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Effect of measles vaccination in infants younger than
9 months on the immune response to subsequent measles
vaccine doses: a systematic review and meta-analysis
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William | Moss, Susan J M Hahné

Summary

Background Vaccinating infants with a first dose of measles-containing vaccine (MCV1) before 9 months of age in
high-risk settings has the potential to reduce measles-related morbidity and mortality. However, there is concern that
early vaccination might blunt the immune response to subsequent measles vaccine doses. We systematically reviewed
the available evidence on the effect of MCV1 administration to infants younger than 9 months on their immune
responses to subsequent MCV doses.

Methods For this systematic review and meta-analysis, we searched for randomised and quasi-randomised controlled
trials, outbreak investigations, and cohort and case-control studies without restriction on publication dates, in which
MCV1 was administered to infants younger than 9 months. We did the literature search on June 2, 2015, and updated
it on Jan 14, 2019. We included studies reporting data on strength or duration of humoral and cellular immune
responses, and on vaccine efficacy or vaccine effectiveness after two-dose or three-dose MCV schedules. Our outcome
measures were proportion of seropositive infants, geometric mean titre, vaccine efficacy, vaccine effectiveness,
antibody avidity index, and T-cell stimulation index. We used random-effects meta-analysis to derive pooled estimates
of the outcomes, where appropriate. We assessed the methodological quality of included studies using Grading of
Recommendation Assessment, Development and Evaluation (GRADE) guidelines.

Findings Our search retrieved 1156 records and 85 were excluded due to duplication. 1071 records were screened for
eligibility, of which 351 were eligible for full-text screening and 21 were eligible for inclusion in the review. From
13 studies, the pooled proportion of infants seropositive after two MCV doses, with MCV1 administered before
9 months of age, was 98% (95% CI 96-99; I2=79.8%, p<0-0001), which was not significantly different from
seropositivity after a two-dose MCV schedule starting later (p=0-087). Only one of four studies found geometric mean
titres after MCV2 administration to be significantly lower when MCV1 was administered before 9 months of age than
at 9 months of age or later. There was insufficient evidence to determine an effect of age at MCV1 administration on
antibody avidity. The pooled vaccine effectiveness estimate derived from two studies of a two-dose MCV schedule with
MCV1 vaccination before 9 months of age was 95% (95% CI 89-100; 2=12-6%, p=0-29). Seven studies reporting on
measles virus-specific cellular immune responses found that T-cell responses and T-cell memory were sustained,
irrespective of the age of MCV1 administration. Overall, the quality of evidence was moderate to very low.

Interpretation Our findings suggest that administering MCV1 to infants younger than 9 months followed by additional
MCYV doses results in high seropositivity, vaccine effectiveness, and T-cell responses, which are independent of the
age at MCV1, supporting the vaccination of very young infants in high-risk settings. However, we also found some
evidence that MCV1 administered to infants younger than 9 months resulted in lower antibody titres after one or two
subsequent doses of MCV than when measles vaccination is started at age 9 months or older. The clinical and public-
health relevance of this immunity blunting effect are uncertain.

Funding WHO.

Copyright © 2019 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND
4.0 license.

Introduction

Although five of the six WHO regions have committed to
eliminate measles by 2020, this disease remains endemic
in many countries, mainly because of low or suboptimal
vaccination coverage.'” Protecting infants against measles
can be achieved by ensuring high coverage with two
doses of a measles-containing vaccine (MCV). WHO

recommends that the first dose of MCV (MCV1) should
be given at 9 or 12 months of age, depending on the level
of measles virus transmission, with early administration
appropriate for settings where transmission is high.’
Globally, infants who are too young to receive MCV1 as
recommended by their national immunisation schedule
remain at high risk of contracting measles.>** A
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Research in context

Evidence before this study

Vaccination with a measles-containing vaccine (MCV) before

9 months of age has the potential to improve measles
prevention in young infants, who are most vulnerable to

the disease’s potentially devastating effects. However, some
evidence on the age-specific effects of administering the first
dose of a MCV (MCV1) to infants younger than 9 months
suggests that its immunogenicity can be suboptimal, and
subsequent MCV doses might not entirely compensate for

this effect. Evidence of immunity blunting after a two-dose
schedule starting before 9 months of age is essential to help to
guide policy on measles vaccination. We, therefore, addressed
this question in our systematic review and meta-analysis to
examine the immunogenicity and effectiveness of two-dose or
three-dose MCV schedules, with MCV1 administered to infants
younger than 9 months.

Added value of this study

To our knowledge, our studly is the first systematic review and
meta-analysis to examine if MCV1 administered to infants
younger than 9 months blunts the immune response to
subsequent doses of MCV. We found that administering MCV1 at

surveillance study’ suggested that 12% of all measles
cases reported to the WHO between 2013 and 2017 were
in infants who were too young to be vaccinated. This
proportion is particularly concerning because measles in
infants is more likely to lead to complications and death
than in school-aged children. The proportion of measles
cases in infants is likely to increase, given that an
increasing number of mothers have vaccine-induced
measles immunity, and their children have lower
concentrations of maternal measles antibodies than
children of naturally immune mothers.”

Vaccinating young infants with a MCV between
6 and 9 months of age could reduce measles-related
morbidity and mortality, and is recommended in high-
risk areas, such as those with measles outbreaks.?
However, debates on the optimal age for MCV1
administration and the advantages and disadvantages of
early MCV doses have been ongoing since measles
vaccines were developed in the 1960s.>"

The optimal timing for MCV1 administration depends
on the age at which infants have a sufficiently mature
immune system to respond to a MCV, the age at which
infants are at risk of infection, and the age when
maternal antibodies no longer have an inhibitory effect
on the immunogenicity of MCV.*"** The optimal timing
also depends on the objectives of national immunisation
programmes and their progress towards measles
elimination.

In our accompanying systematic review,” we studied
the effects of administering MCV1 to infants younger
than 9 months in terms of immunogenicity, vaccine
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this age, followed by additional vaccine doses at later ages, results
in high seropositivity and vaccine effectiveness. Additionally,

we found that the T-cell memory response was independent of
the age of MCV1 administration. Some evidence suggests that
MCV1 administered to infants younger than 9 months results in
lower geometric mean titres after one or two subsequent doses
than after a measles vaccination schedule starting at an older age.

Implications of all the available evidence

MCV1 administration to infants younger than 9 months,
followed by a subsequent dose of MCV, elicited a good immune
response to support this practice in high-risk settings. We found
some evidence on blunting of the immune response in terms of
geometric mean titres but the relevance of this finding to public
health is unclear. Our results underline the importance of
providing additional MCV doses to infants who have been
vaccinated with MCV1 when they were younger than 9 months.
Findings from our review informed WHO policy
recommendations on the optimal timing of MCV1 and could
help countries in their decision making if they consider offering
MCVs to infants younger than 9 months.

effectiveness, and safety. We found that administration
of MCV1 between 6 and 9 months of age is safe and
immunogenic. However, higher seroconversion and
protection were seen in infants who received MCV1 at
older ages.

A potential concern relating to the administration of
MCV1 to infants younger than 9 months is whether
their immune response is then blunted to subsequent
MCV doses. Two reviews published almost three
decades ago'” suggested that measles vaccination early
in infancy impaired responses to subsequent MCV
doses, compared with MCV1 administration at an older
age.® This impairment is thought to be due to the
presence of maternally derived neutralising antibodies,
leading to suboptimal priming of the subsequent
vaccine response. This effect differs from immuno-
logical tolerance or hyporesponsiveness reported
for polysaccharide vaccines, in which antibody
concentrations after a second antigenic challenge are
lower than after the first.”

We did a systematic review and meta-analyses to assess
whether MCV1 administered to infants younger than
9 months is associated with blunting of the immune
response to subsequent MCV doses by examining
immunogenicity, duration of immunity, and vaccine
effectiveness.

Methods

Search strategy and selection criteria

Our search strategy for this systematic review and meta-
analysis consisted of four components: a library database
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See Online for appendix

search of MEDLINE, EMBASE, Scopus, Proquest, and
Global Health; a search of the WHO library database
(WHOLIS) and the WHO Institutional Repository for
Information Sharing database (IRIS); consulting the
Working Group on Measles and Rubella from WHO’s
Strategic Advisory Group of Experts (SAGE) on
Immunization in September 2015; and screening biblio-
graphies of included articles and five key reviews.""#*2
Additional references found in this way were subject to
the same screening and selection process as articles
found in the primary search. The results were restricted
to articles in English, Dutch, German, French, and
Spanish. We did not set any time limit to dates of
published articles included in our search. We did the
literature search on June 2, 2015, and updated it on
Jan 14, 2019.

We developed search terms for each database using
controlled vocabulary (appendix pp 2-7) to capture
publications on the effects and safety of MCV1in infants
younger than 9 months. The first dose of MCV given
earlier than the recommended age is often referred to as
MCVO0, implying that two subsequent MCV doses are
needed for optimal protection. Here, we refer to all first
MCV doses as MCV1 and do not make any assumptions
about the total number of doses needed for optimal
protection. We searched for randomised and quasi-
randomised controlled trials, outbreak investigations,
and cohort and case-control studies reporting summary
estimates or, where unavailable, patient-level data on
humoral and cellular immunogenicity, vaccine efficacy
or vaccine effectiveness, and duration of protection of
two-dose or three-dose MCV schedules with MCV1
administration before 9 months of age. When available,
we also extracted data for the comparator group from
included articles that reported MCV1 administration to
infants aged 9 months and older. Studies that did not
meet the inclusion criteria or study type and those that
reported vaccines with non-standard high viral titres
were excluded. A complete list of the exclusion and
inclusion criteria is available in the appendix (p 8).

After deleting duplicate studies, two reviewers
selected 10% of the retrieved articles at random and
independently reviewed the title and abstract according
to the predefined set of inclusion criteria. The
application of the inclusion criteria was consistent
(<10% disagreement between the two reviewers),
indicating high concordance.? The reviewers divided
the remaining articles to continue the title and abstract
screening separately. This selection process was also
applied to the full-text screening of included articles
(=10% disagreement). In case of uncertainty about
inclusion or exclusion, the reviewers consulted each
other. Discrepancies during the selection process were
resolved by a third reviewer.

We report our systematic review using the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.”

Data analysis

We considered the following outcome measures: the
proportion of seropositive infants, geometric mean
titre, duration of immunity, vaccine efficacy, and vaccine
effectiveness, avidity index, and T-cell stimulation index
after MCV2 or MCV3 by age of administration of
MCV1. For vaccine efficacy, per-protocol results were
used.

The included articles were divided among four
reviewers who extracted study characteristics and
outcomes using a pre-defined form. The form included
128 fields to capture data relating to the author, study
year, type of study, country, study population, vaccine
type, vaccine titre, test used, test definitions, summary
estimates, 95% Cls, and SEs, among others. Data in all
forms where checked by at least two reviewers against
the original publication, and subsequently entered into a
Microsoft Access database.

We used the Grading of Recommendation Assessment,
Development and Evaluation (GRADE) guidelines® to
assess the methodological quality of included studies.
We used eight indicators to assess risk of bias within and
between studies: (1) representativeness, (2) attrition bias,
(3) reporting bias, (4) laboratory confirmation of measles
infection, (5) confirmation of vaccination status,
(6) comparability of control group with vaccinated group,
(7) time between vaccination and sampling, and (8) study
design. These study characteristics were reviewed per
outcome by four reviewers using Review Manager 5.1
(The Nordic Cochrane Centre; Copenhagen, Denmark)
and entered into GRADE evidence summary forms.

Where possible, results were stratified by age at
administration of MCV in months. Where sufficient data
were available, results were pooled by meta-analyses. We
examined heterogeneity between results of different
studies in forest plots and using the I2 statistic to estimate
the percentage of the total variation due to between-study
variation.”

We included immunogenicity data derived from testing
venous and capillary blood samples collected in tubes,
with a minimum of 4 weeks between vaccination and
blood sampling. We included studies reporting sero-
positivity as measured by ELISA, haemagglutination
inhibition, and plaque reduction neutralisation test
(PRNT). We used random-effects meta-analyses to
calculate pooled estimates, where appropriate. For
studies presenting outcomes of MCV2 when MCV1 was
administered to infants younger than 9 months and to a
comparison group of infants aged at least 9 months
(ie, within-study comparisons) we used meta-analysis to
estimate the difference in the proportion of infants who
were seropositive between these schedules.

We examined the effect of an early MCV1 on the
geometric mean titres after a two-dose or three-dose
MCV schedule using results from within-study
comparisons. To be included in this analysis, the time
between vaccination and sampling had to be similar
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between the two comparison groups. For duration of
immunity, we reviewed studies reporting geometric
mean titres at several consecutive follow-up timepoints
after vaccination.

We reviewed vaccine efficacy or vaccine effectiveness
after a two-dose MCV schedule with MCV administered
to infants younger than 9 months.

For antibody avidity and cellular immunity, we only
assessed within-study comparisons. Studies reporting the
T-cell stimulation index, which is the ratio of mean T-cell
proliferation counts per minute in antigen wells divided by
the mean counts per minute in corresponding control
wells, considered a stimulation index of 3-0 or greater as
positive.

We used Stata 15.0 statistical software (StataCorp 2017
Release 15; College Station, TX, USA) for all analyses.

Role of the funding source

PMS and TG are employees of the funder of the study
and participated in data interpretation and writing of the
report. The funder had no role in study design, data
collection, and data analysis. All authors had full access
to the study data, and the analysis, interpretation, and the
decision to publish was solely the responsibility of the
authors.

Results

Our search retrieved 1156 records, of which 85 were
duplicates and were excluded. The titles and abstracts of
the remaining 1071 articles were screened and 241 met
the inclusion criteria and were assessed for eligibility via
full-text screening (figure 1). 110 additional publications
were found through screening the bibliographies of the
assessed full-text articles. 330 records in total did not
meet the inclusion criteria after a second review. Data
from the remaining 21 studies reported outcomes related
to blunted immune responses to subsequent MCV doses
after MCV1 administration to infants younger than
9 months and were included in the analysis. 19 articles
reported relevant information on immunogenicity, there
were no reports on duration of immunity, and two
articles reported on vaccine efficacy to subsequent MCV
doses (appendix pp 9-10).

On the basis of the 13 articles’”* that reported propor-
tions of infants who were seropositive after a two-dose
MCYV schedule, in which MCV1 was administered before
9 months of age, the pooled proportion of seropositive
infants after MCV2 was 98% (95% CI 96-99; figure 2).
Five studies’”*** were meta-analysed for within-study
comparisons of the proportion of infants seropositive after
MCV2 administration, with MCV1 administered before
9 months of age, with control groups vaccinated at age
9 months or later. The analysis showed a non-significant
pooled estimated difference of 4% fewer seropositive
infants (95% CI -1 to 9, p=0-087) after vaccination with
MCV1 before 9 months of age than control groups
vaccinated at age 9 months and older (table 1, appendix p 11).
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| 1156 records found |

—>| 85 duplicate records excluded

v

| 1071 screened for title and abstract |

830 excluded
391 age at MCV1 administration =9 months
without <9 months age group
56 no coverage data
39 maternal antibody studies with no
data on measles vaccination
19 case reports
25 ineligible study population
48 position papers, opinions, and
statements
143 no data on measles vaccination
16 non-human data
68 no outcome or primary data included
25 no currently licensed vaccine or
alternative vaccination route
(eg, aerosol or intranasal)

y

241 full-text records screened

110 additional records found from the
reference lists of fully screened articles
64 from reviews
46 from full-text screening

v

351 full-text records screened

330 excluded
32 duplicates from screening of reference
lists
126 no outcomes of MCV2 or MCV3 after
early MCV1 administration
75 age at MCV1 administration =9 months
without <9 months age group
2 no coverage data
4 maternal antibody studies with no
data on measles vaccination
14 position papers, opinions, and
statements
11 no data on measles vaccination
51 no outcome or primary data included
15 no currently licensed vaccine or
alternative vaccination route

4

21 records included in primary analysis
19 on immunogenicity
0 on duration of immunity
2 on vaccine efficacy and effectiveness

Figure 1: Study profile

Some of the 21 records included in the primary analysis had data on more than
one outcome. MCV=measles-containing vaccine. MCV1=first dose of
measles-containing vaccine.

Five studies™®*** reported geometric mean titres after a
two-dose or three-dose MCV schedule, with MCV1
administered to infants younger than 9 months and a
control group of infants aged 9 months and older. Two of
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Vaccineschedule ~ MCV1and MCV2 strain Number seropositive % Infants seropositive
(months) infants (n/N) (95% Cl)
Njie-Jobe et al (2012)%® 4and9 E-Z —o— 56/61 0-92 (0-82-0-97)
Fisker et al (2018)* 4-5and 9 E-Z —.—< 90/90 1.00 (0-96-1-00)
Fisker etal (2018)+ 4-5and 9 E-Z — 96/99 0-97 (0-91-0-99)
Martins et al (2014)” 4-5and 9 E-Z —0— 326/337 0-97 (0-94-0-98)
Abanamyetal (1992)®  6and15 Schwarz and MMR ; 22/22 100 (0-85-1-00)
Benn etal (1997)*° 6and9 Schwarz —o—- 108/114 0-95 (0-89-0-98)
Carson et al (2005)** 6and 15 AIK-Cand MMR-II —o— 144/148 0-97 (0-93-0-99)
Carson et al (2005)** 6and15 Connaught and MMR-II —< 102/102 1.00 (0-96-1-00)
Gans etal (2004) 6and12 Moraten and MMR-I 2529 0-86 (0-68-0-96)
Garly et al (2001)> 6and9 E-Z ,_‘ 236/239 0-99 (0-96-1-00)
Garly et al (2001)* 6and9 Schwarz — 331/365 0-91(0-87-0-93)
Helfand et al (2008) 6and9 E-Z — 385/417 0-92 (0-89-0-95)
Johnson et al (1994)* 6and15 Moraten and MMR-II —.— 17/17 100 (0-80-1-00)
Khalil et al (1999)* 6and 12 E-Zand MMR — s 46/46 1-00 (0-92-1-00)
Carson et al (1995)* 6-8-5and 15-18 Connaught and MMR —o— 113/116 0-97 (0-93-0-99)
He et al (2014)% 8and18 MMR (Hu-191) — 92/92 1.00 (0-96-1-00)
overall ’=79-77%, p<0-0001 <> 0-98 (0-96-0-99)
| !
0-3 1

Figure 2: Random-effects meta-analysis of the proportion of infants vaccinated with MCV1 before 9 months of age who were seropositive after

MCV2 administration

Where multiple estimates are presented per publication, these represent subgroups. E-Z=Edmonston-Zagreb. MMR=measles-mumps-rubella.

*Burkina Faso population. T Guinea-Bissau population.

Infants seropositive after
two MCV doses

Gans et al (2004)*

6 and 12 months 86% (68-96)

9 and 12 months 90% (70-99)

He et al (2014)*°t

8 and 18 months 100% (96-100)

12 and 22 months 100% (97-100)

Martins et al (2014)7%

4-5and 9 months 97% (94-98)

9 and 18 months 98% (95-100)

Njie-Jobe et al (2012)**¢

4 and 9 months 92% (82-97)

9 and 36 months 100% (92-100)

Fowlkes et al (2016)*+

6 and 9 months 90% (85-93)

9and 20 months 99% (93-100)
Data are % (95% Cl). MCV=measles-containing vaccine.
MMR=measles-mumps-rubella. *The MCV1 strain was Moraten and MCV2 was
MMR-II. tBoth MCV1 and MCV2 were the MMR (Hu-191) strain.
#Both MCV1 and MCV2 were the Edmonston-Zagreb strain.
Table 1: Within-study comparisons between different MCV schedules of
the proportion of infants seropositive after a two-dose schedule with
MCV1 administered before or after 9 months of age

these studies’™ reported on the same cohort of infants.
Four studies’”** reported geometric mean titres after
MCV2 vaccination when MCV1 was administered before
9 months of age compared with administration to older
infants. All four studies showed lower geometric mean

titres after MCV2 administration for the MCV1 schedule
starting before 9 months of age than in schedules starting
at 9 months or later. However, this difference was
significant in only one of these studies (table 2).” On
the basis of one study® geometric mean titres after
MCV3 administration were not significantly different
between MCV1 schedules starting before 9 months of age
and those starting at 9 months or later. When considering
only children who had no maternal antibodies at the time
of MCV1 vaccination, significant differences were seen
between the two age groups (335 mIU/mL, 95% CI 211-531
after MCV3 with MCV1 given at 6 months of age;
1080 mIU/mL, 95% CI 642-1827 after MCV3 with MCV1 at
9 months of age).

Two articles reported results on antibody avidity* after
two or three doses of MCV with MCV1 administered to
infants younger than 9 months. These results were derived
from the same cohort of infants at different follow-up
times and times between vaccination and avidity index
testing. A 2007 study,” with 13-27 individuals per group,
reported the comparison between three MCV schedules
(6 and 12 months, 9 and 12 months, and 12 months only).
For the two-dose schedule starting at 6 months of age, the
median avidity index significantly increased after the
second dose. The median avidity index after MCV2 was
lower in the group who received MCV1 at 9 months than
the group who received MCV1 at 6 months, but a
significance measure was not reported for this comparison.

The 2013 study” reported a comparison of the three
MCV schedules with a subsequent dose at 5 years of age
and a follow-up period of up to 10 years of age. The three
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schedules that were compared were two three-dose
schedules (at 6 months, 12 months, and 5 years of age, and
9 months, 12 months, and 5 years of age) and one two-dose
schedule (at 12 months and 5 years of age). The mean
avidity index at age 5-10 years after three doses of MCV
was lower when MCV1 was administered at 6 months of
age (mean avidity index 1-4) than at 9 months (1-7) or
12 months (2-2), but the study did not report whether this
difference was significant.

No studies were found that describe the duration of
immunity after vaccination with MCV2 when MCV1 was
administered to infants younger than 9 months.
One study® reported geometric mean titres 12 months
after the last MCV dose, comparing an early three-dose
MCV schedule (vaccination at 4 months, 9 months, and
36 months) with a regular two-dose MCV schedule
(vaccination at 9 months and 36 months). The geometric
mean titre in the early three-dose schedule was
significantly lower than the geometric mean titre after the
two-dose schedule (6 vs 7 log, antibody titres, p<0-0001).

Seven studies reported cellular immune responses
specific for measles virus after two or three MCV doses,
with  MCV1 administered to infants younger than
9 months.”*#*#“#* QOne of these” compared results in
infants vaccinated at age 6 months with MCV containing
either the AIK-C or Connaught strains and after measles-
mumps-rubella vaccination at 15 months of age in both
groups. 210 (70%) of 300 infants included in the study
developed evidence of measles virus-specific T-cell
responses after two doses of MCV. Since there was no
control group in which MCV1 was administered at
9 months of age and older, this result is difficult to
interpret.

Five consecutive studies on cell-mediated immunity by
Gans and colleagues of the same cohort of infants’*#*
found that the development of measles virus-specific
T-cell responses after two or three MCV doses was
independent of the age of MCV1 administration.®* In the
most recent follow-up study,® in children aged 5-10 years
who had received three MCV doses, the mean cell
stimulation index was 11-4 (SE 1-3) in those who received
MCV1 at 6 months of age and 10-9 (1-5) in those who
received it at 9 months of age. The presence of maternal
measles antibodies at the time of MCV1 administration
had no effect on the mean stimulation index. Another
study” reported on memory T-cell responses after either a
three-dose MCV schedule at 4 months, 9 months, and
36 months, or a two-dose schedule at 9 months and
36 months. No significant differences in measles-specific
effector-cell or T-cell memory responses were found
between the study groups up to 48 months of age.”

Two studies reported vaccine effectiveness after a two-
dose MCV schedule with MCV1 administered to infants
younger than 9 months** In one study® vaccine
effectiveness was 93% (95% CI 86-97) up to the age of
5 years for a two-dose schedule with MCV1 administered
at 6-8 months and MCV2 at 9 months of age. In the

www.thelancet.com/infection Vol 19 November 2019

Measles antibody titres after MCV2

Measles antibody titres after MCV3

(IQR 9:5-14-6)

9 and 20 months 601-8 (503-721) 9-12 months

of log, haemagglutination-inhibiting antibody titres.

(469-679)

GMT in mIU/mL Time between GMT in mIU/mL  Time between
(95% Cl) MCV2 and sampling ~ (95% Cl) MCV3 and sampling

Gans et al (2004)’ and Gans et al (2013),*

6 months, 702 (344-1457) 24 weeks 199 (110-361)  0-5years

12 months, 5years

9 months, 1546 (686-3484) 24 weeks 419 (254-690)  0-5years

12 months, 5 years

He et al (2014)*

8 and 18 months 3080 (2790-3400) 30-35days

12 and 22 months 3199 (2940-3480)  30-35days

Nije-Jobe et al (2012)*®

4,9, and 36 months 7 (4.75-8-25)* 2 weeks 9 (8-9)* 2 weeks

9 and 36 months 9 (8-10)* 2 weeks

Fowlkes et al (2016)*

6,9,and 20 months ~ 395-4 (347-455)  Median 11 months 5612 9-12 months

GMT=geometric mean titre. MCV=measles-containing vaccine. *“Median and interquartile range

vaccinated with MCV1 before 9 months of age or later

Table 2: Vaccine schedules with reported GMTs after MCV2 and MCV3 administration in infants

other study,® during a measles outbreak in school-aged
children, of 218 students who had received two MCV
doses, 15 were vaccinated with MCV1 before 9 months of
age and MCV2 at 15 months of age or later. None of these
15 students developed measles; therefore, the vaccine
effectiveness was 100% (78-100).“ The pooled vaccine
effectiveness of these two studies for a two-dose schedule
with  MCV1 administered to infants younger than
9 months was 95% (89-100; 12=12-6%, p=0-29).

For immunogenicity outcomes (seropositivity, antibody
avidity, and cellular immunity) after a two-dose MCV
schedule with MCV1 administered to infants younger
than 9 months, we graded the quality of evidence for
nine observational studies as very low, whereas the
quality of evidence for ten randomised controlled trials
was moderate. No studies were found reporting duration
of immunity. We graded the quality of evidence from
two observational studies with outcomes on vaccine
effectiveness after a two-dose MCV schedule with
MCV1 administered to infants younger than 9 months as
very low. We found no randomised controlled trials
reporting on vaccine efficacy. Overall, when rating the
importance of outcomes, they were deemed important
for decision-making and evidence was of moderate to
very low quality (appendix p 12).

Discussion

To our knowledge, our study is the first systematic review
to examine the effect of MCV1 administered to infants
younger than 9 months on the immunogenicity and
vaccine effectiveness of subsequent MCV doses. We
reviewed evidence of humoral and cellular immunity,
including seropositivity, geometric mean titres, avidity,
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T-cell stimulation, and vaccine effectiveness. We found
high seropositivity (98%) and vaccine effectiveness (95%)
after a two-dose MCV schedule starting before 9 months
of age, with no evidence of lesser protection, than after a
two-dose MCV schedule starting at 9 months of age or
later. Our pooled estimate for vaccine effectiveness for an
early two-dose MCV schedule was similar to that found in
a review” of two doses of MCV, with MCV1 administered
to infants aged 9 months and older (94%, IQR 88-98). We
found no evidence of reduced measles virus-specific
cellular immune responses in children who received an
early dose of MCV1.

There were differences, however, in antibody titres. After
administration of MCV2, geometric mean titres were
lower in children who had received MCV1 before the age
of 9 months than those who were vaccinated with MCV1
atage 9 months in all four studies with available data,”***
although this finding was significant in only one of these
studies.” The only studies we found that reported on
antibody avidity,*” in which the same group of infants
was assessed repeatedly, did not report on the significance
of the observed differences between those receiving MCV1
below and above 9 months of age.

Considering that WHO recommendations advise that
when MCV is given to infants younger than 9 months in
high-risk settings the first dose should be followed by
two subsequent MCV doses,’ it is also relevant to
compare the immunogenicity of a three-dose MCV
schedule starting before 9 months of age with a regular
two-dose MCV schedule starting at 9 months of age or
later. We found no differences in seropositivity, cellular
immunity, and antibody titres following an early
three-dose MCV schedule.?*

Taken together, our results suggest that the suboptimal
humoral response to MCV1 when administered before
9 months of age, as we report in our accompanying
systematic review,” is corrected by subsequent doses
when considering seropositivity, vaccine effectiveness,
and cellular immunity. However, MCV1 administered to
infants younger than 9 months might negatively
influence measles-specific antibody titres and duration of
immunity after subsequent MCV doses, compared with
MCV1 administered to infants aged 9 months and later.
A subtle blunting effect was also found in studies
comparing two-dose MCV schedules starting around
12 months of age with those starting later.®* The
immunological basis for such a blunting effect is
unknown.

The strengths of our study include the systematic
review strategy and broad search terms to identify studies
in multiple databases and languages. We used rigorous
methods to extract and appraise data. However, we
encountered several methodological limitations. Studies
that could be used for specific outcome indicators were
scarce and studies often had small sample sizes. For
instance, our pooled estimate of vaccine effectiveness
after a two-dose schedule with an early MCV1 was based

on only two studies, which included short follow-up times
for some participants. This paucity of data limits the
robustness of our conclusions. Several studies identified
through our systematic review reported results for
MCV1 and MCV2 vaccination in broad age groups, rather
than by age in months at the time of vaccination,
and could therefore not be included. The low number
of relevant studies was disappointing particularly
considering a 1993 report by Rosenthal and Clements,”
suggesting that further research into measles vaccines
should include randomised controlled trials of early
two-dose MCV schedules, to investigate both technical
and epidemiological issues such as the effect of blunting
immunity and the duration of antibody persistence.
Furthermore, heterogeneities in several factors made
comparisons across studies challenging, including
the vaccine strain used, the time between vaccine
administration and measurement of antibody or cellular
immune responses, and the assays used to measure the
immune responses. Overall, we found the evidence of
included studies to be of very low or moderate quality
because of the paucity of studies, small population sizes,
or insufficient methodological information. However,
when prioritising the outcomes according to the GRADE
assessment, we determined them to be important for
decision-making.

Our systematic review and meta-analysis suggests that
administering MCV1 to infants younger than 9 months,
followed by one or two subsequent MCV doses, results in
high seropositivity and high vaccine effectiveness. We
did not find evidence of blunting of the immune response
using these indicators. Also, T-cell responses after
subsequent MCV doses were independent of the age of
administration of MCV1. In the context of high measles
incidence, for example during an outbreak, these
findings support the recommendation to provide early
protection to infants by administering MCV1 from
6 months of age.* However, our review also found some,
albeit scant, evidence of a blunting effect of an early
MCV1 on measles-specific antibody titres after
subsequent MCV doses. The clinical and public health
relevance of this finding are uncertain, since evidence
was scarce and studies with long follow-up periods were
not found. These findings suggest that in elimination
settings, where there is no need for early measles
protection, starting MCV vaccination at 12 months at the
earliest might be optimal. However, further research is
needed into the best age of MCV1 administration in
areas of medium incidence, which will depend on
assumptions of progress on measles elimination and
evidence derived from long-term follow up of infants
vaccinated at different ages.
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