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BACKGROUND
Each year, rotavirus gastroenteritis is responsible for about 37% of deaths from 
diarrhea among children younger than 5 years of age worldwide, with a dispropor-
tionate effect in sub-Saharan Africa.

METHODS
We conducted a randomized, placebo-controlled trial in Niger to evaluate the effi-
cacy of a live, oral bovine rotavirus pentavalent vaccine (BRV-PV, Serum Institute 
of India) to prevent severe rotavirus gastroenteritis. Healthy infants received three 
doses of the vaccine or placebo at 6, 10, and 14 weeks of age. Episodes of gastro-
enteritis were assessed through active and passive surveillance and were graded on 
the basis of the score on the Vesikari scale (which ranges from 0 to 20, with 
higher scores indicating more severe disease). The primary end point was the effi-
cacy of three doses of vaccine as compared with placebo against a first episode of 
laboratory-confirmed severe rotavirus gastroenteritis (Vesikari score, ≥11) begin-
ning 28 days after dose 3.

RESULTS
Among the 3508 infants who were included in the per-protocol efficacy analysis, 
there were 31 cases of severe rotavirus gastroenteritis in the vaccine group and 87 
cases in the placebo group (2.14 and 6.44 cases per 100 person-years, respectively), 
for a vaccine efficacy of 66.7% (95% confidence interval [CI], 49.9 to 77.9). Similar 
efficacy was seen in the intention-to-treat analyses, which showed a vaccine effi-
cacy of 69.1% (95% CI, 55.0 to 78.7). There was no significant between-group 
difference in the risk of adverse events, which were reported in 68.7% of the infants 
in the vaccine group and in 67.2% of those in the placebo group, or in the risk of 
serious adverse events (in 8.3% in the vaccine group and in 9.1% in the placebo 
group); there were 27 deaths in the vaccine group and 22 in the placebo group. 
None of the infants had confirmed intussusception.

CONCLUSIONS
Three doses of BRV-PV, an oral rotavirus vaccine, had an efficacy of 66.7% against 
severe rotavirus gastroenteritis among infants in Niger. (Funded by Médecins sans 
Frontières Operational Center and the Kavli Foundation; ClinicalTrials.gov number, 
NCT02145000.)
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Rotavirus is a leading cause of severe 
gastroenteritis among young children and 
is responsible for approximately 37% of 

deaths from diarrhea among children younger 
than 5 years of age worldwide.1,2 Two live, oral, 
attenuated rotavirus vaccines (Rotarix, GlaxoSmith-
Kline, and RotaTeq, Merck) have met the pre-
qualification requirements of the World Health 
Organization (WHO), stipulations that allow for 
purchase by United Nations agencies.3 The ef-
ficacy of these vaccines has been shown, with 
an important effect on hospital admissions and 
mortality.4-14

Sub-Saharan Africa has the highest rate of 
death associated with rotavirus disease,1 but vac-
cination on a large scale presents challenges.15-17 
Current prices of the two licensed vaccines are 
probably unsustainable without external subsidies. 
In addition, the global supply of the vaccines is 
constrained,18-20 and unreliable transportation and 
storage systems make delivery of vaccines that 
require refrigeration difficult. A heat-stable, live, 
oral bovine rotavirus pentavalent vaccine (BRV-PV, 
Serum Institute of India)21 was developed for sale 
at or below the current price of the two WHO 
prequalified vaccines that are supported by the 
Gavi Alliance (formerly the Global Alliance for 
Vaccines and Immunization). The introduction 
of BRV-PV may help to minimize the burden on 
already strained immunization programs. As part 
of an effort to identify rotavirus vaccines for use 
in resource-constrained settings, we assessed the 
efficacy and safety of BRV-PV against severe rota-
virus gastroenteritis among healthy infants in 
Niger.

Me thods

Study Design and Participants

We conducted a double-blind, placebo-controlled, 
randomized, phase 3, event-driven trial in Mada-
rounfa, Niger, to assess the efficacy and safety 
of BRV-PV against severe rotavirus gastroenteri-
tis. A placebo-controlled design was chosen be-
cause the vaccine was not licensed or available in 
Niger at the time of study initiation, and data 
were needed to inform policy decisions in low-
resource countries.22,23 After a parent or guardian 
provided written informed consent, healthy in-
fants were randomly assigned in a 1:1 ratio to 
receive three doses of the vaccine or placebo at 
6, 10, and 14 weeks of age. Since rotavirus circu-

lates year-round in Niger,24 enrollment was con-
tinuous beginning in August 2014. Infants were 
eligible if they were healthy and the parents re-
sided in villages within the catchment area of 
study sites and intended to remain in the area 
for at least 2 years. Full details of the study de-
sign are provided in the protocol, available with 
full text of this article at NEJM.org.

The trial was conducted in accordance with 
Good Clinical Practice guidelines. The trial pro-
tocol was approved by the ethics committee of 
the WHO in Switzerland; the Western Institu-
tional Review Board in Olympia, Washington; 
Comité Consultatif National d’Ethique in Niger; 
Comité de Protection des Personnes in France; 
and Hôpitaux Universitaires de Génève in Swit-
zerland. A data and safety monitoring board 
regularly reviewed the trial data, and an indepen-
dent adjudication committee reviewed suspected 
cases of intussusception. The first and last au-
thors vouch for the completeness and accuracy of 
the data and all analyses and for the fidelity of the 
trial to the protocol.

Vaccine

The trial vaccine, the calcium carbonate buffer, 
and the placebo were developed and manufac-
tured by Serum Institute of India, which donated 
the vaccine, buffer, and placebo. BRV-PV is a 
bovine–human reassortant vaccine containing 
rotavirus serotypes G1, G2, G3, G4, and G9 
(>5.6 log10 fluorescent focus units per serotype per 
dose) and is stable for 2 years at a temperature 
of 37°C and for 6 months at 40°C.21 The placebo 
was the same formulation but without the viral 
antigens. The vaccine and placebo were admin-
istered orally in liquid form and were identical 
in appearance and packaging.

The vaccine and placebo were stored at 2°C to 
8°C from the time of shipping to arrival at the 
Epicentre facility in Maradi, Niger. There the 
vaccine and placebo were stored at temperatures 
not exceeding 25°C and, after dispatch, at ambient 
temperature until administration.

Study physicians at health centers administered 
the initial dose to infants who were 6 to 8 weeks 
of age, with each subsequent dose given at 
4-week intervals (range, 3 to 8 weeks). Vaccina-
tion was delayed only if the child was unable to 
swallow, had a history of vomiting within the 
previous 24 hours, or required immediate hospi-
talization. Vaccines that were routinely adminis-
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tered according to the guidelines of the Expanded 
Program on Immunization were concomitantly 
administered with the vaccine or placebo. No 
specific instructions to the mothers about breast-
feeding were given at the time of administration.

Randomization

Unique assignment numbers were prepared with 
the use of a computer-generated random-number 
list with nondisclosed permuted blocks of ran-
dom sizes (DiagnoSearch Life Sciences). Vaccine 
and placebo packages were labeled with assign-
ment numbers with identical presentation. All the 
practitioners and participants were unaware of 
the treatment assignments.

Assessment of Efficacy

We defined gastroenteritis as three or more 
looser-than-normal stools during a 24-hour 
period with or without vomiting. We used the 
20-point Vesikari clinical scoring system to de-
fine severity,25 with a score of 11 or more classi-
fied as severe; in post hoc analyses, a score of 15 
or more was classified as very severe. Gastroen-
teritis episodes were classified as two episodes 
if they were separated by at least 5 consecutive 
diarrhea-free days.

Cases of gastroenteritis were captured through 
facility- and home-based surveillance on the basis 
of available evidence regarding health care–
seeking behavior.26 Trial staff members were 
assigned to all health facilities in the trial area 
(e.g., 1 hospital, 5 health centers, and 12 com-
munity health posts). Caregivers were informed 
about the signs and symptoms of gastroenteritis 
and were asked to seek care at a local facility 
free of charge. Home-based surveillance was 
used to identify episodes of gastroenteritis for 
which a caregiver chose not to bring the infant 
to a health facility. Caregivers were advised to 
immediately inform the trial’s community health 
agent in their village if an infant had three or 
more looser-than-normal stools within a 24-hour 
period. Episodes that were not immediately re-
ported to a health facility or to the health agent 
were captured during scheduled weekly home 
visits with the health agent. In such cases, daily 
home visits were conducted until resolution was 
confirmed with at least 5 consecutive diarrhea-
free days.

Stool samples were collected for all episodes 
of gastroenteritis up to 7 days after the last day 

of symptoms. Such specimens, which were masked 
with respect to randomized group, were trans-
ported in freezer packs at 2°C to 8°C on the same 
day and frozen at −80°C for up to 5 days before 
testing. Rotavirus antigen in stool was detected 
by means of enzyme immunoassay (Premier Rota-
clone, Meridian Bioscience), which was performed 
in duplicate, at the Epicentre laboratory located in 
the regional hospital in Maradi. A gastroenteritis 
episode was considered to be caused by rotavirus 
if any rotavirus strain was detected on enzyme 
immunoassay.

Assessment of Safety

Adverse events included all untoward medical 
events and were assessed from the time of the 
first dose until 28 days after the third dose. 
Serious adverse events, including intussuscep-
tion, were defined as any new health-related 
problem that resulted in death, was life-threat-
ening, necessitated hospitalization or prolonga-
tion of existing hospitalization, or resulted in 
disability or incapacity; serious adverse events 
were to be assessed from the time of the ad-
ministration of the first dose until the child 
reached 2 years of age. All adverse events and 
serious adverse events were assessed on the 
basis of facility- and home-based surveillance. 
Caregivers were informed of the signs and symp-
toms of adverse events and serious adverse 
events, including intussusception, and were asked 
to seek care at a local health facility or with the 
trial’s community health agent when any event 
was suspected and of concern. Events that were 
not reported to a health facility or community 
health agent were captured during scheduled 
weekly home visits. In such cases, a symptom 
history was recorded through caregiver interview 
at the time of identification and during daily 
home visits until resolution.

End Points

The primary end point was the efficacy of three 
doses of BRV-PV versus placebo against a first 
episode of laboratory-confirmed severe rotavirus 
gastroenteritis. Secondary end points included 
analyses of vaccine efficacy against rotavirus 
gastroenteritis of any severity, against very severe 
rotavirus gastroenteritis, and against gastroen-
teritis of any cause. Other secondary end points 
were the incidence of immediate adverse events 
within 30 minutes after the administration of 
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any dose, adverse events that occurred after the 
first dose until 28 days after the third dose, and 
serious adverse events, including intussusception, 
hospitalization, and death.

Statistical Analysis

We determined that a sample size of 7700 infants 
would provide a power of a least 90% to detect a 
50% true vaccine efficacy with a lower boundary 
of the 95% confidence interval of more than 0, 
assuming a 2% rate of severe rotavirus gastroen-
teritis and a 20% rate of nonassessibility (i.e., 
unavailable stool sample or laboratory result) 
among participants. Under these assumptions, 
117 cases of severe rotavirus gastroenteritis (39 
in the vaccine group and 78 in the placebo group) 
were required to establish 50% true vaccine effi-
cacy. Since the trial was event-driven, we deter-
mined that data collection for the primary effi-
cacy analysis would be cut off when we had 
identified 117 cases of severe rotavirus gastroen-
teritis that had occurred at least 28 days after the 
third dose of vaccine, which established Novem-
ber 26, 2015, as the cutoff date. The analyses that 
are presented here include follow-up to this date, 
although trial follow-up will continue for second-
ary end points and safety until the participants 
are 2 years of age.

Vaccine efficacy was calculated as the person-
time incidence rate in the vaccinated group divid-
ed by the person-time incidence rate in the place-
bo group, multiplied by 100. The incidence rate 
was calculated as the number of infants who 
had at least one event divided by all available 
follow-up time (calculated as the total time until 
the occurrence of the event, the date of loss to 
follow-up, or data cutoff) with corresponding 
95% confidence intervals derived from the exact 
confidence interval with the use of Poisson dis-
tribution. A participant was considered to be lost 
to follow-up after there had been no contact for 
3 months after the last scheduled visit.

The per-protocol population, which was deter-
mined before unblinding, was considered to be 
the primary analysis population for vaccine ef-
ficacy. This population included infants who had 
received three doses of vaccine or placebo (com-
plete course) without a major protocol violation 
and excluded those who had a laboratory-con-
firmed rotavirus episode between the time of 
the first dose of vaccine to 28 days after the 

third dose. Follow-up in the per-protocol popu-
lation began 28 days after the third dose of vac-
cine. For the infants who had more than one 
episode of severe rotavirus gastroenteritis, only 
the first episode was counted toward the pri-
mary end point. Secondary analyses were per-
formed in the intention-to-treat population, 
which included all the participants who had 
received at least one dose of vaccine or placebo, 
with follow-up beginning at the time of the 
first dose.

Safety analyses were performed in the inten-
tion-to-treat population and included follow-up 
from the time of enrollment until 28 days after 
the third dose (for adverse events) or until the 
end of follow-up (for serious adverse events). We 
used Fisher’s exact test to analyze the between-
group difference in the incidence of at least one 
adverse event and at least one serious adverse 
event.

We used the Kaplan–Meier method and the 
log-rank test to compare the rate of survival 
without an episode of severe rotavirus gastroen-
teritis during follow-up. We calculated the num-
ber of events that were prevented per 100 infants 
per year as 100 times the difference in the inci-
dence rate of the placebo and vaccine groups; we 
derived the associated confidence interval using 
the method of Zou and Donner.27

All P values are two-sided, with a value of less 
than 0.05 considered to indicate statistical sig-
nificance. No adjustment for multiple compari-
sons was made, since the single primary end 
point was the efficacy of three doses of vaccine 
against a first episode of severe rotavirus gastro-
enteritis beginning 28 days after the third dose. 
Missing data were considered to be missing at 
random, and no imputation was applied. All 
analyses were performed with the use of SAS 
software, version 9.3 (SAS Institute).

R esult s

Trial Participants

From August 2014 through November 2015, we 
screened 4137 infants for participation in the 
trial. Of these infants, 4092 underwent random-
ization, received at least one dose of vaccine or 
placebo, and were included in the intention-to-
treat population (Fig. 1). A total of 3508 infants 
(1780 in the vaccine group and 1728 in the pla-
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cebo group) were included in the per-protocol 
analysis. The characteristics of the infants in the 
two groups were similar at baseline (Table 1).

Vaccine Efficacy

At 28 days after the third dose of vaccine or 
placebo, severe rotavirus gastroenteritis had been 

reported in 31 infants in the vaccine group and 
in 87 in the placebo group (2.14 cases vs. 6.44 
cases per 100 person-years), resulting in a per-
protocol vaccine efficacy of 66.7% (95% confi-
dence interval [CI], 49.9 to 77.9) (Table 2). Vacci-
nation with rotavirus vaccine prevented 4.30 (95% 
CI, 2.75 to 5.85) episodes of severe rotavirus gas-

Figure 1. Enrollment and Outcomes.

Participants could have more than one reason for exclusion from the study. Included in the per-protocol analysis were 
infants who had received all three doses of vaccine or placebo according to the protocol and in whom no laboratory-
confirmed episode of rotavirus gastroenteritis had occurred between the time of the first dose until 28 days after 
the third dose.

4092 Underwent randomization

4137 Infants were assessed for eligibility

45 Were excluded
11 Received another rotavirus vaccine
3 Required immediate hospitalization

18 Were not within 6–8 wk of age
1 Had a parent not intending to stay

in the study area for 2 yr
9 Had known history of congenital

abdominal disorder, intussusception,
or abdominal surgery

1 Received a blood transfusion
or blood product

9 Had condition judged to interfere
with consenting or adherence

1 Had a protocol deviation

2044 Were assigned to receive BRV-PV 2047 Were assigned to receive placebo

2042 Received dose 1 and were included
in the intention-to-treat analysis

1958 Received dose 2
1832 Received dose 3

2044 Received dose 1 and were included
in the intention-to-treat analysis

1962 Received dose 2
1842 Received dose 3

47 Discontinued study
20 Were lost to follow-up
16 Withdrew consent
10 Moved from study area
1 Received another rota-

virus vaccine

40 Discontinued study
17 Were lost to follow-up
14 Withdrew consent
7 Moved from study area
2 Received another rota-

virus vaccine

1780 Were included in the per-protocol
analysis

1728 Were included in the per-protocol
analysis
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troenteritis per 100 person-years. Among the in-
fants who had received at least one dose of vac-
cine or placebo (intention-to-treat population), 
severe rotavirus gastroenteritis was reported in 
35 infants in the vaccine group and in 125 in the 
placebo group, resulting in a vaccine efficacy of 
69.1% (95% CI, 55.0 to 78.7).

In both the per-protocol and intention-to-
treat populations, the proportions of infants 
who did not have an episode of severe rotavirus 
gastroenteritis were significantly higher in the 
vaccine group than in the placebo group 
throughout follow-up (P<0.001) (Fig. 2). Vaccine 
efficacy increased with increasing severity of 
rotavirus gastroenteritis, and the between-group 
difference was significant for very severe gastro-
enteritis of any cause. There was no significant 
between-group difference in vaccine efficacy ac-
cording to coadministration of the oral polio 
vaccine (Table S3 in the Supplementary Appen-
dix, available at NEJM.org).

Characteristic
BRV-PV 

(N = 2044)
Placebo 

(N = 2047)

Age — wk

At dose 1 6.8±0.7 6.8±0.7

At dose 2 10.8±0.8 10.9±0.9

At dose 3 15.0±1.6 14.9±1.3

At end of efficacy follow-up 39.4±16.2 39.3±16.0

Male sex — no. (%) 1030 (50.4) 1004 (49.0)

Weight — kg 4.5±0.7 4.5±0.7

Length — cm 54.3±2.6 54.4±2.5

Coadministered with oral polio 
vaccine — no. (%)

At dose 1 872 (42.7) 861 (42.1)

At dose 2 956 (46.8) 977 (47.7)

At dose 3 966 (47.3) 945 (46.2)

*  Plus–minus values are means ±SD. There were no significant differences be-
tween the groups.

Table 1. Characteristics of the Participants at Baseline.*

Population and Type  
of Gastroenteritis

BRV-PV 
(N = 1780)

Placebo 
(N = 1728)

Difference in Rate 
(95% CI)*

Percent Vaccine 
Efficacy 
(95% CI)

No. with  
≥1 Episode

Rate per  
100 Person-Yr

No. with  
≥1 Episode

Rate per  
100 Person-Yr

Intention-to-treat population

Rotavirus gastroenteritis

All cases 165 7.76 271 11.59 3.83 (2.01 to 5.65) 33.0 (18.7 to 44.8)

Severe cases 35 1.56 125 5.05 3.49 (2.46 to 4.51) 69.1 (55.0 to 78.7)

Very severe cases 7 0.31 35 1.37 1.06 (0.55 to 1.56) 77.4 (49.0 to 89.9)

Gastroenteritis from any 
cause

All cases 853 59.68 901 53.09 −6.59 (−11.89 to −1.29) −12.4 (−2.4 to – 23.4)

Severe cases 236 11.52 316 13.74 2.23 (0.12 to 4.34) 16.2 (0.8 to 29.2)

Very severe cases 23 1.02 80 3.17 2.15 (1.34 to 2.96) 67.7 (48.7 to 79.7)

Per-protocol population

Rotavirus gastroenteritis

All cases 121 8.71 172 13.29 4.58 (2.06 to 7.10) 34.5 (17.3 to 48.1)

Severe cases 31 2.14 87 6.44 4.30 (2.75 to 5.85) 66.7 (49.9 to 77.9)

Very severe cases 6 0.41 27 1.93 1.52 (0.72 to 2.32) 78.8 (48.6 to 91.2)

Gastroenteritis from any cause

All cases 666 69.76 646 69.36 −0.40 (−7.93 to 7.13) −0.6 (−12.1 to 9.7)

Severe cases 214 16.45 229 18.42 1.97 (−1.28 to 5.22) 10.7 (−7.6 to 25.9)

Very severe cases 21 1.45 62 4.52 3.08 (1.79 to 4.36) 68.0 (47.5 to 80.5)

*  The between-group difference in the rate of gastroenteritis was calculated as the rate in the placebo group minus the rate in the BRV-PV 
group, so positive values favor the BRV-PV group, and negative values favor the placebo group.

Table 2. Rate of Gastroenteritis and Vaccine Efficacy.
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 Adverse Events

Immediate adverse events (all grade 1 or 2 fever 
or vomiting) were reported in 3 infants in the 
vaccine group and in 1 in the placebo group 
(P = 0.37). During the period between the first 
dose of vaccine or placebo and 28 days after the 
third dose, at least one adverse event was recorded 
in 1405 infants (68.7%) in the vaccine group and 
in 1376 (67.2%) in the placebo group (Table S2 in 
the Supplementary Appendix). Analyses of the 
adverse events showed a similar frequency of all 
classes of events in the two groups (P>0.15).

Fewer serious adverse events were reported in 
the vaccine group than in the placebo group (169 
vs. 186 infants with ≥1 event, P = 0.37) (Table 3). 
Overall, there was no significant difference in 
mortality between the vaccine group and the pla-
cebo group (27 deaths and 22 deaths, respective-
ly; P = 0.48). The most common causes of death 
were infections and infestations (in 37 infants) 
and metabolism and nutrition disorders (in 6) 
(Table S1 in the Supplementary Appendix). Med-
ical investigators determined that no serious ad-
verse event was related to the trial intervention. 
There were no confirmed cases of intussusception.

 Discussion

In this phase 3 trial in Niger, we found that 
three doses of BRV-PV, an oral rotavirus vaccine, 
protected healthy infants from severe rotavirus 
gastroenteritis. In a previous double-blind, placebo-
controlled trial in Ghana, Kenya, and Mali, the 
efficacy of the RotaTeq vaccine against severe 
rotavirus gastroenteritis was 39.3% (95% CI, 
19.1 to 54.7).4 In a similar trial in South Africa 
and Malawi, the efficacy of the Rotarix vaccine 
was 61.2% (95% CI, 44.0 to 73.2).7 In our trial, 
against a higher background incidence of severe 
disease than in the countries in the other two 
trials and with a vaccine efficacy of 66.7%, there 
were 4.30 fewer cases of severe rotavirus gastro-
enteritis per 100 infant-years among infants who 
received BRV-PV than among those who received 
placebo.

Efficacy estimates were lower than those ob-
served in trials of other rotavirus vaccines among 
children in Europe and Latin America (80.5 to 
90.4%),10,12,28,29 a finding that is consistent with 
the results of studies comparing the efficacy of 
various vaccines against other diseases in these 
regions.30-33 The same efficacy gradient has also 
been found in industrialized countries in analyses 

of differences according to socioeconomic status.34

The underlying mechanisms for this finding re-
main poorly understood. Considerations have 
included the epidemiologic features of rotavirus 
infection (e.g., an earlier age at first infection 
among children in Africa, which confers natural 
protection in the placebo group),35 host character-
istics (e.g., poor nutritional status and differences 
in the gut microbiome, enteropathy, and enteric 
coinfections), and interference from maternal 

Figure 2. Freedom from Severe Rotavirus Gastroenteritis in the Two Trial 
Populations.

The inset in each panel shows the same data on an expanded y axis. The 
shaded areas indicate 95% confidence intervals.
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antibodies in breast milk36 and from coadminis-
tration of the oral polio vaccine, which can reduce 
rotavirus antibody levels.37-39 Thus, there is a need 
to explore the role of prenatal nutritional status 
on immunogenicity and vaccine efficacy.

We did not identify any safety concerns with 
BRV-PV. Fewer serious adverse events and hospi-
talizations were reported among vaccinated in-
fants than among those who received placebo. 
There was no significant difference in overall 
mortality between the groups and no plausible 
temporal or biologic causality for reported ad-
verse events. No confirmed cases of intussuscep-
tion were observed, a finding that was consistent 
with the results of other trials of oral rotavirus 
vaccine in the region.40 However, this study was 
not powered to detect an increased incidence of 
rare events such as intussusception.

In 2013, the WHO recommended that rotavi-
rus vaccine be administered whenever children 
present for routine immunizations, a protocol 
that would allow for relaxation of upper age re-
strictions and thus greater coverage.2 In our trial, 
the vaccine efficacy in the intention-to-treat 
population (73.0%), in which the vaccine admin-
istration schedule was more flexible than that in 
the per-protocol population, may more closely 
represent the efficacy under real-world conditions. 

The use of a reduced two-dose schedule with 
pentavalent vaccines has advantages with respect 
to cost and logistics, but evidence has been con-
sistent with respect to the higher efficacy of a 
three-dose schedule.41

This study has several important limitations. 
First, the vaccine was not consistently given con-
comitantly with the oral polio vaccine. However, 
secondary analyses that estimated vaccine effi-
cacy according to whether BRV-PV was coadmin-
istered with oral polio vaccine suggested that the 
observed efficacy was not due to lower rates of 
concomitant administration. Second, the Vesikari 
score was originally designed for use in settings 
of high parental literacy,25 which may have led to 
underscoring of some cases in our trial because 
of low parental literacy, although in such cases 
the results would not have differed between the 
two groups. Finally, at the time of the analysis, 
no extensive genotyping data were available to 
weigh the vaccine efficacy against a changing 
pattern of circulating serotypes, and the limited 
time period for this analysis precluded the inclu-
sion of efficacy data up to 2 years of follow-up.

At present, 33 countries in sub-Saharan Africa 
either are using or plan to introduce rotavirus 
vaccines.42 BRV-PV does not require refrigeration 
and has reasonable efficacy with respect to mor-

Event
BRV-PV 

(N = 2044)
Placebo 

(N = 2047) P Value

At least one serious adverse event 169 186 0.37

At least one hospitalization 149 175 0.15

Blood or lymphatic system disorder 28 66 <0.001

Congenital familial or genetic disorder 6 13 0.17

Endocrine disorder 1 2 1.00

Gastrointestinal disorder 1 3 0.62

Infection or infestation 140 166 0.14

Injury or poisoning 8 8 1.00

Metabolism or nutrition disorder 52 57 0.70

Renal or urinary disorder 1 3 0.62

Skin or subcutaneous-tissue disorder 1 1 1.00

Vascular disorder 0 1 1.00

Death 27 22 0.48

Confirmed intussusception 0 0 NA

*  All serious adverse events were coded according to the system organ class of the Medical Dictionary for Regulatory Activities, 
version 15.0, to standardize reporting. NA denotes not applicable.

Table 3. Serious Adverse Events.*
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bidity and mortality from this preventable dis-
ease. Although no adverse-event signal was seen, 
large-scale surveillance will be needed to estab-
lish safety.

Supported by Médecins sans Frontières Operational Center in 
Geneva and the Kavli Foundation. Epicentre receives core fund-
ing from Médecins sans Frontières.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

We thank all the families and children who participated in 
this study; our field research teams; coordinators of our field 
research center: Abdul-Aziz Mamaty, Oumar Touré, Lynda Woi-

Messe, Aimé Makimere, Garba Mamadou, Ousmane Doukoure, 
Smaila Gnegne, Souna Garba, Rockyiath Makarimi, and Marie-
Francoise Scherrer; Maya Shah, Dominique Legros, Micaela Sera-
fini, and the field mission of Niger at Médecins sans Frontières 
Operational Center in Geneva; Kyrre Lind of Médecins sans 
Frontières, Norway; Derek Cummings and Kyra Grantz at the 
University of Florida; members of the data and safety monitor-
ing board: Jaqueline Deen (chair), Irene Adehossi, Milagritos 
Tapia, Nathanael Lapidus, and Hamadou Ousenni Adamou; 
members of the scientific committee; members of the intussus-
ception adjudication committee: Frédéric Sorge, Yann Révillon, 
and Victor Tantcheu; Marie-Paule Kieny, Jean-Marie Okwo-Bele, 
and Martin Friede at the World Health Organization; and Niger’s 
Minister of Public Health M. Mano Aghali.

References
1. Tate JE, Burton AH, Boschi-Pinto C, 
Parashar UD. Global, regional, and nation-
al estimates of rotavirus mortality in chil-
dren <5 years of age, 2000-2013. Clin In-
fect Dis 2016; 62: Suppl 2: S96-S105.
2. Rotavirus vaccines: WHO position pa-
per — January 2013. Wkly Epidemiol Rec 
2013; 88: 49-64.
3. Rotavirus vaccines: an update. Wkly 
Epidemiol Rec 2009; 84: 533-40.
4. Armah GE, Sow SO, Breiman RF, et al. 
Efficacy of pentavalent rotavirus vaccine 
against severe rotavirus gastroenteritis in 
infants in developing countries in sub-
Saharan Africa: a randomised, double-
blind, placebo-controlled trial. Lancet 2010; 
376: 606-14.
5. Buttery JP, Lambert SB, Grimwood K, 
et al. Reduction in rotavirus-associated 
acute gastroenteritis following introduc-
tion of rotavirus vaccine into Australia’s 
National Childhood vaccine schedule. 
Pediatr Infect Dis J 2011; 30: Suppl: S25-
S29.
6. do Carmo GM, Yen C, Cortes J, et al. 
Decline in diarrhea mortality and admis-
sions after routine childhood rotavirus 
immunization in Brazil: a time-series 
analysis. PLoS Med 2011; 8(4): e1001024.
7. Madhi SA, Cunliffe NA, Steele D, et al. 
Effect of human rotavirus vaccine on se-
vere diarrhea in African infants. N Engl J 
Med 2010; 362: 289-98.
8. Patel MM, Glass R, Desai R, Tate JE, 
Parashar UD. Fulfilling the promise of 
rotavirus vaccines: how far have we come 
since licensure? Lancet Infect Dis 2012; 
12: 561-70.
9. Richardson V, Parashar U, Patel M. 
Childhood diarrhea deaths after rotavirus 
vaccination in Mexico. N Engl J Med 2011; 
365: 772-3.
10. Ruiz-Palacios GM, Pérez-Schael I, 
Velázquez FR, et al. Safety and efficacy of 
an attenuated vaccine against severe rota-
virus gastroenteritis. N Engl J Med 2006; 
354: 11-22.
11. Tate JE, Mutuc JD, Panozzo CA, et al. 
Sustained decline in rotavirus detections 
in the United States following the introduc-
tion of rotavirus vaccine in 2006. Pediatr 
Infect Dis J 2011; 30: Suppl: S30-S34.

12. Vesikari T, Matson DO, Dennehy P,  
et al. Safety and efficacy of a pentavalent 
human–bovine (WC3) reassortant rota-
virus vaccine. N Engl J Med 2006; 354: 23-
33.
13. Zaman K, Dang DA, Victor JC, et al. 
Efficacy of pentavalent rotavirus vaccine 
against severe rotavirus gastroenteritis 
in infants in developing countries in Asia: 
a randomised, double-blind, placebo-con-
trolled trial. Lancet 2010; 376: 615-23.
14. Parashar UD, Johnson H, Steele AD, 
Tate JE. Health impact of rotavirus vacci-
nation in developing countries: progress 
and way forward. Clin Infect Dis 2016; 62: 
Suppl 2: S91-S95.
15. Aliabadi N, Tate JE, Parashar UD. Po-
tential safety issues and other factors that 
may affect the introduction and uptake of 
rotavirus vaccines. Clin Microbiol Infect 
2016; 22: Suppl 5: S128-S135.
16. Grais RF, Adamou HO. Keeping rota-
virus vaccines on the international agenda. 
Int Health 2014; 6: 1-2.
17. Lee BY, Assi TM, Rajgopal J, et al. Im-
pact of introducing the pneumococcal and 
rotavirus vaccines into the routine immu-
nization program in Niger. Am J Public 
Health 2012; 102: 269-76.
18. Global vaccine action plan: monitor-
ing, evaluation and accountability — secre-
tariat annual report 2014. Geneva:  World 
Health Organization, 2015 (http://www 
.who .int/ immunization/ global_vaccine_
action_plan/ gvap_secretariat_report_2014 
.pdf).
19. Glass RI, Parashar U, Patel M, Gentsch 
J, Jiang B. Rotavirus vaccines: successes 
and challenges. J Infect 2014; 68: Suppl 1: 
S9-S18.
20. MacLennan CA, Saul A. Vaccines 
against poverty. Proc Natl Acad Sci U S A 
2014; 111: 12307-12.
21. Zade JK, Kulkarni PS, Desai SA, Sabale 
RN, Naik SP, Dhere RM. Bovine rotavirus 
pentavalent vaccine development in India. 
Vaccine 2014; 32: Suppl 1: A124-A128.
22. Emanuel EJ, Wendler D, Grady C. What 
makes clinical research ethical? JAMA 
2000; 283: 2701-11.
23. Rid A, Saxena A, Baqui AH, et al. Pla-
cebo use in vaccine trials: recommenda-

tions of a WHO expert panel. Vaccine 
2014; 32: 4708-12.
24. Page AL, Jusot V, Mamaty AA, et al. 
Rotavirus surveillance in urban and rural 
areas of Niger, April 2010–March 2012. 
Emerg Infect Dis 2014; 20: 573-80.
25. Lewis K. Vesikari Clinical Severity 
Scoring System manual. Seattle:  PATH, 
2011.
26. Page AL, Hustache S, Luquero FJ, Djibo 
A, Manzo ML, Grais RF. Health care seek-
ing behavior for diarrhea in children 
 under 5 in rural Niger: results of a cross-
sectional survey. BMC Public Health 2011; 
11: 389.
27. Zou GY, Donner A. Construction of 
confidence limits about effect measures: 
a general approach. Stat Med 2008; 27: 
1693-702.
28. Linhares AC, Velázquez FR, Pérez-
Schael I, et al. Efficacy and safety of an 
oral live attenuated human rotavirus vac-
cine against rotavirus gastroenteritis dur-
ing the first 2 years of life in Latin Ameri-
can infants: a randomised, double-blind, 
placebo-controlled phase III study. Lancet 
2008; 371: 1181-9.
29. Vesikari T, Karvonen A, Prymula R, 
et al. Efficacy of human rotavirus vaccine 
against rotavirus gastroenteritis during 
the first 2 years of life in European infants: 
randomised, double-blind controlled study. 
Lancet 2007; 370: 1757-63.
30. John TJ. Antibody response of infants 
in tropics to five doses of oral polio vac-
cine. Br Med J 1976; 1: 812.
31. Levine MM. Immunogenicity and ef-
ficacy of oral vaccines in developing coun-
tries: lessons from a live cholera vaccine. 
BMC Biol 2010; 8: 129.
32. Levine MM, Kotloff KL, Barry EM, 
Pasetti MF, Sztein MB. Clinical trials of 
Shigella vaccines: two steps forward and 
one step back on a long, hard road. Nat 
Rev Microbiol 2007; 5: 540-53.
33. Suharyono SC, Simanjuntak C, With-
am N, et al. Safety and immunogenicity of 
single-dose live oral cholera vaccine CVD 
103-HgR in 5–9-year-old Indonesian chil-
dren. Lancet 1992; 340: 689-94.
34. Gosselin V, Généreux M, Gagneur A, 
Petit G. Effectiveness of rotavirus vaccine 

The New England Journal of Medicine 
Downloaded from nejm.org on March 27, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



n engl j med 376;12 nejm.org March 23, 20171130

Efficacy of an Or al Rotavirus Vaccine in Niger

in preventing severe gastroenteritis in 
young children according to socioeco-
nomic status. Hum Vaccin Immunother 
2016; 12: 2572-9.
35. Steele AD, Madhi SA, Cunliffe NA, et al.
Incidence of rotavirus gastroenteritis by 
age in African, Asian and European chil-
dren: relevance for timing of rotavirus 
vaccination. Hum Vaccin Immunother 
2016; 12: 2406-12.
36. Vesikari T, Prymula R, Schuster V, et al. 
Efficacy and immunogenicity of live-atten-
uated human rotavirus vaccine in breast-
fed and formula-fed European infants. 
Pediatr Infect Dis J 2012; 31: 509-13.
37. Ciarlet M, Sani-Grosso R, Yuan G, et al.

Concomitant use of the oral pentavalent 
human-bovine reassortant rotavirus vac-
cine and oral poliovirus vaccine. Pediatr 
Infect Dis J 2008; 27: 874-80.
38. Patel M, Shane AL, Parashar UD, Jiang
B, Gentsch JR, Glass RI. Oral rotavirus 
vaccines: how well will they work where 
they are needed most? J Infect Dis 2009; 
200: Suppl 1: S39-S48.
39. Zaman K, Sack DA, Yunus M, et al.
Successful co-administration of a human 
rotavirus and oral poliovirus vaccines in 
Bangladeshi infants in a 2-dose schedule 
at 12 and 16 weeks of age. Vaccine 2009; 
27: 1333-9.
40. Armah GE, Kapikian AZ, Vesikari T,

et al. Efficacy, immunogenicity, and safe-
ty of two doses of a tetravalent rotavirus 
vaccine RRV-TV in Ghana with the first 
dose administered during the neonatal 
period. J Infect Dis 2013; 208: 423-31.
41. Madhi SA, Kirsten M, Louw C, et al.
Efficacy and immunogenicity of two or 
three dose rotavirus-vaccine regimen in 
South African children over two consec-
utive rotavirus-seasons: a randomized, 
double-blind, placebo-controlled trial. Vac-
cine 2012; 30: Suppl 1: A44-A51.
42. Rotavirus vaccine support. Geneva:
Gavi, 2016 (http://www .gavi .org/ support/ 
nvs/ rotavirus/ ).
Copyright © 2017 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org on March 27, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 


