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against severe rotavirus disease in Indonesian infants and is under further development at PT Bio Farma,
Indonesia. The aim is to develop a rotavirus vaccine starting from birth that could improve the implemen-
tation, safety, and effectiveness of vaccines.
Methods: A multi-site phase [ study of a human neonatal RV3 rotavirus vaccine (Bio Farma) in adults,
. children, neonates in Indonesia from April 2018 to March 2019. The adult and child cohorts were
Rotavirus . . . .
Diarrhea open-labeled single-dose, while the neonatal cohort was randomized, double-blind, and placebo-
RV3 controlled three-doses at the age of 0-5 days, 8-10 weeks, and 12-14 weeks. The primary objective
Rotavirus vaccine was to assess the safety of vaccines with the immunogenicity and vaccine virus fecal shedding as the sec-
ondary endpoints in neonates.
Results: Twenty-five adults, 25 children, and 50 neonates were recruited, and all but one in the neonatal
cohort completed all study procedures. Three serious adverse events were reported (1 adult & 2 neo-
nates), but none were assessed related to investigational product (IP). The neonatal vaccine group had
a significantly higher positive immune response (cumulative seroconverted SNA and IgA) 28 days after
three doses than those in the placebo group (72% vs. 16.7%, respectively). The GMT of serum IgA in the
vaccine group was significantly higher at post IP dose 1 (p < 0.05) and post IP dose 3 (p < 0.001) compared
to the placebo group.
Conclusion: The trial results show that the RV3 rotavirus vaccine (Bio Farma) is well tolerated in all par-
ticipant cohorts (adults, children, and neonates). Three doses of this vaccine administered in a neonatal
schedule were immunogenic. These promising results support further clinical development of the RV3
rotavirus vaccine (Bio Farma).
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Since the World Health Organization (WHO) recommendation
in 2009 that all nations should include rotavirus vaccines in
* Corresponding author at: Faculty of Medicine, Public Health and Nursing, National Immunization Programs (NIP) [ 1], the morbidity and mor-
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Rotavirus-caused deaths among children under five years of age
have decreased from 528,000 in 2000 to 215,000 deaths in 2013
[3]. Currently, 106 countries have introduced rotavirus vaccines
in their NIP. Despite safe and effective rotavirus vaccines, at least
84 million children remain unvaccinated, even in countries that
have been introduced in their NIP [4]. WHO estimated global rota-
virus vaccine coverage in 2019 was 39%, which was still far behind
other basic immunizations [5]. Globally, barriers to implementa-
tions of rotavirus vaccine vary, including vaccine cost, limited per-
ception of the rotavirus severity among family, authorities, and
health providers, the timing of administration, safety concerns,
particularly intussusception risk, and religious barriers [6]. Among
the Indonesian predominant Muslim population, the halal status of
the vaccine was found to be a concern in rotavirus vaccine accep-
tance after the cost and knowledge barriers [7].

Rotavirus is associated with a significant burden of diarrheal
disease in children < 5 years of age in Indonesia. Sixty percent of
2,240 diarrhea-related hospitalizations in children under five years
of age were rotavirus-positive in a 2016 prospective surveillance
study involving six provinces of Indonesia. In addition, there was
a significant burden of disease in children (majority < 2 years of
age) treated in the outpatient setting, with 41% of the 176 children
attending with gastroenteritis testing rotavirus positive [8]. Rota-
virus vaccines (RotaTeq® and Rotarix®) are licensed in Indonesia
and available in the private market with low uptake; however,
rotavirus vaccines are not yet available in the Indonesian NIP.

Rotavirus vaccination starting from birth may offer essential
benefits, including providing early protection against severe rota-
virus gastroenteritis in endemic countries, the opportunity for
higher coverage when included in earlier immunization schedules,
and a likely safety benefit, as intussusception is rare among new-
borns [9-11]. Providing an oral rotavirus vaccine at birth also
avoids possible barriers to vaccine take presented by a complex
gut microbiome, breast milk antibodies, and gastric acidity. A
neonatal schedule for a rotavirus vaccine can be more cost-
effective compared to an infant schedule [10].

The RV3 rotavirus vaccine (Bio Farma), manufactured by PT Bio
Farma, Bandung - Indonesia, has been developed from the RV3-BB
rotavirus vaccine under license from Murdoch Children Research
Institute (MCRI) Melbourne - Australia, through technology trans-
fer. The oral RV3-BB rotavirus vaccine was developed from the
human neonatal rotavirus strain RV3 (G3P6), which was identified
in the stool of a healthy newborn [12]. A Phase IIb study conducted
in Yogyakarta & Central Java provinces - Indonesia, demonstrated
that three doses of RV3-BB vaccine were safe, immunogenic, and
efficacious in both a neonatal schedule and in an infant schedule
[13]. The protective efficacy against severe rotavirus gastroenteri-
tis provided by the neonatal schedule (dose 1 at 0-5 days of age,
dose 2 8-10 weeks; dose 3 14-18 weeks) was 94% (95% CI: 56-
99) at 12 months of age and 75% (95% CI: 44-91) at 18 months
of age [13]. Based on this data, the RV3 vaccine produced by Bio
Farma has the potential to make a significant impact on the high
rotavirus disease burden and deaths in children in Indonesia.

PT Bio Farma has optimized the large-scale development of the
RV3 rotavirus vaccine (Bio Farma) using a process free of porcine
material. Despite modifications needed to convert to a large scale
and adhere to halal requirements, the analytical comparison (ge-
netic and antigenic/phenotypic) between RV3 rotavirus vaccine
(Bio Farma) and RV3-BB vaccine (MCRI) has shown to have>99%
genetic homology. The provision of a rotavirus vaccine free of por-
cine products in the manufacturing process is essential, especially
among countries with predominantly Muslim populations. Current
rotavirus vaccines manufactured using porcine trypsin are permis-
sible in a number of countries due to the urgent need and the lim-
ited availability of halal products for use in the manufacturing
process [14].
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Rotavirus is a moderately acid-labile virus that can be inacti-
vated at an acid pH [15,16]. Hence most oral rotavirus vaccines
contain a component to buffering acid within the formulation or
use antacid before vaccine administration to protect the vaccine
virus in the passage through the stomach [15,17-19]. However,
rotavirus vaccine administration without buffer agent is well toler-
ated and immunogenic compared to vaccine administration with a
buffering agent [20,21]. Newborns have a relatively neutral gastric
acidity [22]. Therefore, an oral rotavirus vaccine delivered at birth
may not require acid neutralization. Pre-administered breast milk
or formula feeding might provide a more practical approach to vac-
cine administration in developing countries. Furthermore, our pre-
vious study suggests that breast milk does not significantly impact
vaccine take after 3 doses of RV3-BB [23].

The ultimate aim of this study is to develop an affordable, safe,
effective, and porcine-free human neonatal rotavirus vaccine with
no pre-dose antacid to protect against severe rotavirus gastroen-
teritis from birth. The primary objective of this phase I trial was
to assess the safety of RV3 rotavirus vaccine (Bio Farma) in adults,
children, and neonates, with the assessment of vaccine virus fecal
shedding and immunogenicity as the secondary endpoints in
neonates.

2. Materials and methods
2.1. Trial design

This study was a single-center phase I study comprising three
age de-escalating stages, starting from healthy adults, progressing
to children, then neonates. A Data and Safety Monitoring Board
(DSMB) reviewed the results of each stage before permitting to
proceed to the next stage. The adult and child cohorts were
open-labeled, receiving a single dose, while the neonatal cohort
was randomized, double-blind, placebo-controlled, and received
three doses. The protocol was approved by the Medical and Health
Research Ethics Committees at Faculty of Medicine, Public Health
and Nursing of Universitas Gadjah Mada (KE/FK/0086/EC/2018),
the National Agency of Drug and Food Control, Republic of Indone-
sia (B-PN.01.06.313.04.18.01367). It had been registered on Clini-
calTrials.gov (registry number: NCT03462108).

The study was conducted from April 2018 to March 2019 at five
primary health centers and five hospitals in Klaten, Central Java,
Indonesia. The trial was held in compliance with International Con-
ference on Harmonization Good Clinical Practice (ICH-GCP) guide-
lines and was monitored by a contract research organization. An
independent DSMB regularly reviewed the safety data. PT Bio
Farma funded the trial and, along with the Center for Child Health
at the Universitas Gadjah Mada (CCH UGM), developed the trial
design in consultation with MCRI. CCH UGM performed trial, data
management, and statistical analysis. All the authors reviewed the
manuscript for the accuracy and completeness of the data and
analysis.

2.2. Study participants

Twenty-five adults between 18 and 40 years old, 25 children
between 2 and 5 years old, and 50 neonates were enrolled. The
study was explained to the participants or the parent/guardian
with the written study information before recruitment, and writ-
ten informed consent was sought before eligibility screening was
performed. Inclusion criteria for adults and children were clinically
healthy by medical history and physical exams; for adult cohort,
additional screening laboratory examinations were performed,
including blood biochemistry, hematology, urinalysis, chest x-ray,
and electrocardiogram. Inclusion criteria for neonates were 0-
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5 days of age, clinically healthy by medical history and physical
exams, born full-term, and had a birth weight of 2,500 to
4,000 g. For the neonatal cohort, pregnant women were
approached from approximately 32 weeks gestation and provided
with written information and preliminary consent before collect-
ing cord blood samples at birth. Final written informed consent
was obtained from the parent or guardian after birth before the eli-
gibility screening was performed.

2.3. Investigational products

Live attenuated human neonatal strain RV3 (G3P6) rotavirus
vaccine, produced with a recombinant enzyme and recombinant
bovine trypsin, was prepared to 1 mL dose with > 5x10° fcfu/mL
in a 30% sucrose/Dulbecco’s Modified Eagle Medium (DMEM) cell
culture media. The placebo was a 1 mL solution of 30% sucrose/
DMEM and visually indistinguishable from the RV3 rotavirus vac-
cine (Bio Farma). The RV3 rotavirus vaccine and placebo were man-
ufactured at PT Bio Farma (Bandung, West Java, Indonesia)
following Good Manufacturing Practice (GMP) and supplied in cry-
ovials stored and monitored at —20° C (<-18° C) at an access-
restricted trial pharmacy site. After being thawed, investigational
products (IPs) were stored before administration with a maximum
of 6 h at 2-8° C and a maximum of 20 min at room temperature.

2.4. Randomization and masking

Randomization was only applied to the neonatal cohort. Eligible
participants were randomly assigned into either vaccine or placebo
group in a ratio of 1:1 using a block randomization method per-
formed and generated by an independent statistician before the
conduct of the trial. Randomization numbers were allocated via a
telephone by unblinded pharmacists. The sponsor, participating
families, site staff, site monitors, data management staff, and
statistician remained masked to treatment assignment throughout
the study.

2.5. Procedures

A single 1 mL dose of oral RV3 rotavirus vaccine (Bio Farma)
was administered to adult and child cohort participants, while 3
doses of the investigational product (IP), either oral active vaccine
or placebo, were given for neonatal cohort participants at the age
of 0-5 days, 8-10 weeks, and 12-14 weeks (Fig. 1). In the adult
cohort, 10 mL of blood sample was obtained before receiving a
dose of vaccine for screening laboratory examinations (biochem-
istry and hematology tests), 5 mL of blood sample was obtained
on 7 days after the vaccine dose for safety parameters (liver func-
tion and hematology tests), and lastly, 4 mL of blood sample was
obtained on 28 days after vaccine dose for safety parameter (hema-
tology test). In the child cohort, blood samples (4 mL each) were
obtained before and 28 days after the dose of the vaccine for safety
parameters (liver function test). In the neonatal cohort, blood sam-
ples (4 mL each) were obtained from cord blood at birth, venous
blood on 28 days after the first IP dose and 28 days after the third
IP dose for safety parameter (liver function test).

The samples for biochemistry (including liver function test) and
hematology assessments were allowed to clot at room temperature
for 30 min to 2 h before being tested at the accredited central hos-
pital’s clinical pathology laboratory. Furthermore, the blood sam-
ples for immunogenicity assessments were stored at 2-8 °C for
up to 24 h, then centrifuged and stored in a freezer at —20 to
—80 °C. The stool samples in the neonatal cohort participants were
collected between 3 and 7 days following each IP dose, then stored
at 2-10 °C within 4 h and/or at < -20 °C within 24 h after
collection.
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2.6. Safety

For safety evaluation, liver function tests including aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) were
assessed. Additional hematological safety parameters were only
examined in adult cohort due to safety limits of drawing blood
samples in children and neonates and lack of possible hemato-
logic abnormalities evidence due to rotavirus vaccines, including
RV3-BB in the neonates [24]. The liver function tests were used
for safety endpoint based on a concern that rotavirus infection
may elevate hepatic transaminase [25]. The study physicians/pe-
diatricians and independent pathologists verified the test results.
The adverse events (AE) were recorded as immediate systemic
events (within 30 min after each IP dose) or delayed systemic
events (>0.5-24 h, 24-48 h, 48-72 h, 3-7 days, and week 2-4
following each IP dose). Adult participants, and parents of child
and neonate participants, reported solicited, unsolicited adverse
events (AE), temperatures, and gastrointestinal symptoms on
diary cards daily for 7 days and weekly for 28 days after each
dose. Research associates collected safety data via phone on
day 3, at the end of week 2 and week 3 after each dose, while
a study doctor or midwife collected safety data on day 7 after
the IP dose.

All solicited systemic events were assessed for severity based
on protocol standard criteria, while abnormal laboratory findings
were evaluated based on the US Food and Drug Administration’s
Toxicity Grading Scale in Preventive Vaccine Clinical Trial
(September 2007) [26]. Any Serious Adverse Event (SAE), defined
as an adverse event that resulted in a new or prolonged hospi-
talization or death or life-threatening or persistent/significant
disability or congenital anomaly and occurred within 28 days
after a dose of vaccine or placebo, was to be reported to DSMB,
sponsor, and ethics committee within 24 h after being alerted.
The severity of AE was graded by the investigator, while causal-
ity was assessed by the investigator, sponsor, and DSMB. Based
on WHO causality assessment of an adverse event following
immunization, the causal relationship between investigational
product and each AE was categorized as A). Consistent with cau-
sal association to immunization, B). Indeterminate, C). Inconsis-
tent with causal association to immunization, and D).
Unclassifiable [27].

2.7. Laboratory analysis

Among neonates, immunogenicity was be evaluated at baseline
and 28 days after the first and third doses by measurement of
serum IgA using enzyme-linked immunosorbent assay (ELISA)
and serum neutralizing antibody (SNA) methods that were devel-
oped at MCRI, Australia [13]. SNA was tested against rotavirus
strain RV3 (G3P6). ELISA method measured specific rotavirus
immunoglobulin A (IgA) using rabbit anti-RV3 polyclonal antisera
and tested anti-rotavirus IgA by titration starting at a dilution of
1:20. SNA titers were determined by fluorescents focus reduction
neutralization assay as the reciprocal of the dilution observed at
50% reduction in fluorescence [24]. Fecal rotavirus RV3 vaccine
excretions in neonates from day 3 to 7 following each dose were
measured using ELISA and reverse transcription-polymerase chain
reaction (RT-PCR) amplification rotavirus VP4 and VP7 genes, using
gene-specific primers. RT-PCR method for vaccine virus shedding
has been validated for precision based on the WHO manual of rota-
virus detection and characterization methods [28]. Both serological
immunogenicity and vaccine virus fecal shedding examination
were performed at the clinical trial laboratory of PT Bio Farma with
procedures approved and validated by the Quality Assurance Divi-
sion of PT Bio Farma.
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Adult Cohort

Blood sample

RV3 vaccine

1-3 days before IP

IP dose 1

7 days after IP Blood sample

4-6 weeks after IP Blood sample

Child Cohort

1-3 days before IP Blood sample

IP dose 1 RV3 vaccine

4-6 weeks after IP Blood sample

Immediately after delivery

(0-5 days of age) IP dose 1

| 3-7 days after IP dose 1

| 28 days after IP dose 1

(8-10 weeks of age) IP dose 2
3-7 days after IP dose 2

| (12-14 weeks of age) IP dose 3
3-7 days after IP dose 3

16-18 weeks of age

Neonatal Cohort
Vaccine Group Placebo Group
Cord blood sample  Cord blood sample

RV3 vaccine Placebo
Fecal sample Fecal sample
Blood sample Blood sample

RV3 vaccine Placebo
Fecal sample Fecal sample

I

RV3 vaccine Placebo
Fecal sample Fecal sample
Blood sample Blood sample

IP = Investigational Product

Fig. 1. Study design of the trial.

2.8. Sample size and statistical analysis

The sample size was based on WHO’s a guideline on clinical
evaluation of vaccines to collect sufficient safety data and to sup-
port the design of sequential age de-escalation starting from small
numbers of healthy adults [29]. A total of 100 subjects were
planned, divided into three age groups; 25 adults, 25 children,
and 50 neonates.

Statistical calculations were performed using SAS ® version 9.4.
The results were presented as mean (range) and frequency (per-
centage) for descriptive data. The safety analysis was conducted
in the intention-to-treat population, including all enrolled partici-
pants. Safety data were presented descriptively as the number of
participants experiencing each adverse event. All SAE and unso-
licited AE terms were standardized at the database level using
the Medical Dictionary for Regulatory Activities (MedDRA) version
21.1 (September 2018) [30].

Immunogenicity analysis (IgA and SNA) was only applied in
the neonatal cohort, specifically in the per-protocol population
who received all three doses of vaccine or placebo within the
visit windows, for additional preliminary data. The relationships
between vaccination and immune responses (IgA, SNA, or both)
were assessed with a one-tailed two-sample t-test and bivariate
Chi-square or Fischer’s exact test. A significance level of 5% was
used in the analysis. The geometric mean titers (GMT) of IgA at
baseline, 28 days after IP dose 1 and dose 3 were compared
between vaccine and placebo group and analyzed using t-test
from natural log-transformed IgA titers. IgA and SNA serocon-
versions were defined as a three-fold or greater increase in titer
from baseline to day 28 after IP dose 1 and dose 3. However, if
the baseline level was below the limit of detection (i.e., IgA
antibody titer < 10), then an arbitrary level of 10 was given
in the baseline to determine the seroconversion. A positive
immune response was defined if either IgA or SNA was
seroconverted.
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3. Results

Overall, 100 participants were recruited, 25 adults, 25 children,
and 50 neonates. All adult and child participants completed the
study, while 1 neonate participant discontinued dosing after IP
dose 1 because the parents decided to discontinue. The participant,
however, was still followed up until the end of the study period. All
participants were included in the intention-to-treat and safety
analysis population, while the 49 neonates who received all 3
doses of IP were included in the per-protocol analysis population
(Fig. 2).

3.1. Vaccine safety

The baseline characteristics and adverse events are presented in
Table 1. Adverse events (AE) were most commonly reported after
8 days or more following the IP administration in all age groups.
In the neonatal cohort, 59 events were reported in the 28 days fol-
lowing a dose in the vaccine group compared with 79 events
reported in the 28 days following a dose in the placebo group. Most
events were classified as mild, while 9 moderate events were
reported in the neonatal vaccine group and 14 moderate events
were reported in the neonatal placebo group. There was no AE clas-
sified as severe in intensity across any cohort. Two neonates in the
vaccine group were first noted to be jaundiced in the 30 min post
IP dose 1; but based on the timing, this was considered unlikely to
be related to IP administration. There were no significant differ-
ences in the total number of AEs between the neonatal vaccine
group and neonatal placebo group. All AEs were followed up and
resolved without sequelae.

All adult participants had AST and ALT levels within the normal
range both at baseline and 28 days after vaccine dose. All partici-
pants had normal ALT level at baseline and 28 days post vaccine
dose in the child cohort. Seven (28%) children had an AST level
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Adult Cohort

| 34 Received study information |

N

A

| 27 Were assessed for eligibility |

7 Were not screened

A

2 Were excluded
« 1 Did not meet inclusion criteria
* 1 Met exclusion criteria

| 25 Received 1 dose vaccine |

0 Discontinued

A
25 Were included in
the safety analysis

Child Cohort

38 Parents received
study information

Neonatal Cohort

193 Parents received
study information

> 106 Declined to participate

A 4

87 Parents gave antenatal
preliminary consent

37 Were excluded

* 14 Did not meet inclusion criteria
* 7 Met exclusion criteria

« 8 Declined to participate

* 8 Had other reasons

A 4

50 Underwent randomization

! !

8 Were not screened

N

25 Were assigned to
receive 3 doses of vaccine

25 Were assigned to
receive 3 doses of placebo

| 30 Were assessed for eligibility |

5 Were excluded

| - 1 Did not meet inclusion criteria

1 Discontinued
intervention after dose 1

0 Discontinued

A

y

* 4 Met exclusion criteria

N
| 25 Received 1 dose vaccine |

]

y

25 Were included in

y

0 Discontinued

25 Were included in the
per-protocol,
intention-to-treat,

and safety analysis

24 Were included in the
per-protocol analysis

25 Were included in the
intention-to-treat,
and safety analysis

the safety analysis

Fig. 2. Clinical trial consort diagram for each cohort.

above the normal reference range, and 8 (32%) children had an AST
level above the normal reference range at 28 days post-vaccine
dose. All were asymptomatic and considered unlikely related to
IP. Fourteen neonates had an AST and/or ALT above the normal
range in the 28 days after a dose of IP with no significant differ-
ences between vaccine and placebo groups (9/36% vs. 5/20%,
p > 0.05). The levels of AST and ALT were also similar in the vaccine
and placebo groups (AST median [interquartile range]: vaccine
41.2 [34.0-54.6], placebo 43.7 [36.2-60.35]; ALT median [in-
terquartile range|: vaccine 28.6 [19.2-46.5], placebo 31.1 [22.5-
38.9]) (p < 0.05 for all comparisons).

All SAEs were reviewed by the DSMB included causality assess-
ments. During the study, there were three SAEs, one in the adult
cohort (union fracture clavicula sinistra) and two in the neonatal
cohort (neonatal jaundice and pneumonia). SAE of neonatal jaun-
dice was diagnosed in a placebo group participant at 9 days of
age (5 days after the first dose). It was assessed as mild severity
and unlikely related to the IP. Jaundice resolved with photother-
apy, and the participant was discharged after 2 days of hospitaliza-
tion. The SAE of pneumonia occurred in a vaccine group participant
at the age of 2 months and 6 days (53 days after the last IP dose)
with an assessment of moderate severity and unlikely related to
the IP. The participant was discharged after 5 days of being hospi-
talized and was fully recovered 6 days later.

3.2. Immunogenicity

Immunogenicity analysis showed that 18/25 (72.0%) neonates
in the vaccine group had a positive immune response (cumulative

4655

seroconversion in SNA and/or IgA) after 28 days of receiving full
three doses of RV3 rotavirus vaccine (Bio Farma) compared to
4/24 (16.7%) in the placebo group (Table.2). The proportions of pos-
itive immune responses in vaccine groups on 28 days post dose 3
were significantly higher than those in the placebo group (Table 2).
The 18/25 (72%) neonates in the vaccine group had IgA seroconver-
sion after receiving 3 doses, which is significantly higher than 3/24
(12.5%) neonates in the placebo group (p < 0.001). The Geometric
Mean Titers (GMT) of serum IgA following IP dose 3 was 185.1
unit/ml in the vaccine group and 12.3 unit/mL in the placebo
group. The GMTs of serum IgA in the vaccine group were signifi-
cantly higher on 28 days post IP dose 1 (p < 0.05) and 28 days post
IP dose 3 (p < 0.001) compared to those in the placebo group
(Table 2). The GMT was high at baseline in both vaccine and pla-
cebo groups for serum neutralizing antibodies. Both SNA median
and SNA GMT in the vaccine group 28 days post IP dose 3 were sig-
nificantly higher than in the placebo group (p < 0.05). The propor-
tion of positive SNA seroconversion in the vaccine group 28 days
post-dose 3 was higher than the proportion in the placebo group
but did not differ significantly (Table 2).

Fecal shedding of the vaccine virus was not detected in the stool
from samples collected between 3 and 7 days after each dose of IP
in the neonatal vaccine or placebo groups.

4. Discussion and conclusion

Our findings showed that the human neonatal RV3 rotavirus
vaccine (Bio Farma) was well tolerated in adults, children, and neo-
nates and immunogenic when given in a neonatal schedule in
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Table 1
Characteristics of study populations & adverse events reported during the trial.
Adults Children Neonates
(N =25) (N =25) Vaccine (N = 25) Placebo (N = 25)
No. of participants (%), unless otherwise indicated
Baseline characteristics
Sex
Female 23(92) 13 (52) 13 (52) 11 (44)
Male 2 (8) 12 (48) 12 (48) 14 (56)
Mean of age (range) 30.6 (20-38) y 26(2-4)y 3.6 (2-5)d 34 (2-5)d
Mean of body weight (range) 63 (40-82) kg 13 (10-23) kg 2.9 (2.5-3.6) kg 3(2.6-3.5) kg
No. of events
Adverse Events Dose 1 Dose 2 Dose 3 Dose 1 Dose 2 Dose 3
Any immediate systemic event (30 min post dose) 0 0 2 0 0 0 0 0
Any delayed systemic event (31 min-24 h post dose) 3 1 1 4 1 1 0 4
Any delayed systemic event (24 — 48 h post dose) 8 0 4 0 1 3 2 0
Any delayed systemic event (48 - 72 h post dose) 1 0 3 1 0 0 3 1
Any delayed systemic event (3 — 7 d post dose) 5 4 4 1 9 5 3 2
Any delayed systemic event (8 - 28 d post dose) 11 22 10 5 13 24 14 17
Total Adverse Events 28 27 24 11 24 33 22 24
No. of events™
Description (0 - 28 d post dose) Dose 1 Dose 2 Dose 3 Dose 1 Dose 2 Dose 3
Solicited Adverse Event 9 10 6 11 11 14 13 15
Fever 0 2 0 1 1 1 1 6
Nausea/Vomiting 1 3 2 5 2 2 3 4
Diarrhea 0 4 1 0 1 0 2 1
Fatigue/myalgia 8 1 NA NA NA NA NA NA
Irritability 0 0 3 3 7 11 7 4
Unsolicited Adverse Event 19 17 18 2 13 19 9 9
Nasopharyngitis 0 11 2 0 5 2 2 2
Loose stools 3 1 3 0 0 4 4 6
Rhinitis 0 2 1 0 2 4 0 0
Miliaria 0 0 3 0 1 2 0 0
Underweight 0 0 1 1 0 3 0 1
Conjunctivitis 1 0 2 0 0 2 0 0
Others 15 3 6 1 5 2 3 0
Serious Adverse Event 1 0 1 0 0 1 0 0
AE with moderate intensity 17 16 2 1 6 7 2 5
AE with severe | fatal intensity 0 0 0 0 0 0 0 0

The Abbreviations: y = years; kg = kilograms; d = days; h = hours; min = minutes; NA = not applicable;
" Data are for the safety analysis set (all participants who received at least one dose of vaccine or placebo). A participant could report more than one adverse event.

Indonesia. These results corresponded with the results from the
phase I trial of the RV3-BB vaccine developed by MCRI, Australia.
[31] The results suggest that three doses of RV3 rotavirus vaccine
(Bio Farma) given at the age of 0-5 days, 8-10 weeks, and 12-
14 weeks are immunogenic with a cumulative immune response
of 72%.

We found that a single dose of this vaccine was well tolerated in
adults and children with no safety concerns. Furthermore, neo-
nates who received three doses of RV3 rotavirus vaccine (Bio
Farma) had no difference in solicited or unsolicited adverse events
than those who received placebo. Two SAEs observed in the neona-
tal cohort were mild-moderate in severity and unlikely related to
the IP (1 neonatal jaundice occurred 5 days after receiving the first
dose of placebo, 1 pneumonia occurred 53 days after receiving the
first dose of vaccine). There was no episode of intussusception or
death reported in this study.

Even though rotavirus is a labile acid agent, the study findings
suggest that pre-administered antacid or acid neutralization in
the formulation may not be needed for this live-attenuated human
neonatal RV3 rotavirus vaccine (Bio Farma) to trigger an immune
response in the neonatal schedule. IgA seroconversion response
observed in the neonatal cohort in the RV3 rotavirus vaccine (Bio
Farma) was comparable with the result observed in the Phase IIb
RV3-BB vaccine trial (72% vs. 74%, respectively).[24] This study
showed that serum IgA GMTs in the neonatal vaccine group on
28 days post-dose 1 and 28 days post-dose 3 were significantly
higher than those in the placebo group. According to a review of
other rotavirus vaccines, a high IgA GMT correlates with protection
against severe rotavirus gastroenteritis.[32]
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Not unexpectedly, IgA seroconversion after the first dose of RV3
vaccine was identified in only 5 of 25 (20%) participants compared
to none in the placebo group, mirroring observations in the previ-
ous RV3-BB trials in Indonesian and New Zealand infants [13,24] as
IgA is not transferred across the placenta and the lack of an accu-
rate serological correlate of protection for rotavirus infection, the
assessment immune response to a birth dose of a rotavirus vaccine
challenging. Hence the use of other markers of immune response in
this study, including serum neutralizing antibodies and vaccine
virus fecal shedding. It has also been postulated that a birth dose
of a viral vaccine may act to “prime” the immune system for sub-
sequent exposure to a vaccine or wild-type infection [33,34]. After
three doses of the RV3 vaccine, the cumulative IgA seroconversion
in the vaccine group was significantly different from that observed
in the placebo group (72.0% vs. 16.7%, respectively). This result is
consistent with the previous phase IIb trial of the RV3-BB vaccine
in Indonesian infants [13].

Serum neutralizing antibody seroconversion was less fre-
quently observed. This was likely due to the high baseline SNA
level observed, which reflects maternal antibodies transferred via
the placental circulation. The immunogenicity analysis showed
that all participants with a positive SNA seroconversion also had
IgA seroconversion, corresponding to the phase IIb trial of the
RV3-BB vaccine [13]. Some neonatal placebo groups showed sero-
conversion in either SNA or IgA levels that seem likely to result
from the wild-type rotavirus. Rotavirus surveillance in Indonesia
also showed 38.4% positive rotavirus among 0-5 months old chil-
dren hospitalized with diarrhea [35]. The proportion of seroconver-
sion among the vaccine group is consistent with WHO prequalified
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oral rotavirus vaccines when implemented in high rotavirus dis-
ease burden regions [20,32,36].

In this study, we did not detect fecal shedding of the vaccine
virus from stools from neonates 3-7 days after a dose of vaccine.
This was in contrast to the previous RV3-BB Phase IIb in Indonesia,
where fecal vaccine virus shedding was detected in 69% of partic-
ipants in the neonatal schedule group [13]. This difference is most
likely attributable to critical differences in laboratory methods
used in these two studies. In the Phase IIb study, a VP6 specific
RT-PCR was used to detect and select samples for subsequent
sequencing [13]. However, in this current study, VP4 and VP7
RT-PCR targets were used. In retrospect, this method was not ideal
as it is not sensitive to detect the RV3 (G3P6) vaccine strain and
likely explains the failure to detect fecal vaccine virus shedding
in this study [28].

The study showed that the Bio Farma manufactured RV3 vac-
cine is immunogenic when three doses are administered in the
absence of pre-neutralization of gastric acid in a neonatal schedule
in a high child mortality region. The immunogenic observed in this
study reflects that observed in the neonatal-schedule group in the
previous Phase IIb study of the RV3-BB vaccine conducted in
Indonesia [13]. Not needing pre-neutralization will simplify
large-scale vaccine manufacture and formulation development
and reduce the cost of vaccine production. It will also make the
implementation of a non-formulated RV3 vaccine easier to admin-
ister from a clinical perspective. There is no need for a pre-dose of
antacid and will reduce the volume of the final formulated presen-
tation. However, since the safety endpoint becomes the primary
objective of this phase I trial, the secondary immunogenicity anal-
ysis from this study needs to be confirmed in further research with
larger samples.

The Bio Farma RV3 vaccine has > 99% genetic homology with
the original RV3-BB rotavirus vaccine (MCRI) that is efficacious in
protecting against severe rotavirus gastroenteritis in Indonesian
infants in a neonatal schedule [13]. It is anticipated that the intro-
duction of the RV3 vaccine into the NIP in Indonesia in the future
has the potential to reduce rotavirus-related mortality and hospi-
talization in children in Indonesia significantly.

In conclusion, the trial results show that the RV3 rotavirus vac-
cine (Bio Farma) is well tolerated in all participant cohorts (adults,
children, and neonates). Three doses of this vaccine administered
in a neonatal schedule were immunogenic. These promising results
support further clinical development of the RV3 rotavirus vaccine
(Bio Farma).
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