
Articles
Systematic review of the effect of additional doses of
oral rotavirus vaccine on immunogenicity and
reduction in diarrhoeal disease among young children
Bianca F. Middleton,a* Parveen Fathima,b Thomas L. Snelling,b and Peter Morris c

aGlobal and Tropical Health Division, Menzies School of Health Research, Charles Darwin University, Darwin, Northern Terri-
tory, Australia
bHealth and Clinical Analytics, School of Public Health, University of Sydney, New South Wales, Australia
cChild Health Division, Menzies School of Health Research, Charles Darwin University, Darwin, Northern Territory, Australia
eClinicalMedicine
2022;54: 101687
Published online xxx
https://doi.org/10.1016/j.
eclinm.2022.101687
Summary
Background Oral rotavirus vaccines have lower effectiveness in high child mortality settings. We evaluated the
impact of additional dose(s) schedules of rotavirus vaccine on vaccine immunogenicity and reduction in episodes of
gastroenteritis.

Methods We searched Medline (via PubMed), Cochrane databases and ClinicalTrials.gov for randomised controlled
trials from 1973 to February 2022, evaluating the immunological and clinical impact of additional dose vs standard
dose oral rotavirus vaccine schedules. We extracted immunogenicity − proportion of children with evidence of anti-
rotavirus IgA seroresponse, and clinical − proportion of children with at least one episode of severe rotavirus gastro-
enteritis, outcome data and used random effects meta-analysis where appropriate. We assessed the methodological
quality of the studies using the Cochrane risk of bias tool. The study protocol was registered in PROSPERO
(CRD42021261058).

Findings We screened 536 items and included 7 clinical trials. Our results suggest moderate to high level evidence
that an additional dose rotavirus vaccine schedule improves IgA vaccine immune response, including additional
doses administered as a booster dose schedule >6 months old; IgA vaccine seroresponse 74¢3% additional dose
schedule vs 56¢1% standard dose schedule RR 1¢3 (95%CI, 1¢15 − 1¢48), and when administered to children who
were seronegative at baseline; IgA vaccine seroresponse 48.2% additional dose schedule vs 29.6% standard dose
schedule RR 1.86 (95%CI 1.27 to 2.72). Only one study evaluated reduction in gastroenteritis episodes and found lit-
tle benefit in first year of life, 1¢8% vs 2¢0% RR 0¢88 (95% CI, 0¢52 to 1¢48), or second year of life, 1¢7% vs 2¢9% RR
0¢62 (95%CI, 0¢31 − 1¢23).

Interpretation Administering an additional dose of oral rotavirus vaccines is likely to result in an improved vaccine
immune response, including when administered as a booster dose to older children. Evidence of an impact on diar-
rhoeal disease is needed before additional dose rotavirus vaccine schedules can be recommended as vaccine policy.
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Introduction
Rotavirus remains a leading cause of diarrhoea-related
morbidity and mortality in young children worldwide.1

Oral rotavirus vaccines have resulted in a significant
reduction in the global burden of rotavirus disease.
However, the effectiveness has varied across settings
with high effectiveness observed in countries with low
child mortality, and more modest effectiveness observed
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Research in context

Evidence before this study

Oral rotavirus vaccines have been responsible for a sig-
nificant reduction in the global burden of rotavirus gas-
troenteritis. However, vaccine effectiveness has varied
across settings. A recent systematic review reported
vaccine efficacy in Asia and Africa to be just 48 to 57%
in the first year following vaccination, and 29% to 54%
in the second year. Two previous reviews have evalu-
ated the immunological and clinical impact of schedul-
ing an additional dose of oral rotavirus vaccine. Both
reviews evaluated schedules where the additional dose
of oral rotavirus vaccine was administered early as part
of an extended primary course (6, 10, 14 wks vs either 6,
10 wks or 10, 14 wks) and reported weak evidence that
an ’additional dose’ schedule resulted in higher rates of
vaccine seroconversion. We searched Medline (via
Pubmed), Cochrane Central Register of Controlled Trials
(CENTRAL), Cochrane Central & Infectious Disease Group
Specialised Register, Cochrane Database of Systematic
Reviews and ClincialTrials.gov covering the period from
1973 until February 2022, using the MESH terms ‘rotavi-
rus’ and ‘rotavirus vaccines’. We identified nine articles,
reporting seven randomised clinical trials, that com-
pared an additional dose oral rotavirus vaccine schedule
with a standard dose schedule. All seven clinical trials
compared the proportion of children with evidence of
anti-rotavirus IgA seroresponse following the additional
dose vs standard dose schedule. Only one clinical trial
evaluated reduction in the number of episodes of
severe rotavirus gastroenteritis.

Added value of this study

Our review is the first to include data from studies
where the additional dose of oral rotavirus vaccine was
administered as a ‘booster dose’ in the second six
months of life. Our evaluation of 7 clinical trials involv-
ing over 4000 children < 2 years old, suggests that an
additional dose of oral rotavirus vaccine improves vac-
cine seroresponse compared to a standard rotavirus
schedule. An improved vaccine seroresonse was
observed when the additional rotavirus vaccine dose
was administered as a booster dose in the second six
months of life (vaccine seroresponse in an additional
168 children per 1000 vaccinated compared to the stan-
dard schedule; 95%CI 84 to 269), and among infants
who were seronegative at baseline (vaccine serores-
ponse in an additional 255 per 1000 vaccinated children
compared to the standard schedule; 95%CI 81 to 510).
Only one clinical trial evaluated the impact of an addi-
tional dose schedule on reduction in episodes of severe
rotavirus gastroenteritis and found little evidence of
benefit from an additional dose schedule in either the
first or second year of life.

Implications of all the available evidence

It is important to find pragmatic strategies to improve
the impact of rotavirus vaccines in settings where the

burden of rotavirus remains unacceptably high. Admin-
istering an additional dose of oral rotavirus vaccines is
likely to result in an improved vaccine immune
response, including when administered as a booster
dose to older children. However, evidence of an impact
diarrhoeal disease is needed before additional dose
rotavirus vaccine schedules can be recommended as
vaccine policy

Articles

2

in countries with high mortality.2 A recent systematic
review of the performance of four oral rotavirus vaccines
in high child mortality settings in Asia and Africa
reported that vaccine efficacy was only 48 to 57% in the
first year following vaccination and 29% to 54% in the
second year.1

The reasons for the lower effectiveness of oral rotavi-
rus vaccines in high mortality settings are not well
understood, but are likely to include high force of infec-
tion and factors believed to impair immunogenicity
including high levels of maternal-derived vaccine-neu-
tralising antibodies, intestinal microbiota dysbiosis/
environmental enteropathy, high prevalence of comor-
bid infections, poor nutrition, virus strain heterogeneity,
and prevalent genetic determinants of vaccine
responses or susceptibility to different rotavirus geno-
types.3 Delayed or incomplete schedule adherence are
exacerbated by age restrictions which are unique to rota-
virus vaccines and these may also negatively impact on
the vaccine programme. An earlier tetravalent rhesus-
human rotavirus vaccine was associated with an
increased risk of intussusception, with the highest
attributable risk observed among infants >3 months
old.4 As a result, manufacturers of the new generation
oral rotavirus vaccines have recommended upper age
limits for administration, which reduce the opportunity
to catch up missed vaccines in later infancy.

There is a strong global health imperative to find
effective and practical strategies to further reduce deaths
and morbidity from severe rotavirus disease among
young children. We hypothesise that administering
additional dose(s) of oral rotavirus vaccine, either as an
extended primary course or as a booster dose adminis-
tered after the current recommended upper age limits
of vaccine administration, may lead to improved
immune responses and improved clinical protection
against severe rotavirus gastroenteritis.

This review aims to address whether administering
an additional dose of oral rotavirus vaccine improves
the immune response to the vaccine and whether it
reduces the risk of diarrhoeal disease among children
<5 years old, compared to a routine rotavirus vaccine
schedule. Where possible, we aimed to assess the effect
of additional doses of rotavirus vaccine on safety out-
comes, including intussusception.
www.thelancet.com Vol 54 December, 2022
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Methods
We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) guidelines
for this review. The protocol is available at www.crd.
york.ac.uk/PROSPERO, CRD42021261058.
PICO − population, intervention, comparison,
outcome
Our primary objective was to compare the effect of an
extended schedule of oral rotavirus vaccine products on
immunogenicity and/or reduction in diarrhoeal disease
among children <5 years old, compared to a routine
schedule.

A routine or ‘standard dose schedule’ was defined as
two doses of Rotarix vaccine (GlaxoSmithKline), or three
doses of RotaTeq vaccine (Merck), Rotasiil vaccine
(Serum Institute of India) or Rotavac vaccine (Bharat
Biotech). The comparator, an extended or ‘additional
dose schedule’, was defined as more than two doses of
Rotarix vaccine or more than three doses of RotaTeq,
Rotasill or Rotavac vaccine. Where individual studies
compared more than one standard schedule as per the
above definition − typically Rotarix at 6, 10 and 14 wks
vs at 6 and 10 wks or at 10 and 14 wks, the Rotarix 6
and 10wks schedule was selected as the standard sched-
ule as this is consistent with the recommended age of
oral rotavirus vaccine administration in the WHO
Expanded Programme on Immunization.

The primary immunogenicity outcome was mea-
sured as the absolute difference in proportion of chil-
dren with evidence of anti-rotavirus IgA seroresponse
following all doses in the additional dose versus stan-
dard dose schedule. Seroresponse was defined as anti-
rotavirus IgA ≥ 20IU/ml. To be consistent, where stud-
ies reported both seroresponse (IgA ≥ 20 IU/ml) and
seroconversion (from pre-vaccine IgA < 20 IU/ml to
post-vaccine IgA ≥ 20 IU/ml), seroresponse was
selected as the primary outcome. Where studies
reported seroresponse data at multiple time points,
seroresponse approximately four weeks following the
last administered dose of rotavirus vaccine/ placebo was
selected as the primary outcome.

The primary clinical outcome was measured as
reduction in diarrhoeal disease; difference in the pro-
portion of children having one or more episodes of
severe rotavirus gastroenteritis (severe RVGE) for chil-
dren receiving an additional dose vs standard dose
schedule. This was assessed for the time periods up to
one year, two years and five years old. Severe gastroen-
teritis was defined as episodes of gastroenteritis requir-
ing hospitalisation or episodes with a high Vesikari
score − a validated assessment tool rating severity and
duration of clinical symptoms including diarrhoea,
vomiting, fever, dehydration, and clinical treatment
required, where a score ≥ 11/20 has been considered to
reflect severe symptoms.5 Where possible, we also
www.thelancet.com Vol 54 December, 2022
assessed the difference in episodes of any rotavirus gas-
troenteritis (any RVGE), severe all-cause gastroenteritis
(severe GE), and all-cause gastroenteritis (GE).

Safety outcomes were measured as the difference in
risk of severe adverse events, intussusception, and
death, among children receiving the additional vs stan-
dard dose schedule.
Inclusion and exclusion criteria
We included any identified randomised trials compar-
ing an additional dose oral rotavirus vaccine schedule
with a standard dose schedule. We excluded non-rando-
mised studies, trials evaluating mixed rotavirus vaccine
schedules, trials evaluating vaccines that have not been
WHO prequalified (Rotavin-M1, Vietnam; and Lanzhou
Lamb Rotavirus Vaccine, China) and trials comparing
an additional dose rotavirus vaccine schedule with a
non-standard rotavirus vaccine schedule (for example,
comparing 3-dose Rotarix to 3-dose placebo, or compar-
ing 3-dose Rotarix to 5-dose Rotarix). There was no
exclusion based on study setting, as studies from low-
mortality countries may have provided insight into oral
vaccine performance among children in different mor-
tality settings.6
Search strategy and study selection
We searched Medline (via PubMed), Cochrane Central
Register of Controlled Trials (CENTRAL), Cochrane
Central & Infectious Disease Group Specialised Regis-
ter, Cochrane Database of Systematic Reviews, and Clin-
icalTrials.gov in June 2021, with weekly updates until
February 2022, using the MESH terms ‘rotavirus’ and
‘rotavirus vaccines’. Databases were searched from 1973
until present with no restriction on language of publica-
tion. We examined the reference list of included studies
and relevant review articles, reviewed the World Health
Organization Clinical Trials Registry Platform (WHO
ICTRP), and consulted experts in the field to identify
studies missed by the above search strategy.

Items identified in the search were downloaded and
assembled in an EndnoteX9 library and imported into
Covidence software (covidence.org) where duplicates
were removed. Two review authors (BM, PF) indepen-
dently screened titles and abstracts and assessed the eli-
gibility of full-text articles against PICO criteria.
Disagreements were resolved through discussion and
adjudication from additional review authors (PM, TS).
Data extraction
Two review authors (BM, PF) independently extracted
data into a pre-piloted data extraction form in Covidence
(based on the Cochrane Good Practice Data Extraction
Form).7 Where a single study provided data at multiple
time points or for multiple similar outcomes, all data
were recorded but only the most relevant data was
3
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included in the analysis. Where multiple publications
reported data from the same clinical trial, care was taken
to extract the most comprehensive and relevant data,
and to ensure it was only used once. One study author
was contacted for missing information8 and additional
data for the same clinical trial8-10 were obtained from an
online repository provided by a consortium of clinical
study sponsors (ClinicalStudyDataRequest.com).

Where possible, data were also collected on second-
ary outcomes including intussusception (as per Brigh-
ton criteria),11 death and serious adverse events.
Data synthesis and statistical analysis
To analyse the effect of an extended dose rotavirus vac-
cine schedule on immunogenicity and diarrhoeal dis-
ease, we included all children who were randomised
and received an additional dose or standard dose rotavi-
rus vaccine schedule. For the immunogenicity outcome,
we included all children who had anti-rotavirus IgA
seroresponse results available following administration
of the final dose of oral rotavirus vaccine in the allocated
schedule. For the clinical outcome we included all chil-
dren who completed active surveillance through weekly
visits to parents or guardians to collect diary cards and
through the collection of data from health clinics.

We assessed the effect of an additional dose rotavirus
vaccine schedule on vaccine seroresponse and reduction
in diarrhoea episodes with a random-effects meta-analy-
sis, generating summary relative risk (RR) estimates
and 95% confidence intervals. We examined heteroge-
neity between studies visually and using the I2 statistic
and investigated publication bias by visually inspecting
funnel plots. We also estimated the risk differences to
assist with interpreting the public health impact of the
intervention. Analyses were carried out in RevMan 5.4.1
and GRADEPro.

Pre-specified subgroup analyses were undertaken
where the additional dose was administered as part of
an extended primary schedule and before the current
recommended upper age limit of rotavirus vaccine
administration (typically 6/10/14wks vs 6/10wks or 10/
14wks) or administered as a booster dose in the second
six months of life after the current recommended upper
age limit of rotavirus vaccine administration (at approxi-
mately 9 months, 9-11 months, or 6 − 11 months old).

Risk of bias was assessed independently by two
authors (BM, PF) using a Risk of Bias assessment tool
considering the process for randomisation (sequence
generation/allocation concealment), deviations from
intended interventions (blinding of participants/person-
nel), missing outcome data, bias in outcome measure-
ment (blinding of outcome assessors), and selective
reporting (clinical trial registration before data analy-
sis).7 The role of funding bodies in analysis of data and
reporting of results was also observed. Discrepancies
were adjudicated by a third author (PM).
A summary of findings table was created to present
both relative and anticipated absolute effects of the
most clinically relevant outcomes − IgA seroresponse
and prevention of episodes of severe RVGE in the first
and second year of life. Seroresponse rate and number
of episodes of severe RVGE for the standard dose vac-
cine schedule were calculated using the standard dose
results from included studies (GRADEPro). We
assessed quality of evidence for each clinically impor-
tant outcome using Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) by
considering risk of bias, inconsistency, imprecision,
indirectness, and publication bias.7
Role of funding
The funders had no role in the study design, collection,
analysis, and interpretation of data, in the writing of the
report, or in the decision to submit the paper for publi-
cation. All authors had full access to all the data in the
study and responsibility for the decision to submit for
publication.
Results
Our initial search identified 766 items; 536 titles and
abstracts were screened, and 19 items progressed to full
text review. Of these, a further ten items were excluded
because they evaluated mixed dose schedules or non-
prequalified vaccines, used non-standard comparators,
were not randomised controlled trials, or were dupli-
cates. One additional study was identified through
correspondence with domain experts and was subse-
quently located in the Pan African Clinical Trial Regis-
try, however results had not been reported at the time of
our review. Thus, nine articles representing seven
unique clinical trials met the inclusion criteria for this
review (see Figure 1).
Study characteristics
Of the seven clinical trials, four studied an additional
dose of oral rotavirus vaccine administered in the first
six months of life as part of the primary schedule (typi-
cally 6/10/14wks vs either 6/10wks or 10/14wks)9,12−14

and three studied the additional dose administered as a
booster dose in the second six months of life (at approxi-
mately 9 months, 9 − 11 months, or 6 − 11 months
old).15−17 Six studies evaluated an additional dose sched-
ule for Rotarix,9,12−14,16,17 and one study for RotaTeq.15

No studies evaluated additional dose schedules for Rota-
vac or Rotasiil. Six trials were conducted in high mortal-
ity countries,9,12-15,17 and one trial was conducted
among Australian Indigenous children (see Table
One).16

The results of a single clinical trial comparing 3-dose
vs 2-dose Rotarix in South Africa and Malawi were
www.thelancet.com Vol 54 December, 2022



Figure 1. PRISMA diagram.
* One additional study identified by domain expert and subsequently found in Pan African Clinical Trial Registry; data for this

study was not available at the time of our review so the study was excluded.

Articles
reported in three separate publications. The first publi-
cation presented combined clinical outcome data at the
end of the first year for both countries.9 The second and
third publications reported two-year extended efficacy
evaluation clinical outcome data for Malawi and South
Africa separately.8,10 Additional immunogenicity data
for this clinical trial was obtained from an online data
repository (ClinicalStudyDataRequest.com).

Three studies,12,13,16 had moderately high attrition
rate (20% − 30%), but overall the studies were
deemed high quality and low risk of bias, with the
exception of one study where the process of random-
isation sequence generation was unclear17 (see Sup-
plementary Materials). A funnel plot was used to
assess publication bias and none was observed (see
Supplementary Materials).

Immunogenicity results
All seven clinical trials evaluated the effect of an addi-
tional dose rotavirus vaccine schedule on immunogenic-
ity. On pooling the results from all seven studies, 1343 of
2194 (61¢2%) children receiving an additional dose
schedule had a seroresponse vs 1235 of 2205 (56¢0%)
www.thelancet.com Vol 54 December, 2022
children receiving standard dose schedule. The RR of
anti-rotavirus IgA seroresponse was 1¢25 (95%CI 1¢04 to
1¢49) but with considerable heterogeneity between stud-
ies (I2 = 89%) (see Figure 2). The estimated increase in
vaccine seroresponse was an additional 140 per 1000
vaccinated children (95%CI, 22 to 275 per 1000 chil-
dren) (see Table Two).

In the four studies where the additional dose was
administered as part of the primary schedule (6/10/
14wks vs 6/10wks or 10/14wks),9,12−14 there was weak
evidence of increased seroresponse with 889 of 1583
(56¢2%) children receiving additional dose serorespond-
ing vs 889 of 1588 (56¢0%) children receiving standard
dose schedule, RR 1¢21 (95%CI, 0¢90 to 1¢65) but with
evidence of high heterogeneity (I2 = 85%) (see Supple-
mentary Materials). In contrast, in the three studies
where the additional dose was administered as a booster
dose in the second six months of life (at 9 months, 9
−11 months, and 6 − 11 months old),15-17 there was mod-
erate evidence of increased seroresponse with 454 of 611
(74¢3%) children receiving additional dose serorespond-
ing vs 346 of 617 (56¢1%) children receiving standard
dose schedule, RR: 1¢3 (95%CI, 1¢15 to 1¢48) with
5



Author Country Participantsa Vaccine Schedule Immunological
Follow-Up

Clinical
Follow-Up

Steele 2010 12 South Africa 264 Rotarix 6/10/14 wks vs 10/14 wksc 8 weeks not reported

Madhi 2010 9,b South Africa

& Malawi

2,298 one year

Cunliffe 2012 8,b Malawi 652 Rotarix 6/10/14 wks vs 10/14 wksc 4 weeks one & two years

Madhi 2012 10,b South Africa 1646 one & two years

Ali 2014 13 Pakistan 324 Rotarix 6/10/14 wks vs 6/10 wksd 4 weekse not reported

Armah 2016 14 Ghana 285 Rotarix 6/10/14 wks vs 6/10 wksd 4 weekse not reported

Zaman 2016 17 Bangladesh 466 Rotarix 6/10 wks/ 9 mths vs 6/10 wks 8 weeks not reported

Haidara 2018 15 Mali 584 RotaTeq 6/10/14 wks/ 9-11 mths vs 6/10/14 wks 4 weeks not reported

Middleton 2022 16 Australia 178 Rotarix 2 mths/4 mths/ 6- 12 mths vs

2 mths/ 4 mths

4 − 8 weeks not reported

Table 1: Clinical trials comparing an additional dose oral rotavirus vaccine schedule with a standard dose oral rotavirus vaccine schedule.
a number of children randomised with anti-rotavirus IgA seroresponse results available following administration of the final dose of oral rotavirus vaccine

in the additional and standard dose schedules.
b Madhi 2010/ Cunliffe 2012/ Madhi 2012 present data from the same clinical trial (NCT00241644)
c Steele 2010 and Madhi 2010/ Cunliffe 2012/ Madhi 2012 present data for three rotavirus vaccine schedules − 6/10 wks, 6/10/14 wks, three-dose

placebo − we evaluated 6/10 wks vs 6/10/14 wks (discounted placebo data).
d Ali 2014/ Armah 2016 present data for three rotavirus vaccine schedules − 6/10 wks, 10/14 wks, 6/10/14 wks − the 6/10wk schedule was selected as the

‘standard schedule’ as consistent with EPI.
e Ali 2014/ Armah 2016 measure immunogenicity at both 4 wks and 8 wks post standard schedule− we selected 4wk immunogenicity for our analysis.

Figure 2. IgA seroresponse − IgA > 20IU/ml following last dose of oral rotavirus vaccine administered in the additional dose
vs standard dose schedule.
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moderate evidence of heterogeneity (I2 = 56%) (see Sup-
plementary Materials). This corresponds to an esti-
mated 168 additional vaccine seroresponses per 1000
vaccinated children (95%CI, 84 to 269 per 1000 chil-
dren) (see Table Two).

Three studies only included children proven to be
seronegative (IgA < 20 IU/ml) at baseline in their pri-
mary per-protocol analysis.12−14 A post-hoc sensitivity
analysis was undertaken evaluating seroconversion
results only (i.e. excluding children with anti-rotavirus
IgA ≥ 20 IU/ml at baseline from all seven studies).
There was evidence of seroconversion for 412 of 854
(48¢2%) children receiving an additional dose vs 252 of
850 (29¢6%) children receiving standard dose schedule;
RR 1¢86 (95%CI 1¢27 to 2¢72) but with evidence of high
heterogeneity across studies (I2 = 88%) (see Supple-
mentary Materials). This is equivalent to an estimated
255 additional vaccine seroconversions per 1000 vacci-
nated seronegative children (95%CI, 81 to 510 per 1000
children); Table 2.
Clinical results
Only one clinical trial (reported in three publications)8−10

evaluated the number of episodes of severe RVGE. In
this randomised controlled trial of 2974 participants in
South Africa and Malawi, the additional dose of oral
Rotarix was administered early or ‘before’ the standard
schedule (6/10/14 wks vs 10/14 wks). The primary out-
come was severe rotavirus gastroenteritis defined as epi-
sodes of gastroenteritis with a Vesikari score ≥ 11.5 No
hospitalisation data was reported for the 3-dose vs 2-dose
schedule. In total, 26 of 1478 (1¢8%, 95% CI 1¢2 to 2¢6%)
children were reported to have at least one episode of
severe RVGE in the 3-dose Rotarix group in the first year
of life, compared to 30 of 1496 (2¢0%, 95%CI 1¢4 to
2.9%) in the 2-dose Rotarix group. This corresponds to
RR 0¢88, 95% CI, 0¢52 to 1¢48 (risk difference = 0¢2%)
(see Figure 3). At least one episode of gastroenteritis in
the second year of life was reported for 13 of 746 children
in the 3-dose Rotarix group vs 22 of 754 children in the
2-dose group, for the combined South Africa and Malawi
www.thelancet.com Vol 54 December, 2022



Additional Dose vs Standard Schedule Oral Rotavirus Vaccine to Improve Immunogenicity & Prevent Episodes of Gastroenteritis
Population: children < 5 years
Intervention: extended dose rotavirus vaccine schedule (more than two doses of Rotarix or more than three doses of RotaTeq/ Rotavac/ Rotasiil)
Comparison: standard dose rotavirus vaccine schedule (two doses of Rotarix or three doses of RotaTeq/ Rotavac/ Rotasiil)

Outcomes No of Participants Relative Effect
(95% CI)

Anticipated Absolute Effects Quality of Evidence
(Grade)

Standard Dose Additional Dose

IgA Seroresponse (all

studies)a
4399 (7 RCTs) RR 1.25 (1¢04 to 1¢49) 560 per 1000 700 per 1000 (582 to 835) Moderatec

IgA Seroresponse − addi-

tional dose schedule

completed before 6

months of agea

3171 (4 RCTs) RR 1.21 (0¢90 to 1¢65) 560 per 1000 678 per 1000 (504 to 924) Moderatec

IgA Seroresponse − addi-

tional dose schedule

completed after 6 months

of agea

1228 (3 RCTs) RR 1.30 (1¢15 to 1¢48) 561 per 1000 729 per 1000 (645 to 830) High

IgA Seroconversion (sero-

negative at baseline)a
1704 (7 studies) RR 1.86 (1¢27 to 2¢72) 296 per 1000 551 per 1000 (377 to 806) Moderatec

Prevention of at least one

episode of severe RVGE in

the first year of lifeb

2974 (1 RCT) RR 0.88 (0¢52 to 1¢48) 20 per 1000 18 per 1000 (10 to 30) Moderated

Prevention of at least one

episode of severe RVGE in

the second year of lifeb

1500 (1 RCT*) RR 0.62 (0¢31 to 1¢23) 29 per 1000 18 per 1000 (9 to 36) Moderated

Table 2: Summary of findings.
a IgA seroresponse/ seroconversion measured four to eight weeks following the last administered dose of oral rotavirus vaccine in the schedule.
b Severity defined as Vesikari score ≥ 11.
c Downgraded one level due to high heterogeneity among studies.
d Downgraded one level due to imprecision due to the confidence intervals indicating a potential increase or decrease in diarrhoea episodes with an

extended vs standard dose schedule.

Figure 3. Proportion of children with at least one episode of severe rotavirus gastroenteritis in additional dose vs standard
dose schedule; first year of life.

Articles
cohorts. This corresponds to a combined RR 0¢62,
95%CI, 0¢31 to 1¢23 (risk difference = 1¢2%) (see Figure 4),
an estimated reduction in the risk of at least one episode
of severe rotavirus gastroenteritis for 9 per 1000 vacci-
nated children (95%CI, 20 fewer to 7 more children with
at least one episode of severe gastroenteritis per 1000
children) (see Table Two).

Additional results from the same clinical trial for
any-severity RVGE and severe all-cause GE are provided
in the Supplementary Materials. There was no data
available on all-cause gastroenteritis and no data up to
five years old.
www.thelancet.com Vol 54 December, 2022
Safety
One episode of intussusception was reported in the 7
clinical trials involving 4,399 children. This episode
occurred 11 weeks after administration of a final
dose of oral rotavirus vaccine in a child receiving an
extended schedule and was assessed to be ‘not tem-
porarily related’.9 Three deaths were reported in the
same study (one in the extended schedule and two
in the standard schedule); all three deaths occurred
more than 42 days after administration of the last
dose of oral rotavirus vaccine and none were
assessed as vaccine related.9
7



Figure 4. Proportion of children with at least one episode of severe rotavirus gastroenteritis in additional dose vs standard
dose schedule; second year of life.
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GRADE assessment
A GRADE assessment was completed for pre-specified
clinically important outcomes. The quality of evidence
for immunogenicity outcomes was deemed moderate,
after being downgraded one level due to high heteroge-
neity of included studies. An exception was the ‘booster-
dose’ subgroup analysis where the results were more
similar (moderate heterogeneity, I2 = 56%) and the
quality of evidence remained high (see Table Two). The
quality of evidence for reduction in diarrhoea outcome
was deemed moderate downgraded one level for impre-
cision due to the confidence intervals around both rela-
tive and absolute estimates of vaccine effect including
either a potential increase or decrease in the number of
vaccinated children with an episode of diarrhoea (see
Table Two).18
Discussion
Our review of seven clinical trials involving over 4000
children aged <2 years old suggests that extended or
additional dose oral rotavirus vaccine schedules improve
rotavirus vaccine immune responses compared to rou-
tine or standard schedules, with an estimated 140 addi-
tional children per 1000 vaccinated (95%CI, 22 to 275
children) demonstrating evidence of IgA seroresponse,
albeit with moderate to high heterogeneity across trials.
Point estimates of vaccine immune response were
higher when the additional rotavirus vaccine dose was
administered as a booster dose in the second six months
of life (168 additional children per 1000 vaccinated;
95%CI, 84 to 269 per 1000 children) rather than as an
extended primary course (118 additional children per
1000 vaccinated; 95%CI, 56 fewer to 364 more per
1000 children), but the confidence intervals were wide
and overlapping. Likewise, point estimates of the vac-
cine immune response were also higher among infants
who were seronegative at baseline (255 additional chil-
dren per 1000 vaccinated; 95%CI, 81 to 510 per 1000
children), although it is not feasible to routinely test for
serostatus prior to vaccination. The overall certainty of
evidence is assessed as moderate, downgraded one level
due to the high heterogeneity in results among the
included studies.

There is very little clinical information from rando-
mised trials available on the effect of an extended or
additional dose oral rotavirus vaccine schedule on the
frequency of diarrhoeal disease. In this review, only one
study was found to evaluate and report on this clinical
outcome with insufficient data to conclude whether
there was any clinical benefit or not. It should be noted
that this clinical trial was conducted with three study
arms − extended dose schedule (3-doses) vs standard
schedule (2-doses) vs placebo, and none of the groups
had high rates of rotavirus diarrhoea. The results sug-
gested that for populations with similar rates of disease,
an extended schedule is unlikely to reduce the risk of
severe rotavirus disease by more than 2% in the first or
second year. The overall certainty of the evidence is
moderate, downgraded one level due to imprecision.

Our results are consistent with two previous system-
atic reviews which found weak evidence of increased
immune responses when the additional rotavirus vac-
cine dose was administered in the first six months of
life as part of the primary schedule.6,19 However, our
review is the first to include data on ‘booster dose’ stud-
ies where the additional dose is administered in the sec-
ond six months of life. We hypothesise that declining
levels of circulating maternal antibodies and maturation
of the infant’s immune system contribute to the greater
effectiveness of additional doses administered to infants
>6 months old.

Importantly, given the increased risk of intussuscep-
tion observed with Rotashield (a rhesus derived rotavi-
rus vaccine licensed in the 1990s),4 in our review only
one episode of intussusception was reported among
more than 4000 clinical trial participants. This episode
occurred more than 11 weeks after the last administered
dose of oral rotavirus vaccine in a child receiving an
extended schedule which is likely to be outside the aetio-
logic window for vaccine-induced intussusception. It
should be noted, however, that the pathogenic mecha-
nisms involved in intussusception following rotavirus
vaccination remain uncertain and intussusception inci-
dence, ascertainment and fatality rate varies widely
between populations, being highly dependent upon
access to medical treatment among other factors.22

While vaccine-associated intussusception is typically
defined as occurring within 21 days of receipt of rotavi-
rus vaccine23 and all included studies followed partici-
pants for a minimum of 28 days, caution is warranted
when applying these findings to other settings.

Data on pre-specified outcomes was available for all
seven studies. Most data was for oral Rotarix rotavirus
www.thelancet.com Vol 54 December, 2022
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vaccine. Only one of the included studies evaluated an
additional dose of RotaTeq rotavirus vaccine (though
results were consistent) and no studies evaluated addi-
tional doses of Rotasiil or Rotavac. The RotaTeq study
reported a 3-fold rise in IgA titre as the primary out-
come. However, the study also reported anti-rotavirus
IgA levels < and ≥ 20IU/ml following the additional vs
standard dose schedule, and these values were used in
the meta-analysis to enable direct comparison with the
Rotarix studies.

One potentially relevant study was identified in the
screening process through correspondence with domain
experts and located in the Pan African Clinical Trial
Registry. This randomised study of 214 children in
Zambia will evaluate the immunological effect of a two-
dose Rotarix schedule (6wks, 10wks) vs three-dose
Rotarix schedule (6wks, 10wks, 9mths); data for this
study was not available at the time of our review. Two
additional dose studies were excluded after ‘full text
review’ as per our protocol because they compared addi-
tional dose schedules to other ‘non-standard’ schedules.
One of these studies compared 3-doses vs 5-doses of
Rotarix among 90 children in southern India. This
study reported vaccine seroresponses (anti-rotavirus IgA
≥ 20IU/ml) in 36 of 44 children who received 3-doses
of Rotarix vs 32 of 44 children who received 5-doses of
Rotarix.20 The authors concluded no added benefit
from the 5-dose vs 3-dose schedule, but the sample size
was small. The second study compared 3-doses of
Rotarix vs 3-doses of placebo among 100 HIV positive
children in South Africa. Among children who were
seronegative at baseline, this study reported IgA ≥
20 IU/ml among 57¢1% (95%CI 34% to 78¢2%) of 25
children in the 3-dose Rotarix group, and among 18¢2%
(95%CI 5¢2% to 40¢3%) of 25 children in the placebo
group.21 Episodes of rotavirus gastroenteritis were
reported in 4 children in the 3-dose Rotarix group and 4
children in the placebo group.21

We limited this review by excluding studies which
evaluated mixed rotavirus vaccine schedules, additional
dose schedules of non-WHO prequalified rotavirus vac-
cines, and studies comparing additional dose schedules
to other non-standard schedules. We therefore cannot
draw any conclusions about these alternative vaccine
strategies. Currently these approaches are not recom-
mended by the World Health Organisation Strategic
Advisory Group of Experts, but this may change in
future years.

Our review suggests that an extended or additional
dose schedule of oral rotavirus vaccines incrementally
improves vaccine immune responses compared to a
routine or standard dose schedule. However, while
measures of increased immunogenicity tend to broadly
reflect improved oral vaccine performance,6 protection
against wild-type rotavirus infection is mediated by both
humoral and cellular components of the immune sys-
tem22 and anti-rotavirus IgA is a weak correlate of
www.thelancet.com Vol 54 December, 2022
protection.24 Vaccine-induced anti rotavirus IgA titres
may be influenced by exposure to natural infection, and
the age at which children are first exposed to rotavirus
may vary between populations; the median age of rotavi-
rus positive hospital admissions is reported to be 38
weeks (IQR, 25 − 58 weeks) in countries with very high
child mortality, compared to 65 weeks (IQR, 40 − 107
weeks in countries with low child mortality.25 Similarly,
although all four WHO prequalified oral rotavirus vac-
cines are live attenuated vaccines and serum anti-rotavi-
rus IgA antibody responses have been used as a
measure of immunogenicity for all products,22 few
studies have directly compared the immune response
between rotavirus vaccines26,27 limiting the ability to
generalise our immunological results to Rotasiil or
Rotavac. For these reasons, evidence of increased vac-
cine seroresponse is insufficient to change vaccine pol-
icy or clinical practice.

Only one study,8-10 evaluated the effect of additional
vaccine doses on the frequency of diarrhoeal disease.
However, this study reported low rates of rotavirus dis-
ease and gave the additional Rotarix dose ‘early’ at six
weeks old when vaccine responses might be impaired
by high levels of maternal-derived vaccine-neutralising
antibodies and immature infant immune function.3

This trial also reported diarrhoea severity as per Vesikari
score rather than as per hospitalisation.5 Despite the evi-
dence of improved immune responses, clinical trials to
assess and quantify the clinical benefit of adding a dose
of oral rotavirus vaccine against severe disease are war-
ranted before any strategy can be implemented in set-
tings with high residual burden of disease. In settings
where it is highly feasible to deliver vaccines after 6
months old, there is biological rationale for delaying
such a dose, although the evidence favouring a later ver-
sus earlier dose remains weak.

In conclusion, it is important to find pragmatic strat-
egies to improve the impact of rotavirus vaccines in set-
tings where the burden of rotavirus infection remains
unacceptably high. Our systematic review found moder-
ate to high level of evidence that administration of addi-
tional doses of oral rotavirus vaccines as part of an
extended schedule is likely to result in improved vaccine
immune responses, including when the additional
doses are administered as a booster dose to children
older than 6-months old. However, further research is
needed to evaluate whether there is a meaningful
impact on diarrhoeal disease before additional dose rota-
virus vaccine schedules can be recommended as vaccine
policy.
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