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Background.  Rotarix (GlaxoSmithKline) oral rotavirus vaccine is licensed as 2 doses in the first 6 months of life. In settings with 
high child mortality rates, clinical protection conferred by 2 doses of Rotarix is reduced. We assessed vaccine immune response when 
an additional dose of Rotarix was given to Australian Aboriginal children 6 to <12 months old.

Methods.  ORVAC is a 2-stage, double-blind, randomized, placebo-controlled trial. Australian Aboriginal children 6 to <12 
months old who had received 1 or 2 prior doses of Rotarix rotavirus vaccine were randomized 1:1 to receive an additional dose of 
Rotarix or matched placebo. The primary immunological end point was seroresponse defined as an anti-rotavirus immunoglobulin 
A level ≥20 AU/mL, 28–56 days after the additional dose of Rotarix or placebo.

Results.  Between March 2018 and August 2020, a total of 253 infants were enrolled. Of these, 178 infants (70%) had analyz-
able serological results after follow-up; 89 were randomized to receive Rotarix, and 89 to receive placebo. The proportion with 
seroresponse was 85% after Rotarix compared with 72% after placebo. There were no occurrences of intussusception or any serious 
adverse events.

Conclusions.  An additional dose of Rotarix administered to Australian Aboriginal infants 6 to <12 months old increased the 
proportion with a vaccine seroresponse.

Keywords.  Aboriginal; clinical trial; Immunogenicity; Rotarix; rotavirus vaccine.

Before the introduction of vaccines, it was estimated that 
rotavirus was responsible for the deaths of >500 000 young 
children every year, predominantly in low-resource set-
tings [1]. Since 2006, >00 countries have implemented ro-
tavirus vaccines in their national immunization programs, 
substantially reducing the number of gastroenteritis-related 
hospitalizations and deaths [2]. However, rotavirus vaccine 
effectiveness (VE) is variable, being highest in settings with 

low child mortality rates (VE, 83%–85%) and lowest in set-
tings with high child mortality rates (VE, 45%–58%), where 
there is also evidence of waning effectiveness after age 12 
months[3].

In Australia, introduction of rotavirus vaccines was followed 
by a 71% decline in rotavirus hospitalizations in children <5 
years old [4]. However, for 1–4-year-old Aboriginal and Torres 
Strait Islander children (hereafter respectfully referred to as 
Aboriginal children), rotavirus hospitalizations fell by only 8% 
in the same period [4]. Despite achievement of >70% vaccine 
coverage, rotavirus hospitalizations among Aboriginal children 
living in rural and remote central and northern Australia re-
mained >20 times higher than for non-Aboriginal children 
living in other states and territories of Australia [4]. During 2 
separate G2P[4] genotype rotavirus epidemics in the Northern 
Territory (NT), rotavirus VE was estimated (albeit imprecisely) 
to be as low as 20% (odds ratio, 0.81 [95% confidence interval 
[CI], .32–2.05] and 0.79 [.46–1.34]), with evidence of little or no 
protection after age 12 months [5, 6].
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Controlled trials in Africa suggest that administering 3 rather 
than 2 doses of Rotarix might provide more sustained protec-
tion against severe rotavirus gastroenteritis in those settings [7, 
8]. These studies observed a trend toward higher clinical effi-
cacy in the second year of life with 3-dose versus 2-dose sched-
ules, albeit with wide and overlapping confidence intervals. In 
South Africa, vaccine efficacy against severe rotavirus gastro-
enteritis in the second year of life was 3% (95% CI, −43% to 
82%) in children vaccinated with 2 doses and 76% (−143% to 
100%) in the 3-dose group [7]. In Malawi, vaccine efficacy in 
the second year of life was 3% (95% CI, −101% to 53%) in the 
2-dose group and 33% (−47% to 71%) in the 3-dose group [8]. 
However, each of these studies gave all vaccine doses in an ac-
celerated schedule and before infants were 6 months old, which 
aligns with the period when persisting maternally derived anti-
rotavirus immunoglobulin (Ig) G antibodies might diminish 
IgA vaccine responses [9].

In Australia, Rotarix (GlaxoSmithKline) oral rotavirus vac-
cine is administered in a 2-dose schedule, with dose 1 sched-
uled at age 2 months (6–14 weeks) and dose 2 at age 4 months 
(10–24 weeks). We hypothesized that for regional and remote 
Aboriginal infants, administering an additional Rotarix dose 
after age 6 months might improve immune response and 
thereby extend protection against rotavirus gastroenteritis into 
the second year of life.

We designed a 2-stage randomized controlled clinical trial 
to determine both the immunological effect (stage 1) and 
clinical protection (stage 2) of administering an additional 
dose of oral rotavirus vaccine to NT Aboriginal children 6 
to <12 months old. Here we report the immunological results 
of stage 1.

METHODS

Study Design

ORVAC is a 2-stage, double-blind, randomized, placebo-
controlled, bayesian clinical trial evaluating the immunolog-
ical and clinical effectiveness of administering an additional 
dose of Rotarix oral rotavirus vaccine to Aboriginal infants 
aged 6 to <12 months. ORVAC stage 1 was conducted in 
regional urban and remote locations of the tropical north 
and arid center of Australia’s NT. Remote areas of the NT 
encompass some of the most socially disadvantaged regions 
in Australia [10]. Approximately 3600 infants are born in 
the NT each year, approximately one-third of whom are 
Aboriginal [11].

Both the study protocol and statistical analysis plan have been 
published elsewhere [12, 13]. Approvals were obtained from 
the NT Department of Health and Menzies School of Health 
Research Human Research Ethics Committee (no. 2016–2658), 
and the Central Australian Human Research Ethics Committee 
(no. 16–426). The protocol is registered on ClinicalTrials.gov 
(NCT02941107).

Participants

Potentially eligible infants were identified after birth from 
participating hospitals and from client lists at remote com-
munity health centers. Written informed consent was obtained 
from the legally responsible caregiver of participating infants 
(hereafter “parent”). In keeping with the pragmatic objectives, 
all NT Aboriginal children aged 6 to <12 months who had re-
ceived 1 or 2 prior doses of Rotarix met the inclusion criteria 
for enrollment. Criteria for exclusion (contraindication to vac-
cine) and for deferred enrollment (acute diarrheal or systemic 
febrile illness, or receipt of Rotarix in the preceding 28 days) 
were based on national guidelines [14].

Randomization and Blinding

Randomization of eligible participants was undertaken by 
contiguous allocation from a computer-generated random se-
quence, within 2 strata (regional urban or remote) to receive 
either Rotarix or placebo in a 1:1 ratio. Rotarix is a human 
monovalent oral live-attenuated vaccine comprising a G1P[8] 
strain, the most common human disease–causing serotype 
worldwide. The placebo (produced by Optima Ovest) was a 
clear flavored solution used as a pharmaceutical excipient that, 
once prepared by an unblinded study nurse, was identical in 
appearance to the active vaccine product. Rotarix and pla-
cebo were drawn into identical syringes and delivered by oral 
administration.

Procedures

After consent and eligibility assessment, a baseline blood 
sample of 1.2 mL was collected to measure anti-rotavirus serum 
IgA levels before administration of Rotarix or placebo, and a 
follow-up 1.2-mL sample was collected 28–55 days afterward. 
Medical record and hospital admission reviews and/or at-
tempted telephone contact of the guardians were performed 
14–21 days after administration of Rotarix or placebo to ascer-
tain any adverse events.

Laboratory procedures for measuring serum IgA to rotavirus 
have been detailed elsewhere [12, 15, 16]. In brief, specific ro-
tavirus IgA antibodies were measured by enzyme-linked im-
munoassays using rabbit anti-rotavirus polyclonal antisera as 
the coating antibody to capture a rotavirus lysate (G1P8) strain. 
Concentrations of rotavirus-specific IgA were measured in pa-
tient serum samples using a reference standard having been as-
signed a concentration of 1000 arbitrary units (AU)/mL.

Outcomes

The primary immunological end point was vaccine seroresponse, 
defined as a serum anti-rotavirus IgA level ≥20 AU/mL, meas-
ured approximately 1 month (28–55 days) after Rotarix or pla-
cebo. The secondary immunological end point was the change 
in anti-rotavirus serum IgA titer 1 month (28–55 days) after the 
additional dose of Rotarix or placebo. Safety end points were 
the occurrence of intussusception (fulfilling Brighton criteria) 
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[17] or any serious adverse event within the first 28 days after 
administration of Rotarix or placebo.

Statistical Methods

All analyses occurred within a bayesian inferential framework. 
Analysis of the immunological end point was undertaken as spe-
cified in the published statistical analysis plan [13].The study de-
sign and operating characteristics, including sample size, number 
and timing of interim analyses, power and false positive rate were 
calibrated via prestudy simulations. In brief, stage 1 was designed 
to have 90% power to detect a differential increase in the propor-
tion with IgA seroresponse of 5% in the placebo arm versus 15% 
in the Rotarix arm, with a maximum of 250 infants with immuno-
logical results. In the null scenario (no increase in seroresponse), 
the risk of a false-positive conclusion was estimated to be 1.1%.

As prespecified in the protocol, the first scheduled analysis 
occurred after 70 infants had full immunogenicity results avail-
able, and subsequent analyses occurred after the enrollment of 
every 50th infant until 250 infants were enrolled. At each sched-
uled analysis, we used a logistic regression model to estimate 
the log-odds of seroresponse by treatment group (Rotarix vs 
placebo). We used the posterior predictive distribution to eval-
uate prespecified adaptation rules based on a decision threshold 
for expected success. We prespecified that enrollment into the 
immunogenicity study (stage 1) would stop before 250 enroll-
ments if the predicted probability of expected success was >90% 
or futility was evident with >85% probability. Prespecified sen-
sitivity analyses were performed, adjusting for locality and 
number of prior doses of Rotarix.

Analyses were implemented with R software, version 4.02, 
using Stan interfaced by RStan (version 2.21.2). The analyses 
and safety data were regularly reviewed by an independent Data 
Safety and Monitoring Committee.

RESULTS

Enrollment occurred between 25 March 2018 and 28 August 
2020. The prespecified criterion for early stopping of stage 1 
was not met at any scheduled analysis, and a total of 253 infants 
were enrolled. Of these, 64 (25%) were from regional urban 
centers (Darwin or Alice Springs) and the other 189 (75%) res-
ided in remote communities; 241 (95%) were verified as having 
received 2 doses of Rotarix ≥28 days before enrollment. Of the 
first 250 infants enrolled, 3 were replaced: 1 declined base-
line blood collection, 1 had multiple unsuccessful attempts at 
blood collection, and 1 infant moved away from the Northern 
Territory before follow-up and was withdrawn.

Of the 253 randomized infants, 128 were assigned to receive 
Rotarix and 125 to placebo; 120 and 121, respectively, had an-
alyzable IgA results at baseline (Figure 1). The baseline anti-
rotavirus IgA concentration was ≥20 AU/mL in 83 of 120 (69%) 
in the Rotarix arm and 92 of 121 (76%) in the placebo arm; 
the median baseline IgA concentrations were 59.6 (interquartile 
range [IQR], 17.8–151.0) AU/mL in the Rotarix group and 93.1 
(21.2–164.0) AU/mL in the placebo group (Table 1). The me-
dian times between the last dose of Rotarix in the primary series 
and receipt of the additional dose of Rotarix or placebo were 
19.3 (IQR, 12.4–27.1) and 20.1 (14.0–26.2) weeks, respectively. 

355 Patients assessed
for eligibility

16 No prior dose of  Rotarix
documented

86 Declined

253 Randomised

128 Assigned to
Rotarix arm

125 Assigned to
placebo arm

Failed first blood test = 1
Unable to perform study visit = 16
Unable to contact = 17
Unknown = 2

Failed first blood test = 1
Unable to perform study visit = 14
Unable to contact = 19
Refused second blood test = 1

93 Follow-up blood
samples

89 Follow-up blood
samples

0 Indeterminate
result

89 Included in
immunogenicity
analysis

89 Included in
immunogenicity
analysis

4 Indeterminate
results

339 Eligible

Figure 1.  Trial profile. Flow diagram shows the progress of participants through ORVAC stage 1.
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Of the 253 infants randomized, 178 (70%) were success-
fully followed up after 1 month and had analyzable immuno-
logical results, 89 in the Rotarix and 89 in the placebo arm. 
In the Rotarix arm, 76 of 89 (85%) had evidence of vaccine 
seroresponse (serum IgA ≥20 AU/mL) 1 month afterward. 
In the placebo arm, 64 of 89 (72%) had evidence of vaccine 
seroresponse 1 month afterward. The median IgA concentra-
tions were 157.1 (IQR, 43.5–273.3) AU/mL in the Rotarix arm 
and 76.9 (17.1–161.8) AU/mL in the placebo arm (Figure 2); 
the geometric mean concentrations were 118.0 and 57.6 AU/mL 
in the Rotarix and placebo arms, respectively. Of those infants 
with paired serum samples who were seronegative at baseline, 
18 of 28 (64%) infants administered Rotarix became seroposi-
tive, compared with 2 of 25 (8%) administered placebo.

The odds ratio for seroresponse at follow-up in the Rotarix 
versus the placebo arm was 2.5 (95% credible interval, 1.1–5.0), 
with a 99% probability of a higher proportion with seroresponse 
in the Rotarix than in the placebo arm. The odds ratios for 
seroresponse were similar after adjustment for baseline 

differences in remoteness (2.44 [95% credible interval, 1.09–
4.85]) and number of prior Rotarix doses (2.48 [1.09 –4.92]).

Neither of the prespecified stopping rules were met at the 
nominate decision threshold. However, at the final stage 1 anal-
ysis, the predicted probability of expected success with com-
plete data was 89% (90% was the prespecified threshold for 
stopping).

In the period between randomization and 28 days after-
ward, there were 3 serious adverse events (hospitalization for 
pneumonia, bronchiolitis and Salmonella enteritis); none were 
attributed to Rotarix or placebo, and there were no cases of in-
tussusception or death. The treatment assignment of infants 
remains concealed to allow blinded follow-up of their clinical 
outcomes, with safety outcomes to be reported by study arm at 
the completion of ORVAC stage 2.

DISCUSSION

Administering an additional dose of Rotarix vaccine at age 6 
to <12 months increased the proportion of Aboriginal infants 
with evidence of anti-rotavirus IgA seroresponse by 16% (from 
69% to 85%). There was no increase in seroresponse among 
placebo recipients, demonstrating that the increase in anti-
rotavirus serum IgA observed in Rotarix recipients is unlikely 
to be attributable to natural infection. ORVAC was purposely 
pragmatic, being conducted under real-world conditions and 
with exclusion criteria largely limited to medical contraindica-
tions to vaccination. Three-quarters of enrolled infants resided 
in remote locations.

These results are consistent with evidence from trials 
in Bangladesh and Mali where rotavirus vaccines were 
coadministered with measles-rubella vaccine at age 9 months 
and with measles, yellow fever, and meningococcal vaccines at 
age 9–11 months, respectively [18, 19]. In the former trial anti-
rotavirus IgA seroresponses increased from 45% to 75% after 
an additional dose of RotaTeq rotavirus vaccine [18], and in the 
latter trial the seroresponse increased from 53% to 70% after 
an additional dose of Rotarix [19]. Taken together, these data 
suggest that scheduling an additional Rotarix dose after age 6 
months is likely to have an appreciable effect on seroresponse 
rates across a range of high-burden settings.

Reduced vaccine protection has been described for a number 
of oral vaccines in low- and middle-income settings [20], but 
the reasons are not well understood. For oral rotavirus vaccines, 
several possible factors have been proposed, including high 
levels of maternal-derived vaccine neutralizing anti-rotavirus 
antibodies, poor nutrition, intestinal microbiota dysbiosis and 
environmental enteropathy, high prevalence of comorbid in-
fections, and prevalent genetic determinants of poor vaccine 
responses or increased susceptibility to different rotavirus geno-
types [21]. The mortality rate in children <5 years old is several-
fold higher among remote Australian Aboriginal infants than 
among non-Aboriginal infants [22] but is low compared with 

Table 1.  Baseline Demographic Characteristics, Prior Vaccine Doses, 
and Seropositivity for the Randomized Population

Characteristic 

Infants by Vaccine Group, No. (%)a

Rotarix (n = 128) Placebo (n = 125) 

Male sex 64 (50.0) 67 (53.6)

Age, median (IQR), mo 8.5 (6.9–10.3) 8.7 (7.3–10.3)

Indigenous status

 � Aboriginal 123 (96.1) 121 (96.8)

 � Torres Strait Islander 5 (3.9) 2 (1.6)

Aboriginal and Torres Strait 
Islander

0 (0) 2 (1.6)

Usual location

 � Regional urban 31 (24.2) 33 (26.4)

 � Remote 97 (75.8) 92 (73.6)

Breastfed

 � Exclusively 10 (7.8) 8 (6.4)

 � Partially 89 (69.5) 97 (77.6)

 � Not breastfed 29 (22.7) 20 (16.0)

Weight, median (IQR), k 8.5 (7.7–9·4) 8.5 (7.8–9.1)

MUAC, median (IQR), mm 145 (140–155) 144 (140–155)

Preenrollment Rotarix doses

 � 1st Dose 128 (100) 125 (100)

 � Age at 1st dose, median 
(IQR), wk

6.6 (6.2–7.1) 6.7 (6.3–7.6)

 � 2nd Dose 119 (93·0) 122 (97·6)

 � Age at 2nd dose, median 
(IQR), wk

17.9 (17.3–18.8) 17.7 (17.4–18.4)

Seroresponse at baseline(IgA ≥20 AU/mL)

 � Yes 83 (64.8) 92 (73.6)

 � No 37 (28.9) 29 (23.2)

 � Missing 8 (6.2) 4 (3.2)

IgA concentration at base-
line, median (IQR), AU/mL

59.6 (17.8–151.0) 93.1 (21.2–164.0)

aAbbreviations: AU, arbitrary units; IgA, immunoglobulin A; IQR, interquartile range; MUAC, 
mid-upper arm circumference.

Data represent no. (%) of infants unless otherwise specified.
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most low- and middle- income settings. While environmental 
enteropathy, food insecurity, and iron deficiency affect many 
remote Aboriginal children [23], the middle upper arm circum-
ferences of participants in our study suggest that protein-calorie 
malnutrition was not prevalent.

The mechanism of immunological protection against rota-
virus infection and immune responses to vaccination remain 
incompletely understood but likely involve both humoral and 
cellular mechanisms [24]. Anti-rotavirus serum IgA is widely 
used as an immunological correlate of clinical protection at the 
population level [25]; lower anti-rotavirus IgA seroresponses 
to rotavirus vaccines are observed in settings where reduced 
clinical protection against rotavirus disease is also observed. A 
systematic review reported that rates of IgA seroresponse to ro-
tavirus vaccine corresponded with a country’s child mortality 
rate, 53% (95% CI, 41%–64%) in countries with a high under-
age-5 mortality rate compared with 74% (61%–84%) in those 
with a medium rate, and 87% (78%–92%) in those with a low 
rate [26]. Similarly, a postimmunization anti-rotavirus IgA ge-
ometric mean concentration <90 IU/mL at a population level 

has been correlated with reduced vaccine efficacy in that popu-
lation [26]. In our study, an additional dose of Rotarix vaccine 
increased the probability of seroresponse from 71% to 85%, and 
the geometric mean concentration of anti-rotavirus IgA from 
58 to 118 AU/mL.

While high serum anti-rotavirus IgA vaccine seroresponse 
has been correlated with high population efficacy of oral rota-
virus vaccines, it is not a perfect serological correlate of pro-
tection [24]; it is therefore important to evaluate whether the 
improved anti-rotavirus seroresponses observed in this study 
translate into improved real-world clinical protection against 
rotavirus disease. ORVAC is designed as a bayesian seam-
less 2-stage vaccine clinical trial, in which extension to enable 
evaluation of clinical protection (stage 2) is predicated on first 
demonstrating an acceptable vaccine immune response (stage 
1). Subject to resourcing, ORVAC stage 2 plans to enroll up to 
750 additional infants to determine whether scheduling an ad-
ditional dose of Rotarix vaccine at age 6 to <12 months results 
in improved protection against acute gastroenteritis/diarrhea 
illness up to age 3 years.

1000

Rotarix Placebo

750

500

A
nt

i-R
ot

av
ir

us
 I

gA
 T

ite
r,

 A
U

/m
L

250

0

Baseline Follow-up Baseline Follow-up

Figure 2.  Change in anti-rotavirus immunoglobulin A (IgA) titer from baseline to 28–56 days after the additional dose of Rotarix or placebo. Abbreviation: AU, arbitrary 
units.
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Rotashield, a rhesus-derived rotavirus vaccine licensed in 
the 1990s caused intussusception in a small number of infants 
after their first dose of vaccine, with the highest risk in infants 
receiving their first dose after age 3 months[27]. As a conse-
quence, current rotavirus vaccines were tested and licensed for 
use in early infancy only, although postlicensure studies have 
found no increase in risk of intussusception [28], and the World 
Health Organization advises that children in high-burden set-
tings may receive rotavirus vaccine up to age 24 months [27]. 
The baseline incidence of intussusception among NT Aboriginal 
children is 16 per 100 000 live births, several fold lower than 
the baseline rate in other Australian children [29]. We found 
no cases of intussusception in our study, although an increased 
risk could not be excluded. In Australia, Rotarix is not recom-
mended after age 24 weeks, in line with its licensure.

Logistically, the most feasible age to schedule a third dose of 
Rotarix in our setting is 6 months, coinciding with the third 
scheduled dose of the diphtheria and tetanus toxoids and acel-
lular pertussis (DTaP) vaccine. High rates of delayed vaccina-
tion have been previously reported among Aboriginal children 
living in rural and remote settings [30], although most infants 
(>95%) enrolled in our study had received 2 Rotarix doses be-
fore enrollment, and most of these doses had been given on 
time (Table 1). We pragmatically allowed enrollment and ad-
ministration of Rotarix/placebo to occur at any age from 6 
to <12 months; the median age at enrollment into our study 
was 8.5 (IQR, 6.9–10.3) months. This age distribution likely re-
flects the large proportion of infants enrolled from very remote 
settings where enrollment visits were infrequent, but it also 
covers the broad age range in which children in our setting cur-
rently receive their third DTaP dose, scheduled at age 6 months. 
Only 62% of Australian Aboriginal children receive their third 
DTaP dose before age 7 months (compared with 81% of non-
Indigenous children), approximately 18% at age 7–9 months, 
and approximately 10% at age 9–12 months[31]. We note that 
the age distribution of enrollment in our study also covers the 
existing 9-month schedule point for measles vaccination used 
in the Expanded Program on Immunization.

Randomization was used to ensure exchangeability of infants 
in the Rotarix and placebo arms. The 2 arms were well matched 
on most baseline factors, except that infants in the Rotarix arm 
were less likely than those in the placebo arm to be breastfed and 
less likely to have evidence of a seroresponse at baseline (69% vs 
76%). Almost one-third of infants (29%) in our study could not 
contribute follow-up specimens to the immunological analysis. 
This was largely owing to restrictions on travel by study staff 
to remote communities because of dangerous weather (mon-
soonal storms), cultural grieving (“sorry business”), and restric-
tions imposed by jurisdictional and institutional authorities to 
prevent COVID-19 transmission. The proportions of Rotarix 
and placebo recipients with missing outcome data were similar, 
and while blinding ensures that selection bias is unlikely, it is 

possible that rates of seroresponse were different in those with 
missing immunological outcome data.

Adaptive designs are increasingly used for prelicensure ther-
apeutic trials and may also have value in vaccine trials, espe-
cially in low-resource settings [32, 33]. Adaptive designs require 
upfront investment of resources into statistical modelling and 
simulations [33], but they might enable more judicious invest-
ment of field resources for recruitment and follow-up and may 
expedite translation of positive trial findings into clinical prac-
tice or refocusing on alternative strategies if trial results are neg-
ative. In addition, when superiority or futility of an intervention 
is already clear, the ability to stop trials early is ethical because 
it minimizes the burden and risks of study participation [32]; 
these were motivating factors in the design choice for ORVAC 
in this vulnerable and highly researched population.
In conclusion, administration of an additional dose of Rotarix 
vaccine to Australian Aboriginal children aged 6 to <12 months 
increased the proportion of children with evidence of a vaccine 
seroresponse by approximately 16%. If it can be demonstrated 
that this increase translates into improved protection against 
gastroenteritis, the additional dose could be a highly viable 
strategy to further decrease the burden of diarrheal disease 
among young children in this and other high-burden settings.
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