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Background Early 2-dose measles vaccine (MV) at 4 and 9 months of age vs. the WHO strategy of MV at 9 months
of age reduced all-cause child mortality in a previous trial. We aimed to test two hypotheses: 1) a 2-dose strategy
reduces child mortality between 4 and 60 months of age by 30%; 2) receiving early MV at 4 months in the presence
versus absence of maternal measles antibodies (MatAb) reduces child mortality by 35%.

Methods Single-centre open-label community-based randomised controlled trial in Guinea-Bissau, with 2:1 block-
randomisation by sex to a 2-dose (4 + 9 months) vs. 1-dose (9 months) MV strategy. Healthy children were eligible 4
weeks after the 3rd diphtheria-tetanus-pertussis-containing vaccine. Before randomisation a blood sample was col-
lected to determine MatAb level. The primary outcome was all-cause mortality. Hazard ratios (HR) were derived
from Cox regression in the per protocol population. We tested for interactions with national campaigns with oral
polio vaccine (C-OPV). Trial registration: NCT01486355.

Findings Between August 2011-April 17th 2015, 6,636 children were enroled, 6,598[n2-dose=4,397; n1-dose=2,201]
were included in the analysis of the primary outcome, The HR(2-dose/1-dose) between 4 and 60 months was 1.38
(95%CI: 0.92−2.06) [deaths: n2-dose=90; n1-dose=33]. Before the 9-month MV and the HR(1-dose/no dose) was 0.94
(0.45−1.96) [deaths: n2-dose=21; n1-dose=11]. The HR(2-dose/1-dose) was 0.81 (0.29−2.22) for children, who received
no C-OPV [deaths/children: n2-dose=10/2,801; n1-dose=6/1,365], and 4.73 (1.44−15.6) for children, who received C-
OPV before and after enrolment (p for interaction=0.027) [deaths/children: n2-dose=27/1,602; n1-dose=3/837]. In the
2-dose group receiving early MV at 4 months, mortality was 50% (20−68%) lower for those vaccinated in the pres-
ence of MatAb vs. the absence of MatAb [deaths/children: nMatAb=51/3,132; nnoMatAb=31/1,028].

Interpretation The main result contrasts with previous findings but may, though based on a small number of
events, be explained by frequent OPV campaigns that reduced the mortality rate, but apparently interacted negatively
with early MV. The beneficial non-specific effects of MV in the presence of MatAb should be investigated further.

Funding ERC, Danish National Research Foundation, the Danish Council for Development Research, Ministry of
Foreign Affairs, Novo Nordisk Foundation, European Union and the Lundbeck Foundation.

Copyright � 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords:Measles; Mortality; Vaccines; Maternal antibody; Non-specific effects; Heterologous effecs; Maternal priming
*Corresponding author at: StudiestrÌde 6, 1455 Copenhagen K, Denmark.
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Research in context

Evidence before this study

We searched for other trials investigating maternal mea-
sles antibody (MatAb) and non-specific effects of vac-
cines on PubMed. We searched in August 2021 with the
term: "maternal measles antibody non-specific effect".
We identified one relevant paper. We additionally
obtained papers known to and recommended by our
co-authors on this paper.

The World Health Organisation (WHO) recommends
delaying measles vaccination until MatAb has waned,
because the presence of MatAb lowers the child’s sero-
logical response to measles vaccine (MV). However, it
may be a mistake: a previous randomised trial showed
that an early 2-dose MV strategy was associated with a
30% (95%CI: 6−48%) reduction in all-cause mortality
between 4 and 36 months; this effect was not explained
by prevention of measles infection. Intriguingly, receiv-
ing early MV in the presence of MatAb was associated
with lower all-cause mortality compared with receiving
early MV in the absence of MatAb. Three cohort studies
have subsequently confirmed the particular survival
benefit of receiving MV in presence of MatAb.

Added value of this study

We designed the present study to test the hypotheses
that 1) a 2-dose MV strategy at 4 and 9 months reduces
all-cause mortality between 4 and 60 months of age by
30%, and 2) receiving MV at 4 months in the presence
versus absence of MatAb reduces child mortality by
35%. We found no beneficial effect of a 2-dose com-
pared to a 1-dose strategy on all-cause mortality. Mor-
tality was 50% (20−68%) lower for those children
vaccinated in the presence of MatAb compared with
those vaccinated in absence of MatAb.

Implications of all the available evidence

The findings suggest that early MV in the presence of
MatAb would both protect more infants from measles
infection and reduce all-cause mortality. Further
research should explore whether it would be beneficial
to provide MV to women of fertile age to enhance anti-
body transfer to their children.
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Introduction
When measles vaccine (MV) was introduced in low-
income countries a major decline in mortality
occurred.1-3 The reduction was larger than explained by
protection against measles; this led to the hypothesis
that MV had beneficial non-specific effects (NSEs).4 In
the 1990s, we therefore pursued the idea that an addi-
tional early dose of MV could further reduce
mortality.5,6 The results were not clear-cut. The 3rd dose
of diphtheria-tetanus-pertussis (DTP3) vaccine was
scheduled at 14 weeks of age, but many received DTP
after MV. Early MV was not beneficial if DTP was given
after MV.7

Subsequently, in a randomised controlled trial
(RCT), we examined early MV when DTP was not
administered after MV.8 Children who received DTP3
four weeks prior to enrolment were randomised to MV
at 4.5 and 9 months (2-dose), or MV at 9 months (1-
dose). The per-protocol (PP) mortality hazard ratio (HR)
(2-dose/1-dose) was 0.70 (95%CI: 0.52−0.94) between
4.5−36 months of age.

Intriguingly, children who received early MV in pres-
ence of maternal measles antibody (MatAb) had much
lower mortality than children vaccinated in absence of
MatAb.9

MV is recommended when MatAb has waned
because MatAb lowers the serological response.10,11

Hence, high-income countries vaccinate at 12−18
months of age. Giving MV at 9 months in low-income
countries is a compromise to reduce infant measles.
Once measles is “under control”, WHO recommends
raising vaccination-age to 12 months. The observation
that MV in presence of MatAb is associated with lower
mortality challenges current policies12 and needs to be
repeated.

In 2011, we therefore initiated another RCT of early
MV and all-cause mortality. We collected blood samples
at enrolment to study the effect of receiving MV in pres-
ence or absence of MatAb.

Our hypotheses were 1) a 2-dose strategy at 4 and 9
months reduces mortality between 4 and 60 months of
age by 30%, and 2) receiving MV at 4 months in the
presence versus absence of MatAb reduces child mortal-
ity by 35%.
Methods

Study design
Single-centre open-label community-based RCT of early
MV vs. no early MV at 4 months of age; all children
received the recommended MV at 9 months (Figure 1).
The two main objectives were: First, assess whether an
early 2-dose schedule reduces all-cause mortality. Sec-
ond, examine whether receiving MV in presence of
MatAb lowers all-cause mortality. The National Ethical
Committee in Guinea-Bissau approved the protocol,
and the Danish Central Ethical Committee gave consul-
tative approval. We adhered to the CONSORT guide-
lines for reporting of randomized controlled trials.
Participants
The RCT was initiated in August 2011 at Bandim Health
Project (BHP), Guinea-Bissau (www.bandim.org), a
Health and Demographic Surveillance System site,
which covers six districts with 100,000 inhabitants.
www.thelancet.com Vol 49 Month July, 2022
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Figure 1. Trial design for the 2-dose versus 1-dose measles vaccine (MV) trial.
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Residents have a unique identification number in
the databases; socio-economic and demographic infor-
mation can be retrieved from these databases. Houses
are visited monthly to register new pregnancies and
deliveries. amongst women of fertile age, 7% are HIV-1
or HIV-2 positive.13 Information on birth-weight is not
available for all, but at the national hospital approx. 16
−17% of BHP children have a birth-weight <2500 g
(unpublished data).

Children aged 0−2 years are visited at home every 3
−4 months to collect information on vaccinations,
breastfeeding, infections, hospitalisations, and survival.
Three health centres provide routine vaccinations in the
BHP area. In 2011, the vaccination program was bacillus
Calmette-Gu�erin (BCG)+oral polio vaccine (OPV) at
birth, three doses of DTP-containing pentavalent vac-
cine (Penta) plus OPV at 6, 10 and 14 weeks, and MV
and yellow fever vaccine at 9 months of age. Children
from the BHP area aged 4−7.5 months were eligible
four weeks after Penta3.

We previously observed no effect of early MV after
neonatal vitamin A supplementation (NVAS).8 NVAS is
not routine in Guinea-Bissau, but we asked for and
excluded children who had received NVAS (n = 0). Chil-
dren with severe malformations, needing hospitalisa-
tion or severely malnourished (mid-upper-arm-
circumference<115 mm) were not enroled but referred
for treatment. These children were enroled if they recov-
ered before 7.5 months of age and fulfilled enrolment
criteria.

The enrolment team consisted of a study physician,
nurses, and field workers. The team worked at the three
www.thelancet.com Vol 49 Month July, 2022
health centres on different weekdays. Mothers of eligi-
ble children were visited in the morning, received a
study explanation, answered a short questionnaire, and
were invited to bring the child in the afternoon. Here,
the mothers received an oral and a written explanation
from the physician: the best MV strategy was not known
and BHP therefore conducted the trial. Participation
was voluntary. Mothers/guardians were asked to pro-
vide oral and written consent. The physicial performed
a medical examination.
Randomisation and masking
Block randomisation 2:1 to receive early or no early MV,
with 24 envelopes per bag, was performed separately
for males and females. Envelopes were prepared by the
supervisor. Same-sex twins drew one envelope and
received the same treatment to avoid confusion about
which twin received what.

The enrolment team and mothers were not blinded
regarding treatment. Mothers in the 2-dose group were
informed that their child would receive early MV now
and be invited back for MV at age 9 months. Mothers in
the 1-dose group were told that their child did not
receive MV now but would be invited to receive MV at
age 9 months.

A control vaccine could not be used since we
intended to measure the NSEs of MV.6,8,14 Had we used
placebo, some mothers might erroneously have believed
that their child had received MV. If they moved, they
might not have sought MV.
3
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We did not record the 4-month MV on the vaccina-
tion card. Thus, field assistants and staff at health
centres and paediatric wards were blinded.
Procedures
We used standard Edmonston-Zagreb MV from Serum
Institute of India. According to quality tests, the mean
virus concentration for trial batches ranged from log10
3.67 (95%CI: 3.38 to 3.95) to 3.93 (3.79 to 4.08)
CCID50/0.5 ml. As per standard, 0.5 ml vaccine injec-
tion was administered subcutaneously in the scapular
region.

Children were followed at scheduled health centre
visits at 9, 36 and 60 months of age. If children were
travelling at 9 months, we kept visiting them until they
were 18 months old. The children were also visited at
home every 6 months. We obtained information about
vital status and migration. Children moving within the
BHP area were followed to their new address. Children
moving out of the area were censored at moving.

Following a death, a trained field assistant visited the
household to conduct a verbal autopsy.15 Cause of death
was assigned by a physician reviewing the information.

Twenty-two national campaigns were conducted dur-
ing the study. Trial participants were exempted from
MV-campaigns in 2012 and 2015, but not in the last
MV-campaign in May 2019.

The twenty-two campaigns included OPV (n = 11, age
group 0−59 months), vitamin A supplementation
(n = 16, 6−59 months) or mebendazole (n = 16, 12−59
months) (Supplementary Table 1).
Blood samples
Blood samples were collected at enrolment; serum was
separated within a few hours and frozen at minus 20 °
C. Samples were subsequently transported to the
National Institute of Public Health and the Environ-
ment, The Netherlands, to determine measles antibody
levels. We used bead-based multiplex immunoassay
(MIA) which correlates well with both plaque reduction
neutralization test and haemagglutination inhibition
(HAI) assays.16 We also assessed varicella, mumps and
rubella antibodies. We previously showed that a MIA-
result of 28.7 mIU/mL corresponds to detectable anti-
body in the HAI test.16 We used this value as cut-off for
presence of MatAb.

In the analysis, it became apparent that the measles
antibody level had changed around mid-August 2012
(Figure 2). Similar changes occurred for varicella and
mumps antibody, but not for rubella (probably due to a
small rubella-epidemic)(Supplementary Figure 1).
Despite extensive searches we could not identify an
explanation for this sudden jump in levels: it did not
coincide with changes in staff, the handling of tubes
and centrifugation was constant throughout the trial,
there were no freezer breakdowns, and no thawing of
samples during transport. The sample preparation and
analysis in the Netherlands was done identical for all
samples. Since samples were analysed in mixed batches
covering different time periods of collection during a
short period in the Netherlands, it is most likely that the
explanatory change/event occurred in Guinea-Bissau.
Outcomes
The primary outcome was all-cause mortality measured
in the per-protocol population. Prespecified secondary
outcomes have been or will be reported elsewhere.
Statistical analysis
We anticipated 5.6% mortality risk between 4 and 60
months of age.8 With 6600 children randomised 2:1 to
intervention and control groups, we could show 30%
lower mortality in the 2-dose MV group as seen in the
previous trial,8 and 35% lower mortality for early MV in
presence vs. no presence of MatAb with 80% power and
a 5% significance level.

Children were followed until they migrated, died,
turned 60 months or May 3, 2019 (national MV cam-
paign), whichever came first. A per-protocol estimate
was obtained by censoring children, who deviated from
the planned vaccination schedule (received MV else-
where, did not receive 9-month MV before 18 months
of age).8

We present deaths and observation time together
with hazard rate ratios (HR) and Wald 95% CIs esti-
mated from a Cox proportional hazards model, with age
as underlying time. Age was inherently adjusted for; we
also adjusted by stratification for residential district and
sex.8 Since same-sex twins were not individually rando-
mised, we adjusted CI-estimates by clustering of same-
sex twin pairs. The intention-to-treat (ITT) analysis
included extra follow-up time from 338 children (1
death), who did not receive 9-month MV from us (Sup-
plementary material).

The proportional hazards assumption was assessed
graphically and tested using Schoenfeld residuals; the
assumption was rejected in the analysis between 4 and
60 months of age (p = 0.045). Adding the time-varying
covariate “number-of-OPV-campaigns-received” to the
model solved the pH violation and only changed results
very little (+/- 0.01 for estimates and CIs). For the
remaining analyses the assumption was not rejected,
and no additional changes were made to the models.

Since antibody levels before and after August 15,
2012 (Period-I and Period-II) were stable for measles,
varicella and mumps, we assume that these values rep-
resent consistent measurements in two different peri-
ods. In the analyses of the whole period, we stratified by
Period, allowing for different baseline hazard functions
for the two Periods.
www.thelancet.com Vol 49 Month July, 2022



Figure 2. Levels of maternal measles antibodies by Study Period (before and after August 15, 2012).
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To assess impact of mumps, rubella and varicella
maternal antibodies, we calculated HRs amongst chil-
dren with detectable measles MatAb, comparing the
three upper quartiles of each antibody against the lower
quartile, as there was no known cut-off for detectable
antibody for these antigens. Otherwise, analyses were
performed the same way as described above for MatAb.

The Kaplan-Meier method was used to calculate
accumulated mortality curves for the 2-dose and 1-dose
MV groups. The Number Needed to Treat (NNT) was
calculated as the inverse of the absolute risk difference
in the Kaplan-Meier survival estimates.

Effect modification. As NSEs may be sex-differential,
we prespecified that all analyses be done overall and
by sex. In the previous trial, we observed interaction
between early MV and campaigns with OPV
(C-OPVs).17 Therefore, we investigated the interaction
with C-OPV in the present trial. Information about
C-OPV was obtained by inspection of the vaccination
card and by asking the mother at enrolment (informa-
tion obtained from 99.8%). The information obtained
at enrolment was used to assess the impact of cam-
paigns before enrolment on subsequent mortality. As we
could not get information on campaign participation
after enrolment for all children and allocation could
affect campaign participation, and as we know that cam-
paign participation rates are usually above 90%,18 in the
analysis of campaigns-after-enrolment, we assumed that all
eligible children received C-OPV during OPV campaigns.
Thus, a given child would be contributing risk time as
“Not received or not yet received C-OPV-after-enrolment”
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from enrolment and until a national campaign occurred,
after which it would contribute time as “Received C-OPV-
after-enrolment”. Potential interactions with other cam-
paigns were examined in a similar manner.

We also investigated effect modification by season
(of enrolment and during follow-up; rainy=June-
November; dry=December-May).8 Secondary analyses
are further explained in the Supplementary material.

Statistical analyses were conducted with Stata 16 and 17.
Trial registration: NCT01486355.
Role of the funding source
The funders had no role in study design, data collection,
data analysis, data interpretation, or writing of the
report. SN, PA and CSB had access to the dataset and
final responsibility for decision to submit for publica-
tion.
Results

Study population
From August 2011 to April 2015, we enroled 6636 chil-
dren, 6598 of whom were included in the analysis;
4397 in the 2-dose group and 2201 in the 1-dose group
(Figure 3). There were no major differences in back-
ground factors (Table 1).

Valid blood samples for assessment of MatAb were
obtained from 95% (6239) (Supplementary Figure 2);
5
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Children randomised to receive no early MV 

(n=2,209)

Penta3 vaccinated children visited (n=6,949)

Children not randomised (n=313):

Refused (n=257)

MUAC <115 mm (n=37)

Never showed up (n=10)

Sick (n=7)

Other (n=2)

Children followed and analysed in early MV 

group (n=4,397)

Children excluded in early MV group (n=30):

Malformation (n=10)

Penta3 interval <26 days (n=8)

Too old >7.5 months (n=5)

MUAC <115 mm (n=4)

Refused after randomisation (n=1)

Sick (n=1)

Randomisation mistake (n=1)

Children randomised to receive early MV 

(n=4,427)

Children excluded in no early MV group (n=8):

Malformation (n=4)

Penta3 interval <26 days (n=1)

Too old, >7.5 months (n=2)

MUAC <115 mm (n=1)

Refused after randomisation (n=0)

Sick (n=0)

Randomisation mistake (n=0)

Children followed and analysed in no early MV 

group (n=2,201)

Randomisation

Follow-up

Exclusions

Penta3 vaccinated children randomised at the local health centres (n=6,636)

Died (n=21)

Moved (n=234)

MV elsewhere (n=136)

Not vaccinated by 18 months (n=98)

Died (n=11)

Moved (n=121)

MV elsewhere (n=67)

Not vaccinated by 18 months (n=38)

Outcomes 4-9 months

Died (n=69 (PP); n=70 (ITT))

Moved (n=1,513)

Still in study area (n=2,326)

Died (n=22 (PP); n=22 (ITT))

Moved (n=738)

Still in study area (n=1,204)

Outcomes 9-60 months

Figure 3. Trial diagram for the 2-dose versus 1-dose measles vaccine (MV) trial in Guinea-Bissau, 2011−2019.
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53% (951/1798) had detectable MatAb in Period-I and
84% (3735/4441) in Period-II (Supplementary Table 2).

During follow-up, 123 children died (ITT-analysis:
124) and the mortality risk before 5 years of age was
1.95%. Between 4−9 months, 32 children died (mortal-
ity risk=0.5%). The PP-analysis between 9 and 60
months had 5872 children (ITT-analysis: 6211) (Table 2,
Supplementary Table 3).
Seven study children (2-dose: 4; 1-dose: 3) were diag-
nosed with measles infection at health centres (n = 6) or
hospital (n = 1). There was no epidemic links, occurring
in five different years and with no geographical cluster-
ing. During the trial, four samples from suspected mea-
sles infection, including two trial children, were tested
for IgM at the national laboratory. All samples were
IgM negative. Hence, we have assumed that the
www.thelancet.com Vol 49 Month July, 2022



2-dose group (n = 4397) 1-dose group (n = 2201)

Demographic factors

Median (interquartile range) age at enrolment (months) 4.9 (4.7−5.4) 4.9 (4.7−5.4)

Median (interquartile range) age of mother (years) 25 (22−30) 26 (22−30)

Bandim district 43 (1909) 43 (945)

Male sex 52 (2302) 52 (1151)

Twins 3.2 (141) 3.1 (69)

Pepel ethnicity 27 (1184) 27 (598)

Mother had died (number) 6 5

Risk factors at enrolment

Not breastfed at 4 months 1.1 (47) 1.0 (23)

Pigs in household 12 (536) 13 (277)

Number of people/bed 2.9 2.9

Number of people/sleeping room 4.3 4.3

Toilet inside house 21 (932) 21 (462)

Functioning electricity 34 (1476) 34 (743)

Sleep under mosquito net 99 (4357) 99 (2174)

Maternally reported morbidity and anthropometry at enrolment

Hospital admission before enrolment 5.4 (236) 5.0 (111)

fever 22 (964) 21 (472)

diarrhoea 9.8 (429) 9.8 (216)

BCG scar 92 (4064) 93 (2040)

Have antimalarials at home 8.7 (381) 8.1 (177)

Mean (SD) weight (g) 7192 (973) 7187 (963)

Mean (SD) arm circumference (mm) 141 (11) 141 (11)

Mean (SD) height (cm) 63 (2.7) 63 (2.7)

Mean (SD) mother’s arm circumference (mm) 281 (38) 283 (38)

Medication received within 3 days of enrolment

Any medication 21 (933) 22 (474)

Paracetamol 16 (701) 16 (361)

Anti-malarial 4.2 (185) 3.9 (85)

Antibiotics 9.4 (412) 9.3 (205)

Campaign OPV (C-OPV) before enrolment: participation prevalence amongst all eligible children (participants / eligible children)

First OPV campaign 2011 55 (53/97) 40 (23/57)

Second OPV campaign 2011 70 (157/225) 58 (70/120)

Third OPV campaign 2011 74 (437/592) 75 (217/290)

OPV campaign 2012 40 (238/598) 44 (130/296)

First OPV campaign 2013 50 (253/507) 53 (137/260)

Second OPV campaign 2013 52 (242/462) 53 (132/248)

First OPV campaign 2014 48 (196/411) 51 (101/198)

Second OPV campaign 2014 53 (204/383) 64 (118/184)

C-OPV-before-enrolment participation amongst all eligible trial children 61 (1595/2618) 63 (836/1335)

C-OPV-before-enrolment participation amongst all trial children 36 (1595/4397) 38 (836/2201)

Table 1: Background factors for the 2-dose measles vaccine (MV) group and 1-dose MV group. Values are percentages (numbers) unless
stated otherwise.

Articles
suspected cases were wrongly diagnosed. No suspected
case died.
Main results
The HR(2-dose/1-dose) was 1.38 (0.92−2.06); 1.33 (0.78
−2.26) for males and 1.42 (0.77−2.60) for females
(Table 2, Figure 4). Between 4−9 months, with 1 dose
www.thelancet.com Vol 49 Month July, 2022
MV-after-Penta3 vs. Penta3 as most recent vaccination,
the HR(1-dose/0-dose) was 0.94 (0.45−1.96). Between
9−60 months, the HR(2-dose/1-dose) was 1.60 (0.99
−2.59) (Table 2).

There was non-significantly higher mortality in the
2-dose group for diarrhoea, malaria and other infectious
diseases, but slightly lower mortality for pneumonia/
respiratory infections (Supplementary Table 4).
7



Mortality rates per 100 person years (deaths/person years) HR (2-dose/1-dose) (95% CI) #1

2-dose group (n = 4397) 1-dose group (n = 2201)

4−9 months

Males 0.90 (8/887) 1.37 (6/436) 0.66 (0.23−1.89) #2

Females 1.65 (13/786) 1.28 (5/391) 1.29 (0.46−3.62) #2

All 1.25 (21/1674) 1.33 (11/828) 0.94 (0.45−1.96)

9−60 months (n = 5872)

Males 0.66 (42/6369) 0.39 (13/3291) 1.66 (0.89−3.09) #3

Females 0.45 (27/6013) 0.30 (9/2997) 1.49 (0.70−3.16) #3

All 0.56 (69/12,382) 0.35 (22/6288) 1.60 (0.99−2.59)

4−60 months

Males 0.69 (50/7250) 0.51 (19/3724) 1.33 (0.78−2.26) #4 #5

Females 0.59 (40/6793) 0.41 (14/3386) 1.42 (0.77−2.60) #4 #5

All 0.64 (90/14,043) 0.46 (33/7110) 1.38 (0.92−2.06) #4 #5

Table 2: Per protocol (PP) mortality rates and hazard ratios (HR) (with 95% CI) between the 2-dose measles vaccine (MV) group and the 1-
dose MV group amongst all children (n = 6598) in the analysis between 4 and 60 months of age.
#1 HR (95% CI) estimated in a Cox-proportional hazards model with age as underlying time scale. #2 Test of interaction, p = 0.37; #3 Test of interaction,

p = 0.83; #4 Test of interaction, p = 0.88; #5 Model with added covariate “Number of campaign-OPVs received” to avoid rejection of proportional hazards

assumption in the Cox model.

Figure 4. Kaplan-Meier curves of accumulated mortality in children randomised to 2-dose versus 1-dose measles vaccine (MV).
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Censoring seven accident deaths (all in the 2-dose
group), the HR(2-dose/1-dose) was 1.27 (0.85−1.90).
There were no measles deaths.
Interactions with season and other interventions
The effect of early MV did not vary by season (Supple-
mentary Table 5). For other interventions, we deter-
mined the HR(2-dose/1-dose) before and after
campaigns (Supplementary Table 6). Only OPV-cam-
paigns had a significant effect on results (p for interac-
tion=0.027).
Interaction with campaign-OPV
C-OPV was the only intervention given both before and
after enrolment. Participation was similar in both ran-
domisation groups (Table 1). Children were enroled
www.thelancet.com Vol 49 Month July, 2022



Received no C-OPV-before-enrolment Received C-OPV-before-enrolment

Mortality rates per 100 person years
(deaths / person years)

HR (2-dose/1-dose)
(95% CI) #1

Mortality rates per 100 person years
(deaths / person years)

HR(2-dose/1-dose)
(95% CI) #1

2-dose group 1-dose group 2-dose group 1-dose group

Not received or not yet received C-OPV-after-enrolment

Males 1.38 (7/509) 1.62 (4/246) 0.85 (0.25−2.91) #2 0.48 (2/418) 1.83 (4/219) 0.26 (0.05−1.44) #3

Females 0.60 (3/496) 0.85 (2/236) 0.72 (0.12−4.33) #2 2.24 (8/357) 0.54 (1/186) 4.11 (0.52−32.6) #3

All 0.99 (10/1005) 1.24 (6/482) 0.81 (0.29−2.22) 1.29 (10/775) 1.23 (5/405) 1.05 (0.36−3.05)

Received C-OPV-after-enrolment

Males 0.63 (24/3812) 0.47 (9/1935) 1.34 (0.62−2.88) #4 0.68 (17/2512) 0.15 (2/1324) 4.46 (1.03−19.3) #5

Females 0.51 (19/3760) 0.56 (10/1793) 0.92 (0.43−1.98) #4 0.46 (10/2180) 0.09 (1/1171) 5.17 (0.66−40.3) #5

All 0.57 (43/7571) 0.51 (19/3728) 1.12 (0.65−1.93) 0.58 (27/4692) 0.12 (3/2495) 4.73 (1.44−15.6)

Combined

Males 0.72 (31/4320) 0.60 (13/2181) 1.19 (0.62−2.27) #6 0.65 (19/2930) 0.39 (6/1543) 1.66 (0.66−4.17) #7

Females 0.52 (22/4256) 0.59 (12/2029) 0.89 (0.44−1.79) #6 0.71 (18/2537) 0.15 (2/1357) 4.64 (1.08−20.0) #7

All 0.62 (53/8576) 0.59 (25/4210) 1.05 (0.65−1.68) 0.68 (37/5467) 0.28 (8/2901) 2.43 (1.13−5.22)

Table 3: The mortality rates and hazard ratio (HR) of children in the 2-dose measles vaccine (MV) group compared with 1-dose MV group
in relation to the administration of campaign OPV (C-OPV) before enrolment and C-OPV-after-enrolment between 4 and 60 months.
#1 HR (95% CI) estimated in a Cox-proportional hazards model with age as underlying time scale. #2 Test of interaction, p = 0.88; #3 Test of interaction,

p = 0.045; #4 Test of interaction, p = 0.50; #5 Test of interaction, p = 0.91; #6 Test of interaction, p = 0.55; #6 Test of interaction, p = 0.24.
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over a long period, and C-OPVs were not regular, so
children could receive C-OPV before-enrolment, after-
enrolment, before-and-after-enrolment or no C-OPV.
The HR(2-dose/1-dose) for children who had not
received C-OPV-before-enrolment was 1.05 (0.65−1.68)
compared to 2.43 (1.13−5.22) amongst recipients of C-
OPV-before-enrolment (p for interaction=0.065)
(Table 3). Among children who received C-OPV before-
and-after-enrolment the HR(2-dose/1-dose) was 4.73
(1.44−15.6) as compared with 0.81 (0.29−2.22) for chil-
dren who received no C-OPV (p for interaction=0.027).
Further analyses by C-OPV status revealed that the
increased mortality in the 2-dose group associated with
C-OPVs was linked to an increase in female mortality
following C-OPV-before-enrolment, and lack of benefi-
cial effects of subsequent boosting with C-OPVs, as
strongly present in the 1-dose group (Supplementary
Table 6).
Explorative analysis: the timing of Penta3 and early MV
Since a previous study showed higher mortality for chil-
dren receiving MV within 4 weeks after DTP323, we
tested whether the timing of Penta3 and MV had an
impact. The effect of early MV tended to improve with
increasing interval between Penta3 and MV; for each
additional week between Penta3 and early MV, the HR
(2-dose/1-dose) decreased by 0.75 (0.50−1.12)(Supple-
mentary Table 7).
Impact of MatAb
A total of 53% (951/1798) had detectable MatAb in
Period-I and 84% (3735/4441) in Period-II
www.thelancet.com Vol 49 Month July, 2022
(Supplementary Table 2). As expected, detectable anti-
body levels declined rapidly between 4 and 7 months of
age. As there was no confirmed measles case during the
trial, all antibody detected are likely to represent mater-
nal antibody. Very few background factors affected the
likelihood of having detectable MatAb. Children with no
detectable MatAb had marginally younger mothers
(Period-I, Period-II). They were more likely to have been
hospitalised before enrolment (Period-II), to be enroled
in the rainy season (Period-II), and to have a higher
weight at enrolment (Period-I)(Supplementary Table 8).

Early MV group (2-dose). In the 2-dose group, all-
cause mortality was lower amongst children who
received early MV in presence of MatAb (n = 3132; 51
died) compared with no MatAb (n = 1028, 31 died), the
HR(MatAb/noMatAb) being 0.50 (0.32−0.80)(Table 4,
Figure 5). The difference was most marked between
enrolment and the 9-month MV (HR(MatAb/noMatAb)
=0.32 (0.13−0.76)) but still apparent after 9-month MV
and until 5 years of age (HR(MatAb/noMatAb)=0.60
(0.34−1.04))(Table 4). Adjusting for determinants of
MatAb did not change results (data not shown).

The association between MatAb and mortality was
similar in Period-I and Period-II and whether the chil-
dren had received C-OPV before enrolment or not (Sup-
plementary Table 9). Also, it was not affected by age at
enrolment (Supplementary Table 10). Both infectious
and non-infectious causes of death tended to be lower
amongst children with detectable MatAb, but accidents
were not (Supplementary Table 11). Higher levels of
other antibodies were not associated with lower mortal-
ity after early MV (Supplementary Table 12).

No early MV group (1-dose). Amongst children receiv-
ing no early MV, mortality was not lower for children
9



Mortality rates per 100 person-years (deaths/person-years)
(n=number of children)

HR (detectable/no detectable MatAb)
(95% CI) #1

Detectable MatAb #2 No detectable MatAb #2

Early MV group; received MV at 4 months

Before 9-month MV (n = 4160) 0.75 (9/1197) (n = 3132) 2.65 (10/377) (n = 1028) 0.32 (0.13 to 0.76)

After 9-month MV (n = 3703) 0.47 (42/8895) (n = 2802) 0.74 (21/2826) (n = 901) 0.60 (0.34 to 1.04)

Combined (n = 4160) 0.51 (51/10,086) (n = 3132) 0.97 (31/3199) (n = 1028) 0.50 (0.32 to 0.80)#3

No early MV group; received no MV at 4 months

Before 9-month MV (n = 2079) 1.38 (8/581) (n = 1554) 1.53 (3/196) (n = 525) 0.94 (0.23 to 3.80)

After 9-month MV (n = 1855) 0.40 (18/4457) (n = 1389) 0.20 (3/1466) (n = 466) 1.86 (0.55 to 6.21)

Combined (n = 2079) 0.52 (26/5033) (n = 1554) 0.36 (6/1662) (n = 525) 1.39 (0.57 to 3.38)#3

Table 4: Mortality rates and hazard ratios (HR) comparing children with detectable measles maternal (MatAb) and no detectable MatAb
by time of enrolment. Follow-up from enrolment to the 9-month measles vaccine (MV) and after 9-month MV to end of study.
#1 The Cox models were stratified by Period; #2 Detectable MatAb cut-off defined at MIA >28 mIU; #3 P-value for test of interaction=0.045.
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with detectable MatAb than for those without. In fact,
the trend was in the opposite direction (HR (MatAb/
noMatAb)=1.39 (0.57−3.38))(p for interaction between
randomisation group and MatAb=0.045) (Table 4,
Figure 5).
Impact
The NNT with early MV in presence of MatAb to save
one child from dying at 4−60 months of age was 57
(95%CI=28−283).
Meta-analysis
Five studies, all from Guinea-Bissau, examined the
potential effect of having MatAb when being vaccinated
with MV (Figure 6, Supplementary Table 13).9,19 A com-
bined analysis found 55% (35−68%) lower mortality up
to age 5 years for those who received MV in the presence
versus the absence of MatAb. In the four studies where
MatAb was also measured in control groups that did not
receive MV, the tendency was opposite with 30% (�19
−108%) higher mortality up to age 5 years for those
who had MatAb (p for interaction<0.0001).
Discussion
Contrary to our first hypothesis,8 early MV had no bene-
ficial effect on all-cause mortality. Numerous C-OPVs
may have played a role: Early MV tended to be beneficial
if children had received no C-OPVs, but negative if chil-
dren had received C-OPV-before-and-after-enrolment.
Supporting this interpretation, we previously observed a
similar negative interaction between early MV and C-
OPV.17

Supporting our second hypothesis and corroborating
four previous studies,9,19 having MatAb when receiving
MV was associated with reductions in mortality. This
effect was specific to the combination of early MV in
presence of MatAb; no effect of MatAb was seen in chil-
dren, who did not receive early MV (control group), and
no effect of other maternal antibodies was seen in chil-
dren, who received early MV (control exposure). The
NNT to save one child by providing early MV in the
presence of MatAb was a mere 57.

The randomisation generated no major differences
in background factors and in exclusions and drop-outs.
The participants were not blinded, but those involved in
the follow-up were blinded regarding the children’s vac-
cination status. In theory, parents’ health care seeking
behaviour could be affected by their lack of blinding but
based on our experience caregivers do bring their chil-
dren to consultations if ill, irrespective of vaccination
status.

Unfortunately, we had two periods with rather differ-
ent antibody levels. There was no simple explanation.
Within each period the antibody levels were consistent
for both measles and other antibodies. The change in
antibody level presumably meant that in Period-I, some
children with detectable antibody levels may have been
misclassified as having no antibody. Nonetheless, the
beneficial effect of MatAb at measles vaccination was
essentially the same in both Periods.

Mortality was 65% lower than expected. A major con-
tributing factor may have been the OPV campaigns.18,20

Further factors could be the introduction of rotavirus
vaccine in 2012 and the introduction of pneumococcal
vaccine in 2015. The latter did not affect trial partici-
pants but may have reduced the community level of
pneumococcal infections. With the observed mortality
and the number of participants, we only had 35% power
to detect a 30% reduction in all-cause mortality after
early MV.

There were no laboratory-confirmed measles cases
during the trial and no measles deaths. Hence, effects
of MV would be non-specific to measles infection.

NSEs of vaccines may be due to altered program-
ming of immunity, e.g. through epigenetic changes
www.thelancet.com Vol 49 Month July, 2022



Figure 5. Kaplan-Meier curves of accumulated mortality in children randomised to 2-dose measles vaccine (MV) (A) and in children
randomised to 1-dose MV (B) by maternal measles antibody (MatAb) levels.
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induced by the vaccine.21-22 From this perspective,
we need to consider the potential interactions with
other immune-stimulatory interventions. We had
previously observed that DTP-after-MV7 and NVAS-
before-enrolment8 influence early MV-effects; this
www.thelancet.com Vol 49 Month July, 2022
knowledge was built into the design. A key variable
was “C-OPV-before-enrolment”.17 This information
was based on the child’s vaccination card at enrol-
ment. Some degree of misclassification may have
occurred. Non-registration of receiving C-OPV-
11



Figure 6. Meta-analysis: Comparing overall survival of children with vs. without maternal measles antibody (MatAb) in measles-vac-
cinated children and in control children unvaccinated against measles, respectively.
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before-enrolment would reduce the estimated differ-
ential effect of C-OPVs.

It would be logistically impossible to conduct an RCT
where children with known MatAb status were rando-
mised to early MV, as there was no rapid-test for mea-
sles antibody level. However, by design, we tested the
effect of MatAb versus no MatAb in groups randomised
to early MV or no early MV; hence, the no-early-MV-
group was a control group. Having MatAb was only
associated with lower mortality in the early-MV-group,
not in the control group. Thus, the results cannot be
explained by differences between children with and
without MatAb. Furthermore, presence of higher levels
of other maternal antibodies than measles was not
related to mortality. The use of a control group and con-
trol exposures supported that the survival effect was
linked specifically to MV in the presence of MatAb. The
effect of MatAb was seen independent of C-OPV status.

This is the second RCTs to find no benefit of early
MV,23 and it could be speculated that early MV has no
beneficial NSEs. However, overall effects and female
mortality in the present trial differed significantly from
the previous RCT in Bissau8 but were similar to another
RCT conducted simultaneously in the rural area.23

Results are therefore unlikely to be random variation
around a “true” null-effect, but rather reflect that inter-
acting factors may have produced divergent
outcomes.8,23

The conflicting results are compatible with a nega-
tive interaction between C-OPV and early MV as the
number of C-OPVs increased between the first trial8

and the latter trials.23 Also, in a post-hoc analysis of the
first trial, we showed that effects of early MV differed by
C-OPV status as in the present trial17; data for such an
analysis was unfortunately not available for the rural
trial. Morbidity and pneumococcal data from the trial
supported similar interactions between MV and C-OPV
(Supplementary material). C-OPVs are associated with
substantial reductions in mortality, with additional
reductions per additional C-OPV.18,20 Each additional
C-OPV reduced the mortality level in the 1-dose group
but had limited beneficial effect on the mortality rate in
the 2-dose group. We know from other studies that the
sequence or combination of early life vaccines may
impact subsequent mortality.7 The underlying biologi-
cal mechanisms have not been studied.

Other factors than C-OPV may have contributed to
finding no beneficial effect of early MV. Simultaneous
DTP+MV vaccinations have negative effects for survival7

and similar to a previous study23 the present trial sug-
gests that a short interval between Penta3 and MV may
also increase mortality; for optimal early MV effect, the
interval may need to be 6 rather than 4 weeks.

The present study is consistent with the four previ-
ous reports of strongly beneficial effects of MV in pres-
ence of MatAb.9,19 No study has reported the opposite
trend. Noteworthy, beneficial effects of maternal prim-
ing and subsequent child vaccination with the same live
vaccine have also been seen for BCG.24-25

The five studies cover a period of 35 years. In the first
studies, nearly all MatAb would have been generated by
natural infection. MV was implemented in Guinea-Bis-
sau in 1986. In 2006 there was a national MV cam-
paign for all under age 15 years. Hence, those born after
1990 and a major part of those born in the 1980s, like
mothers in the present trial, would have received MV.

The mechanisms explaining beneficial effects of MV
in presence of MatAb are unknown. Several
www.thelancet.com Vol 49 Month July, 2022
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mechanisms, not mutually exclusive, could be impor-
tant, e.g. MV in the presence high-affinity maternal anti-
body would lead to responses to subdominant epitopes,
more diverse T- and B-cell repertoires and increased het-
erologous protection against other pathogens.9 The ben-
efits of MV in presence of MatAb was most marked
before 9 months of age, i.e. before children without
detectable MatAb received the second MV. Presumably,
for children with no detectable MatAb at enrolment,
antibody response to the first dose may have affected
the response to 9-months dose like MatAb did, thus
diminishing the difference between children with and
without MatAb.26 Hence, repeated infant immuniza-
tions with the same live vaccine may also generate bene-
ficial effects.

Five studies have now found marked reductions in
mortality when MV is given in the presence of
MatAb.9,19 These observations question the rationale
behind the current MV strategy. MV policies avoid MV
in presence of MatAb due to fear of blunting and lower
antibody responses.11,27 However, as shown earlier,
even though an early 2-dose strategy may result in
reduced antibody levels by 24 months of age, it does not
impair seroconversion and importantly, early MV pro-
tected children against measles hospitalisations and
deaths in infancy.27 Furthermore, the only study linking
measles antibody level to subsequent mortality found
that lower measles antibody levels were associated with
lower, not higher, mortality over the next 5 years.28

The available data thus supports that if we could give
early MV in presence of MatAb, it would not hamper
measles control and it would lead to lower overall mor-
tality.

Worryingly, we observed that in a context with many
C-OPV, early MV might be harmful if given to children
with no MatAb − a situation that would be impossible
to avoid in practical terms. MV offered at 9 months may
not interact negatively with C-OPV, but it seems neces-
sary to clarify this issue. To proceed safely, while
increasing our knowledge about the NSEs of both C-
OPV and MV, we need a large multi-centre trial to
explore interactions between C-OPV and MV in the cur-
rent schedule.

In conclusion, contrary to the first RCT,8 early MV
did not benefit survival. We identified interactions with
C-OPVs that may have modified the early MV effect. As
part of the endgame for polio eradication, OPV will be
replaced with IPV and C-OPV distribution will stop.29

In such a situation, early MV may again be very benefi-
cial in its own right.

Most women are now protected against measles by
childhood vaccination rather than natural infection, and
this means that MatAb levels have declined dramati-
cally.23 We have previously shown that MV at 4 months
elicited protective antibody to nearly all children.26

Hence, from a measles-specific perspective, earlier MV
should be considered. To optimise the beneficial NSEs
www.thelancet.com Vol 49 Month July, 2022
of early MV, however, negative interactions with Penta
and C-OPVs should be controlled.

The studies of maternal priming with measles and
BCG open a new field of interventions. Earlier vaccina-
tion with live vaccines, when maternal antibody is still
present, is likely to have beneficial effects on overall
child survival. Furthermore, it might be worthwhile to
test whether child survival would be improved if a
booster dose of MV was given to women of fertile age.
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24 Berendsen M, Äland CB, Bles P, et al. Maternal priming: bCG-scar-
ring in the mother enhances the survival of children with a BCG-
scar. J Pediatric Infect Dis Soc. 2020;9(2):166–172.

25 Benn CS, Fisker AB, Whittle HC, Aaby P. Revaccination with live
attenuated vaccines confer additional beneficial nonspecific effects
on overall survival: a review. EBioMedicine. 2016;10:312–317.

26 Martins C, Garly ML, Bale C, et al. Measles virus antibody
responses in children randomly assigned to receive standard-titre
Edmonston-Zagreb measles vaccine at 4.5 and 9 months of age, 9
months of age, or 9 and 18 months of age. JID. 2014;210:693–700.

27 Martins CL, Garly ML, Bal�e C, et al. Protective efficacy of standard
Edmonston-Zagreb measles vaccination in infants aged 4.5 months:
interim analysis of a randomised clinical trial. BMJ. 2008;337:a661.

28 Aaby P, Simondon F, Samb B, et al. Low mortality after mild mea-
sles infection compared to uninfected children in rural West Africa.
Vaccine. 2002;21:120–126.

29 Aaby P, Benn CS. Beneficial non-specific effects of oral polio vac-
cine (OPV): implications for the cessation of OPV? Clin Infect Dis.
2017;65:420–421.
www.thelancet.com Vol 49 Month July, 2022

https://doi.org/10.1016/j.eclinm.2022.101467
https://doi.org/10.1016/j.eclinm.2022.101467
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0001
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0001
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0001
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0002
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0002
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0002
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0003
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0003
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0003
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0003
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0004
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0004
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0004
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0004
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0005
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0006
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0006
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0006
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0006
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0007
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0007
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0007
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0007
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0007
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0008
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0008
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0008
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0009
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0009
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0009
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0010
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0010
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0011
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0011
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0011
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0012
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0012
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0013
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0013
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0013
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0014
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0014
http://www.indepth-network.org/resources/indepth-standardized-verbal-autopsy-questionnaire
http://www.indepth-network.org/resources/indepth-standardized-verbal-autopsy-questionnaire
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0016
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0016
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0016
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0016
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0016
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0017
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0018
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0019
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0019
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0019
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0020
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0020
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0020
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0020
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0020
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0021
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0021
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0021
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0021
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0022
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0022
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0022
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0023
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0023
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0023
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0024
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0024
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0024
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0025
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0025
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0025
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0026
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0026
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0026
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0026
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0027
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0027
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0027
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0027
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0028
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0028
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0028
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0029
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0029
http://refhub.elsevier.com/S2589-5370(22)00197-3/sbref0029

	Effect of early two-dose measles vaccination on childhood mortality and modification by maternal measles antibody in Guinea-Bissau, West Africa: A single-centre open-label randomised controlled trial
	Introduction
	Methods
	Study design
	Participants
	Randomisation and masking
	Procedures
	Blood samples
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Study population
	Main results
	Interactions with season and other interventions
	Interaction with campaign-OPV
	Explorative analysis: the timing of Penta3 and early MV
	Impact of MatAb
	Impact
	Meta-analysis

	Discussion
	Contributors
	Data sharing statement
	Funding

	Declaration of interests
	Supplementary materials
	References



