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abstractOBJECTIVES: Rotavirus vaccination has 87% to 100% effectiveness against severe rotavirus acute gastroenteritis (AGE) in
healthy infants in high-income countries. Little is known whether infants with medical risk conditions (MRCs) are equally
protected and if the vaccine is equally well tolerated. We conducted a quasi-experimental prospective multicenter before-
after cohort study to assess the vaccine effectiveness (VE) and safety profile of the human rotavirus vaccine (HRV) among
MRC infants that required prolonged or frequent postnatal care.

METHODS: The Netherlands has no national rotavirus immunization program, but HRV was implemented in routine care
for MRC infants in 13 Dutch hospitals. Participants in the before and after cohort, HRV unvaccinated and vaccinated,
respectively, were followed for occurrence of (rotavirus) AGE. VE of at least 1 dose was estimated by using time-to-event
analysis for severe rotavirus AGE. Vaccine-related serious adverse event (AEs) after HRV were retrieved systematically
from medical charts. Solicited AEs after vaccinations were prospectively collected and compared between vaccination
time points with or without HRV.

RESULTS: In total, 1482 high-risk infants with MRC were enrolled, including 631 in the before and 851 in the after cohorts;
1302 infants were premature (88.3%), 447 were small for gestational age (30.2%), and 251 had at least 1 congenital
disorder (17.0%). VE against severe rotavirus AGE was 30% (95% confidence interval [CI]:�36% to 65%). Overall, the
observed number of rotavirus hospitalizations was low and not significantly different between the cohorts (2 and 2,
respectively). The rate of vaccine-related serious AE was 0.24 per 100 vaccine doses. The adjusted risk ratio for any AE
after HRV vaccination compared with other routine vaccinations was 1.09 (95% CI: 1.05 to 1.12) for concomitant
administration and 0.91 (95% CI: 0.81 to 0.99) for single HRV administration. Gastrointestinal AEs were 10% more
frequent after HRV.

CONCLUSIONS: In contrast to previous findings among healthy term infants, in routine use, HRV offered limited protection
to vulnerable medical risk infants. HRV is generally well tolerated in this group in single administration, but when
coadministered with routine vaccines, it is associated with higher risk of (mostly gastrointestinal) AE. Our study
highlights the importance of studying vaccine performance in subgroups of medically vulnerable infants.

Full article can be found online at www.pediatrics.org/cgi/doi/10.1542/peds.2021-051901
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WHAT’S KNOWN ON THIS SUBJECT: National immunization
programs worldwide recommend rotavirus vaccines for all
infants. Currently available evidence on rotavirus vaccines
effectiveness and safety is, however, largely based on healthy
term infants. Medical risk infants experience more vaccine
adverse events.

WHAT THIS STUDY ADDS: Rotavirus vaccination with human
rotavirus vaccine offers limited protection against rotavirus
gastroenteritis in vulnerable medical risk infants. Medical risk
infants experienced 10% more (gastrointestinal) adverse events
after rotavirus vaccination. This study emphasizes the importance
of studying risk group specific vaccine performance.
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Rotavirus is a frequent cause of
acute gastroenteritis (AGE) in
children <5 years of age.1 Since the
global introduction of vaccines
against rotavirus in 2006,
hospitalizations for rotavirus AGE
have decreased substantially.2

Worldwide, over 98 countries have
now included rotavirus vaccination
in their national immunization
program (NIP).3 The majority of
countries use 1 of 2 globally licensed
live-attenuated oral rotavirus
vaccines; Rotarix (GlaxoSmithKline,
Belgium) or RotaTeq (Merck and Co,
United States). In high-income
countries, high rotavirus VE against
severe rotavirus AGE has been
consistently reported for both
vaccines, with overall VE of >80%
for a full series of either vaccine.4–6

Yet, these estimates are primarily
based on results from healthy
infants4–6 and limited data on the
performance of rotavirus vaccines in
infants with underlying medical
conditions, which may influence their
vaccine response and/or their risk of
severe rotavirus AGE, is available.
These medical risk conditions
(MRCs) include premature birth,
low birth weight, and severe
congenital disorders. There is
reason to assume vaccine responses
may be different in these medical
risk infants because of immaturity
or conditions compromising
immune functioning to some
extent.7–9

Findings on rotavirus vaccine safety
and tolerability in preterm infants
from previous studies indicate that
rates of adverse events (AEs) are
similar to those observed among
term infants.10,11 However the trials
included a limited number of infants
with low gestational ages (GAs), and
for Rotarix no infants with GA <27
weeks were included. Moreover,
inclusion criteria required that
infants were healthy and medically
stable at time of enrollment. This
may have selected for a relatively

healthy study population of
premature infants, which may
influence AE rates.10,11 More real-
world data on safety and tolerability
of rotavirus vaccination in unbiased
populations with MRCs are needed
to guide clinicians in the individual
assessment of risks and benefits of
rotavirus vaccination.

In the absence of a universal
rotavirus vaccination program in the
Netherlands, a pilot with routine
rotavirus vaccination was initiated
in a selection of hospitals for MRC
infants diagnosed with $1 of these
MRCs and who received prolonged
or frequent postnatal care. An
earlier study showed these infants
are at increased risk of severe or
complicated rotavirus AGE.12 The
human rotavirus vaccine (HRV;
Rotarix) was used throughout the
project. The implementation of HRV
for MRC infants was combined with
a before-after cohort study to
evaluate rotavirus VE. In addition,
the safety and tolerability of
rotavirus vaccination was studied.

METHODS

The Risk group Infant Vaccination
Against Rotavirus (RIVAR) project
piloted the implementation of a
selective rotavirus vaccination
program for MRC infants in
pediatric secondary and tertiary
care hospitals. The primary
objectives of the RIVAR project were
to (1) assess the feasibility of
implementing and executing this
selective rotavirus vaccination
program in routine hospital and
outpatient care for MRC infants and
(2) determine VE against severe
rotavirus AGE in MRC infants.
Secondary objectives included safety
and tolerability assessment and VE
against rotavirus AGE of any
severity.

The medical ethic board of the
University Medical Center Utrecht
declared that the RIVAR study was

not covered by the Medical Research
Involving Human Subjects Act.
Rotavirus vaccine was implemented
into routine care, and study
procedures were noninvasive.

Here, we describe the results of the
primary end point of VE and
secondary end point of vaccine
safety/tolerability. The study
protocol was registered in the Dutch
trial registry.13

Study Setting

Dutch hospitals with an NICU or
post–intensive care (IC)/high care
ward were invited to participate in
the project. Hospitals could
participate if they were willing to
(1) implement rotavirus vaccination
for MRC infants in their routine
neonatal care and (2) recruit and
enroll eligible infants in the before-
after cohort study.

Thirteen Dutch hospitals, at 15
locations, with a NICU or
post–intensive care/high care unit
participated in the RIVAR study.
Hospitals enrolled in a stepped-
wedge order (ie, at different points
in time); the first hospitals enrolled
in November 2014 and the last in
April 2016 (Fig 1).

Implementation of a Hospital-Based
Selective Rotavirus Vaccination
Program

After enrollment, each hospital
entered a preparatory pre-
implementation year during which
local operational procedures were
developed for patient selection,
rotavirus vaccine delivery,
administration, and documentation.
In the second year, rotavirus
vaccination was locally
implemented, at different time
points, for all infants with a
qualifying MRC and was continued
thereafter.

At the start of the
preimplementation year, the
participating site initiated screening
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FIGURE 1
Schematic outline of study data collection and procedures. A, Implementation of a hospital-based selective rotavirus vaccination program: A screening log was
recorded for infants with at least 1 of the qualifying MRC. Exclusion criteria were known hypersensitivity to the vaccine components, history or predisposition
of intussusception, and/or diagnosis of severe combined immunodeficiency syndrome. During the preimplementation period, eligible infants received standard
of care only without rotavirus vaccination. After implementation, eligible infants were offered rotavirus vaccination free of charge. Rotavirus vaccination status
was documented in the screening log for each eligible infant. We also logged any serious adverse reaction as documented in the medical chart. Hospitals con-
tinued screening and vaccination until end of the project in November 2019. The first dose HRV was administered by a health care professional at the study site
between 6 and 14 weeks of age. The second dose was by default administered by parents at home, following detailed instructions, with a minimal interval of 4
weeks and no later than 23 weeks and 6 days of age. Alternatively, the second dose could be delivered at the site and administered by a health care profes-
sional. B, Before–after cohort study: Eligible infants were not approached for participation in the cohort study if parents were not proficient in Dutch language,
the child was in custody or in an unstable home situation, the infant had a poor medical prognosis, or the infant was discharged from follow-up (including
transfer to another nonparticipating hospital) before 6 weeks of age. After informed consent, parents received a baseline questionnaire on household composi-
tion, socioeconomic status, and pregnancy, followed by short monthly questionnaires and a final questionnaire at 18 months of age. The monthly questionnaire
consisted of 7 items on respiratory and gastrointestinal symptoms during the past month, received vaccinations of the NIP and rotavirus, and solicited AEs and
health care attendance in the 7 days after vaccination, type of feeding, and day care attendance. The final questionnaire at 18 months contained a modified
quality of life questionnaire. Finally, trained research staff collected data from the participating child’s hospital medical record at 6 weeks and 5 and 18 months of
age, including rotavirus vaccination status, any rotavirus vaccine-related SAE, and dates of vaccine administration, information on all hospitalizations, supportive
therapy, medical treatment, and complications. DTaP-IPV-Hib-HepB, hexavalent diphtheria–tetanus toxoids–accelular pertussis–inactivated polio–Haemophilus
influenzae type B–hepatitis B vaccine; PCV10, 10-valent pneumococcal vaccine.
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of all hospitalized infants <14
weeks of age for prematurity (GA
before 36 weeks), low birth weight
(<2500 g), and/or presence of a
severe congenital disorder (for
qualifying conditions, see
Supplemental Fig 3). Infants still
hospitalized or receiving outpatient
care between 6 and 14 weeks of
postnatal age (corresponding with
the age-window for first dose
rotavirus vaccination) were eligible.
The HRV (containing attenuated
human rotavirus G1P8 genotype,
licensed by GlaxoSmithKline,
Belgium, since 2006)14 was used
throughout the project and given as
2 oral doses. HRV vaccination status
was documented for each eligible
infant postimplementation. In
addition, medical charts were
reviewed for all HRV-vaccinated
infants to check for any vaccine-
related serious adverse event (SAE).

Before-After Cohort Study

Parents of eligible infants were
approached for participation in the
cohort study with active follow-up
for occurrence of AGE until 18
months of age. Enrollment started
early in the preimplementation year
and continued in each hospital until
12 to 18 months after
implementation of the selective
rotavirus vaccination program. The
“before” cohort thus included infants
who received standard of care only.
The “after” cohort included infants
who were routinely offered
rotavirus vaccination. Throughout
follow-up, parents completed
monthly questionnaires. These
contained yes or no questions on
AGE symptoms, date and type of
received immunizations, solicited
AEs, and AE-related health care in
the 7 days after vaccinations (Fig 1).
Parents were also asked to notify
the study team whenever symptoms
of AGE developed in their child and
instructed to collect a fecal sample
as soon as possible. A 7-day AGE
symptom diary was completed along

with a questionnaire on health care
attendance. Research staff collected
additional medical data from infant
hospital records up to 18 months of
age. For a schematic overview of the
study, see Fig 1.

Microbiologic Analysis

Fecal samples were tested by
multiplex realtime polymerase
chain reaction (PCR) for presence
of rota-, noro-, adeno- (type 40/
41), and astrovirus. Details of the
laboratory analysis are described in
the Supplemental Information.

Definitions

AGE was defined as acute diarrhea
or looser than normal stools >3
times per 24 hours, and/or forceful
vomiting.15 Reports of AGE were
derived from 3 different sources:
as per protocol reported by
parents, not reported but
documented on monthly
questionnaires, or retrieved form
medical chart review (elaborated
in Supplemental Information). AGE
severity was based on symptom
diaries by using the modified
Vesikari score.16,17

Vaccine-related SAE was defined as
any reaction that was fatal, life-
threatening, disabling, or
incapacitating; required inpatient
treatment or prolonged existing
hospitalization; or required
intervention to prevent the
previously stated outcomes and was
considered related to rotavirus
vaccination as judged by the
treating physician and documented
in the patient medical record. In
addition, we described “vaccine
failure” when rotavirus AGE led to
hospitalization and occurred
at least 14 days after second HRV
dose.

Solicited AE were fever, rash,
irritability, loss of appetite,
vomiting, looser and/or bloody
stools. We defined vaccine
administration concomitant when

vaccination dates were identical
for at least 1 NIP vaccination and
HRV (NIP1HRV) vaccination or if
dates were a maximum of 3 days
apart, such that the 7-day
postvaccination period for
reporting solicited AE covered both
vaccinations.

The primary end points were
defined as follows:

1. VE of at least 1 dose of HRV (as
at least the first dose was given
on-site) against severe
rotavirus-related AGE from 14
days postdose 1 until 18
months of age.

2. The impact of the selective HRV
vaccination program defined as
the relative reduction in rotavirus-
related hospitalization (including
symptomatic nosocomial infection)
during follow-up comparing
infants enrolled in the
preimplementation versus
postimplementation periods.

Prespecified secondary end points
included (1) the effectiveness of a
full series of HRV against severe
rotavirus-related AGE, (2) the
protective effectiveness of at least 1
dose of HRV against rotavirus-
related AGE of any severity,
(3) vaccine safety, defined as the
number of vaccine-related SAE per
100 vaccine doses, and (4)
tolerability of at least 1 solicited AE
in the 7 days after receipt of either
NIP vaccines, concomitant NIP1HRV
or, HRV only.

Next, we performed subgroup
analyses for infants born at GA 32 to
37 weeks, 30 to 32 weeks, <30 and
<27 weeks, term infants with
congenital disorders, and infants
with >1 MRC.

As post hoc analysis, we added all-
cause (severe) AGE as outcome for
all specified primary end points.
This was decided because a stool
sample was missing from a
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substantial proportion of AGE
episodes (eg, without a rotavirus
test result) and previous studies
have estimated up to 50% of severe
AGE in infants are caused by
rotavirus.18–20 In addition, we
quantified the probability of
incorrectly estimating VE because of
sparse confirmed rotavirus events.

Statistical Analyses Plan

1. For the primary analysis of VE,
we used Cox regression
modeling of the time to first
episode of severe rotavirus AGE
as a function of vaccination
status with age (between 2 and
18 months) modeled as time-
variable. Infants were censored
at their first severe episode or
when lost to follow-up.
Rotavirus vaccination was
modeled as a time-dependent
covariate thereby accounting
for weeks of observation in
vaccinated infants before dose 1
and the initial 14 days after
dose 1, when protection from
vaccination is considered to be
still minimal. VE was defined as
1 minus the hazard rate (HR) �

100%. More details are
described in the Supplemental
Information.

2. The impact of the HRV selective
vaccination program was
estimated from the proportion
of infants with rotavirus-related
hospitalization in the
postimplementation versus the
preimplementation period,
expressed as 1 minus the risk
ratio (RR). We used a mixed
model with a binomial
distribution, and RRs were
obtained from odds ratio by
using the method described by
Knol et al.21 To account for
potential cluster effects within
hospitals, type of study site
(academic versus general
hospital) was added as a
random intercept to the model.

For the secondary analyses of VE
after a complete HRV series and
subgroup analyses, we used the Cox
model as described above. For VE
against rotavirus AGE episodes of
any severity, accounting for multiple
episodes within one individual, we
used negative binomial regression
with VE calculated as 1 minus the

incidence rate ratios (IRRs) �100%.
Person-time of observation was
included as offset in the model. To
calculate posterior probability of VE in
our study population, we used
Bayesian analysis, with uninformative
priors, of the Cox model for the
primary outcome of VE against severe
rotavirus AGE. All-cause AGE analyses
were performed by using the same
methods as described above.

Vaccine safety was reported by
describing each vaccine-related SAE
in terms of diagnosis, infant
characteristics, timing in relation to
HRV vaccination, and, where
applicable, results of fecal testing.
All eligible infants with at least 1
HRV administration were included
in the safety analysis, irrespective of
participation in the cohort study.
For the tolerability outcome of at
least 1 AE, data from cohort
participants were used in mixed
model with binomial distribution
and a random intercept per infant.
We estimated odds ratios for type of
vaccine administration (NIP, HRV, or
NIP1HRV), adjusting for age at
vaccination. Odds ratios were

FIGURE 2
Flowchart of recruitment and cohort groups. a Reasons for not approaching were as follows: 596 vs 663 were discharged or referred (50.4% vs 53.9%), 201
vs 177 had no Dutch speaking parent (17.0% vs 14.4%), 193 vs 96 had unstable home situation (16.3% vs 7.8%), 82 vs 103 had poor prognosis (6.9% vs
8.4%), 110 vs 190 had other unspecified reason (9.3% vs 15.5%). Missing refers to missing information on whether infant was not approached or no consent
was obtained. b A total of 82 missing information on willingness to vaccinate and 6 missing information on vaccination status. n5 number with
characteristic.
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transformed into RR by using the
method described above. The
number of solicited AE per vaccine
administration was compared by
using IRR. Comparisons were
performed for the subgroup of fever
and gastrointestinal AE (vomiting,
bloody and/or looser stools) and for
AE-related health care attendance.
For the number of solicited AE
experienced after vaccine
administration, we estimated
adjusted IRR using negative
binomial regression.

All analyses were performed according
to protocol (ATP), in which all
preimplementation infants whose
parents indicatedwillingness to receive
HRVwere comparedwith all
postimplementation infants who
received$1 dose of HRV. Only for the
impact of HRV on hospitalization, we
performed an intention to treat (ITT)
analysis in which all infants in the
preimplementation periodwere
comparedwith all infants in the
postimplementation period
irrespective of HRV vaccination status.
For tolerability analyses, infants
receiving any vaccination of the
primary series were comparedwith
infants receiving the primary series
and HRV vaccination. This is because
our interest is in AEs of the added
rotavirus vaccine administration. To
guide recommendations of rotavirus
vaccination, we also analyzed
subgroups of infants withMRCs
separately.

Data analysis were performed by
using the statistical software of
RStudio version 3.6.1. Packages;
survminer, survival, lme4, MASS,
rstanarm, timeseries.

RESULTS

Between November 2014 and April
2016, a total of 13 hospitals with 15
locations started in the
preimplementation period of the
RIVAR project and subsequently
implemented rotavirus vaccination
between May 2016 and November
2017. Throughout the project, a total of
2484 medical risk infants in the
preimplementation and 2878 in
the postimplementation period met the
eligibility criteria (Fig 2). Between
November 2014 and April 2016, 631 of
these high-risk infants were recruited
in the “before” cohort and contributed
to 9125 person-months of observation.
An additional 851 high-risk infants
were enrolled in the “after” cohort,
between May 2016 and July 2018, and
contributed to 12302 person-months.
Follow-up of the last cohort participant
was completed in December 2019.

Among 1482 cohort participants 1302
infants were born premature, 447
were small for GA, and 251 had 1 or
more congenital disorders. The
median length of postnatal hospital
stay was 28 days (interquartile range
[IQR], 38 days), and total median
number of hospitalization days
(including initial admission) during
follow-up was 34 (IQR, 44 days).

The characteristics of participants in
the before and after cohort were
comparable (Table 1). There was a
small difference in the participation
rate in the NIP (7% less
participation in the HRV-vaccinated
group) and in completeness of
follow-up (number of participants
with complete follow-up is 14%
lower in HRV-vaccinated group). A
total of 719 infants in the after
cohort were HRV immunized. Of
those, 28.4% was vaccinated during
postnatal hospital stay, 5.2% were
vaccinated at discharge, and 66.4%
were vaccinated postdischarge at
the outpatient clinic.

For 599 infants, information on
(date of) both first and second dose
administration was complete
(83.3%). Within the 3-day window,
225 infants received both HRV and
NIP vaccines and 61% received
them on the same day.

A total of 1223 AGE episodes were
identified during follow-up
(Table 2). A fecal sample was
collected from 564 (46.1%)
episodes. Rotavirus was detected in
117 AGE samples (20.7%). Severe
($11 Vesikari score) rotavirus-
positive AGE occurred in 18 infants
in the before cohort and 20 infants
in the after cohort. Hospitalization
due to rotavirus AGE was reported
in 2 vs 2 infants.

Coprimary outcome:

TABLE 2 AGE Events and Vaccine AE During Follow-up in ITT and ATP Before and After Cohorts

ITT ATP

Preimplementation
Period: All Infants
(N 5 631), n (%)

Postimplementation
Period: All Infants
(N 5 851), n (%)

Preimplementation:
Willing to Vaccinate
(n 5 496), n (%)

Postimplementation:
Vaccinated

(n 5 719), n (%)

All-cause AGE
Any AGE 549 674 499 597
Severe AGE 68/252 (27.0) 79/227 (25.8) 62/228 (27.2) 71/279 (25.4)
AGE hospitalization 43 (7.8) 64 (9.5) 42 (8.4) 58 (9.7)

Rotavirus AGE
Any rotavirus AGE 49 68 47 67
Severe rotavirus AGE 18/42 (42.9) 20/64 (31.3) 17/39 (43.6) 17/59 (28.8)
Rotavirus hospitalization 2 (4.1) 2 (2.9) 2 (4.3) 2 (3.0)

Denominator changes for categories of severe all-cause and severe rotavirus AGE episodes, because of missing data on severity if AGE was unreported.
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1. The adjusted HR for severe
rotavirus AGE was 0.70 (95%
confidence interval [CI]: 0.35 to
1.40) for rotavirus vaccinated
versus unvaccinated infants in
ATP analysis, resulting in a VE
of 30% (95% CI: �36% to 65%,
Table 3) after at least 1 dose of
HRV. Attending day care and an
increase in rotavirus epidemic
intensity significantly increased
the hazard of severe rotavirus
AGE. Characteristics of these
severe rotavirus AGE are
presented in Supplemental
Table 6.

2. The impact of the selective HRV
vaccination program defined as
the relative reduction in
rotavirus-related hospitalization

in the postimplementation
versus preimplementation
period was 24%, RR 0.76 (95%
CI: 0.10–6.37).

Effect estimates for all primary and
secondary outcomes are presented
in Table 3. A complete HRV series
was 38% (95% CI: �21% to 69%)
effective against severe rotavirus
AGE, and VE against rotavirus of any
severity was �2% (95% CI: �50%
to 31%).

Among 2342 HRV-vaccinated
infants, 11 vaccine-related SAE
were documented (incidence rate
0.24 per 100 vaccine doses). SAEs
included intussusception (n 5 2),
necrotizing enterocolitis (n 5 2),

sepsis, hospitalization (n 5 2),
lactose intolerance, and
cardiorespiratory events (n 5 3). All
infants recovered and there were no
deaths. Detailed information on the
SAEs is provided in Supplemental
Table 5. Data on AE for at least 1
vaccine administration were available
for 1257 participants. In the 7 days
after 3446 vaccine administrations,
any AE was reported for 1571
vaccine administrations (45.6%); of
these, 150 AE were followed by
health care contact (3.4%). Overall,
there was a 12% difference in
solicited AE occurrence after NIP
(44.3%) versus NIP1HRV (56.1%)
vaccine administration (Table 4).
Overall, AE were reported less
frequently after single HRV

TABLE 3 Primary and Secondary Outcomes

Outcome Estimate 95% CI VE (95% CI), %

Effectiveness against severe rotavirus AGE $14 d after HRV administrationa HR 0.70 0.35 to 1.40 30 (�36 to 65)
Impact on rotavirus AGE hospitalization in postimplementation period RR 0.76 0.10 to 6.37 24 (�537 to 90)
Effectiveness against rotavirus AGE of any severity among HRV-vaccinated infantsb IRR 1.02 0.69 to 1.50 �2 (�50 to 31)
Effectiveness against severe rotavirus AGE $14 d after full course HRVa HR 0.62 0.31 to 1.21 38 (�21 to 69)
Effectiveness against severe all-cause AGE $14 d after HRV administrationa HR 0.81 0.55 to 1.19 19 (�19 to 45)
At least one solicited AE after concomitant NIP1HRV vaccinationc RR 1.09 1.05 to 1.12
At least 1 solicited AE after HRV only vaccinationc RR 0.91 0.81 to 0.99
No. solicited AE after NIP1HRV vaccinationc IRR 1.08 0.99 to 1.19

a Adjusted for day care attendance and rotavirus epidemic intensity.
b Adjusted for day care attendance and parental educational level.
c Tolerability outcome, therefore no vaccine effectiveness was calculated.

TABLE 4 Solicited AE After Receipt of NIP Vaccines, Concomitant NIP 1 HRV, or HRV Only Vaccination as Part of the Primary Series

Reported AEs NIP Only Vaccination (n 5 1583)
Concomitant NIP 1 HRV
Vaccination (n 5 353) HRV Only Vaccination (n 5 213) P

At least 1 solicited AE, n (%) 669 (44.3) 198 (56.1) 81 (38.6) <.00*
Fever 286 (18.1) 74 (21.0) 10 (4.7) <.00*
Gastrointestinal 92 (5.8) 61 (17.3) 40 (18.8) <.00*

Mean No. solicited AEs (SD) 1.51 (0.80) 1.58 (0.81) 1.77 (0.95) <.00a,*
No. solicited AE, n (%)c .09

1 445 (28.1) 116 (32.9) 41 (19.2)
2 183 (11.6) 56 (15.9) 25 (11.7)
>2 71 (4.5) 26 (7.4) 15 (7.0)

Any AE-related health care
attendance, n (%)

78 (4.9) 19 (5.4) 9 (4.2) .85b

Type of health care, n (%)c .15b

General practitioner 17 (1.1) 3 (0.8) 4 (1.9)
Outpatient clinic 4 (0.3) 2 (0.6) 1 (0.5)
Emergency department 12 (0.8) — —

Hospitalization 45 (2.8) 14 (4.0) 4 (1.9)
a Analysis of variance test.
b Fisher exact test.
* Statistical significance (P < .05).
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administration (38.6%), but
gastrointestinal AE were more
frequent after single HRV (17.3%)
and concomitant NIP1HRV (18.8%)
compared with NIP administration
(5.8%). The adjusted RR for at least 1
solicited AE in the 7-day
postvaccination period was 1.09
(95% CI: 1.05 to 1.12) for
concomitant NIP1HRV versus NIP
only and 0.91 (95% CI: 0.81 to 0.99)
for HRV only vaccination. Analysis of
the number of AE per vaccine
administration yielded comparable
results with an adjusted IRR of 1.08
(95% CI: 0.99 to 1.19) for NIP1HRV
versus NIP only (Table 3).

Post hoc and prespecified
subgroup analyses are described in
the Supplemental Information.
For VE against severe all-cause AGE,
we found 19% (95% CI: �19%
to 45%).

DISCUSSION

In this prospective multicenter study,
we evaluated VE and the safety profile
of HRV among infants with MRC and
prolonged care using the quasi-
experimental design of a before-after
cohort study. We found VE after at
least 1 dose of the HRV to be
substantially lower than previously
estimated for healthy infants. The
point estimate for VE against severe
rotavirus AGE was 30% in ATP
analysis, with an upper limit of the
95% CI at 65%. We were unable to
demonstrate statistical significance for
any of the prespecified VE outcomes.
Our findings indicate that �1 in 200
high-risk infants experienced a
vaccine-related SAE after a 2-dose
HRV course, but all resolved without
long-term sequelae. Administration of
HRV with or without concomitant
administration of NIP vaccines was
generally well tolerated, although risk
of AE increased by 8%. Reassuringly,
this increased rate of (gastrointestinal)
AE did not result in more frequent
health care attendance for AE among

NIP versus NIP1HRV-vaccinated
infants.

The Netherlands currently has no
national rotavirus vaccine policy,
and uptake in the private market
is low.22,23 Our findings raise the
question whether the benefits of
rotavirus vaccination outweigh the
possible risks of vaccine-related
SAE in this particular population,
especially in a setting with low
rotavirus incidence as currently
seen in the Netherlands.24,25

Alternatively, protecting these
infants through herd immunity,
resulting from universal
vaccination of healthy infants, may
result in a more favorable risk/
benefit ratio. Indirect protection
against rotavirus hospitalizations
has been estimated 48% (95% CI:
39% to 55%), which is higher than
our estimate of direct protection
from vaccination in MRC infants.26

This low VE after at least 1 dose of
HRV among infants with MRC is
unexpected and deserves further
discussion. We hypothesize that
certain host and pathogen factors
could be of influence. For instance,
prematurity, lower GA is known to
be associated with poorer vaccine
responses for some, but not all,
vaccines.27 In a trial, HRV immune
responses in premature infants were
found to be of protective levels in
85.7% of 147 infants, although this
proportion declined with younger
GA.10 Immaturity of the gut and
immune system and consequently a
poorer rotavirus vaccine response
may explain in part the lower VE in
our study (with generally lower GA).
In addition, the gut microbiome is a
known factor of influence on HRV
immune response. Some microbiota
species are associated with lower
rotavirus vaccine immunoglobulin A
responses,28 and their presence in
premature infants is different from
in healthy term infants, depending

on gestational maturity.29 However,
we also found low VE in term
infants with congenital pathology,
suggesting that other mechanisms
are involved as well. It is important
to mention that based on the
eligibility criteria, participants in our
cohort represent a particularly
vulnerable group of infants with
prolonged care (between 6 and 14
weeks of age). For example, the
average length of postnatal hospital
stay was 28 days and 28% of infants
were still hospitalized when HRV
vaccinated. In addition, we could
confirm receipt of the second HRV
dose in 83.3% of infants, and
protection is known to be lower
after 1 dose of HRV (range
60%–92%).30,31 However, our VE
estimate for a complete two-dose
course was not substantially higher
(38%). Despite extensive
instructions, maladministration of
the second dose, given by parents
themselves, cannot be completely
ruled out. Alternatively, altered
genotype diversity may have
influenced our results; protection is
primarily against the outer
membrane proteins, defining the
antigenetically distinct rotavirus
G- and P-genotypes.32 Although HRV
elicits both homotypic and heterotypic
immunity against antigenetically
distinct rotavirus G- and P-genotypes,
strain-specific VE has been estimated
at 94%, 87%, and 71% for homotypic,
fully, and partially heterotypic
rotavirus genotypes, respectively.33

During our study period (2015–2019),
partially heterotypic (G3P8, G4P8, and
G9P8) strains were dominant. The
homotypic G1P8 did not exceed 14%
in any of the study years,34

as has been noticed in other
high-income countries.35,36 VE in our
study may have been somewhat
influenced by this genotype
distribution.

Some limitations need to be
addressed. First, fewer than
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expected rotavirus-positive AGE
episodes (n 5 117) were detected,
reducing the anticipated statistical
power of the study. The expected
cumulative severe rotavirus
incidence for this population was
4% during 18 months of follow-
up. We found only 2.7%. This may
be explained by incomplete
pathogen ascertainment due to
lack of fecal sampling during AGE

episodes and the local change in
rotavirus epidemiology. A shift
toward a biennial pattern resulted
in a national trend toward lower
rotavirus cases in infants between
2014 and 2019.12,22,25 In post hoc
analysis, we therefore analyzed
all-cause AGE as outcome, which is
a nonspecific but more sensitive
measure of effect. VE against all-
cause AGE was 19%, in line with
our analysis of rotavirus specific
VE. Furthermore, a post hoc
power calculation confirmed that
the probability that our study had
incorrectly estimated low VE,
when true VE would be >60% (the
estimate used in the sample size
calculation) was small (<.05).

Second, we encountered lower
than expected inclusion rates, for
which we expanded the number of
sites (13 instead of 8 hospitals),
and had a higher than the
anticipated loss to follow-up
(30%), despite substantial efforts
to keep parents of participants
engaged in completing
questionnaires and reporting AGE.

The multiple and complex health
issues that many parents of a child
with MRC encounter during
infancy may be barriers to full
engagement in an observational
study like ours. Mean follow-up,
however, was at least 1 year after
vaccination (14.5 months) and our
adjusted Cox model takes
observation time into account,
thereby minimizing risk of bias
resulting from differential loss to
follow-up. Furthermore, for the
observed vaccine-related SAE, we
cannot confirm or exclude
causality between the event and
administration of HRV. In our
evaluation, we relied on clinical
judgement by the treating
physician, considering timing of
the event in relation to vaccine
administration and/or type of SAE
and patient comorbidities. At most,
we can therefore conclude that a
causal link is plausible. For some
vaccine-related SAE, other vaccines
coadministered with HRV may also
have triggered the event. Finally,
the AE assessment was based on
parent reporting, which may be
subject to variability in perception.
Although fever, vomiting, and loose
stools can be assessed objectively,
we cannot rule out that reporting
may have been influenced by
whether infants received the newly
introduced HRV, which could
increase parent’s attentiveness to
AE. This effect is likely small
because percentages of parent
reported AE between the 2 groups
were similar. Differences were only
observed for gastrointestinal AEs,
which is in line with previous
results on tolerability of HRV.

CONCLUSIONS

In this population of infants with
MRC and prolonged care, at least 1
dose of HRV offered limited
protection against severe rotavirus
AGE. We observed a higher
incidence of vaccine-related SAE in

this population than previously
reported for healthy infants. HRV
administration is generally well
tolerated but is associated with
�10% higher risk of
gastrointestinal AEs when
coadministered with NIP vaccines.
Clinicians must outweigh the risks
and benefits of HRV for this
particular patient group. The
findings are in contrast with those
for HRV in healthy infants and
underline the importance of
conducting separate studies on
vaccine performance in specific
vulnerable populations.

ACKNOWLEDGMENTS

Members of the RIVAR study team
include L.M. Zwart, C. Tims-Polder-
man, G. van Putten, C. Band and, M.
van M Beurden, Julius Center for
Health Sciences and Primary Care,
University Medical Center Utrecht,
Utrecht, the Netherlands. We would
also like to thank all RIVAR partici-
pants and their parents or guardi-
ans and all research nurses of the
different study sites for their contri-
bution to this project. A special rec-
ognition to Dr van Werkhoven for
assisting on the Bayesian analysis.
We thank the Dutch Working Group
on Clinical Virology from the Dutch
Society for Clinical Microbiology and
all participating laboratories for
providing the virological data from
the weekly Sentinel Surveillance
system. Funding sources were the
Netherlands Organisation for Health
Research and Development (grant
number: 836021024), Health care
Insurers Innovation Foundation,
GlaxoSmithKline Biologicals SA
(Study ID: 203108), and University
Medical Center Utrecht.

PEDIATRICS Volume 148, number 6, December 2021 11

D
ow

nloaded from
 http://publications.aap.org/pediatrics/article-pdf/148/6/e2021051901/1210965/peds_2021051901.pdf by U

niversity Library U
trecht user on 23 February 2022



ABBREVIATIONS

AE: adverse event
AGE: acute gastroenteritis
ATP: according to protocol
CI: confidence interval
GA: gestational age
HR: hazard rate

HRV: human rotavirus
vaccination

IQR: interquartile range
IRR: incidence rate ratio
ITT: intention to treat
MRC: medical risk condition
NIP: national immunization

program
PCR: polymerase chain reaction

RIVAR: Risk group Infant
Vaccination Against
Rotavirus

RR: risk ratio
SAE: serious adverse event
VE: vaccine effectiveness

supervised data analyses, and critically reviewed and revised the manuscript; Drs van Houten, Bont, Norbruis, Hemels, van Well, Vlieger, van der Sluijs, Stas,
Tramper-Stranders, Kleinlugtenbeld, van Kempen, Wessels, van Rossem, Dassel, and Pajkrt assisted in data collection and study setup and reviewed the
manuscript; and all authors approved the final manuscript as submitted and agree to be accountable for all aspects of the work.

Deidentified individual participant data collected during the study will be made available after publication, via a link to dataverse, including metadata. The
study protocol, including the analysis plan, is available as PDF and via the Dutch trial registry.

This trial has been registered with the Netherlands Trial Register (www.trialregister.nl) (identifier NTR5361).
DOI: https://doi.org/10.1542/peds.2021-051901

Accepted for publication Sep 21, 2021

Address correspondence to Josephine A.P. van Dongen, MD, Julius Center, UMC Utrecht, Heidelberglaan 100, 3584 CX, Utrecht, Netherlands. E-mail: jdongen3@
umcutrecht.nl

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright© 2021 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose.

FUNDING: GlaxoSmithKline Biologicals SA, the Netherlands Organisation for Health Research and Development, Healthcare Insurers Innovation Foundation,
UMC Utrecht. None of the sponsors had a role in study design, data collection, data analysis, writing or submitting of the study. GlaxoSmithKline Biologicals
SA was provided the opportunity to review a preliminary version of this article for factual accuracy, but the authors are solely responsible for final content
and interpretation.

POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

REFERENCES

1. Kotloff KL. The burden and etiology of
diarrheal illness in developing coun-
tries. Pediatr Clin North Am. 2017;64(4):
799–814

2. Burnett E, Jonesteller CL, Tate JE, Yen C,
Parashar UD. Global impact of rotavirus
vaccination on childhood hospitaliza-
tions and mortality from diarrhea. J
Infect Dis. 2017;215(11):1666–1672

3. International Vaccine Access Center. Cur-
rent rotavirus vaccine intro status. 2018.
Available at: https://view-hub.org/map/?
set=current-vaccine-intro-status&
category=rv&group=vaccine-introduction.
Accessed January 6, 2020

4. Burnett E, Parashar UD, Tate JE. Real-
world effectiveness of rotavirus vac-
cines, 2006-19: a literature review and
meta-analysis. Lancet Glob Health.
2020;8(9):e1195–e1202

5. Soares-Weiser K, Maclehose H, Bergman
H, et al. Vaccines for preventing

rotavirus diarrhoea: vaccines in use.
Cochrane Database Syst Rev. 2012;(2):
CD008521

6. Hungerford D, Smith K, Tucker A, et al.
Population effectiveness of the pentava-
lent and monovalent rotavirus vaccines:
a systematic review and meta-analysis
of observational studies. BMC Infect Dis.
2017;17(1):569

7. Chiappini E, Petrolini C, Sandini E, et al.
Update on vaccination of preterm
infants: a systematic review about
safety and efficacy/effectiveness. Pro-
posal for a position statement by Italian
Society of Pediatric Allergology and
Immunology jointly with the Italian Soci-
ety of Neonatology. Expert Rev Vaccines.
2019;18(5):523–545

8. Rouers EDM, Bruijning-Verhagen PCJ,
van Gageldonk PGM, van Dongen JAP,
Sanders EAM, Berbers GAM. Association
of routine infant vaccinations with

antibody levels among preterm infants.
JAMA. 2020;324(11):1068–1077

9. Bonhoeffer J, Siegrist CA, Heath PT.
Immunisation of premature infants.
Arch Dis Child. 2006;91(11):929–935

10. Omenaca F, Sarlangue J, Szenborn L,
et al; ROTA-054 Study Group. Safety,
reactogenicity and immunogenicity of
the human rotavirus vaccine in preterm
European Infants: a randomized phase
IIIb study. Pediatr Infect Dis J. 2012;
31(5):487–493

11. Goveia MG, Rodriguez ZM, Dallas MJ,
et al; REST Study Team. Safety and effi-
cacy of the pentavalent human-bovine
(WC3) reassortant rotavirus vaccine in
healthy premature infants. Pediatr
Infect Dis J. 2007;26(12):1099–1104

12. Bruijning-Verhagen P, Mangen MJJ, Fel-
derhof M, et al. Targeted rotavirus vac-
cination of high-risk infants; a low cost
and highly cost-effective alternative to

12 VAN DONGEN et al

D
ow

nloaded from
 http://publications.aap.org/pediatrics/article-pdf/148/6/e2021051901/1210965/peds_2021051901.pdf by U

niversity Library U
trecht user on 23 February 2022

https://doi.org/10.1542/peds.2021-051901
mailto:jdongen3@umcutrecht.nl
mailto:jdongen3@umcutrecht.nl
https://view-hub.org/map/?set=current-vaccine-intro-status&category=rv&group=vaccine-introduction
https://view-hub.org/map/?set=current-vaccine-intro-status&category=rv&group=vaccine-introduction
https://view-hub.org/map/?set=current-vaccine-intro-status&category=rv&group=vaccine-introduction


universal vaccination. BMC Med. 2013;
11:112

13. RIVAR study protocol. Netherlands Trial
Register. 2014. Available at: https://
www.trialregister.nl/trial/5213. Accessed
November 17, 2020

14. European Medicines Agency. Annex 1:
Summary of Product Characteristics.
Amsterdam, Netherlands: European

Medicines Agency

15. Ruuska T, Vesikari T. Rotavirus disease
in Finnish children: use of numerical
scores for clinical severity of diarrhoeal
episodes. Scand J Infect Dis. 1990;
22(3):259–267

16. Schnadower D, Tarr PI, Gorelick MH,
et al. Validation of the modified Vesikari
score in children with gastroenteritis in
5 US emergency departments. J Pediatr
Gastroenterol Nutr. 2013;57(4):514–519

17. Freedman SB, Eltorky M, Gorelick M;
Pediatric Emergency Research Canada
Gastroenteritis Study Group. Evaluation
of a gastroenteritis severity score for
use in outpatient settings. Pediatrics.
2010;125(6). Available at: www.pediatrics.
org/cgi/content/full/125/6/e1278

18. Wilhelmi I, Roman E, S�anchez-Fauquier
A. Viruses causing gastroenteritis. Clin
Microbiol Infect. 2003;9(4):247–262

19. Xie J, Nettel-Aguirre A, Lee BE, et al; Pedi-
atric Emergency Research Canada
(PERC) and the Alberta Provincial Pediat-
ric EnTeric Infection TEam (APPETITE
Team). Relationship between enteric
pathogens and acute gastroenteritis dis-
ease severity: a prospective cohort study.
Clin Microbiol Infect. 2019;25(4):454–461

20. van Dongen JAP, Rouers EDM, Schuur-
man R, Bonten MJM, Bruijning-Verhagen
P; RIVAR Study Group. Acute gastroenteri-
tis disease burden in infants with

medical risk conditions in the Nether-
lands. Pediatr Infect Dis J.
2021;40(4):300–305

21. Knol MJ, Le Cessie S, Algra A, Vanden-
broucke JP, Groenwold RHH. Overesti-
mation of risk ratios by odds ratios in
trials and cohort studies: alternatives
to logistic regression. CMAJ. 2012;
184(8):895–899

22. Bruijning-Verhagen P, van Dongen
JAP, Verberk JDM, et al. Updated
cost-effectiveness and risk-benefit
analysis of two infant rotavirus vac-
cination strategies in a high-income,
low-endemic setting. BMC Med.
2018;16(1):168

23. Blokhuis P. Changes to the regular neo-
natal screening and vaccination pro-
grams [in Dutch]. 2020. Available at:
https://www.tweedekamer.nl/
kamerstukken/brieven_regering/detail?
id=2020Z07778&did=2020D16656.
Accessed May 13, 2020

24. Hahn�e S, Hooiveld M, Vennema H, et al.
Exceptionally low rotavirus incidence in
the Netherlands in 2013/14 in the
absence of rotavirus vaccination. Euro
Surveill. 2014;19(43):20945

25. Verberk JDM, Pijnacker R, Bruijning-Ver-
hagen P, et al. Biennial pattern of rotavi-
rus gastroenteritis in the Netherlands
and a shifting age distribution after a
low rotavirus season, 2010-2016. Pediatr
Infect Dis J. 2018;37(9):e248–e250

26. Rosettie KL, Vos T, Mokdad AH, et al.
Indirect rotavirus vaccine effectiveness
for the prevention of rotavirus hospital-
ization: a systematic review and meta-
analysis. Am J Trop Med Hyg.
2018;98(4):1197–1201

27. Baxter D. Impaired functioning of
immune defenses to infection in prema-
ture and term infants and their implica-
tions for vaccination. Hum Vaccin.
2010;6(6):494–505

28. Ciabattini A, Olivieri R, Lazzeri E, Meda-
glini D. Role of the microbiota in the
modulation of vaccine immune
responses. Front Microbiol. 2019;10:1305

29. Chernikova DA, Madan JC, Housman ML,
et al. The premature infant gut micro-
biome during the first 6 weeks of life dif-
fers based on gestational maturity at
birth. Pediatr Res. 2018;84(1):71–79

30. Lopez-Guerrero DV, Arias N, Gutierrez-
Xicotencatl L, et al. Enhancement of
VP6 immunogenicity and protective
efficacy against rotavirus by VP2 in a
genetic immunization. Vaccine.
2018;36(22):3072–3078

31. Yeung KHT, Tate JE, Chan CC, et al. Rotavi-
rus vaccine effectiveness in Hong Kong
children. Vaccine. 2016;34(41):4935–4942

32. Grilli G, Levy-Bruhl D, Limia A, Mckeown P,
Wiese-Posselt M. Expert Opinion on Rota-
virus Vaccination in Infancy. Stockholm,
Sweden: European Centre for Disease
Prevention and Control; 2016

33. Leshem E, Lopman B, Glass R, et al.
Distribution of rotavirus strains and
strain-specific effectiveness of the
rotavirus vaccine after its introduc-
tion: a systematic review and meta-
analysis. Lancet Infect Dis.
2014;14(9):847–856

34. Baboe-Kalpoe S, Benschop KSM, van
Benthem BHB, et al. In: Schurink-van
’t Klooster TM, de Melker HE, eds.
The National Immmunisation Pro-
gramme in the Netherlands: Surveil-
lance and Developments in 2018-
2019. Bilthoven, Netherlands:
National Institute for Public Health
and Environment; 2019

35. Middleton BF, Danchin M, Quinn H, et al.
Retrospective case-control study of
2017 G2P[4] rotavirus epidemic in rural
and remote Australia. Pathogens.
2020;9(10):790

36. Pietsch C, Liebert UG. Rotavirus
vaccine effectiveness in preventing
hospitalizations due to
gastroenteritis: a descriptive
epidemiological study from Ger-
many. Clin Microbiol Infect.
2019;25(1):102–106

PEDIATRICS Volume 148, number 6, December 2021 13

D
ow

nloaded from
 http://publications.aap.org/pediatrics/article-pdf/148/6/e2021051901/1210965/peds_2021051901.pdf by U

niversity Library U
trecht user on 23 February 2022

https://www.trialregister.nl/trial/5213
https://www.trialregister.nl/trial/5213
http://www.pediatrics.org/cgi/content/full/125/6/e1278
http://www.pediatrics.org/cgi/content/full/125/6/e1278
https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2020Z07778&did=2020D16656
https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2020Z07778&did=2020D16656
https://www.tweedekamer.nl/kamerstukken/brieven_regering/detail?id=2020Z07778&did=2020D16656



