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ABSTRACT
The WHO pre-qualified rotavirus vaccine, ROTAVAC®, is derived naturally from the neonatal 116E rotavirus 
strain, and stored at −20°C. As refrigerator storage is preferable, immunogenicity and safety of liquid 
formulations kept at 2–8°C, having excipients to stabilize the rotavirus, with or without buffers, were 
compared with ROTAVAC® in different clinical studies. Study-1, the pivotal trial for this entire product 
development work, was a randomized, single-blind trial with two operationally seamless phases: (i) an 
exploratory phase involving 675 infants in which two formulations, ROTAVAC 5C (LnHRV-1.5 mL and 
LnHRV-2.0 mL) containing buffer and excipients to stabilize the virus against gastric acidity and tempera-
ture, were compared with ROTAVAC®. As the immune response of ROTAVAC 5C (LnHRV-2.0 mL) was non- 
inferior to ROTAVAC®, it was selected for (ii) confirmatory phase, involving 1,302 infants randomized 
1:1:1:1 to receive three lots of LnHRV-2.0 mL, or ROTAVAC®. Primary objectives were the evaluation of 
non-inferiority and lot-to-lot consistency. The secondary objectives were to assess the safety and inter-
ference with the concomitant pentavalent vaccine. As it was separately established that buffers are not 
required for ROTAVAC®, in Study-2, the safety and immunogenicity of ROTAVAC 5D® (with excipients) 
were compared with ROTAVAC® and lot-to-lot consistency was assessed in another study. All lots elicited 
consistent immune responses, did not interfere with UIP vaccines, and had reactogenicity similar to 
ROTAVAC®. ROTAVAC 5C and ROTAVAC 5D® were immunogenic and well tolerated as ROTAVAC®. 
ROTAVAC 5D® had comparable immunogenicity and safety profiles with ROTAVAC® and can be stored 
at 2–8°C, leading to WHO pre-qualification.
Clinical Trials Registration: Clinical Trials Registry of India (CTRI): CTRI/2015/02/005577CTRI/2016/11/ 
007481 and CTRI/2019/03/017934.
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Introduction

The World Health Organization (WHO) recommends the 
inclusion of rotavirus (RV) vaccines in all national immuniza-
tion programs and as a priority intervention in countries in 
southeastern Asia and sub-Saharan Africa with high mortality 
rates to rotavirus gastroenteritis (RVGE).1 The three-dose oral 
vaccine, ROTAVAC® (Bharat Biotech, Hyderabad, India), is 
a neonatal human RV vaccine (nHRV) derived from the natu-
rally attenuated and reassorted RV strain 116E, which includes 

a bovine rotavirus VP4 gene (G9P[11]).2–4 ROTAVAC® was 
licensed in India in 2015 and introduced in four early adopter 
states in 2016; it is now implemented in all states as part of 
a national scale-up for rotavirus immunization.5 ROTAVAC® 
was prequalified by the WHO in 2018,6 enabling the procure-
ment of the vaccine by the Global Alliance for Vaccines and 
Immunization (Gavi) and United Nations International 
Children’s Emergency Fund (UNICEF), and around 
450 million doses of the vaccine have been administered.
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ROTAVAC® (stored at −20°C) has the smallest cold chain 
footprint among several licensed RV vaccines with a low 
dose volume (0.5 mL),7,8 although storage at 2–8°C is the 
preferred characteristic for the vaccines. It has been an 
endeavor to develop a 2–8°C stable rotavirus vaccine with 
a similar cold chain footprint. This work has been successful, 
and its development, carried out in two stages, is elaborated 
below. As with all rotavirus vaccines, the rotavirus strain was 
believed to be acid labile, so incorporation of a buffer com-
ponent is a common feature in all rotavirus vaccines,9 and 
the original ROTAVAC® formulation consists of a 0.5 mL 
vaccine component together with 2.5 mL of bicarbonate buf-
fer administered before the vaccine.3 To facilitate the storage 
and administration of ROTAVAC®, we embarked on 
a program to develop a ready-to-use liquid formulation 
(ROTAVAC 5C/LnHRV) containing stabilizers to make the 
vaccine stable at a refrigerator temperature range (2–8°C) for 
at least 24 months and also with buffers to ensure that the 
formulations have adequate acid neutralization capacity 
(ANC), to counter the destabilizing effect of gastric acidity 
on the vaccine virus, thereby eliminating the need for the 
additional external buffer component. All manufacturing 
steps during the drug substance stage remained the same 
between ROTAVAC® (PCT/IN2007/000190) and these new 
liquid formulations containing various sugars and stabilizers. 

Initially, over 100 different formulations were tested for 
stability at real-time storage temperature and at accelerated 
temperatures, as well as for acid neutralizing capacity, from 
which we first down-selected around 10 vaccine formula-
tions and ultimately two liquid formulations (ROTAVAC 
5C, LnHRV-1.5 mL and LnHRV-2.0 mL) were selected for 
clinical evaluation post extensive safety assessment in differ-
ent animal toxicity studies (Rotavirus vaccine compositions 
PCT/IN2010/000041 and PCT/IN2013/000272). In the first 
clinical study (CTRI/2015/02/005577), we evaluated the 
immunogenicity and safety of ROTAVAC 5C (LnHRV-1.5  
mL) and LnHRV-2.0 mL in comparison with ROTAVAC® 
with two operationally seamless phases: (i) an exploratory 
phase and (ii) a confirmatory phase.

Then, after establishing that 116E, the rotavirus strain used 
for ROTAVAC®, is not acid labile,2 we developed and assessed 
a third formulation, ROTAVAC 5D®, which has a dose volume 
of 0.5 mL and contains stabilizers but no buffering compo-
nents (PCT/IN2017/050237) (Table 1). This vaccine formula-
tion (ROTAVAC 5D®) was again tested against ROTAVAC® 
for its immune performance (Study2- CTRI/2016/11/007481) 
and immunological lot-to-lot consistency among three differ-
ent lots (CTRI/2019/03/017934). The overall development 
pathway is represented in Figure 1.

Table 1. Composition of ROTAVAC vaccine formulations.

Components
ROTAVAC® ROTAVAC 5C ROTAVAC 5D®

0.5 mL (−20°C) LnHRV 1.5 mL (2–8°C) LnHRV 2.0 mL (2–8°C) 0.5 mL (2–8°C)

Vero cell-derived Rotavirus 116E bulk, Live attenuated ✓ ✓ ✓ ✓
Sugar Stabilisers – ✓ ✓ ✓
Protein Stabilisers – ✓ ✓ ✓
Buffer Components* – ✓ ✓ –

*The chemical composition of buffers is different for the two ROTAVAC 5C formulations.

Figure 1. ROTAVAC 5D® vaccine formulation development pathway.
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Methods

Clinical trial design and subjects

The report provides data from distinct clinical trials with different 
liquid formulations (Table 2), ROTAVAC 5C at two different 
dose volumes, 1.5 mL and 2.0 mL, and ROTAVAC 5D® with 
a dose volume of 0.5 mL, all stable at 2–8°C. All trials were 
conducted according to Good Clinical Practice, & Schedule 
Y (Drugs and Cosmetics Act, 2005), and ethical guidelines for 
biomedical research on human subjects (Indian Council of 
Medical Research, 2006), although these guidelines were revised 
subsequently. The protocol for each study was registered with the 
Clinical Trials Registry of India (CTRI) and approved by the 
National Regulatory Authority, the Drug Controller General, 
India, and the respective Ethical Committees of each participating 
site. A data safety monitoring board periodically reviewed the 
safety data.

In each study, eligible participants were healthy full-term 
infants at 6 weeks of age who were available for the study were 
not involved in any other study, and had not previously received 
a rotavirus vaccine. Parents or guardians had the objectives and 
requirements of the trial explained to them before providing 
written informed consent and the enrollment of their infant.

Vaccine formulations evaluated

The original ROTAVAC® composition is stored at −20°C but 
has limited stability for around 6 months when kept at 2–8°C. 
We prepared a series of liquid formulations to improve the 
stability and buffering capacity of the vaccine at 2–8°C for at 
least 24 months. These formulations contained a wide range of 
sugars, protein stabilizers, and excipients at varying concen-
trations, along with different types of buffers, all of which were 
in the GRAS (Generally Recognized as Safe) category. Based on 
extensive stability data at real-time storage temperature and at 
accelerated temperatures, as well as acid neutralizing capacity 
(ANC), and extensive safety evaluation in different animal 
toxicity studies, we down-selected two formulations for clin-
ical evaluation.

Each dose of the study vaccines, ROTAVAC 5C LnHRV- 
1.5 mL and LnHRV-2.0 mL, contained at least 105 Focus 
Forming Units (FFUs) of RV strain 116E in 1.5 mL and 2.0  
mL volume per dose, respectively. They both contain stabili-
zers, excipients (such as sugar excipients), and protein stabi-
lizers to keep the vaccine stable at 2–8°C with almost no decay 
in vaccine virus concentration over 24 months when stored at 
2–8°C, as well as buffer components to vary the ANC. Typical 

Table 2. Clinical trials of ROTAVAC vaccine formulations.

S. No CTRI Objective

1. ROTAVAC 5C (LnHRV-1.5 & 2 mL) 
Exploratory

CTRI/2015/02/005577 [Registered on: 
25/02/2015]

Selection of formulation for Confirmatory

2. ROTAVAC 5C (LnHRV- 2 mL) 
Confirmatory

CTRI/2015/02/005577 [Registered on: 
25/02/2015]

Compare Immunogenicity and lot-to-lot consistency with ROTAVAC®

3. ROTAVAC  
5D® Immunogenicity

CTRI/2016/11/007481 [Registered on: 
24/11/2016]

Immunogenicity, reactogenicity and safety of ROTAVAC 5D® compared 
with existing ROTAVAC®

4. ROTAVAC 5D® Lot-to-Lot CTRI/2019/03/017934 [Registered on: 
06/03/2019]

Lot-to-Lot consistency of ROTAVAC 5D®

Figure 2. Acid neutralization for different rotavirus formulations.
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ANC graphs for different formulations are shown in Figure 2. 
Stability studies were also carried out at 25°C for 6 months and 
37°C for 7 days to enable the use of VVM7 for stability mon-
itoring during programmatic usage. Both were manufactured 
as per Good Manufacturing Practice standards. The compara-
tor vaccine, ROTAVAC®, containing at least 105 FFU of RV 
strain 116E in each 0.5 mL dose, was administered orally with-
out a buffering agent. Approximately 30 min before adminis-
tration, frozen vaccine vials were shifted from −20°C to room 
temperature for thawing. In Study 1, the exploratory phase, 
batch numbers used were 61EZ14010, 61AQ14007, and 
61DA13001 for the LnHRV-1.5 mL, LnHRV-2 mL, and 
ROTAVAC® groups, respectively, and the confirmatory 
phase, batch numbers used were 61AQ16002, 61AQ16003, 
61AQ16004, for the LnHRV-2 mL Lots 1, 2, and 3, respec-
tively, and 61DA616011 for the ROTAVAC® group.

In each study, vaccines were administered on Days 0, 28, 
and 56 concurrently with two other childhood UIP vac-
cines (an oral polio vaccine, BIOPOLIO®, and a pentavalent 
combination vaccine, ComVac5®, containing diphtheria, 
tetanus, pertussis hepatitis B and Haemophilus influenzae 
type B antigens (both manufactured by Bharat Biotech). 
There were no specific instructions to mothers regarding 
breastfeeding before/after vaccination. Peripheral venous 
blood samples (5 mL) were obtained on Day 0 (before 
vaccine administration) and Day 84 (28 days after the 
third dose).

Randomization

Predefined lists using randomly permuted blocks of four and eight 
were created at the start of each study and uploaded into the eCRF 
(InForm, Oracle). To ensure that males and females were allocated 
equally across treatment groups at each site, randomization was 
stratified by site and sex, with separate randomization lists for 
males and females at each site. The study staff at all sites were 
unaware of the randomization sequence. A copy of the randomi-
zation list of healthy infant identification numbers and the 
decoded key were sent to the biostatistician at the end of the 
study. Vials were labeled to identify the experimental vaccine 
and lot number or ROTAVAC® with an infant identification 
number, batch number, expiration date, and protocol number. 
The study staff member dispensing the vaccines was not blinded 
to the assignment to the experimental vaccine or the ROTAVAC® 
group. However, the principal investigator, sponsor, and labora-
tory staff who performed the serologic assays were blinded to the 
group allocation.

Study specific details

Study 1, comprising the exploratory and confirmatory 
phases, was registered with the Clinical Trials Registry of 
India (www.ctri.nic.in) as CTRI/2015/02/005577. The 
exploratory phase was conducted at nine sites across India. 
The immune responses to LnHRV-1.5 mL and LnHRV-2 mL 
were compared with those of ROTAVAC® to identify and 
select the formulation to be used in the confirmatory phase. 
The primary objectives were to evaluate and compare the 
geometric mean concentrations (GMCs) of serum anti- 

rotavirus immunoglobulin A (anti-RV IgA) four weeks 
after the administration of the third dose of each vaccine 
and to assess the safety and reactogenicity of the study 
vaccines in comparison with the comparator vaccine. 
A total of 675 healthy infants between 6–7 weeks of age 
were enrolled and were randomly allocated 1:1:1 to one of 
the three treatment groups to receive three oral doses of 
LnHRV-1.5 mL (Group I), LnHRV-2 mL (Group II), or 
ROTAVAC® (Group III) (Figure 3a).

The confirmatory phase of Study 1 was conducted at 15 
sites across India. The primary objectives were to evaluate 
and compare the GMCs of anti-RV IgA four weeks after 
the administration of the third dose of the selected study 
vaccine, LnHRV-2 mL (selected from the exploratory 
phase), and the licensed ROTAVAC® (comparator vaccine) 
and the consistency in terms of the immune response 
between three production lots of the study vaccine. The 
secondary objectives assessed additional immune response 
measures, including seroconversion as a four-fold rise in 
anti-RV IgA concentrations post-vaccination and interfer-
ence with immune responses to other concomitantly admi-
nistered UIP vaccines, as well as comparisons of the 
reactogenicity and safety profiles between both groups. 
A total of 1,302 healthy infants were randomized into 
four treatment groups in a 1:1:1:1 ratio (three groups 
received three different production lots (lots 1, 2, and 3) 
of the selected study vaccine (LnHRV-2 mL), and one 
group received ROTAVAC®) (Figure 3b).

Over four years from the initiation of the original study, 
further investigations into the role of buffers on the immune 
performance showed that buffering components are not 
required for the vaccine to be immunogenic, leading to the 
development of a new formulation, ROTAVAC 5D®, which 
is based on LnHRV-1.5 mL but without buffer components. 
This formulation was investigated in Study 2, registered with 
the Clinical Trials Registry of India as CTRI/2016/11/007481 
and conducted at 6 sites across India. The primary objective 
was to compare the geometric mean concentrations (GMTs) 
of serum anti-rotavirus immunoglobulin A (anti-RV IgA) 
pre and post-vaccination and the secondary objectives was 
to assess the immunogenicity as 2, 3 & 4-fold rise in serum 
anti-rotavirus IgA titers 4–5 weeks after third dose in com-
parison to baseline and safety and reactogenicity of 
ROTAVAC 5D® compared to ROTAVAC®. A total of 360 
healthy infants were randomized into two treatment groups 
in a 3:1 ratio (one group received ROTAVAC 5D® and the 
other group received ROTAVAC® (Figure 4). Then, to deter-
mine lot-to-lot consistency in immune response between 
three lots of ROTAVAC 5D® formulation, a Phase 4 study 
was conducted among 380 infants (Figure 5). The study was 
registered with the Clinical Trials Registry of India as CTRI/ 
2019/03/017934. The primary objectives were to establish the 
lot-to-lot consistency and GMTs of serum anti-rotavirus IgA 
antibody measured on 4–6 weeks after administering the 3rd 

dose, and the secondary objectives were to assess the 4-fold 
seroconversions, sero response to UIP childhood vaccines, 
and safety and reactogenicity across three production lots of 
ROTAVAC 5D®.

4 K. K. P ET AL.
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Immunogenicity analysis

Serum anti-RV-specific IgA concentrations were estimated using 
an enzyme-linked immunosorbent assay (ELISA) at the 
Wellcome Trust Research Laboratories, Christian Medical 
College (CMC), Vellore, India.10 Briefly, 96-well plates (Costar, 
Corning) coated with rabbit hyperimmune serum to RV were 

incubated with purified cell culture lysates (WC3) or mock- 
infected MA104 cells. Serial dilutions of the standard pool of 
human serum and test sera were added, followed by biotinylated 
rabbit anti-human IgA (Jackson ImmunoResearch Laboratories, 
West Grove, PA), which were subsequently developed, and the 
absorbance was read at 492 nm. Background-corrected optical 

Figure 3. Flow charts for (a) The exploratory study and (b) The confirmatory study.
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density values from sample wells were compared with the stan-
dard curve, and the anti-RV IgA concentration was determined 
based on derived units of IgA arbitrarily assigned to the standard 
curve. Seropositivity was defined as an anti-rotavirus IgA concen-
tration ≥20 U/ml. A titer is the reciprocal of the highest dilution 

showing a response, whereas concentration is a calculated value 
(as we did in our assay). Similar to our previous studies, through-
out this manuscript, we use the term concentration for anti-RV 
IgA, determined by comparison of the net optical density from 
sample wells to a standard curve generated by a human plasma 

Figure 4. The randomized open-label study comparing immunogenicity and safety of ROTAVAC 5D® vs. ROTAVAC®.

Figure 5. The randomized open-label study to determine lot-to-lot consistency of ROTAVAC 5D®.

6 K. K. P ET AL.



standard4,11,12 and presented as group geometric mean concen-
trations (GMC). Seroconversion was defined as a ≥ 4-fold rise in 
RV-IgA antibody concentration from baseline to 28 days after the 
last dose.

Reactogenicity and safety assessment

In each study, all infants were observed for 30 min after each 
vaccination for immediate adverse reactions and signs of vomiting 
or spitting. Parents/guardians were instructed on how to complete 
diary cards in which solicited adverse events were recorded for 7  
days after each vaccination and any adverse event that occurred 
from administering the first dose of vaccine until 28 days after the 
third dose. The clinical trial team regularly contacted parents/ 
guardians by telephone to ensure completion of the cards 
reviewed at each subsequent study visit. Since all infants received 
concurrent childhood vaccines, the solicited AEs included local 
AEs at the site of intramuscular pentavalent vaccine administra-
tion (pain, redness, and swelling at the site of injection). General 
solicited AEs included fever, crying, refusal to feed, diarrhea, and 
vomiting. AEs were graded for severity and relatedness by the 
investigators. Any cases of intussusception confirmed by the 
treating physician were reviewed by an independent case adjudi-
cation committee to ascertain if they met the Diagnostic Certainty 
Level Criteria 1 developed by the Brighton Collaboration 
Intussusception Working Group.13 Serious AEs were reported to 
the Drug Controller General of India and the Ethics Committee 
and reviewed by a Data Safety Monitoring Board within the 
stipulated timeline. The sponsor covered medical expenses and 
hospital visits.

Statistics

This comprehensive product development work starting 
from ROTAVAC 5C to ROTAVAC 5D, comprised two clin-
ical trial studies. Study 1, carried out in two stages, has been 
a pivotal study to evaluate the impact of stabilizers and 
buffers on the 116E rotavirus strain. Hence, it has been 
ensured that study 1 has been powered to the best extent 
possible to establish the impact, if any. The subsequent study 
2 was an extension utilizing the key findings from the study 
1. For the exploratory phase in Study 1, sample size calcula-
tions for serum anti-rotavirus IgA titers were performed 
using 0.8 log log10 standard deviation. For each of the two 
liquid formulations, 178 evaluable healthy infants per arm 
would provide 90% power if the underlying GMTs were the 
same for the two treatment arms. Based on a 20% dropout 
rate, the enrollment target was approximately 675 total 
healthy infants (225 per arm). For the primary endpoint, 
non-inferiority compared to ROTAVAC −20C 0.5 mL was 
assessed with a two-sided 97.5% confidence interval (CI) for 
the GMT ratio between each of the two ROTAVAC 5C 
formulations and ROTAVAC −20C 0.5 mL. Non-inferiority 
of a ROTAVAC 5C formulation was defined as the lower 
limit of the two-sided 97.5% CI for the GMT ratio 
(ROTAVAC 5C/ROTAVAC −20C 0.5 mL) being greater 
than 0.5. For the confirmatory phase in Study 1, a sample 
size of 260 infants would provide approximately 91% power 

to demonstrate lot-to-lot consistency if the true difference 
among the three lots reached a 1.1-fold difference and the 
log10 standard deviation was 0.8. A sample size of 780 
infants for the combined liquid formulations (three lots) 
and 260 infants for the frozen formulation would provide >  
99.9% power to demonstrate non-inferiority if both vaccines 
had the same true immunogenicity. To account for a 20% 
drop-out rate, the total target enrollment was 1300 (325 
healthy infants per group). Power calculations were per-
formed using SAS for lot-to-lot consistency and CytelSiZ 
Version 6.2 for non-inferiority.

Immunogenicity and lot consistency were analyzed in all infants 
who received all three doses of the assigned vaccine. Non-inferiority 
between LnHRV-2 mL and ROTAVAC® was declared if the lower 
limit of the one-sided 95% CI for the GMC ratio (combined 
LnHRV-2 mL: Lots 1, 2, and 3/ROTAVAC®) was greater than 0.5. 
Immune responses to pentavalent vaccines were assessed by the 
GMC ratios between groups. Lot consistency was declared if, for all 
the lot-to-lot comparisons, the two-sided 95% confidence intervals 
for the GMC ratios were contained within 0.5 to 2.0.

We compared groups by chi-square test for proportions 
and two-sample t-test on log-transformed titers. We assessed 
the equivalence of percentages and geometric mean titers 
(GMTs) using two-sided 95% confidence intervals (CIs). CIs 
for percentages were calculated using exact binomial calcula-
tion, and CIs for differences in percentages were calculated 
using a likelihood score method. CIs for GMTs and GMT 
ratios were calculated by taking anti-logarithms of limits of 
CIs for means of log-transformed titers. For percentages, 
equivalence margins of 5% (i.e., a CI within (−5%, 5%)) to 
15% in absolute difference have generally been used in 
reported studies; we used 10% and 15%. For GMTs, we used 
the equivalence criterion of a two-sided 95% CI within the 
interval (0.5, 2.0), which has been commonly used. We used 
a two-sided p-value ≤ .05 to indicate statistical significance.

Safety data was analyzed in all infants who received at 
least one dose of the selected treatment vaccine and had 
data until 28 days after the third dose. The proportion of 
healthy infants experiencing at least one adverse event was 
compared between treatment groups using chi-squared or 
Fisher’s exact tests. A third-party Contract Research 
Organization, George Clinical™ conducted all aspects of 
the trial, including randomization, data management, and 
analysis using SAS version 9.2. In study 2 ROTAVAC 5D® 
vs. ROTAVAC®, the Immunogenicity was analyzed in 
terms of Geometric mean titers, comparison of baseline 
to post-vaccination titers at 4 (+1) weeks after the third 
dose and Seroconversions, comparison of two, three & 
four-fold rise in titers from baseline to post-vaccination. 
Safety was analyzed as adverse events between the groups 
by Chi-square or Fischer exact test. The full analysis set 
(FAS) comprises all randomized healthy subjects. The 
safety analysis set comprises healthy subjects who received 
at least one dose of the assigned treatment vaccine and had 
some post-vaccination data relating to safety (vital signs, 
laboratory values, adverse events or physical examination). 
The per protocol (PP) set comprises all healthy subjects 
who have received all two doses of the assigned vaccine 
who have no missing values for and blood specimens 
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obtained at subsequent study visits after administration of 
the vaccine. For the ROTAVAC 5D® lot-to-lot consistency 
study, the Immunogenicity pre- and post-vaccination 
serum IgA levels were summarized in terms of mean and 
standard deviation. For the primary endpoint, geometric 
mean titers (GMTs) with a 95% confidence interval (CI) 
were calculated for each treatment group. The ratio of 
GMTs between the treatment group for baseline and post- 
vaccination titers were calculated and represented using the 
Mann-Whitney test. The difference in the proportion of 
the subjects who seroconverted (with ≥2, ≥3 and ≥ 4 fold 
increase from baseline) was compared between the three 
groups using the Chi-square test, and the results were 
presented as 95% CI and p values. Clinical lot consistency 
was evaluated using pairwise comparisons of the three 
consistency lots based on the two-sided 95% CI for the 
ratio of GMTs. AEs were recorded as solicited and unso-
licited AEs. AEs were tabulated and compared across the 
treatment groups. The proportion of AEs after the vaccine 
was compared using Chi-square and presented as likeli-
hood ratio and chi-square probability values.

Results

ROTAVAC 5C study 1 -exploratory phase

We enrolled and randomized 675 infants, of whom 641 com-
pleted the study according to protocol. The GMC ratio com-
paring LnHRV-1.5 mL & ROTAVAC® was 0.75 (95% CI: 0.6, 
0.95) and LnHRV-2 mL & ROTAVAC® was 0.9 (95% CI: 0.72, 
1.14). The lower bound of the 95% CI was not below 0.5, and 
the upper bound of the 95% CI was below 1, suggesting that 
LnHRV-1.5 mL was not equivalent to ROTAVAC® (Figure S1). 
However, LnHRV-2 mL was found to be non-inferior to 
ROTAVAC® (Figure S1) and was selected for the confirmatory 
phase. Proportions of infants who seroconverted (4-fold) for 
anti-RV IgA post-vaccination were 32.08% (25.85, 38.81), 
40.48% (33.78, 47.45), and 44.04% (37.34, 50.90) in LnHRV- 
1.5 mL, LnHRV-2 mL, and ROTAVAC® groups, respectively 
(Table 3).

Commonly reported AEs in this study (in order of fre-
quency) were fever (61.2%), crying (11.2%), vomiting 
(10.4%), pain at the injection site (10.9%), diarrhea (5.9%) 
and respiratory illness (5.3%)there were no differences in the 

Table 3. Immunogenicity and seroconversion comparison among treatment groups.

Parameters Day 0 GMT (95% CI) Day 84 GMT (95% CI)
4-Fold *Seroconversion%

(95% CI)

Study 1 (Exploratory Phase)
ROTAVAC 5C 8.02 17.96 32.08%
LnHRV-1.5 ml (n = 212) (6.82, 9.45) (14.70, 21.96) (25.85,38.81)
ROTAVAC 5C 7.55 21.58 40.48%
LnHRV-2.0 ml (n = 210) (6.40, 8.90) (17.78, 26.19) (33.78,47.45)
ROTAVAC® 7.65 23.90 44.04%
(n = 218) (6.49, 9.01) (19.64, 29.09) (37.34,50.90)

Study 1 (Confirmatory Phase)
ROTAVAC 5C 7.46 17.57 36.13%
LnHRV-2.0 ml (n = 822) (6.85, 8.12) (15.85, 19.48) (32.84,39.52)
ROTAVAC® 8.14 17.49 32.62%
(n = 279) (6.97,9.51) (14.49,21.11) (27.15,38.46)

Study 2 (ROTAVAC 5D® vs ROTAVAC®)
ROTAVAC® 5D 6.30 15.2 39.11%
(n = 248) (5.53,7.18) (12.78,18.09) (33.00,45.49)
ROTAVAC® 7.08 14.94 31.25%
(n = 80) (5.34,9.40) (10.77,20.72) (21.35,42.59)

LnHRV, Liquid neonatal human rotavirus vaccine, CI, confidence interval. 
* Seroconversion defined as ≥ 4-fold rise in RV-IgA antibody concentration from baseline to 28 days after the last dose (day 84).

Table 4. Demographic characteristics.

Study 1 (Confirmatory phase)                                             

Characteristic ROTAVAC 5C LnHRV- 2 mL (all lots) ROTAVAC®

(n = 971) (n = 331)
Age (days), Mean (SD) 47.7 (3.7) 47.6 (4.0)
Weight (kg), Mean (SD) 4.4 (0.6) 4.4 (0.5)
Length (cm), Mean (SD) 55.7 (2.1) 55.7 (2.1)
Gender (female), n (%) 379 (46.2) 131 (47)

Study 2 (ROTAVAC 5D® vs. ROTAVAC®)

ROTAVAC 5D® ROTAVAC®
Characteristic (n = 270) (n = 90)

Age (weeks), Mean (SD) 6.63 (0.68) 6.79 (0.75)
Weight (kg), Mean (SD) 4.30 (0.51) 4.29 (0.51)
Length (cm), Mean (SD) 54.88 (2.59) 55.08 (2.91)
Gender (Female), n (%) 51.48% 38.89%
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proportions of infants reporting general solicited AEs among 
the groups (p = .24). Six infants (four in the LnHRV-1.5 mL 
group and two in the LnHRV-2 mL group) were reported with 
a total of 9 serious AEs, none of which were considered to be 
vaccine-related. There were no cases of intussusception or 
death.

ROTAVAC 5C study 1- confirmatory phase

A total of 1,302 infants were enrolled and randomized, of whom 
1,204 completed the study according to protocol. There were no 
differences in baseline demographics (age, weight, length, and 
gender proportion) among groups (Table 4). There were 80 
protocol deviations reported among 68 enrolled infants, of 
which 20 were considered major protocol deviations and were 
removed from the analysis. These included infants being under-
weight (n = 12), receipt of the incorrect vials (n = 7), incorrect 
recording of sex into the eCRF (n = 7), and missing blood sam-
ples from visit 3 (n = 4). The totals included in the safety set were 
1,266, and in the immunogenicity analysis set were 1,100. The 
most common reasons for discontinuation were loss to follow-up 
(44.5%), unwillingness by the parent/guardian (22.1%), and 
migration from the study area (00.8%). There were also 2 
(0.2%), 9 (0.7%), and 8 (0.6%) infants who failed to receive their 
first, second, or third dose of either vaccine. The GMC ratio 
comparing LnHRV-2 mL to ROTAVAC® was 1.005 (95% CI: 
0.85, 1.2), and lot-to-lot consistency between the three consecu-
tive production lots demonstrated non-inferiority (Figure S1). 
Seroconversion as a four-fold increase in titer is described in 
Table 3. The GMCs of the concomitantly administered pentava-
lent vaccine at days 0 and 84 between both groups were compar-
able (Table S1). The GMC ratios between all LnHRV-2 mL lots 
(combined) and ROTAVAC® for the antibodies to Bordetella 
pertussis, diphtheria, tetanus, hepatitis B, and Haemophilus influ-
enzae type B were approximately 1, with a lower limit of the 95% 

CI > 0.50, supporting the hypothesis that LnHRV-2 mL does not 
interfere with responses to pentavalent vaccine components. 
Similar GMC ratios were observed between different lots.

Approximately two-fifths of AEs occurring during the 28  
days post-vaccination period were reported following the first 
dose, one-third occurred following the second dose, and the 
remaining quarter occurred following the third dose. The most 
commonly reported solicited AEs were fever, injection site 
pain, crying, cough, and vomiting. All participants had con-
comitantly been administered UIPUIP vaccines, which are 
known to be associated with such events. The number of 
infants reporting at least one AE was 630 (66.8%) and 220 
(68.1%) in the LnHRV-2 mL and ROTAVAC® groups, respec-
tively (Table 5). Overall, there was no significant difference in 
the proportion of infants reporting solicited AEs (p = .65).

There were four serious AEs reported in the LnHRV-2 mL 
group (two after lot 1 and one each after the other lots) and 
two in the ROTAVAC® group. Serious AEs included bronch-
iolitis (n = 2), febrile convulsion (n = 1), bronchopneumonia 
(n = 1), lower respiratory tract infection (n = 1), and excision 
of a lipoma (n = 1). No serious AEs were considered vaccine- 
related, and none led to study discontinuation. No cases of 
intussusception or death were reported.

Study 2- ROTAVAC 5D® vs. ROTAVAC® comparative 
immunogenicity

A total of 360 infants were enrolled and randomized, of whom 
328 completed the study, 248 in the ROTAVAC 5D® group and 
80 in the ROTAVAC® group. There were no differences in 
baseline demographics (age, weight, length, and gender pro-
portion) among groups (Table 4). The GMTs for the two 
vaccine groups were not significantly different, either on Day 
0 or Day 84 (Table 3). Further, the ratio of GMTs at both Days 
0 and 84 was equivalent according to the criterion of a two- 
sided 95% CI within (0.5, 2.0). They also satisfied the more 
stringent criterion of a CI within (2/3, 1.5). The safety profile 
of ROTAVAC 5D® appears to be similar to ROTAVAC® 
(Table 6). Fewer healthy subjects experienced fever and pain 
with ROTAVAC 5D® compared to ROTAVAC® (Table 6). No 
deaths were reported in any of the study groups during the 
study.

ROTAVAC 5D® lot-to-lot consistency

Immunogenicity was analyzed in 380 participants (Lot 1, n =  
127; Lot 2, n = 127; and Lot 3, n = 126) who received all three 
doses of ROTAVAC 5D® and provided baseline and day 84 
post-vaccination sera samples. The percentage of subjects 
demonstrating 4-fold changes in antibody titers are 42.52%, 
51.18%, and 49.21% in Lot 1, Lot 2, and Lot 3, respectively. The 
safety analysis revealed that a majority of the adverse events 
were mild in nature and comparable across all three lots.

Discussion

This set of studies established that immunogenicity-based 
clinical trials could be successfully used to differentiate 
between stable, liquid rotavirus vaccine formulations. After 

Table 5. Study 1- confirmatory phase -solicited adverse events post-vaccination.

Adverse Event, n (%)
ROTAVAC 5C

ROTAVAC®LnHRV-2 mL (all lots)

N = 943 N = 323
At least one AE reported1 630 220

(66.8%) (68.1%)

Respiratory/thoracic
Cough 69 19

(7.3%) (5.9%)
Rhinorrhea 44 14

(4.7%) (4.3%)

Gastrointestinal
Diarrhea 58 19

(6.2%) (5.9%)
Vomiting 76 33

(8.1%) (10.2%)

General and administration site
Crying 133 53

(14.1%) (16.4%)
Injection site pain 147 46

(15.6%) (14.2%)
Irritability 49 22

(5.2%) (6.8%)
Fever 546 198

(57.9%) (61.3%)

1: Reported adverse events were recorded from each vaccination to 28 days post- 
vaccination of any dose.
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showing non-inferiority to ROTAVAC® in the exploratory 
study, ROTAVAC 5C LnHRV-2 mL was selected for the con-
firmatory phase in which LnHRV-2 mL and ROTAVAC® 
showed comparable immunogenicity and safety profiles and 
all lot-to-lot comparisons were found to be non-inferior to 
each other.

The WHO immunization guidelines state that rotavirus 
vaccines are to be administered concomitantly with UIP vac-
cines: the oral polio vaccine (OPV) and the DTP-HepB-Hib 
pentavalent vaccine.14,15 So, we needed to be able to demon-
strate that concomitant ROTAVAC 5C LnHRV-2 mL or 
ROTAVAC® did not have any impact on the immune 
responses to the concomitantly administered antigens in the 
pentavalent vaccine when measured as the GMCs of antibodies 
at days 0 and 84. We were unable to estimate the anti-polio 
response in these studies due to the closure of the national 
testing laboratory, but a previous trial showed that 
ROTAVAC® did not interfere with the immune responses to 
OPV or the pentavalent vaccine,16 and the lack of interference 
of ROTAVAC 5C LnHRV-2 mL and ROTAVAC® further cor-
roborates these earlier findings.

The proportion of baseline and post-vaccination seropo-
sitivity rates and fold changes were similar to other com-
mercially available vaccines in low-income countries.17–25 

There was no meaningful difference in the number of 
adverse events reported between vaccines. No confirmed 
cases of intussusception were identified. As the different 
randomized trials were conducted in over 25 different sites, 
it ensures the generalizability of the results to heteroge-
neous subject cohorts, although they are limited to an 
Indian population.26–30

ROTAVAC 5C LnHRV-2 mL contains stabilizers and 
excipients, including sugar and protein stabilizers to 
keep the vaccine stable at 2–8°C. The Study 1 confirma-
tory phase was designed to demonstrate that LnHRV-2 mL 
could induce an immune response when presented in 
a liquid formulation and was found to be comparable to 

the licensed ROTAVAC®, a WHO Pre-Qualified vaccine. 
Earlier lyophilized and liquid formulations of another 
licensed rotavirus vaccine were compared similarly.31 

Our previous study on the licensed ROTAVAC® con-
cluded that there was no requirement for a buffer to 
protect against gastric acidity, allowing a decrease in the 
dose volume to 0.5 mL.12 If a separate or combined buffer 
is not required, many important programmatic issues, 
such as incorrect reconstitution of the vaccine, temporary 
unavailability of the buffer, reduction of the cold chain 
footprint, and waste management, can be addressed. In 
the current study, the chosen formulation, ROTAVAC 5C 
LnHRV-2 mL, was supplied in 2 mL aliquots, similar to 
three commercially available rotavirus vaccines. To 
improve programmatic feasibility, we made further revi-
sions to the existing liquid formulation, which resulted in 
ROTAVAC 5D® (0.5 mL per dose), which is stored at 2– 
8°C, does not contain a buffering agent, and is of the 
same dose volume to ROTAVAC®.

ROTAVAC 5D® was assessed in a multicenter, open- 
label, randomized controlled trial to evaluate its immuno-
genicity and safety compared with ROTAVAC®, the first 
study of its kind to compare the immunogenicity between 
both formulations (ROTAVAC 5D® with ROTAVAC®), 
with identical objectives and procedural activities to 
those of the earlier studies with LnHRV-2 mL. Post- 
vaccination GMTs (Table 3), fold changes, and safety 
profiles were comparable. In addition, results from an 
open-label, randomized, controlled trial comparing the 
immunogenicity and safety of ROTAVAC 5D® with 
ROTAVAC® in Zambian infants corroborate the results 
presented here, both ROTAVAC® and ROTAVAC 5D® 
were well tolerated, and the immunogenicity of 
ROTAVAC 5D® was non-inferior to ROTAVAC®.32 We 
have now completed several independent clinical studies 
to demonstrate comparability across all variants of the 

Table 6. Study 2-ROTAVAC 5D® vs. ROTAVAC®.

ROTAVAC 5D® 
(n = 270) ROTAVAC® (n = 90)

Preferred Term Statistics Mild Moderate Severe Mild Moderate Severe

Number of Solicited AE n 530 0 0 184 1 0
Number of Subjects with at least one Solicited AE n (%) 210 (77.8%) 0 0 74 (82.2%) 1 (1.1%) 0
Local
Pain n (%) 25 (9.3%) 0 0 13 (14.4%) 0 0
Redness n (%) 6 (2.2%) 0 0 3 (3.3%) 0 0
Swelling n (%) 4 (1.5%) 0 0 1 (1.1%) 1 (1.1%) 0
General
Crying n (%) 37 (13.7%) 0 0 9(10.0%) 0 0
Diarrhea n (%) 7 (2.6%) 0 0 2(2.2%) 0 0
Fever n (%) 120 (44.4%) 0 0 45(50.0%) 0 0
Irritation n (%) 8 (3.0%) 0 0 0 0 0
Other
Cold n (%) 1(0.4%) 0 0 0 0 0
Cough n (%) 2(0.7%) 0 0 1(1.1%) 0 0

Solicited Adverse events Post-vaccination. 
Percentage (%) was calculated from the respective treatment group count. 
The adverse events such as pain, redness, and swelling at the injection site are most likely causally associated with the concurrent administration of other parenteral 

UIP vaccines.
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stabilized formulations, eventually leading to the licensure 
of ROTAVAC 5D®.

A main limitation of these studies is the use of immuno-
genicity as the study outcome since there is no established 
serological correlate of protection against RV, although 
serum anti-RV IgA is believed to be the best surrogate marker 
available.33,34

The data from these studies inform immunization pro-
grams which can now be offered the option to choose from 
a ready-to-use, fully frozen formulation (ROTAVAC®) or 
a fully liquid formulation (ROTAVAC 5D®), both presented 
in 0.5 mL dose volumes. Both these rotavirus vaccines, 
ROTAVAC®6 and ROTAVAC 5D®,35 are now WHO Pre- 
Qualified and are available for global access through 
UNICEF.

Conclusion

Based on the clinical studies, ROTAVAC 5C (LnHRV-2.0) mL 
was found to be as effective as ROTAVAC® (0.5 mL, stored at 
−20°C) during the exploratory phase. It was then selected for 
the confirmatory phase where it was shown to be consistent 
across three production lots and did not interfere with other 
childhood vaccines recommended by UIP. After further mod-
ifications and clinical studies, ROTAVAC 5D® (0.5 mL, stored 
at 2–8°C) was developed. This liquid formulation has the low-
est dose volume and is as safe and effective as ROTAVAC®. It 
has been WHO Pre-Qualified in 2021.
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