets closer to 6 months.

We did not consider the risk of intussusception beyond

the 7-day post-vaccination period since our analysis is

based on relative risk estimates from a recent meta-analysis

that only considered the risks over the 7-day period post

vaccination [30], as was also the case in the other meta-

analysis [31], mainly because of heterogeneity in the def-

inition of other risk periods among various studies [30, 31].

Some studies have shown a small increased risk outside the

7-day post-vaccination window. In Mexico, an increased

risk of intussusception by a factor of 2 was estimated

during the 8- to 21-day period post dose 2 of Rotarix [32];

and in Australia, the relative incidence of intussusception

was estimated to be three times higher during the 8- to

21-day period post dose 1 of Rotarix [34]. However, the

benefit–risk ratios in France that resulted from the sensi-

tivity analysis performed for 21 and 30 days post vacci-

nation remained favorable, showing that an extended risk

window does not alter the overall outcome of our assess-

ment (see the ESM, Supplementary Table S1).

We only focused on the direct reduction of RVGE

hospitalizations and deaths and did not take into consid-

eration the induced herd protection and the possible impact

of vaccination on nosocomial rotavirus infections, which

could increase the benefit of vaccination. A recent study in

Belgium (RotaBIS) [63] has shown that vaccination against

Table 3 Benefit–risk estimates in other regions of the world based on one vaccinated birth cohort followed to 5 years of age

Region Birth cohort Event Prevented RVGE Caused IS BR ratio (RVGE/IS) Reference

Brazil 3,068,249 Hospitalizations

Deaths

69,572

640

55

3

1265a

213a
[32]

Mexico 2,414,329 Hospitalizations

Deaths

11,551

663

41

2

282a

331a
[32]

Australia 290,446 Hospitalizations

Deaths

6528

NR

14

NR

466a

NR

[34]

USA 4,261,494 Hospitalizations

Deaths

53,444

14

45

0.2

1093

71

[44]

Latin America 9,588,000 Hospitalizations

Deaths

144,746

4124

172

10

841

395

[43]

England 656,457 Hospitalizations

Deaths

13,276

2.86

35

0.03

375

88

[45]

Japan 1,018,400 Hospitalizations

Deaths

17,925b

6.3b
50b

0.017b
350b

366b
[47]

France 791,183 Hospitalizations

Deaths

11,132b

7.43b
6.86b

0.0099b
1624b

743b
This study

BR benefit–risk, IS intussusception, NR not reported, RVGE rotavirus gastroenteritis
aCalculated using the data from the original publications
bMedian values
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rotavirus reduced the nosocomial infections by 85%

between 2005 and 2012 and decreased the duration of

hospital stays by 2 days, on average, per rotavirus event;

the vaccine also induced herd protection across the dif-

ferent unvaccinated age-groups [10].

There are several limitations to this analysis: (1) there

were no data in France to ascertain vaccine effectiveness

and safety (these were nevertheless derived from valid

sources and similar settings); (2) we did not attempt to

compare the clinical severity or complications of RVGE

and intussusception hospitalizations; (3) all RVGE or

intussusception deaths are assumed to occur following

hospitalization, and therefore, the reduction in RVGE

hospitalizations through vaccination applies similarly to

the reduction in RVGE deaths; (4) no uncertainty was

propagated on the parameters of the curves used to

described the age-specific RVGE or intussusception rates.

The uncertainty was only propagated from the overall

baseline rates. In contrast, some variability in the timing of

the peak incidence rate was observed in the RVGE rate

between Fourquet et al. and Huet et al. [12, 50], but was

limited to a 1-month difference. Some of that variability

may be due to the experimental conditions of those two

studies.

5 Conclusion

This benefit–risk analysis is a tool that may help compare

the benefits and risks of rotavirus vaccination in the French

setting. Our modeling confirmed that the benefit–risk bal-

ance for Rotarix is favorable in France in the sense that the

numbers of vaccine-prevented RVGE hospitalizations and

deaths outweigh those potentially caused by intussuscep-

tion, and therefore, vaccination should be considered a

useful intervention for prevention.
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Epistudy. Bull Epidémiol Hebd. 2012;10–11:138–43.

28. Serayssol C, Abbo O, Mouttalib S, Claudet I, Labarre D, Galinier

P, et al. Seasonal pattern of intussusceptions in infants and

children: is fall/winter predominance still worth consideration? A

10-year retrospective epidemiological study. Arch Pediatr.

2014;21(5):476–82.

29. Rha B, Tate JE, Weintraub E, Haber P, Yen C, Patel M, et al.

Intussusception following rotavirus vaccination: an updated

review of the available evidence. Expert Rev Vaccines.

2014;13(11):1339–48.

30. Rosillon D, Buyse H, Friedland LR, Ng SP, Velazquez FR,

Breuer T. Risk of intussusception after rotavirus vaccination:

meta-analysis of postlicensure studies. Pediatr Infect Dis J.

2015;34(7):763–8.

31. Dong R, Yang Y-F, Chen G, Shen Z, Zheng S. Risk of intus-

susception after rotavirus vaccination: a meta-analysis. Int J Clin

Exp Med. 2016;9(2):1306–13.

32. Patel MM, Lopez-Collada VR, Bulhoes MM, De Oliveira LH,

Bautista Marquez A, Flannery B, et al. Intussusception risk and

health benefits of rotavirus vaccination in Mexico and Brazil.

N Engl J Med. 2011;364(24):2283–92.

33. Velazquez FR, Colindres RE, Grajales C, Hernandez MT, Mer-

cadillo MG, Torres FJ, et al. Postmarketing surveillance of

intussusception following mass introduction of the attenuated

human rotavirus vaccine in Mexico. Pediatr Infect Dis J.

2012;31(7):736–44.

34. Carlin JB, Macartney KK, Lee KJ, Quinn HE, Buttery J, Lopert

R, et al. Intussusception risk and disease prevention associated

with rotavirus vaccines in Australia’s national immunization

program. Clin Infect Dis. 2013;57(10):1427–34.

35. Weintraub ES, Baggs J, Duffy J, Vellozzi C, Belongia EA, Irving

S, et al. Risk of intussusception after monovalent rotavirus vac-

cination. N Engl J Med. 2014;370(6):513–9.

36. Yih WK, Lieu TA, Kulldorff M, Martin D, McMahill-Walraven

CN, Platt R, et al. Intussusception risk after rotavirus vaccination

in U.S. infants. N Engl J Med. 2014;370(6):503–12.

37. Avis du Conseil Supérieur d’Hygiène Publique de France; Sec-

tion Maladies Transmissibles; Relatif à la vaccination anti-ro-
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29 November 2013. http://www.hcsp.fr/explore.cgi/

avisrapportsdomaine?clefr=404. Accessed 12 Aug 2016.

63. Standaert B, Strens D, Li X, Schecroun N, Raes M. The sustained

rotavirus vaccination impact on nosocomial infection, duration of

hospital stay, and age: the RotaBIS study (2005–2012). Infect Dis

Ther. 2016;5(4):509–24.

152 E. Ledent et al.

https://www.insee.fr/en/statistiques/serie/000436391
http://social-sante.gouv.fr/IMG/pdf/rapport_sur_la_politique_vaccinale_janvier_2016_.pdf
http://social-sante.gouv.fr/IMG/pdf/rapport_sur_la_politique_vaccinale_janvier_2016_.pdf
http://www.cepidc.inserm.fr/inserm/html/index2.htm
http://www.cepidc.inserm.fr/inserm/html/index2.htm
http://www.hcsp.fr/explore.cgi/avisrapportsdomaine?clefr=404
http://www.hcsp.fr/explore.cgi/avisrapportsdomaine?clefr=404

	Benefit Versus Risk Assessment of Rotavirus Vaccination in France: A Simulation and Modeling Analysis
	Abstract
	Introduction
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Data Used to Support Benefit Estimate
	Data Used to Support Risk Estimate
	Benefit Versus Risk Analysis
	Statistical Methods

	Results
	Discussion
	Conclusion
	Acknowledgements
	Author Contributions
	References




