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Background. Porcine circovirus type 1 (PCV-1) material was detected in the human rotavirus vaccine (HRV) in 2010. In this
study we compared immunogenicity and safety of the PCV-free HRV vaccine (PCV-free HRV) with HRV. PCV-free HRV is an HRV
with no detectable PCV-1 and PCV-2 according to the limit of detection of the tests used.

Methods.

Healthy infants 6-12 weeks of age were randomized (1:1:1:1) to receive 2 doses of 1 of the 3 lots of PCV-free HRV or

HRYV. The study objectives were to demonstrate lot-to-lot consistency of the PCV-free HRV and noninferiority of PCV-free HRV as
compared to HRV in terms of immunogenicity, 1-2 months post dose 2. Reactogenicity and safety were also assessed.

Results.

Opverall, 1612 infants were enrolled and 1545 completed the study. Study objectives were demonstrated because the pre-

defined criteria were met. Among participants receiving PCV-free HRV and HRYV, 79.27% and 81.76% seroconverted and geometric
mean concentrations were 159.5 and 152.8 U/mL, respectively. The incidences of adverse events and serious adverse events were

similar between the pooled PCV-free HRV and HRV groups.
Conclusions.

terms of immunogenicity.
Clinical trials registration.
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The 3 PCV-free HRV lots demonstrated consistency and PCV-free HRV was noninferior compared to HRV in
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Rotavirus (RV) is the leading cause of severe dehydrating gas-
troenteritis (GE) in children younger than 5 years and accounts
for substantial morbidity globally and mortality in resource-
limited countries [1]. Although effective RV vaccines have been
available for more than a decade and have led to a substantial
decrease in disease burden and mortality rates caused by se-
vere RV GE, in 2016 RV infection caused 128 530 deaths and
258 173 278 episodes of diarrhea among children younger than
5 years, with the majority of these deaths occurring in devel-
oping countries [2].
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The World Health Organization first recommended RV vacci-
nation in 2006 and afterwards, in 2009, issued a reinforcement,
mentioning that RV vaccination should be offered to infants
in all regions worldwide, especially in countries with high
diarrhea-related mortality rates [3]. More than 95 countries
globally have implemented RV vaccination in their national im-
munization programs [4]. The live-attenuated human RV vac-
cine licensed at the time of study conduct (HRYV, Rotarix; GSK)
has proved to be efficacious, immunogenic, and well tolerated
in various clinical trials conducted worldwide [5-9]. In addi-
tion, postmarketing studies have also demonstrated indirect
benefits from RV vaccination such as herd effect and reduction
of nosocomial infections along with significant cost savings for
the societal and health care systems [10-12].

In 2010, porcine circovirus 1 (PCV-1) material was unex-
pectedly discovered in Rotarix and PCV-1 and PCV-2 material
was identified in human-bovine reassortant vaccine (HBRYV,
RotaTeq; Merck) [13, 14]. PCV-1 and PCV-2 are not known to
cause disease in humans. Subsequent independent and internal
investigations indicated that human infection with PCV-1

2106 « JID 2022:225 (15 June) « Salamanca de la Cueva et al


mailto:dan.x.bi@gsk.com?subject=
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

did not occur after vaccination [13, 15-17]. In addition, the
postmarketing surveillance data (with more than 69 million
doses distributed at the time of the finding) had not detected
any signal or a safety risk attributable to the presence of PCV-1
in the vaccine [13].

GSK informed health authorities worldwide (including
the European Medicines Agency [18], Food and Drug
Administration [16], and World Health Organization [19])
about the presence of PCV-1 DNA in Rotarix and committed
to develop a PCV-free vaccine. The newly developed PCV-free
vaccine is an HRV vaccine with no detection of PCV-1 and
PCV-2 according to the limit of detection of the tests used. As
part of this development, a phase 3 clinical study was conducted
to compare the PCV-free product to the HRV after a sufficient
level of comparability was reached for technical and production
data. Here we present the immunogenicity and safety outcomes
of this first trial with the PCV-free HRV, which will eventually
replace HRV after approval by regulatory authorities.

METHODS

Study Design and Participants
This was a phase 3a, randomized, observer-blind study con-
ducted at 66 centers in 8 countries (Costa Rica, Finland,
Germany, Japan, Republic of Korea, Spain, Taiwan, and the
United States) between October 2016 and November 2018.
Healthy infants, 6-12 weeks of age were eligible for enroll-
ment if their parents/legally acceptable representatives (LARs)
provided written informed consent and were able and willing to
comply with the study procedures. Infants who previously re-
ceived any vaccination against RV, had a confirmed case of RV
GE, or had a history of intussusception were not eligible for en-
rollment. A fulllist of inclusion and exclusion criteria is provided
in Supplementary Text 1. Infants were randomized (1:1:1:1) in 4
groups. Three groups received PCV-free HRV, each group a dif-
ferent lot (lots A, B, and C), and 1 group received HRYV, at 6-12
weeks and 3-5 months of age (Figure 1). Concomitant admin-
istration of routine pediatric vaccines was allowed, according to

the immunization practices in each country. The study enroll-
ment was staggered, with approximately 10% of the participants
initially enrolled. An independent data monitoring committee
(IDMC) assessed the reactogenicity and safety data of these in-
fants before enrollment of the remaining approximately 90%
(Figure 2).

The study protocol, amendments, informed consent form,
and other information that required preapproval were re-
viewed and approved by a national, regional, or investiga-
tional center independent ethics committee or institutional
review board. The study was conducted in compliance with
the Declaration of Helsinki and International Committee on
Harmonization Guidelines for Good Clinical Practice and is
registered at ClinicalTrials.gov (NCT02914184) and EudraCT
(2016-000598-19). The full protocol is available at https://www.
gsk-studyregister.com/study/4517.

Study Objectives

The first coprimary objective assessed the lot-to-lot consistency
of the PCV-free HRV in terms of immunogenicity as measured by
serum anti-RV immunoglobulin A (IgA) antibody concentrations
at 1-2 months after dose 2. Consistency was considered met if the
2-sided 95% confidence intervals (CIs) of the geometric mean con-
centration (GMC) ratio between all lot pairs were within the .5-2.0
interval (the predefined clinical limit interval for consistency).

The second coprimary objective assessed the immunological
noninferiority of PCV-free HRV as compared to HRV in terms
of seroconversion rates 1-2 months after dose 2. Noninferiority
was demonstrated if the lower limit of the 2-sided 95% CI
for the difference in seroconversion rate between the PCV-
free HRV group (pooled PCV-free HRV groups) and HRV
group was —10% or higher (the predefined clinical limit for
noninferiority).

The third coprimary objective assessed the immunolog-
ical noninferiority of PCV-free HRV as compared to HRV in
terms of serum anti-RV IgA antibody GMCs 1-2 months after
dose 2. Noninferiority was demonstrated if the lower limit of
the 2-sided 95% CI for the GMC ratio (PCV-free HRV [pooled

i PCV-free Lot A HRV |
,,,,,, PCV-free Lot BHRV = , Pooled PCV-free HRV
Randomization | i groups
1:1:1:1 “ """ PCV-free Lot C HRV

frrres HRV e > HRYV group

Day 0 Month 1-2 Month 2-4 Month 7-8
I | l {
B,V A% B ESFU
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Figure 1. Study design. Abbreviations: B, blood sample; ESFU, extended safety follow-up contact; HRV, human rotavirus vaccine licensed at the time of study conduct;
PCV-free Lot A HRV, PCV-free Lot B HRV, and PCV-free Lot C HRV, groups receiving the porcine circovirus-free human rotavirus vaccine from lots A, B, or C; Pooled PCV-free

HRV, pooled porcine circovirus-free human rotavirus vaccine groups; V, vaccination.
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Figure 2.

Flow of participants. Abbreviations: HRV, group receiving human rotavirus vaccine licensed at the time of study conduct; n, number of infants in each group; PCV-

free Lot A HRV, PCV-free Lot B HRV, PCV-free Lot C HRV, groups receiving the porcine circovirus-free human rotavirus vaccine from lots A, B, or C.

groups]/HRV group) was >0.67 (the predefined clinical limit
for noninferiority).

Vaccines

The PCV-free HRV is a liquid vaccine presented in a prefilled
oral applicator [20]. One dose has a volume of 1.5 mL and con-
tains >10%° median cell culture infective dose 50% (CCID,) of
HRYV strain RIX4414. PCV-free was defined as a negative result
of quantitative polymerase chain reaction (QPCR) for PCV-1
and PCV-2 DNA (limit of detection [LOD] of 15 copies/million
cells) and by the absence of PCV-1 infective particle through
the PCV-1 infectivity assay (LOD of 10 CCID, per assay corre-
sponding to 1 CCID, /mL).

The HRV used in this study was the lyophilized formula-
tion licensed at the time of study conduct [20]. One dose had a
volume of 1 mL and contained >10%° (CCID, ) HRV strain RIX
4414 mixed with a CaCO,-based diluent.

The 2 oral doses of the HRV were administered at 1-month
or 2-months interval, as per the RV vaccination schedule in
participating countries.

Immunogenicity Assessment

Blood samples were collected before the first dose and
1-2 months after the second dose from each infant to measure
serum anti-RV IgA antibody concentrations using a modified
enzyme linked immunosorbent assay (ELISA; GSK laboratory,
Rixensart, Belgium and Wavre, Belgium), which was described
previously [21, 22]. The seroconversion rate was defined as the
percentage of infants who were initially seronegative (ie, with
anti-RV IgA antibody concentration <20 U/mL prior to the first
dose) and developed anti-RV IgA antibody concentration >20
U/mL after the second dose.

Stool samples were collected from infants who experi-
enced GE episodes from administration of the first dose up to
2 months post dose 2. A stool sample had to be collected as
soon as possible after illness began and preferably not later than
7 days after the start of GE symptoms. Two occurrences of diar-
rhea were classified as separate episodes if there were 5 or more
diarrhea-free days between episodes.

Stool samples were tested for RV antigen by ELISA (GSK lab-
oratory, Rixensart, Belgium). Positive samples were tested by
reverse transcription PCR (RT-PCR) followed by sequencing to
determine the G and P genotype (DDL Diagnostic Laboratory,
Rijswijk, Netherlands). If wild-type RV infection could not be
excluded, infants were eliminated from the per-protocol set
(PPS) immunogenicity analysis.

Safety and Reactogenicity Assessment
Solicited adverse events (AEs) were recorded by parents/LARs
on diary cards distributed at each vaccination and returned at
the next visit. Parents/LARs were queried about AEs at each
visit and at the telephone contact at the end of the extended
safety follow-up period (7-8 months post first vaccination).

Solicited AEs (fever [body temperature >38.0°C, recorded
daily], irritability/fussiness, diarrhea [passage of 3 or more
looser than normal stools within a day], vomiting [1 or more
episodes of forceful emptying of partially digested stomach
contents >1 hour after feeding within a day], loss of appetite,
cough/runny nose) were recorded within 8 days following each
vaccine dose.

Unsolicited AEs were recorded within 31 days following each
vaccine dose.

Any GE episodes occurring within 8 days following each
vaccine dose were recorded as a solicited AE (diarrhea). GE
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episodes were recorded as an unsolicited AE if 3 or more
loose stools occurred at more than 8 days following each
vaccine dose.

Serious AEs (SAEs) and AEs/SAEs leading to withdrawal
from the study were recorded throughout the study up to
6 months after dose 2. SAEs related to study participation or
concurrent GSK medication/vaccine were recorded from the
time consent was obtained up to study end.

An IDMC comprising clinical experts and a biostatistician
reviewed the unblinded safety data gathered during the study
after the enrollment of 5%, 10%, and 50% of participants and
during additional meetings. Enrollment was put on hold during
IDMC review of data of 10% of infants and was to be resumed if
no safety concerns were identified.

Statistical Analyses

Safety was evaluated in the exposed set (ES), which included
all infants who received at least 1 dose of study vaccine.
Immunogenicity was evaluated in the PPS, which included
infants who received all doses according to protocol and had
available immunogenicity data. A full list of inclusion criteria in
the PPS is detailed in Supplementary Text 2. As the percentage
of participants excluded from the PPS for analysis of immuno-
genicity was >5%, a second analysis based on the ES was per-
formed to complement it.

The target enrollment was 1600 infants (400 in each group)
to obtain at least 1280 evaluable infants (320 in each group) for
the evaluation of the coprimary objectives, assuming that ap-
proximately 20% of the enrolled infants would not be evaluable.

To control the risk of concluding erroneously due to the mul-
tiple coprimary objectives, a hierarchical procedure was used
with a 2.5% type I error. Each objective was considered met only
if the associated criterion was met and the previous objective
was met too. The statistical analyses were performed using SAS
Drug Development.

RESULTS

Demographics

One thousand six hundred and twelve infants were enrolled.
Among the 1600 infants who received at least 1 dose of study
vaccine (ES), 1313 were included in the PPS for immunoge-
nicity and 1545 infants completed the study (Figure 2).

The mean age of the infants at first dose was 8.4 (SD 1.5)
weeks, 50.7% of them were girls, and the majority of the infants
were white. Overall, demographic characteristics were com-
parable across groups (Table 1). A total of 51.9% and 46.1% of
children received routine pediatric vaccines (including vaccines
against diphtheria, tetanus, pertussis, hepatitis B, Haemophilus
influenzae type b, Neisseria meningitidis, and Streptococcus
pneumoniae) concomitantly with the first and second dose of
RV vaccines, respectively.

Immunogenicity

All primary objectives were met.

Lot-to-lot consistency for PCV-free HRV was demonstrated, as
the 95% Cls for the between-group ratio of anti-RV IgA anti-
body GMCs among groups receiving 1 of the 3 lots, 1-2 months
after the second vaccine dose were within the .5-2 interval
(Table 2 and Supplementary Table 1).

The PCV-free HRV was shown to be noninferior to HRV in
terms of seroconversion rates and GMCs, 1-2 months after the
second vaccine dose. The lower limit of the 95% CI for the dif-
ference in seroconversion rates between the pooled PCV-free
HRV group and the HRV group was greater than the prede-
fined criterion of —10% (Table 2). The lower limit of the 95%
CI for the ratio of anti-RV IgA antibody GMCs (pooled PCV-
free HRV/HRV) was greater than the predefined criterion of .67
(Table 2).

Seroconversion rates and anti-RV IgA GMCs are shown
in Supplementary Table 1 for the 3 different lots of PCV-free
HRY, for the pooled PCV-free HRV group, and the HRV group.
Results of the analyses performed on the ES were in agree-
ment with results of the analyses performed on the PPS (data
not shown).

Of the 123 stool samples analyzed, potential wild-type RV in-
fection was identified in 2 infants in the pooled PCV-free HRV
group. The identified RV types were G2P[4] (in addition to G1
vaccine type) and G1 vaccine type/nontypeable P, respectively.
As a consequence, the 2 infants were excluded from the PPS for
immunogenicity.

Safety and Reactogenicity

Solicited AEs

The occurrence of solicited AEs was similar in the pooled
PCV-free HRV group and the HRV group (Figure 3 and
Supplementary Table 2). Irritability/fussiness was the most
commonly reported solicited AE (66.9% in the pooled PCV-
free HRV group and 64.9% in the HRV group). Cough/runny
nose was the most frequently reported AE leading to medically
attended visits and was reported by similar percentages of in-
fants in the pooled PCV-free HRV group and the HRV group.

Unsolicited AEs
The most commonly reported unsolicited AEs following each
vaccine dose were upper respiratory tract infection, reported in
8.0% of infants in the pooled PCV-free HRV group and 7.5%
of infants in the HRV group, and nasopharyngitis reported in
7.1% of infants in the pooled PCV-free HRV group and 7.2%
of infants in the HRV group (Supplementary Table 3). Grade 3
unsolicited AEs were reported in 3.3% of infants in the pooled
PCV-free HRV group and 2.0% of infants in the HRV group.
Unsolicited AEs considered causally related to vaccina-
tion were reported in 6.7% of infants (in the pooled PCV-
free HRV group and the HRV group). The most frequently
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Table 2. Summary of Results for the Coprimary Objectives, Evaluated at 1-2 Months After the Second Vaccine Dose (Per-Protocol Set)

Group n GMC/SC Rate Assessed Outcome Value (95% ClI)
Lot-to-lot consistency between PCV-free HRV lots
PCV-free Lot A HRV 332 1566.1 U/mL Lot A/Lot B GMC ratio 1.07 (.79-1.44)
PCV-free Lot B HRV 326 145.9 U/mL Lot A/Lot C GMC ratio 0.88 (.65-1.19)
PCV-free Lot C HRV 326 177.1 U/mL Lot B/Lot C GMC ratio 0.82 (.61-1.11)
Noninferiority of PCV-free HRV compared to HRV in terms of SC rates
Pooled PCV-free HRV 984 79.27% Difference in SC rate (pooled PCV-free HRV-HRV) -2.49 (-715 to 2.63)
HRV 329 81.76%
Noninferiority of PCV-free HRV compared to HRV in terms of GMCs
Pooled PCV-free HRV 984 159.5 U/mL GMC ratio (pooled PCV-free HRV/HRV) 1.04 (.82-1.33)
HRV 329 152.8 U/mL

The adjusted GMC ratio was computed with an ANOVA model including the vaccine group (lot A, lot B, and lot C) and the country as fixed effects.

The seroconversion rate was defined as the percentage of infants who were initially seronegative (ie, with anti-RV IgA antibody concentration <20 U/mL prior the first dose) and developed
anti-RV IgA antibody concentration >20 U/mL after the second dose.

Bolded values indicate that the lot-to-to consistency or noninferiority criteria were met.

Abbreviations: Cl, confidence interval; GMC, geometric mean concentration estimated from the ANOVA model; HRV, human rotavirus vaccine licensed at the time of study conduct; n,
number of infants with available results; PCV-free Lot A HRV, PCV-free lot B HRV, PCV-free Lot C HRV, lots A, B, and C of the porcine circovirus-free HRV; Pooled PCV-free, porcine circovirus-
free HRV liquid formulation of pooled lot A/B/C groups; SC, seroconversion.

reported were diarrhea (2.8% of infants in pooled PCV-free pooled PCV-free HRV group and 33.1% of infants in the
HRV group and 3.0% of infants in HRV group) and flatu- HRV group.

lence (0.5% of infants in pooled PCV-free HRV group and Throughout the study, SAEs were reported in 5.0% of in-
1.0% of infants in HRV group). Unsolicited AEs requiring  fants in the pooled PCV-free HRV group and 4.5% of infants
medical attention were reported in 35.0% of infants in the in the HRV group. None of the SAEs were considered by the
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Figure 3.  Solicited general adverse events after HRV vaccination, overall per infant (exposed set). Grade 3 was defined as preventing normal daily activity (irritability/fuss-
iness and cough/runny nose), did not eat at all (loss of appetite), >6 looser than normal stools/day (diarrhea), >3 episodes of vomiting/day (vomiting), and body temperature
>39.5°C (fever). Abbreviations: HRV, human rotavirus vaccine licensed at the time of study conduct; Pooled PCV-free HRV, pooled groups receiving the porcine circovirus-free
human rotavirus vaccine.
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investigator causally related to vaccination. For 1 infant in PCV-
free lot C HRV group, intussusception was reported 132 days
after receiving the second vaccine dose. The event was resolved
after 3 days and was not considered as causally related to vac-
cination by the investigator. No AEs or SAEs leading to with-
drawal and no deaths were recorded in this study.

DISCUSSION

In 2010, the discovery of PCV material in HRV and HBRV gen-
erated a series of tests by both independent health authorities
and pharmaceutical companies. Extensive investigations have
been conducted to identify the source, amount, and nature
of the contamination as well as the potential clinical implica-
tions in vaccinated children. The most likely source of PCV-1
contamination of HRV appeared to be contaminated porcine-
derived trypsin used to manufacture the Vero cell banks, the
cell substrate used to produce HRV [13, 14]. PCV-1 is known
to asymptomatically infect pigs and humans are frequently ex-
posed to PCV-1 through dietary meat products. Existing evi-
dence supports the view that PCV-1 does not cause infection
in humans. The presence of adventitious agents in biological
products is not unusual when animal or plant-derived mater-
ials are used during manufacturing process [19]. Its presence
is typically detected when new technologies become available
[20, 22].

In the context of PCV-1 contamination of HRV, retrospec-
tive testing identified PCV-1 in vaccine lots since its initial
stages of development and in pivotal prelicensure clinical trials,
which means that the acceptable safety profile of HRV reflects
exposure to PCV-1 [15, 23]. Moreover, analysis of 40 archived
stool samples from HRV-vaccinated children detected PCV-1
in 4 samples, only at earliest postvaccination timepoints, sug-
gesting an absence of viral replication of PCV-1 in the gastroin-
testinal tract [13]. Similarly, postvaccination serologic response
to PCV-1 in a large number of archived serum samples from
HRV-vaccinated children did not reveal a statistical difference
compared to the placebo arm (HRV group, 1% [90% CI, .3-2.6];
placebo group, 0.3% [90% CI, .0-1.6]) [15]. After thorough as-
sessment and evaluation by health authorities, it has been con-
cluded that there is no evidence that the presence of a small
amount of PCV-1 in HRV poses a safety risk to vaccinated
children [16, 18, 19] and PCV-1 presence in HRV has been rec-
ognized as a manufacturing quality issue [15]. However, GSK
committed to regulatory authorities worldwide to develop a
PCV-free HRV. New starting materials (including cell banks
and seeds) have been introduced for the preparation of the
PCV-free HRV, which follows the same process as that used for
HRV [13].

Of note, in this study 2 different formulations of HRV (PCV-
free HRV liquid versus HRV lyophilized) were used. A com-
parable immunological and safety profile between liquid and

lyophilized formulations of the HRV has been demonstrated
in previous clinical studies [24, 25]. The production of liquid
HRYV follows general recommendations from several health or-
ganizations encouraging development of liquid formulations
due to their easier handling for administration, lower logistical
costs, and higher manufacturing capacity [9, 25]. In view of this
switching strategy in long-term vaccine supply, the PCV-free
vaccine assessed in the present study is a liquid formulation.

The present study demonstrated that the PCV-free HRV can
be consistently produced, which is a regulatory requirement for
vaccine production. It was also shown to be immunologically
noninferior to the vaccine licensed at the time of study conduct.
The seroconversion rate following vaccination with the PCV-
free HRV was 79.3%, which is in line with results from pre-
vious HRV studies reporting seroconversion rates ranging from
61.4% to 93.9% after 2-dose HRV [26]. Although no recognized
immunological correlate of protection has been established to
date, postvaccination anti-RV IgA seropositivity (antibody con-
centration >20 U/mL) is considered as a useful correlate of ef-
ficacy in clinical trials of HRV [26-30]. In the present study,
the seroconversion rate was approximately 80% with anti-RV
IgA GMC almost 8 times higher than the 20 U/mL threshold
in both study groups after the second vaccine dose. Because in-
fection with RV could influence immunogenicity results after
RV vaccination, stool samples of GE episodes occurring up to
1-2 months post dose 2 were tested to identify wild-type RV
and positive samples were excluded from the analyses. Based
on the immunogenicity results in this trial, the same level of
protection against RV GE disease is expected with the PCV-
free HRV compared to HRV. HRV was shown to be efficacious
against severe RV GE-associated hospitalizations in several
large clinical trials conducted worldwide, with a vaccine effi-
cacy ranging from 58.7% to 96.1% [6, 7, 31-35].

No marked imbalance in safety data was reported for the in-
fants receiving PCV-free HRV and those receiving HRV. The
incidence of infants reporting AEs and SAEs were similar be-
tween PCV-free HRV and HRV groups. Although the present
study was not powered to draw confirmative conclusions on
safety end points, the results are in agreement with the accept-
able safety profile of HRV as reported in the integrated safety
analyses including over 100 000 infants worldwide and showing
that HRV was well tolerated [36]. The safety of the PCV-free
HRYV is being monitored in other clinical studies, which will
contribute to a larger safety database.

CONCLUSIONS

The study demonstrated the lot-to-lot consistency of 3 produc-
tion lots of PCV-free HRV and its noninferiority compared to
HRYV in terms of immunogenicity. In addition, the study showed
that PCV-free HRV and HRV have a similar reactogenicity and
safety profile.
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