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Background: The introduction of rotavirus vaccines in national immunization programs has decreased
mortality and hospitalizations due to diarrhea. GSK’s live-attenuated, human rotavirus vaccine (HRV)
is a 2-dose vaccine for oral administration. Following the detection of porcine circovirus type 1
(PCV-1) in HRV, a PCV-free (no detection of PCV-1 and PCV-2 according to the detection limits of tests
used) HRV was developed. The immunogenicity, reactogenicity and safety of a liquid (liq) PCV-free
HRV were assessed in two prior studies. The present study aimed to generate additional reactogenicity
and safety data.
Methods: This phase III, observer-blind, randomized, controlled multi-country study enrolled healthy
6–12-week-old infants. Infants were randomized to receive 2 doses of either the liq PCV-free HRV
(N = 677) or the lyophilized (lyo) HRV (N = 674) 1–2 months apart. Solicited adverse events (AEs) were
recorded for 8 days after each dose, unsolicited AEs for 31 days and serious AEs (SAEs) from dose 1 until
the end of the 6-month safety follow-up.
Results: The occurrence of solicited general AEs was comparable between the liq PCV-free HRV and the
lyo HRV groups, with irritability/fussiness being the most frequently reported (74.9% [95% confidence
interval: 71.4–78.1] and 72.1% [68.6–75.5]). Unsolicited AEs were reported for 29.7% (26.3–33.3) and
30.6% (27.1–34.2) of infants in the liq PCV-free HRV and the lyo HRV group. A total of 39 and 38 infants
reported at least one SAE, respectively. The most common SAEs were upper respiratory tract (0.7% and
0.9%) and urinary tract infections (0.9% and 0.6%). One SAE (constipation) in the liq PCV-free HRV group
e; IDMC,
ies; PCV,

inleyici),
ton@rx-
gsk.com

http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2022.02.065&domain=pdf
https://doi.org/10.1016/j.vaccine.2022.02.065
http://creativecommons.org/licenses/by/4.0/
mailto:lauylung@hku.hk
mailto:tfleung@cuhk.edu.hk
mailto:benhurcetin@yahoo.com
mailto:enercagri@gmail.com
mailto:lmhuang@ntu.edu.tw
mailto:scott.halperin@dal.ca
mailto:68206@cch.org.tw
mailto:bruce.tapiero.med@ssss.gouv.qc.ca
mailto:tipton@rx-research.com
mailto:tipton@rx-research.com
mailto:jcampbel@som.umaryland.edu
mailto:leentje.f.moerman@gsk.com
mailto:michael.x.povey@gsk.com
mailto:dan.x.bi@gsk.com
mailto:tina.x.singh@gsk.com
https://doi.org/10.1016/j.vaccine.2022.02.065
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine


Yu-Lung Lau, T. Fan Leung, B. Sirvan Cetin et al. Vaccine 40 (2022) 2184–2190
was considered as potentially causally related to vaccination by the investigator. No deaths were
reported.
Conclusions: The study showed that the reactogenicity and safety profiles of the liq PCV-free HRV and the
lyo HRV are similar.
ClinicalTrials.gov identifier: NCT03954743.
� 2022 GlaxoSmithKline Biologicals S.A. Published by Elsevier Ltd. This is an open access article under the

CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

In 2016, diarrhea was the fifth leading cause of death in
children<5years of age,with rotavirus (RV)being themain etiologic
agent [1]. Themajority of diarrhea-related deaths occur in resource-
limited countries, but diarrhea also causes considerable morbidity
worldwide [1]. RV vaccines have been introduced in national immu-
nization programs ofmany countries, which has led to a decrease in
mortality and hospitalizations due to diarrhea [1,2].

The live-attenuated human RV vaccine (HRV; Rotarix; GSK) is a
2-dose oral vaccine; the first dose should be given from 6 weeks of
age and the second dose before 24 weeks of age [3]. The lyophilized
(lyo) and liquid (liq) formulations of the HRV vaccine were shown
to be efficacious and immunogenic with acceptable safety profiles
in large-scale, randomized, controlled trials in multiple countries
[4–10].

In 2010, porcine circovirus type 1 (PCV-1) material was unex-
pectedly detected in HRV, and PCV-1 and PCV-2 material was
found in the human-bovine reassortant RV vaccine (RotaTeq; Mer-
ck) [11,12]. The detection of PCV-1 material in HRV led to further
investigations into the nature, amount and source of this contam-
ination. Although these investigations did not detect any safety
risk to immunized children [11], GSK developed a PCV-free HRV
as a commitment to Regulatory Authorities [11,13]. A phase III,
randomized clinical trial that enrolled 1612 infants was conducted
in Costa Rica, Finland, Germany, Japan, the Republic of Korea,
Spain, Taiwan and the United States (US) and demonstrated lot-
to-lot consistency of the liq PCV-free HRV. The study also showed
that the immune response elicited by the liq PCV-free HRV was
non-inferior to that induced by the lyo HRV, and that both formu-
lations had similar reactogenicity and safety profiles [13]. A subse-
quent study including 1272 vaccinated US infants showed that
routine pediatric vaccines induced non-inferior immune responses
and had comparable safety profiles when co-administered with the
liq PCV-free HRV compared to when co-administered with the lyo
HRV [14]. The current study was conducted to generate additional
reactogenicity and safety data in the PCV-free HRV vaccine devel-
opment plan.
2. Methods

2.1. Study design, participants and vaccines

This was a phase III, observer-blind, randomized, controlled
study conducted in 37 centers in five countries/regions (Canada,
Hong Kong, Taiwan, Turkey and the US) between July 19, 2019
and November 30, 2020 (ClinicalTrials.gov: NCT03954743).

Participants were healthy infants (girls and boys), 6–12 weeks
of age, who had not previously received any RV vaccine, had no his-
tory of confirmed RV gastroenteritis or any immunosuppressive
condition, and for whom parents or legally acceptable representa-
tives (LARs) had provided written informed consent. The complete
list of inclusion and exclusion criteria is provided in Supplemen-
tary material 1. Infants were randomly allocated to two parallel
groups (1:1) using GSK’s central internet randomization system.
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The randomization algorithm used a minimization procedure with
center and country as minimization factors, each with an equal
weight. The randomization system determined the study group
at first dose and provided the treatment number for each dose.
One group received 2 oral doses of the liq PCV-free HRV and the
other group received 2 oral doses of the lyo HRV, 1–2 months
apart. As the liq HRV formulation was not licensed in the US at
the time of the study conduct, the lyo HRV formulation was used
as a control. Concomitant administration of routine childhood vac-
cines (including vaccines against tuberculosis, diphtheria, pertus-
sis, tetanus, hepatitis B, Haemophilus influenzae type b, polio
[inactivated], Neisseria meningitidis and Streptococcus pneumoniae)
was allowed according to the local immunizaton practices in each
participating country/region.

Three study visits were planned: at day 1 (administration of
dose 1), month 1–2 (administration of dose 2) and month 2–4
(follow-up, 1–2 months after dose 2). For each infant, the total
duration of the study was approximately 7–8 months, including
a 6-month extended safety follow-up period after the last dose of
the HRV vaccine. The study followed the prevailing triage policy
and infection control measures required for coronavirus disease
2019 (COVID-19) at all study sites. The study was observer-blind;
the personnel involved in vaccine preparation and administration
was not involved in the clinical evaluation.

One dose of the liq PCV-free HRV had a volume of 1.5 ml and
contained � 6.0 log10 cell culture infective dose (CCID50) of the live
attenuated HRV RIX4414 strain. PCV-free was defined as no detec-
tion of PCV-1 and PCV-2 according to the limit of detection of the
tests used [13]. The lyo HRV was reconstituted with a CaCO3-based
diluent to a volume of 1 ml and contained � 6.0 log10 CCID50 of the
live attenuated HRV RIX4414 strain.

The study protocol, protocol amendments, informed consent
form and other study-related documents were reviewed and
approved by the relevant institutional review boards and indepen-
dent ethics committees. The study was conducted in accordance
with the protocol and with ethical principles that have their origin
in the Declaration of Helsinki, applicable International Conference
on Harmonization Good Clinical Practice Guidelines and applicable
laws and regulations.

The protocol is available at https://www.gsk-studyregister.com/

en/trial-details/?id=208236.

2.2. Objectives

The primary objectives were to evaluate the reactogenicity (in
terms of solicited adverse events [AEs] during the 8 days following
each HRV vaccination) and safety (in terms of unsolicited AEs dur-
ing the 31 days following each vaccination and serious AEs [SAEs]
during the entire study period) of the liq PCV-free HRV and the lyo
HRV.

2.3. Reactogenicity and safety assessment

Solicited and unsolicited AEs were collected using diary cards,
completed by the infants’ parents/LARs after each vaccine dose

http://creativecommons.org/licenses/by/4.0/
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and returned at the next study visit. The infants’ parents/LARs were
also instructed to measure and record the oral, axillary or rectal
body temperature. All SAEs (defined as untoward medical occur-
ences that resulted in disability/incapacity, required [prolongation
of] hospitalization, were life-threatening or resulted in death) were
immediately recorded and reported to the sponsor via an elec-
tronic expedited AE reporting form.

Solicited general AEs were reported during the 8 days following
HRV vaccination (i.e., on the day of vaccination and 7 subsequent
days). Unsolicited AEs were reported during the 31 days following
HRV vaccination (i.e., on the day of vaccination and 30 subsequent
days). SAEs and AEs/SAEs leading to withdrawal were reported
from the first HRV vaccination to study end. The following solicited
general AEs were assessed: cough/runny nose, diarrhea (defined as
passage of three or more looser than normal stools within a day),
fever (defined as temperature � 38.0 �C/100.4�F), irritability/fussi-
ness, loss of appetite and vomiting (defined as one or more epi-
sodes of forceful emptying of partially digested stomach
contents � 1 h after feeding within a day). The intensity of each
AE was graded from 1 (mild) to 3 (severe). Definitions of grade 3
AEs were: �6 looser than normal stools per day for diarrhea, �3
episodes of vomiting/day, temperature > 39.5 �C/103.1�F for fever,
not eating at all for loss of appetite, crying inconsolably or prevent-
ing normal activity for irritability/fussiness, cough/runny nose that
prevented everyday activities and an AE that prevented normal,
everyday activities for all unsolicited AEs.

Medically attended solicited and unsolicited AEs were defined
as symptoms or illnesses requiring hospitalization, an emergency
room visit or an unscheduled visit to/by a health care provider.
The relationship between the study vaccines and the occurrence
of each AE/SAE was assessed by the investigators.

The reports of unsolicited AEs were reviewed by the investiga-
tors, and the signs and symptoms were coded according to the
Medical Dictionary for Regulatory Activities (MedDRA) terminol-
ogy. Every verbatim term was matched with the appropriate sys-
tem organ class and preferred term.

An independent data monitoring committee (IDMC) consisting
of clinical experts and a biostatistician reviewed the unblinded
safety data on a regular basis to evaluate if there was any safety
concern with the liq PCV-free HRV.

2.4. Statistical analyses

The target enrollment was 1350 infants (675 in each group). All
analyses were descriptive and were performed using SAS Life
Sciences Analytics Framework 5.2.2. Safety was evaluated in the
exposed set of infants (i.e., all infants who received at least 1 dose
of the study vaccine). The percentages of doses and of infants with
at least one solicited general AE during the 8 days following HRV
vaccination were calculated along with exact 95% confidence inter-
vals (CIs). The same calculations were performed for grade 3 soli-
cited general AEs, solicited general AEs assessed as causally
related to vaccination, grade 3 solicited general AEs assessed as
causally related to vaccination and solicited general AEs requiring
medical attention. For fever, additional analyses were performed
by 0.5 �C increments. These calculations were also performed by
sex. The percentages of infants with unsolicited AEs, grade 3 unso-
licited AEs, unsolicited AEs assessed as causally related to vaccina-
tion, grade 3 unsolicited AEs assessed as causally related to
vaccination and unsolicited AEs requiring medical attention during
the 31 days following HRV vaccination were calculated, along with
exact 95% CIs. The percentages of infants who experienced at least
one SAE during the entire study were calculated per study group,
and all SAEs were tabulated.
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3. Results

3.1. Study participants

A total of 1351 infants were enrolled and received at least 1
dose of the study vaccine (exposed set). Of the 677 infants in the
liq PCV-free HRV group, 663 (97.9%) received 2 doses. Of the 674
infants in the lyo HRV group, 657 (97.5%) received 2 doses. A total
of 1310 infants completed the study (653 in the liq PCV-free HRV
and 657 in the lyo HRV group). The most common reason for with-
drawal was ‘consent withdrawal, not due to an AE’, with 1.9% and
1.8% of infants in the liq PCV-free HRV and the lyo HRV group,
respectively (Fig. 1). Protocol deviations were recorded for 10% of
infants in each group.

Other childhood vaccines were co-administered with dose 1
(i.e., administered on the same day) in 299 infants (44.2%) in the
liq PCV-free HRV and 291 infants (43.2%) in the lyo HRV group.
Co-administration with dose 2 was reported for 288 infants
(43.4%) and 280 infants (42.6%), respectively.

The mean age of the infants at first dose was 9.0 weeks for both
groups. Approximately half of the infants were girls, and most
were White or Asian. Overall, the baseline characteristics were
comparable between the two groups (Table 1).

3.2. Reactogenicity and safety

During the 8-day post-vaccination periods, at least one solicited
or unsolicited AE was reported for 85.2% and 82.5% of infants in the
liq PCV-free HRV and the lyo HRV group, respectively.

3.2.1. Solicited adverse events
Overall compliance in completing solicited AE information was

high, with 98.7% in the liq PCV-free HRV and 99.1% in the lyo HRV
group. The occurrence of solicited general AEs was comparable
between the two groups and similar after each dose (Fig. 2; Sup-
plementary material 2). Most solicited AEs were mild or moder-
ate. Irritability/fussiness was the most frequently reported
solicited general AE in both groups, reported for 74.9% (95% CI:
71.4–78.1) and 72.1% (95% CI: 68.6–75.5) of infants after at least
1 dose in the liq PCV-free HRV and the lyo HRV group, respectively.
It was also the most common grade 3 solicited AE (9.7% [95% CI:
7.6–12.2] and 7.1% [95% CI: 5.3–9.3]) (Fig. 2; Supplementary
material 2, Table S2.4). Cough/runny nose was the most fre-
quently reported solicited general AE leading to medically
attended visits in both groups (3.0% [95% CI: 1.8–4.5] in the liq
PCV-free HRV and 2.7% [95% CI: 1.6–4.2] in the lyo HRV group)
(Supplementary material 2, Table S2.4). Solicited general AEs
were reported with comparable frequencies in girls and boys in
both groups (data not shown).

3.2.2. Unsolicited adverse events
At least one unsolicited AE was reported in 29.7% (95% CI: 26.3–

33.3) and 30.6% (95% CI: 27.1–34.2) of infants in the liq PCV-free
HRV and the lyo HRV group (Table 2). Grade 3 unsolicited AEs were
reported in 1.2% (95% CI: 0.5–2.3) and 1.6% (95% CI: 0.8–2.9) of
infants, respectively (Table 2). The reported unsolicited and grade
3 unsolicited AEs are presented in Supplementary material 3,
Tables S3.1 and S3.2. For 2.5% (95% CI: 1.5–4.0) of infants in the
liq PCV-free HRV and 4.5% (95% CI: 3.0–6.3) of infants in the lyo
HRV group, unsolicited AEs that were considered causally related
to the vaccines by the investigator were reported, with 0.3% (95%
CI: 0.0–1.1) and 0.4% (95% CI: 0.1–1.3) of infants having grade 3
vaccine-related unsolicited AEs (Table 2; Supplementary material
3, Tables S3.3 and S3.4). Unsolicited AEs requiring medical atten-



Fig. 1. Flow of participants N, number of infants; liq, liquid; PCV, porcine circovirus; HRV, human rotavirus vaccine; lyo, lyophilized; AE, adverse event.
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tion were reported for 16.1% (95% CI: 13.4–19.1) of infants in the
liq PCV-free HRV and for 20.3% (95% CI: 17.3–23.6) of infants in
the lyo HRV group (Table 2; Supplementary material 3,
Table S3.5).

One infant who received the liq PCV-free HRV was withdrawn
due to an unsolicited AE. Ten days after receiving the first dose,
the infant was diagnosed with mild hematochezia, assessed as
related to the vaccine by the investigator. Blood was found in stool
once, and stools were normal afterwards. Physical examination,
abdominal ultrasound and blood tests showed no abnormalities.
3.2.3. Serious adverse events
A total of 62 SAEs were reported in 39 infants (5.8%) in the liq

PCV-free HRV group. In the lyo HRV group, 59 SAEs were reported
in 38 infants (5.6%) (Table 2). The most common SAEs were upper
respiratory tract infections (0.7% and 0.9% of infants in the liq PCV-
free HRV and the lyo HRV group, respectively) and urinary tract
infections (0.9% and 0.6%). A complete list of SAEs is presented in
Supplementary material 3, Table S3.6. One SAE (constipation) in
an infant immunized with the liq PCV-free HRV was considered
by the investigator as potentially causally related to vaccination.
The constipation started 6 days after receiving the first dose and
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was of mild intensity. The infant was hospitalized due to a lack
of bowel output for 4 days and reduced oral intake. Abdominal
radiographs revealed no dilated bowels 3 days after onset, and
the infant was discharged 4 days after onset. This SAE resolved
14 days after onset. There were no reported cases of intussuscep-
tion or deaths in the study.
4. Discussion

The present study showed that the reactogenicity and safety
profiles of the liq PCV-free HRV were comparable to the lyo HRV.
This finding is consistent with the results from two previous stud-
ies that compared these two formulations [13,14]. The first study
demonstrated the immunological non-inferiority of the liq PCV-
free HRV compared to the lyo HRV [13]. The second study demon-
strated that childhood vaccines (the diphtheria-tetanus-acellular
pertussis, hepatitis B and inactivated poliovirus combination vac-
cine, the tetanus toxoid-conjugated vaccine against Haemophilus
influenzae type b and the 13-valent pneumococcal conjugate vac-
cine) co-administered with the liq PCV-free HRV induced non-
inferior immune responses compared to those after co-
administration with the lyo HRV [14].



Table 1
Baseline characteristics (exposed set).

Liquid PCV-free HRV
(N = 677a)

Lyophilized HRV
(N = 674a)

Age at dose 1, weeks
Mean ± SD 9.0 ± 1.5 9.0 ± 1.5
Median (min–max) 9.0 (6–13) 9.0 (5–13)
Age at dose 2, weeks
Mean ± SD 16.7 ± 2.6 16.9 ± 2.7
Median (min–max) 17.0 (10–23) 17.0 (10–29)
Mean gestational age ± SD,

weeks
38.5 ± 1.5 38.5 ± 1.5

Mean height at dose 1 ± SD,
cm

58.1 ± 2.8 58.2 ± 2.9

Mean weight at dose 1 ± SD,
kg

5.4 ± 0.8 5.4 ± 0.7

Female, n (%) 336 (49.6) 357 (53.0)
Race, n (%)
American Indian or Alaska

Native
2 (0.3) 1 (0.1)

Asian 302 (44.6) 301 (44.7)
Black or African American 14 (2.1) 10 (1.5)
Native Hawaiian or Other

Pacific Islander
0 (0.0) 2 (0.3)

White 339 (50.1) 346 (51.3)
Other 20 (3.0) 14 (2.1)
Country/region, n (%)
Canada 122 (18.0) 117 (17.4)
Hong Kong 182 (26.9) 182 (27.0)
Taiwan 107 (15.8) 108 (16.0)
Turkey 137 (20.2) 138 (20.5)
United States 129 (19.1) 129 (19.1)

PCV, porcine circovirus; HRV, human rotavirus vaccine; N, number of infants; SD,
standard deviation; n (%), number (percentage) of infants in a given category.

a N was 663 (liq PCV-free HRV group) and 657 (lyo HRV group) for age at dose 2.

Fig. 2. Solicited general adverse events during the 8 days following HRV vaccination (e
HRV, human rotavirus vaccine; N, number of infants. Error bars represent 95% confiden
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The reactogenicity and safety profiles of the original lyo and liq
formulations of HRV (in which PCV-1 material was detected in
2010) were previously evaluated in comparison to placebo in an
integrated analysis combining data of 28 randomized, placebo-
controlled, double-blind phase II and III trials [15]. This integrated
analysis included over 100 000 infants worldwide and showed that
the reactogenicity and safety profiles of the HRV vaccine were
acceptable and comparable to those of the placebo. The incidence
of solicited general AEs was similar following HRV vaccine or pla-
cebo administration, with reports of at least one solicited general
AE for 79.7% and 77.7% of infants, respectively. For unsolicited
AEs, these percentages were 47.8% and 49.4%, respectively, and
for SAEs 2.1% and 2.3% [15].

A transient increase in the risk of intussusception mostly within
7 days after oral rotavirus vaccine administration has been
reported previously, though available data confirm that the docu-
mented benefits of rotavirus vaccination by far outweigh the risk
[16]. No cases of intussusception were reported in the present
study.

Because the present study was impacted by the COVID-19 pan-
demic, measures were taken to allowmore flexibility for the collec-
tion of safety data (e.g., safety follow-up by telephone call or
transmission of diary cards by electronic means) while ensuring
thewelfare and safety of the infants, leading to a high retention rate.

The present study had some limitations as it was descriptive
with a limited sample size. Also, although the study population
was diverse, it mainly included infants from two racial back-
grounds (White and Asian) from five countries/regions (Canada,
Hong Kong, Taiwan, Turkey and the US) thus potentially limiting
generalizability to other populations.
xposed set). AE, adverse event; liq, liquid; lyo, lyophilized; PCV, porcine circovirus;
ce intervals.



Table 2
Unsolicited adverse events during the 31 days following HRV vaccination and serious adverse events from first study vaccination up to study end (exposed set).

Liquid PCV-free HRV
(N = 677)

Lyophilized HRV
(N = 674)

n %

(95% CI)

n %

(95% CI)

Any unsolicited adverse events 201 29.7
(26.3–33.3)

206 30.6
(27.1–34.2)

Grade 3 8 1.2
(0.5–2.3)

11 1.6
(0.8–2.9)

Causal relationship to vaccination 17 2.5
(1.5–4.0)

30 4.5
(3.0–6.3)

Grade 3 2 0.3
(0.0–1.1)

3 0.4
(0.1–1.3)

Requiring medical attention 109 16.1
(13.4–19.1)

137 20.3
(17.3–23.6)

Any serious adverse events 39 5.8
(-)

38 5.6
(-)

PCV, porcine circovirus; HRV, human rotavirus vaccine; N, number of infants; n/%, number/percentage of infants in a given category; CI, confidence interval.
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5. Conclusions

The present study showed similar reactogenicity and safety
profiles for the liq PCV-free HRV and the lyo HRV. These results
support the acceptable safety profile of the liq PCV-free HRV.
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