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Summary

Since licensure in 2006, rotavirus vaccines have been introduced in >100 countries. Given variable
efficacy by child mortality, assessing real-world effectiveness in a range of settings is important.
Observational, post-licensure studies with laboratory-confirmed rotavirus as the endpoint
published from 2006-2019 were included. In addition to vaccine product-specific results, we
examined mixed series and non-product specific vaccine effectiveness (VE) estimates. We fit
random effects regression models to estimate VE among children <12 and 12-23 months old and
summarized overall VE using medians. We identified 1,703 articles and included 60 from 32
countries. There were 31, 8, and 21 articles in the low, medium, and high child mortality strata,
respectively. Rotarix VE against laboratory confirmed rotavirus among children <12 months old
was 86% (95%Cl: 81, 90), 77% (95%CI: 66, 85), and 63% (95%CI: 54, 70) in the low, medium,
and high mortality strata, respectively. VE among children 12-23 months ranged from 87-54%.
RotaTeq VE among children <12 months old was 86% (95%Cl: 76, 92) and 66% (95%CI: 51, 76)
in the low and high strata, respectively. RotaTeq VE was 84% (95%ClI: 79, 89) among children
12-23 months in the low stratum. There was no substantial heterogeneity (12 range: 0-36%).
Median VEs in the low stratum were similar between Rotarix (83%; IQR: 78, 91), RotaTeq (85%;
IQR: 81, 92), mixed series (86%; IQR: 70, 91), and non-product specific (89%; IQR: 75, 91).
Rotavirus vaccines were effective in preventing rotavirus diarrhea, with a gradient in performance
by child mortality.
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Introduction

Rotavirus is the leading cause of pediatric diarrhea deaths worldwide 1. In 2009, the World
Health Organization (WHO) recommended all countries include a live oral rotavirus vaccine
in their routine infant immunization programs and more than 100 countries have introduced
rotavirus vaccines to date 23, Countries using rotavirus vaccine have seen a 40% decrease in
the proportion of hospital admissions due to rotavirus among children <5 years old and
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globally there has been a 25% decrease in annual rotavirus diarrhea deaths 14>, However,
the magnitude of these reductions varies by socioeconomic status. Clinical trials and
previous summaries of the published data have documented a gradient in Rotarix
(GlaxoSmithKline Biologicals, Rixensart, Belgium) and RotaTeq (Merck & Co., West Point,
PA, USA) vaccine performance by countries’ child mortality level, with high efficacy and
effectiveness in settings with low child mortality and more modest performance in settings
with high child mortality 6-13,

Given the variable efficacy and impact of rotavirus vaccines in different child mortality
levels, examining post-licensure effectiveness in a range of settings is important. This review
of the published literature summarizes real-world effectiveness of rotavirus vaccines against
rotavirus hospitalizations among children <5 years old and is an update of an earlier review
6. Since that previous compilation of rotavirus vaccine effectiveness data published in 2017,
>20 countries have introduced a rotavirus vaccine and 17 additional articles estimating
vaccine effectiveness have been published. In particular, there are 7 new publications from
countries with high child mortality, where performance of rotavirus vaccines has been most
variable. This review also presents summary vaccine effectiveness (VE) estimates by age
group and relative differences in VE between complete number of doses received and partial
series.

Search and inclusion criteria

For this literature review and meta-analysis, we searched PubMed using the terms
“rotavirus” and “vacc*” and “eff*” for articles published January 1, 2006 to December 31,
2019 in countries where Rotarix or RotaTeq are routinely administered. Other rotavirus
vaccines were excluded because of a lack of available post-licensure data. The review
process is described in detail in Figure 1. Original data from observational, post-licensure
studies published in English were included in this analysis. Articles that did not have a
healthcare system contact (inpatient, emergency department (ED) or outpatient visit) due to
laboratory confirmed rotavirus diarrhea as their endpoint, used an alternative design (i.e.
“screening method™), or only reported “any dose” estimates were excluded. In addition to
articles with results for one vaccine product, we included articles that reported 3-dose
Rotarix and RotaTeq mixed series and non-product specific VE estimates from countries
where Rotarix and RotaTeq are both available. If more than one article presented results
from the same dataset, all articles that included unique datapoints by years, vaccine, age
group, or number of doses were included. In situations where findings in one article were a
subset of findings from another article (e.g. years of enroliment or study sites) only the most
comprehensive article was included. Some articles presented stratified VE estimates for
multiple clinical setting endpoints or from multiple control groups. We included one VE
from an article per analysis; inpatient and ED cases and rotavirus negative controls were
prioritized as these were the most common and optimized sample size.

We abstracted overall VE; stratified VE estimates by age group and number of doses;
attributes of the studies, such as study setting, control group, enrollment criteria, and sample
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size; and quality measures, such as vaccination card capture and stool collection rate, into an
Epilnfo database.

Analytic methods

Results

Descriptive statistics and percentages were calculated for the article attributes. Countries
were categorized into 3 strata, based on their 2017 <5 year old mortality estimates from
Unicef: lowest quartile (“low”); 2" quartile (“medium”); and the 3" and 4™ quartiles
(“high”); Taiwan and Hong Kong were categorized as low mortality based on governmental
data 1415, All analyses are stratified by these child mortality categories. We fit random
effects regression models to estimate the odds ratio of a hospitalization due to laboratory-
confirmed rotavirus positive diarrhea of Rotarix and RotaTeq among children <12 months
old and 12-23 months old; VE was calculated from the OR with the formula (1 - OR) * 100.
Heterogeneity was assessed with the Q and 12 statistics. Setting and control group were
considered as potential covariates for meta-regression analyses. Additionally, we calculated
medians and interquartile ranges (IQR) to summarize the overall VE by vaccine (Rotarix,
RotaTeq, mixed series, and non-product specific) and relative differences in VE between the
full number of recommended doses in a vaccination series and partial vaccination. We
defined partially complete vaccination series as 1 dose of either Rotarix or RotaTeq or 2
doses of RotaTeq and compared with the VE of the manufacturers’ recommended 2 doses of
Rotarix and 3 doses of RotaTeq 816, Publication bias was assessed using funnel plots of the
standard error, sampling variance, and the inverse of the standard error and sampling
variance. Analyses were performed with SAS v9.4 and R v3.6.1 using the metafor package
17 There was no external funding for this study.

For this literature review, we identified and screened 1,703 articles; 1,586 were not relevant
to the research question based on title and were excluded (Figure 1). Abstracts were
reviewed for the remaining 117 articles. Ninety articles were read in full; an additional 24
were excluded because they did not meet our methodological inclusion criteria and 6
presented findings from datasets duplicated by other articles. In total, 60 articles were
included from 32 countries; countries represented and corresponding child mortality strata
are presented in Figure 2. There were 31 articles from low mortality stratum countries, 8
from the medium stratum, and 21 from the high stratum (Table 1). No publication bias was
detected (data not shown).

The median year of publication was 2016 (IQR: 2013, 2017), ranging by child mortality
strata from 2014 in the medium stratum to 2016 in the high stratum (Table 1). Most articles
presented Rotarix and/or RotaTeg-specific VE estimates, however 14 articles (23%)
presented non-product specific results and 3 (5%) presented results for a mixed series. There
was variation by mortality strata in the case enrollment setting. The majority of articles in all
mortality strata used rotavirus-negative controls (80% overall).

In studies of Rotarix, the median overall VE against laboratory confirmed rotavirus diarrhea
in any <5 year old age group was 83% (IQR: 78, 91) in low mortality stratum countries,
67% (IQR: 46, 75) in medium mortality stratum countries, and 58% (IQR: 55, 63) in high
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mortality stratum countries (Figure 3). In studies of RotaTeq, the median overall VE was
85% (IQR: 81, 92) in low mortality stratum countries and 45% (IQR: 44, 57) in high
mortality stratum countries. The median overall VE was similar between Rotarix, RotaTeq,
mixed series (86%; IQR: 70, 91), and non-product specific (89%; IQR: 75, 91) in low
mortality stratum countries.

In low mortality stratum countries using Rotarix vaccine, the summary VE against
laboratory confirmed rotavirus diarrhea estimated by the random effects model was 86%
(95%Cl: 81, 90) from 6 studies of children <12 months old and 87% (95%CI: 80, 91) from 4
studies of children 12-23 months old (Table 2a). In medium mortality stratum countries, the
summary VE was 77% (95%Cl: 66, 85) from 6 studies of children <12 months old and 54%
(95%CI: 23, 73) from 2 studies of children 12-23 months old. In high mortality stratum
countries, the summary VE was 63% (95%CI: 54, 70) from 10 studies of children <12
months old and 58% (95%CI: 38, 72) from 5 studies of children 12-23 months old. In low
mortality stratum countries using RotaTeq vaccine, the summary VE estimated by the
random effects model was 86% (95%CI: 76, 92) from 7 studies of children <12 months old
and 84% (95%Cl: 79, 89) from 8 studies of children 12-23 months old (Table 2b). In high
mortality stratum countries, the summary VE was 66% (95%CI: 51, 76) from 4 studies of
children <12 months old. There was not substantial heterogeneity in any of the random
effects models (12 range: 0-36%); case patient enrollment setting and control group did not
explain the remaining heterogeneity.

The median relative difference between the VE against laboratory confirmed rotavirus
diarrhea for 1 dose of RotaTeq and 3 doses of RotaTeq was 17% (IQR: 15, 33) and 2%
(IQR: -3, 8) between 2 and 3 doses in the low mortality strata (Figure 4). The median
relative difference between the VE against laboratory confirmed rotavirus diarrhea for 1 and
2 doses of Rotarix was 10% (IQR: -1, 15) in the low morality strata, 24% (IQR: 20, 28) in
the medium mortality strata, and 30% (IQR: 13, 42) in the high mortality strata.

Discussion

In this review of 60 articles evaluating rotavirus vaccine effectiveness under conditions of
routine use from 32 countries across a range of child mortality levels, we found Rotarix and
RotaTeq are both effective in preventing laboratory confirmed rotavirus diarrhea. Similar to
previous assessments of rotavirus vaccine efficacy, effectiveness, and impact 613, we found
a gradient in vaccine performance with higher effectiveness in settings with lower child
mortality. This gradient was consistent when stratified by age group and in the overall
analysis, where the age distribution of cases and controls is unknown. Reasons for difference
in performance between mortality strata are unknown, however concomitant administration
with live oral polio vaccine, nutritional status, microbiome composition, and maternal
antibodies have been suggested as possible explanations for the performance gradient and
offer potential strategies to improve modest vaccine performance 8.

Previous evaluations have also suggested a decline in VE between the first and second years
of life, particularly in countries with medium and high child mortality 67-13.19_ point
estimates from our findings may indicate lower protection against rotavirus hospitalizations
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among children 12-23 months old compared with those <12 months old in the medium and
high mortality strata, however the existing data are sparse in the older age group and
confidence intervals are wide. There does not appear to be a difference in VE between these
2 age groups in the low mortality stratum. The reduced effectiveness in the second year
might represent a true waning of vaccine induced protective immunity over time. Evidence
from 2 randomized control trials conducted in Bangladesh and Mali demonstrated a booster
dose of Rotarix at 9 months of age increased the immune response 2021, Alternatively,
immunity from natural infection in unvaccinated children and vaccine-induced immunity
may converge, lowering the calculated VE against severe rotavirus diarrhea in medium and
high mortality settings, even though protection from vaccination is retained in the second
year of life 22,

The VE against laboratory confirmed rotavirus diarrhea for a completed series was higher
than the VE with 1 dose of Rotarix or RotaTeq. Comparing 1 and 2 doses of Rotarix, the
median relative difference increased from the low mortality strata to the medium and high
mortality stratum; that is, the relative increase in protection with a second dose is inverse to
the gradient in overall vaccine performance. With lower overall VE, there is more room for
boosting in these settings and a relative increase would be higher with a lower baseline VE,
even if the absolute increases are equal. Nonetheless, this finding supports the importance of
timely and complete vaccination, particularly in countries where the burden of rotavirus
hospitalizations is highest in very young infants and in countries with medium and high
child mortality. There was also a positive relative difference between 1 and 3 doses of
RotaTeq in the low mortality stratum. As would be expected, the boost in protection from 1
to 3 doses was greater than 2 to 3 doses of RotaTeq. Data for a partial series of RotaTeq in
the other mortality strata are limited.

Complete vaccination, either with a single vaccine product or with a mixed vaccine series, in
the low mortality stratum demonstrated similar VE estimates. Protection against rotavirus
diarrhea provided by mixed vaccine series, and attendant guidance for policymakers and
vaccinators, is increasingly relevant as two new Indian-made oral rotavirus vaccines, Rotasiil
and ROTAVAC, are being widely used in India and have recently been pre-qualified for
global use. Countries that use multiple vaccine products concurrently, or switch from
Rotarix or RotaTeq to one of the Indian-made vaccines, desire data on the effectiveness of
mixed vaccination series that may be administered in such situations 2324, Furthermore, as
these situations are now arising regularly in medium and high mortality settings, future
evaluations should include mixed series VE estimates where possible as such data are still
sparse at the global level.

This literature review and meta-analysis have several limitations. Evidence from countries in
the medium mortality strata is limited, as countries in that category often do not qualify for
Gavi financial support and have lagged behind low and high mortality strata countries in
adopting rotavirus vaccines. Second, new data on VE by Vesikari score is insufficient to
update the analysis of VE by severity in the previous iteration. Finally, we did not assess the
quality of individual studies. Only 58% of articles reported the percentage of enrolled
children who had a vaccine card or other documentation of their vaccination status reviewed
and we are unable to comment on the percentage of eligible children in each study who
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provided a stool specimen because of inconsistencies in measurement and reporting. These
data were inadequate to assess bias within studies.

In summary, we found both Rotarix and RotaTeq are effective in preventing hospitalizations
due to rotavirus diarrhea. Like previous assessments, these results showed a gradient in VE
between child mortality strata and between the first and second years of life, particularly in
medium and high mortality settings. These results also showed mixed series protection was
similar to that provided by a single vaccine product. As countries globally begin adopting
the newly pre-qualified Indian-made rotavirus vaccines, evaluating their effectiveness in
routine programmatic use is a high priority as available evidence is limited to relatively
small clinical trials primarily conducted in India.
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Panel: Research in context
Evidence before this study

Live, oral rotavirus vaccines are effective in preventing hospitalizations due to rotavirus
diarrhea in infants and young children globally. Clinical trial and observation studies of
rotavirus vaccine performance have documented a gradient in efficacy, effectiveness, and
impact by countries’ child mortality rates.

Added value of this study

This study updates an earlier literature review and meta-analysis of worldwide rotavirus
vaccine performance with 17 new articles. It also includes summaries of new data points,
such as mixed vaccine product series effectiveness.

Implications of all the available evidence

Full series vaccination with rotavirus vaccines is effective in preventing laboratory
confirmed rotavirus diarrhea globally.
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1,703 records identified

 —

630 Programmatic, cost, and burden assessments
403 Notrelevant to research question

311 Pre-licensure and other rotavirus vaccines
167 Other endpoints and safety

75 Models and meta-analyses

117 abstracts reviewed

—_

18 No vaccine effectiveness estimate

5 Estimate pooled from multiple datasets or modeled
3 No general infant population

1 No full text available

90 reporting vaccine effectiveness

‘V’

7 No laboratory testing for rotavirus

7 Alternative VE calculation (i.e. screening method)
6 All cause AGE as outcome

6 Duplicate database

2 Genotype-specific VE only

2 Any dose VE only

60 articles from 32 countries

Figure 1.

Literature review results and inclusion criteria.
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Figure 2.
Countries (n=32) with available VE data using different rotavirus vaccine products by

different mortality levels, 2006-2019
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Median and interquartile range of published rotavirus vaccine effectiveness estimates against
laboratory confirmed rotavirus by vaccine type and child mortality strata.
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Figure 4.

Relative difference between partial series and full series VE against laboratory confirmed
rotavirus by number of doses, vaccine product, and child mortality strata.
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