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Background. Current oral rotavirus vaccines perform suboptimally in resource-poor settings. We investigated
the effect of an additional dose and later schedule on the immunogenicity of monovalent rotavirus vaccine (RV1) in a
developing country.

Methods. Infants received RV1 at 6 and 10, 10 and 14, or 6, 10, and 14 weeks of age. The primary objective was to
compare antirotavirus immunoglobulin A (IgA) seroconversion at 18 weeks in the 6/10/14 arm to the cumulative
seroconversion (highest result at 14 or 18 weeks) in the 6/10 arm.

Results. Overall, 480 (76.2%) of 630 randomized infants completed the trial per protocol. Seroconversion in the
6/10/14 arm was 36.7% (95% CI, 29.8, 44.2) compared to 36.1% (CI, 29.0, 43.9) in the 6/10 arm, (P = 1.0); the result
from the 10/14 arm was 38.5% (CI, 31.2, 46.3). Seroconversion in the 6/10 arm at 14 weeks (post hoc) was lower at
29.7% (CI, 23.1, 37.3).

Conclusions. In Pakistani infants, the immunogenicity of RV1 did not increase significantly with 3 doses at 6, 10,
and 14 weeks compared to 2 doses at 6 and 10 weeks. Additional strategies should be evaluated for improving ro-
tavirus vaccine immunogenicity in high burden countries.
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Rotavirus is the most common cause of severe gastroen-
teritis in children <5 years of age, accounting for an es-
timated 453 000 deaths in 2008 [1]. Around 85% of
these deaths occur in the developing countries of Asia
and Africa. In Pakistan, rotavirus causes 5.5 episodes
of moderate to severe diarrhea per 100 infant-years, ac-
counting for 23% of all moderate to severe diarrhea in
infants in the country [2]. Because of the tremendous

global burden, rotavirus vaccine development and
introduction has been a high global priority. In 2006,
2 oral rotavirus vaccines were licensed for use in
many countries: 3-dose RotaTeq (Merck and Co, Inc,
Whitehouse Station, NJ) (RV5) and 2-dose Rotarix
(GlaxoSmithKline Biologicals, Rixensart, Belgium)
(RV1). The pivotal trials of both these vaccines, con-
ducted mainly in high- and middle-income countries,
demonstrated high efficacy (85%–98%) against severe
rotavirus disease and a good safety profile [3, 4]. Subse-
quent evaluations in middle- and low-income countries
demonstrated that, as with other oral vaccines, immu-
nogenicity and efficacy were lower, with efficacy ranging
from 30% to 80% [5–9].

The reasons for lower immunogenicity and efficacy
of oral rotavirus vaccines in low-income settings are
not completely understood but may be related to a
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number of factors, including higher titers of maternal antibod-
ies in infants, interference by oral polio vaccines (OPV), micro-
nutrient deficiencies, concomitant gut infection with other
pathogens, environmental enteropathy, altered gut microbiome,
and concomitant host comorbidities such as diarrhea. In low-
income settings, younger ages at doses generally yield lower ro-
tavirus vaccine responses. For example, an immunogenicity
study in South Africa using a lower-titer precursor to RV1 dem-
onstrated that infants given 2 doses of vaccine at ages 6 and 10
weeks had reduced immune response compared to that in in-
fants who received 2 doses at 10 and 14 weeks (antirotavirus
immunoglobulin A [IgA] seroconversion 36% vs 61%, respec-
tively) [10]; these schedules have not been compared using
the licensed RV1 titer. In a secondary analysis of a trial in
South Africa and Malawi that evaluated 2 different RV1 sched-
ules, the overall efficacy during the follow-up period to 1 year of
age of a 2-dose RV1 schedule at 10 and 14 weeks (59%) was not
statistically different from that following a 3-dose schedule at 6,
10, and 14 weeks (64%), suggesting that a first dose given at
6 weeks did not provide notable additional benefit to the later
2-dose schedule; however, it did appear to be beneficial through
the second year of life in a follow-up analysis in South Africa
(2- and 3-dose efficacy: 32% vs 85%, respectively) [6].

The immunogenicity and efficacy of a 2-dose RV1 schedule at
6 and 10 weeks has not been assessed in a clinical trial, but the
World Health Organization (WHO) recommends RV1 be given
at the first and second routine Expanded Program on Immuni-
zation (EPI) encounters, which is at ages 6 and 10 weeks in most
low-income countries. Because an additional dose at 14 weeks
(third EPI visit) or a later administration of the 2 doses would
allow for less potential interference with maternal antibodies
and further maturation of the immune system, we conducted
a randomized trial to compare the immunogenicity of RV1
when administered in a 3-dose schedule at 6, 10, and 14
weeks to the routine schedule of 6 and 10 weeks (primary ob-
jective), and to compare the 6- and 10-week schedule with a
later 2-dose schedule at 10 and 14 weeks. We also evaluated
the correlation of maternally derived neutralizing antibody
(MDNA) levels with antirotavirus IgA antibody seroconversion.

METHODS

Study Participants
The study was conducted in the peri-urban area of Ali Akber
Shah Goth, in Karachi, Pakistan, where the Department of Pe-
diatrics and Child Health of Aga Khan University has conduct-
ed demographic surveillance since 2008, including pregnancy
and newborn surveillance. It is a low-income community of
predominantly fishermen, located along the sea coast. Among
neonates and children <5 years of age, mortality figures
in this population are 43.4 and 66.4 per 1000 live births,
respectively.

Parents were informed of the study when their infants were 4
weeks of age, and if they gave consent, their infants were en-
rolled at 6 weeks of age. Infants were excluded if they had a
birth weight <1500 grams, received rotavirus vaccine outside
of the study, had received any immunoglobulin or blood prod-
ucts since birth, were on immunosuppressive drugs, or had used
any investigational drug or vaccine within 30 days of the first
dose of study vaccine.

The trial was approved by the institutional review boards of
Aga Khan University, the United States Centers for Disease
Control and Prevention, and the Western Institutional Review
Board (Olympia, WA). The study was conducted in accordance
with the principles of the Declaration of Helsinki and in com-
pliance with good clinical practice guidelines (ClinicalTrials.gov
registration number NCT01199874).

Study Design
This Phase IV, open-label, randomized trial of 630 children in-
cluded 3 parallel intervention arms with treatment allocation of
1:1:1. One group received 3 doses of RV1 at 6, 10, and 14 weeks
of age (6/10/14 arm), the second group received 2 doses of RV1
at 6 and 10 weeks of age (6/10 arm), and the third group re-
ceived 2 doses of RV1 at 10 and 14 weeks (10/14 arm). The ly-
ophilized formulation of RV1 was provided along with oral
polio vaccine (OPV) and pentavalent vaccine (diphtheria, tetanus,
whole cell pertussis, hepatitis B, and Haemophilus influenzae
type b), unless either had been administered earlier at another
facility. Vaccinations were postponed if the child was suffering
from fever ≥38.0°C, had vomited during each of the last 3 feed-
ings, or met WHO criteria for some or severe dehydration [11].
Feeding was not restricted before or after vaccination. To
provide an estimate of the background antirotavirus IgA
seroconversion, 110 infants from a neighboring area were
enrolled at age 6 weeks and thereafter received EPI vaccines
but no rotavirus vaccine (“comparison group”); a similar
proportion of infants in this group and the intervention arms
were enrolled during each calendar week to maintain com-
parability of the likelihood of exposure to wild-type rotavirus
during the study period. The study schedule is summarized in
Table 1.

Laboratory Assays
Antirotavirus IgA antibody was measured in serum collected at
age 6 weeks (prevaccination) and 18 weeks in all infants; infants
in the 6/10 arm had additional serum collected at 14 weeks. The
concentration of antirotavirus IgA antibody in serum was mea-
sured using an enzyme-linked immunosorbent assay (ELISA) as
described elsewhere [12, 13], expressed as units per milliliter (U/
mL). Preexisting neutralizing antibodies, presumed to be mater-
nally derived (MDNA), were measured in serum collected at 6
weeks by a neutralization assay against rotavirus strain 89-12,
the precursor to the RV1 vaccine strain, following methods

2 • JID • Ali et al

 at A
ga K

han U
niversity on January 2, 2015

http://jid.oxfordjournals.org/
D

ow
nloaded from

 

http://jid.oxfordjournals.org/


described elsewhere [12, 13]. Data are expressed as serum titers
that represent 60% neutralization of the virus.

Safety Assessment
All infants were observed for 30 minutes after the administra-
tion of vaccines, and parents were asked to seek care at the study
clinic for any illnesses in participants during the study period.
All serious adverse events (SAEs) were reported to an indepen-
dent safety monitor who characterized possible relationship to
study product.

Statistical Analysis
Analyses were conducted on the per protocol cohort, which in-
cluded infants meeting all inclusion and no exclusion criteria
who were anti-rotavirus IgA seronegative at 6 weeks, received
RV1 vaccines and blood collection according to schedule, and
remained in the study through 18 weeks. Seroconversion was
defined as a serum concentration of antirotavirus IgA antibod-
ies ≥20 U/mL in subjects who were seronegative (IgA <20 U/
mL) at 6 weeks of age. For the 6/10/14 and the 10/14 arms, se-
roconversion was determined at 18 weeks, approximately 4
weeks after the last RV1 dose; for the 6/10 arm, it was based
on the higher IgA titer of each subject’s 14 or 18 week sample.
In this setting where rotavirus circulation occurs throughout the
year, assessing IgA at both time points for the 6/10 arm allowed
infants in all intervention arms to have comparable lengths of
time for possible infection from wild-type rotavirus (at 18

weeks) and also comparable lengths of time for possible waning
of vaccine-induced IgA (4 weeks after the last vaccine dose). In
post hoc analyses, seroconversion in the 6/10 arm independent-
ly at 14 weeks and 18 weeks was compared with seroconversion
at 18 weeks in the 10/14 and 6/10/14 arms.

Rotavirus IgA seroconversion between the 6/10 arm and the
6/10/14 and 10/14 arms were compared using the Fisher exact
test, 95% confidence intervals (CI) of seroconversion were based
on the Wilson Score method, and 95% CI of the differences in
seroconversion were calculated based on the Newcombe-
Wilson method without continuity correction [14]. Serum anti-
rotavirus IgA geometric mean titers (GMT) were compared
across arms using the t test for all infants (a value of 10U.mL
was assigned for infants with a IgA level of <20 U/mL), as
well as using only infants who had seroconverted.

The GMTs of the 6-week MDNA titers were compared across
intervention arms using the t test. To examine the impact of
MDNA on seroconversion, the 6-week MDNA titers were
pooled and quartiles determined. Within each arm, seroconver-
sion for infants with MDNA titers in the lowest quarter (≤25th
percentile) was compared with that for infants in the highest
quarter (≥75th percentile) using the Fisher exact test. Data anal-
ysis was performed using SAS software (SAS Institute Inc,
North Carolina).

Enrollment of 200 infants in each intervention arm was esti-
mated to provide 85% power to detect a 17.5% increase in sero-
conversion in the 6/10/14 arm compared to the 6/10 week arm,

Table 1. Vaccination and Specimen Collection Schedule

Study Visit 1 (V1) Study Visit 2 (V2) Study Visit 3 (V3) Study Visit 4 (V4)
6 wks 10 wks 14 wks 18 wks

Study Arm Age: 42–55 d Age: 25 to 41 d post V1 (6/10,
6/10/14 arms); 70–83 d (10/14 arm)

Age: 25–41 d post V2 Age: 25–41 d post V3

6/10 Eligibility assessment Clinical assessment Clinical assessment Clinical assessment

Baseline assessment Rotavirus and EPI vaccination Blood draw Blood draw
Blood draw EPI vaccination Exit from study

Rotavirus and EPI vaccination

10/14 Eligibility assessment Clinical assessment Clinical assessment Clinical assessment
Baseline assessment Rotavirus and EPI vaccination Rotavirus and EPI vaccination Blood draw

Blood draw Exit from study

EPI vaccination
6/10/14 Eligibility assessment Clinical assessment Clinical assessment Clinical assessment

Baseline assessment Rotavirus and EPI vaccination Rotavirus and EPI vaccination Blood draw

Blood draw Exit from study
Rotavirus and EPI vaccination

Comparison Eligibility assessment Clinical assessment Clinical assessment Clinical assessment

Baseline assessment EPI vaccination EPI vaccination Blood draw
Blood draw Exit from study

EPI vaccination

Abbreviation: EPI, Expanded Program on Immunization.
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using a 2-sided χ2 test (α = 0.05), assuming 35% seroconversion
in the 6/10 arm, 5% IgA seropositivity at 6 weeks, and a 20%
dropout during the study. In the comparison group, 110 sub-
jects were recruited for determining background antirotavirus
IgA antibody seroconversion between ages 6 and 18 weeks.

RESULTS

Study Population
The study was conducted from April 2011 to September 2012.
Of the 624 infants in the intervention arms with serum evalu-
ated at 6 weeks, 52 (8.3%) were antirotavirus IgA positive at 6
weeks of age and excluded from the immunogenicity analyses
(Figure 1). Overall, 480 of 630 enrolled (76.2%) infants complet-
ed the study according to the protocol. Arms were similar with
respect to age, gender, length, weight, and family/household
characteristics at the time of enrollment (Table 2). The mean
age of infants at each study visit was similar across intervention
arms and the comparison group. OPV was given concomitantly
with each dose of RV1 in ≥99% of participants in each of the
intervention arms; the remaining children had documentation
of receiving OPV doses from an outside facility. Birth dose of
OPV was given to 75% of the infants, and this distribution
was similar across all arms. Additional bOPV/mOPV doses

were likely received by the study infants during campaigns
that occurred during the trial.

Immune Response to RV1
Antirotavirus IgA antibody seroconversion was 36.7% (95% CI,
29.8, 44.2) in the 6/10/14 arm, 36.1% (95% CI, 29.0, 43.9) in the
6/10 arm (cumulative result, by age 18 weeks), and 38.5% (95%
CI, 31.2, 46.3) in the 10/14 arm (difference: 6/10/14 arm vs 6/10
arm, 0.6% [95% CI, −9.9, 10.9]; 10/14 arm vs 6/10 arm, 2.3%
[95% CI, −8.3, 12.9]) (Table 3). Background seroconversion
in the comparison group was 13.3% (95% CI, 7.8, 21.9) at age
18 weeks. Antirotavirus IgA GMT postvaccination was 25.8 U/
mL in the 6/10/14 arm, 24.0 U/mL in the 6/10 arm (cumulative
result, by age 18 weeks), and 24.4 U/mL in the 10/14 arm. The
GMT in the comparison group was 14.4 U/mL at 18 weeks of
age. The GMTs of infants who seroconverted postvaccination
were similar across intervention arms (Table 4).

In post-hoc analyses, seroconversion in the 6/10 arm was
29.7% and 28.4% at 14 weeks and 18 weeks, respectively (diffe-
rence: 6/10/14 arm at 18 weeks vs 6/10 arm at 14 weeks: 7.0%
[95% CI, −3.3, 17.0]; 10/14 arm at 18 weeks vs 6/10 arm at 14
weeks: 8.8% [95% CI, −1.7, 19.0] (Table 3). In the 6/10 arm, 12/
46 (26.1%) IgA seropositive infants at 14 weeks (4 weeks after
the last RV1 dose) were seronegative at 18 weeks, whereas 10/

Figure 1. Study assignment and follow-up of subjects.
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109 (9.2%) IgA seronegative infants at 14 weeks seroconverted
by 18 weeks.

Impact of Maternally-Derived Neutralizing Antibody
Level on Immunogenicity

The GMTs of the titers of MDNA against rotavirus measured in
infants’ serum at age 6 weeks were similar in the intervention
arms; 113.6 U/mL (95% CI, 95.7, 134.8), 100.2 U/mL (95%
CI, 83.9, 119.7), and 101.2 U/mL (95% CI, 84.9, 120.7), respec-
tively, in the 6/10/14, 6/10, and 10/14 arms; the distributions
of MDNA titers were also similar (data not shown). In the
6/10/14 arm, seroconversion (at 18 weeks) for infants with

low MDNA titers (≤25th percentile, using MDNA titers pooled
from all intervention arms) compared to that among infants
with high MDNA titers (≥75th percentile) was 44.7% and
34.1%, respectively (Table 5). Seroconversion in the 6/10 arm
(at 14 weeks, 4 weeks after last dose) for infants with low
vs high MDNA titers was 31.6% and 19.5%, respectively;
the 10/14 arm values at 18 weeks were 59.1% and 20.0%.
Although within each arm seroconversion 4 weeks after the
last dose tended to be greater among infants with the lowest
MDNA titers compared to infants with highest MDNA titers,
the difference reached statistical significance only in the 10/14
arm (P value = .001).

Table 2. Baseline Characteristics and Age at Study Visit

6/10 Arm
(N = 155)

10/14 Arm
(N = 156)

6/10/14 Arm
(N = 169)

Comparison Arm
(N = 90)

N % or Mean n % or Mean n % or Mean n % or Mean

Baseline Enrollment Characteristics

Age, weeks (SD) 155 6.4 (0.5) 156 6.3 (0.4) 169 6.3 (0.5) 90 6.4 (0.5)
Male 80 51.9 81 51.9 85 50.6 47 52.2

Length at 6 weeks, cm (SD) 154 52.8 (3.3) 156 53.1 (2.9) 169 52.6 (3.6) 90 53.7 (2.7)

Weight at 6 weeks, kg (SD) 154 4.06 (0.66) 156 4.16 (0.67) 169 4.07 (0.64) 90 4.07 (0.64)
FOC at 6 weeks, cm (SD) 154 36.9 (1.9) 156 36.7 (1.5) 169 36.6 (1.2) 90 36.7 (1.8)

Age of mother, years (SD) 155 24.9 (4.8) 156 25.5 (4.7) 169 26.5 (5.2) 90 24.7 (4.4)

Mother years of schooling (SD) 155 5.1 (4.5) 156 5.0 (4.4) 169 4.5 (4.3) 90 3.1 (4.1)
Father years of schooling (SD) 155 5.0 (4.6) 155 4.8 (4.7) 168 4.9 (4.5) 90 4.3 (5.0)

Type of milk

Breast milk only 116 74.8 128 82.1 131 77.5 78 86.7
Breast milk plus formula 29 18.7 25 16.0 32 18.9 11 12.2

Formula only 10 6.5 3 1.9 6 3.6 1 1.1

Main water source
Piped 135 87.1 121 77.6 144 85.2 61 67.8

Tube/deep tube well 1 0.6 0 0.0 2 1.2 2 2.2

Surface water 7 4.5 22 14.1 8 4.7 16 17.8
Bottled/filtered 0 0.0 1 0.6 2 1.2 8 8.9

Other 12 7.7 12 7.7 13 7.7 3 3.3

Main roof material
Jute/bamboo/mud 4 2.6 5 3.2 2 1.2 2 2.2

Tin 23 14.8 25 16.0 21 12.4 13 14.4

Cement/concrete 128 82.6 126 80.8 146 86.4 75 83.3
Main toilet type

Septic tank/modern toilet 9 5.8 13 8.3 17 10.1 8 8.9

Pit latrine, water sealed 145 93.5 142 91.0 149 88.2 54 60.0
Pit latrine, not water sealed 1 0.6 1 0.6 3 1.8 28 31.1

Place of delivery

Home 55 35.7 53 34.0 58 34.3 38 42.2
Hospital/Clinic 99 64.3 103 66.0 111 65.7 52 57.8

Age at Study Visit, weeks (SD)

Visit 2 155 10.7 (0.7) 156 10.5 (0.5) 169 10.6 (0.6) 90 10.6 (0.6)
Visit 3 155 14.9 (0.8) 156 14.7 (0.7) 169 14.7 (0.7) 90 14.8 (0.8)

Visit 4 155 19.1 (0.9) 156 18.9 (0.8) 169 18.9 (0.8) 90 19.0 (1.0)

Abbreviations: FOC, Fronto-occipital circumference; SD, Standard deviation.
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Table 3. Percent Antirotavirus IgA Seroconversion and Difference Between Study Arms

Sample

6/10 Arm (N = 155) 10/14 Arm (N = 156)
6/10/14 Arm
(N = 169) 6/10/14 vs 6/10 10/14 vs 6/10 6/10/14 vs 10/14

Comparison Arm
(N = 90)

n % 95% CI n % 95% CI n % 95% CI

Difference in
Seroconversion %

(95% CI)
P

Value

Difference in
Seroconversion %

(95% CI)
P

Value

Difference in
Seroconversion %

(95% CI)
P

Value n % 95% CI

6 week 0 0 0 0 0 0 0 0
14 week 46 29.7 (23.1, 37.3) 7.0 (−3.3, 17.0) .20a 8.8 (−1.7, 19.0) .12a

18 week 44 28.4 (21.9, 35.9) 60 38.5 (31.2, 46.3) 62 36.7 (29.8, 44.2) 8.3 (−1.9, 18.2) .12b 10.1 (−.4, 20.3) .07b −1.8 (−12.2, 8.7) .82 12 13.3 (7.8, 21.9)

Cumulative
14 and 18
wks

56 36.1 (29.0, 43.9) .6 (−9.9, 10.9) 1.00c 2.3 (−8.3, 12.9) .73c

Abbreviations: CI, confidence interval; IgA, immunoglobulin A.
a % seroconversion at 14 weeks in 6/10 arm compared with % seroconversion at 18 weeks in 10/14 or 6/10/14 arm.
b % seroconversion at 18 weeks in 6/10 arm compared with % seroconversion at 18 weeks in 10/14 or 6/10/14 arm.
c % seroconversion in 6/10 arm based on the higher IgA value among subjects’ 14 and 18 weeks result vs % seroconversion at 18 weeks for subjects in 10/14 arm or 6/10/14 arm.

Table 4. Anti-Rotavirus IgA Geometric Mean Titers (GMT) (U/mL) and Comparisons Between Study Arms

Sample

6/10 Arm 10/14 Arm 6/10/14 Arm 6/10/14 vs 6/10 10/14 vs 6/10 6/10/14 vs 10/14 Comparison Arm

n GMT 95% CI n GMT 95% CI n GMT 95% CI P Value P Value P Value n GMT 95% CI

All subjects

6 wk 155 10.0 (10.0, 10.0) 156 10.0 (10.0, 10.0) 169 10.0 (10.0, 10.0) 90 10.0 (10.0, 10.0)

14 wk 155 19.7 (16.2, 23.9) .08a .15a

18 wk 155 18.4 (15.2, 22.2) 156 24.4 (19.5, 30.6) 169 25.8 (20.5, 32.5) .02b .06b .74b 90 14.4 (11.5, 18.1)

Cumulative 14 and
18 wks

155 24.0 (19.2, 29.9) .65c .91c

Seroconverted subjects

6 wk 0 10.0 (10.0, 10.0) 0 10.0 (10.0, 10.0) 0 10.0 (10.0, 10.0) 0 10.0 (10.0, 10.0)

14 wk 46 98.1 (69.5, 138.4) .24a .88a

18 wk 44 85.3 (50.8, 125.4) 60 101.9 (71.4, 145.4) 62 132.5 (92.5, 189.7) .10b .50b .30b 12 154.8 (58.8, 408.0)

Cumulative 14 and
18 wks

56 112.3 (79.1, 159.4) .51c .70c

Abbreviations: CI, confidence interval; GMT, geometric mean titer; IgA, immunoglobulin A.
a GMT at 14 weeks in 6/10 arm and at 18 weeks in 10/14 and 6/10/14 arms.
b GMT at 18 weeks in 6/10, 10/14, and 6/10/14 arms.
c GMT of higher IgA titer among subjects’ 14 and 18 week results for 6/10 arm and at 18 weeks in 10/14 and 6/10/14 arms.
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Safety Assessment
Two SAEs were observed in the 6/10/14 arm, 4 in the 6/10 arm,
and 2 in the 10/14 arm; 1 SAE was identified in the comparison
arm. An independent safety monitor found none of the SAEs
related to the study vaccine.

DISCUSSION

In this study, administering RV1 in a 3-dose schedule at 6/10/14
weeks did not lead to significantly higher rotavirus IgA serocon-
version at 18 weeks when compared to the cumulative serocon-
version (highest IgA result at 14 or 18 weeks) following a 2-dose
schedule at 6/10 weeks. Additionally, a delayed 2-dose schedule at
10/14 weeks did not lead to higher seroconversion compared to
the cumulative result in the 6/10 group. Our study design where-
by the 14 week and 18 week samples were cumulatively consid-
ered for the 6/10 arm seroconversion endpoint ultimately raised
the bar for detecting statistically higher seroconversion in the
other arms because a number of infants in the 6/10 arm changed
seroconversion status between 14 and 18 weeks without an addi-
tional dose of RV1. In post hoc analyses, the 6/10/14 and 10/14
seroconversion point estimates at 18 weeks were higher (by 7 to
10 percentage points) than those of the 6/10 arm, when the 14
week and the 18 week results were considered separately, but
the differences were not statistically significant. Within the strictly
followed vaccination schedule of our infant series, the alternate
schedules we tested did not greatly enhance the overall IgA re-
sponse in our study population. Although the antirotavirus
serum IgA antibody response is just one component of the im-
munological response to the vaccine and is not necessarily a
mechanistic correlate of protection, a substantial improvement
in clinical protection through these alternative vaccine schedules
may not be likely in this population.

Our study area was a particularly poor slum setting where
many of the risk factors for decreased immunogenicity of oral
vaccines including malnutrition and environmental enteropathy

were likely present, which may in part explain the failure to sub-
stantially improve the immune response by administering an ad-
ditional third dose of RV1 at 14 weeks. The IgA seroconversion
rates and overall GMTs for the intervention arms we describe here
are among the lowest reported for RV1, even among studies per-
formed in lower-income, high under-5 mortality countries and in
which, like ours, OPV was coadministered with each RV1 dose [6,
10, 14–16]. In these studies, the IgA was measured by the labora-
tory used in our study or that of GSK; there may be differences in
the 2 assays that could affect comparability of results.

When examining data across immunogenicity studies, the sero-
conversion in placebo or control arms should be considered to
better compare the contribution of vaccine; seroconversion in pla-
cebo or control arms in previously cited evaluations in low-
income countries ranged from 1.7% to 40.4%. In our study, there
was 13.3% seroconversion between 6 and 18 weeks in the compar-
ison group (and 9.2% in 6/10 week arm between 14 and 18
weeks), most likely due to natural infection or exposure. The re-
sults from our 6/10/14 and 10/14 arms (seroconversion 23 and 25
percentage points above comparison arm and overall GMT ratio
of vaccine arm to comparison arm of 1.8 and 1.7, respectively)
appear generally comparable to that reported in a follow-up anal-
ysis of the Malawi trial, where immunogenicity of 2-(mean age at
vaccination, 11.7 and 16.8 weeks) and 3-doses of RV1 (mean age,
6.5, 11.7, and 16.8 weeks) was 47.2% and 57.1%, respectively, but
with 40.5% seroconversion in the placebo arm (difference be-
tween vaccine arms and placebo 6.7% and 16.6%, respectively;
ratio of GMT: 2-dose/placebo and 3-dose/placebo, 1.3 and 1.6, re-
spectively) [6, 16]. Despite high background seroconversion, effi-
cacy against severe rotavirus gastroenteritis in Malawi was 49.2%
and 49.7% to 1 year of age for 2 and 3 doses, respectively [6].

In our study, infants with MDNA in the highest quarter tend-
ed to have lower seroconversion compared to infants with
MDNA in the lowest quarter. However, the difference did not
reach statistical significance in the 6/10 arm with the 14-week
result, where one would have expected the maximum impact

Table 5. Comparison of Ranked MDNA Titers With Serum Antirotavirus IgA Seroconversion

MDNA Percentile

6/10 Arm (N = 154) 10/14 Arm (N = 155) 6/10/14 Arm (N = 169)

Seroconversiona Seroconversion Seroconversion

n/N % (95% CI) n/N % (95% CI) n/N % (95% CI)

≤25th 12/38 31.6 (19.1, 47.5) 26/44 59.1 (44.4, 72.3) 17/38 44.7 (30.2, 60.3)

>25th and ≤50th 15/44 34.1 (21.9, 48.9) 12/34 35.3 (21.5, 52.1) 12/42 28.6 (17.2, 43.6)
>50th and <75th 11/32 34.4 (20.4, 51.7) 15/43 34.9 (22.4, 49.8) 18/45 40.0 (27.0, 54.6)

≥75th 8/41 19.5 (10.2, 34.0) 7/35 20.0 (10.0; 35.9) 15/44 34.1 (21.9, 48.9)

P valueb .30 .001 .37

Abbreviations: CI, confidence interval; MDNA, maternally derived neutralizing antibodies.
a Seroconversion at 14 weeks in 6/10 arm, 4 weeks after last RV1 dose.
b P value comparing seroconversion in lowest vs highest MDNA quarters. (MDNA Q1 = 52.8, median = 107.1, Q3 = 231.6).
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of MDNA (unless MDNA in even our lowest quarter reduces
response at both 6 and 10 weeks). Although based on small
numbers of infants and with the contribution of background
(wild-type) seroconversion unknown, seroconversion reached
44.7% and 59.1% (overall GMT 38.9 U/mL and 34.8 U/mL
for these subsets) in the 6/10/14 and 10/14 arms, respectively,
among infants with MDNA in the lowest quarter. High
MDNA levels have often been considered one of the important
reasons for lack of rotavirus vaccine take in trials of the current-
ly available vaccines; however, the mechanism of interference is
not well understood, and data has not been previously pub-
lished on their impact with RV1 or RV5. Further, with assess-
ment of immune response only after ≥2 doses in a series or with
infants receiving doses at a range of ages, it is not possible to
discern the true effect of maternal antibody vs some other
age-related factor [17]. Comparisons of maternal antibodies
in women of child-bearing age from various populations and
even in relation to timing of peak rotavirus circulation could
help inform the extent to which maternal antibodies are respon-
sible for the lower immune response seen for the current rota-
virus vaccines. Possible mechanisms to help overcome their
presumed negative impact on vaccine effectiveness in early in-
fancy include providing doses at even older ages (by further in-
creasing total number of doses and/or increasing time between
doses) or even development of higher-titer vaccines.

In summary, we found that 3 doses of RV1 administered at 6,
10, and 14 weeks, or delayed administration of 2 doses at 10 and
14 weeks, did not substantially improve the antirotavirus serum
IgA response as compared to the 2-dose schedule at 6 and 10
weeks, when doses were provided under tight age windows. These
data support the current WHO recommendation to administer
RV1 in a 2-dose schedule at the first 2 EPI visits. Continued ef-
forts are needed to increase the immunogenicity and effectiveness
of rotavirus vaccine in high burden countries of Asia and Africa.
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