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Background

Measles-containing vaccine (MCV) effectiveness has been estimated to be 84 to 92.5% for one
dose and 94% for two doses [1]. The immune response to MCV is affected by age at vaccination
due to the interference of measles maternal antibodies and the immaturity of the immune system
of younger infants [2-5]. Therefore, the age at vaccination needs to balance the risk of acquiring
measles infection by infants with the decreased immunogenicity when measles vaccine was
administered early in life [6]. The introduction of two-dose schedules aimed to seroconvert
infants who did not respond to the first dose mainly due to low age at vaccination. [7]. However,
epidemic investigations [8-10] and serological studies [11] have suggested that the effect of age
at first vaccination could persist after two doses, with a lower protection among children
vaccinated before 15 months. Although several studies have addressed the importance of the
age at measles vaccination in the response to MCV [12, 13], no review has systematically

summarized these data.

Objectives

To evaluate the effect of the age of administration of the first dose of MCV (MCV1) on the
effectiveness and immunogenicity of measles vaccination with one and two doses, we have
reviewed observational studies estimating vaccine effectiveness (VE) and/or measles attack
rates (AR) by age at vaccination as well as experimental studies comparing seroconversion

prevalence by age at vaccination.
Methods

Study design

We will conduct a systematic review of the literature following The Cochrane Handbook for
Systematic Reviews of Interventions [14] methodological recommendations, and we will report
our results according to the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement [15].

Eligibility criteria



The inclusion criteria are based on the PICOS (population, interventions, comparisons,

outcomes and study design) framework (Table 1).

To evaluate measles vaccine effectiveness by age at vaccination, cohort and case-control studies
are included if at least 80% of participants were first vaccinated with a further attenuated live
measles-containing  vaccine without concomitant administration of anti-measles
immunoglobulin during the first two years of life and at least two weeks before outbreak onset.
The two outcomes of interest are the vaccine effectiveness and the measles attack rates by age

at vaccination.

To assess the effect of age on the antibody response, randomized control trials (RCT) and quasi-
experimental studies are included if the first dose of a further attenuated live standard dose of
MCV was administered intramuscular or subcutaneously before the age of two years. Studies
of killed and high titre vaccines are excluded, as well as those administered by aerosol or
intradermal. Studies targeting populations with special characteristics that could affect their
response to vaccination, like immunosuppressed or malnourished children [16], are excluded,
but not those reporting less than 5% of acute malnutrition in the general population of children
[17]. When different vaccine strains were administered in one study, several results will be
extracted to compare children receiving same strain at different age. The outcomes to be

examined are the seroconversion after MCV1 and the seropositivity after MCV2.

All studies published in English, French, Spanish or Portuguese are eligible. Table 2

summarizes the inclusion criteria.

Information sources

Studies will be identified by a systematic search of the databases PubMed/MEDLINE, Embase,
Web of Science and Cochrane from 1964, when the first measles vaccine was licensed, up to
May 2017. Additionally, references of selected articles and key published reviews [1, 18-20]

will be also hand searched.

Search strategy

The terms included in the MEDLINE search are: Measles Vaccine, Measles-Mumps-Rubella
Vaccine, Measles/prevention and control, Vaccination, Measles Mumps Rubella Varicella
vaccin®*, MMR, MMRYV, Vaccine effectiveness, Efficacy, Epidemic, Outbreak, Treatment
failure, Vaccine failure, Antibod*, Serologic Tests, Seroconversion, Immunogenicity, Age at
vaccination, Age at immunization and Age factor, all combined with the appropriate

connectors. The search strategy, validated by a professional librarian, will be subsequently



adapted to the other databases. Results and detailed search strategy for each database is

presented in Table 3.

Study Selection

After elimination of duplicates using the EndNote software and manually completed, two
reviewers (SCP and MNB) will independently select the studies based on the described criteria.
An initial pilot phase based on 25 references will facilitate clarification of the inclusion criteria.
The process will followe the standard stages, with a first screening based on title and abstract
and the final inclusion decided after revision of the full text. All disagreements will be solved
by consensus or consultation of a third party (GDS). The main reason for exclusion will be

recorded during the full text examination.

Data Collection Process

A data extraction form will be developed including the variables of interest regarding: (1) the
study’s characteristics (author, year of publication, year of epidemic/study, country, design,
language, and funding), (2) the population (sex, nutrition status, immunization status of cases
and non-cases, presence of maternal antibodies pre-immunization), (3) the intervention
(measles vaccine strain, age at vaccination, number of doses, interval between doses, vaccine
status ascertainment, and immunization context) and (4) the outcome (measles case definition,
seroconversion definition, assay for antibody measurement, attack rates, seroconversion and
seropositivity prevalence). An adapted form will be used for each analysis (immunogenicity or
effectiveness). The forms will be tested by two reviewers (SCP and MNB) with three articles

and adapted consequently.

One of the authors (SCP or MNB) will collect the data from the studies, which will be checked
by a second reviewer (SCP or MNB). When missing or inaccurate information, authors of the
articles will be contacted. If not reported, but enough data allow the estimation of vaccine
effectiveness or seroconversion prevalence by age at vaccination, the calculation will be done
by the reviewers. Age categories with less than 10 subjects will be grouped before inclusion in

the meta-analysis in order to increase statistical power.

Data items

VE is defined as the protection against measles conferred by the vaccine in field conditions
[21]. It can be calculated comparing the attack rates among vaccinated and non-vaccinated or
comparing the vaccination status of cases and non-cases during measles epidemics [22, 23].
Measles cases are defined by clinical, epidemiological and/or immunological criteria.

Attenuated or non-classical measles cases will be included only if confirmed by laboratory [6].



Seroconversion is defined, according to the study, as the presence of measles antibodies in
individuals with previously undetectable titers, the fourfold increase in their concentration or
both, while seropositivity corresponds to an antibody concentration higher than the protective
threshold [24]. Assays to measure antibody levels include the enzyme immunoassay (ELISA),
hemagglutination (HAI), plaque reduction neutralization (PRN) or complement fixation (CF)

tests [25, 26].

Risk of bias of individual studies
Two reviewers (SCP and MNB) will independently evaluate the risk of bias of each outcome

in each study.

For the assessment of the observational studies, a scale will be adapted from the NICE public
health guidance [27] to evaluate the study representativeness, the selection process, the
comparability of the groups, the vaccination status ascertainment and the outcome definition

and completeness [23] (Table 4).

The Cochrane collaboration tool [14] will be adapted to evaluate the risk of bias in clinical
trials. The representativeness, the risk of selection bias, performance bias, comparability,
attrition bias, information bias and reporting bias will be evaluated for each outcome. As the
presence of maternal antibodies is one of the main factors influencing the response to measles
vaccine by age at vaccination, experimental studies excluding children with maternal antibodies
will be considered of low quality in the evaluation of the comparability between groups (Table

5).

Summary measures and synthesis of results

In all analysis, one and two dose recipients will be analyzed separately.

In the qualitative summary of the field protection conferred by MCV1 and MCV2, we will

report VE estimations for each age group.

All quantitative meta-analysis for the defined outcomes will be performed using random effect
models. A visual examination of the forest plot and a statistic measure of heterogeneity (1),
generated by RevMan 5.3, will be used to evaluate homogeneity between studies. An I? statistic
of >50% will be interpreted as significant heterogeneity [28], which will be therefore explored

according to a priori identified factors, known to be potential effect modifiers.

Based on study design, risk ratios (RR) or odds ratios (OR) of measles by age at vaccination
will be calculated when possible. Meta-analysis will be performed to pool RR/OR of children

first vaccinated before 9 months, between 9 to 11 months and at 15 months or older, all



compared with the category containing those vaccinated at 12 months. These age categories
were chosen based on current vaccination policies [29-31]. In case of significant heterogeneity,
subgroup analysis are planned to evaluate the modifying effect of the measles case definition,

the WHO world region and the year of epidemic (before or after 1985).

For the immunogenicity analysis, seroconversion or seropositivity prevalence after MCV1 or
MCV2 will be presented by age at vaccination. The effect of age at vaccination will be
summarized computing the pooled prevalence ratio (PR) of seroconversion/seropositivity that
compares the same age categories previously described. Only studies with a standard definition
of seroconversion (fourfold increase with or without adjustment for antibody decay,
seropositivity among previously seronegative or both) will be included in the quantitative
pooled analysis. The pooled PR will be calculated separately by seroconversion definition and
the overall measure of association will be presented only if the test for subgroup differences is
non-significant. To increase the power of these meta-analyses, all studies allowing calculation
of different seroconversion definitions will be included in each subgroup analysis. In case of
heterogeneity, further stratified analyses will be conducted to test the modifying effect of the
vaccine strain, the assay to quantify antibody titers and the year of study. Studies exclusively
presenting the seropositivity after MVC1 or using an alternative definition of seroconversion

will be presented only in the qualitative results.

Risk of bias across studies
The publication bias will be visually evaluated for each outcome by examination of a funnel

plot.

Additional analysis
A pre-specified sensitivity analyses for studies with low risk of bias and for RCTs will be

conducted for all outcomes when appropriate.



Tables
Table 1. Research question structured according to PICOS

Population Participants first vaccinated against measles below 2 years of age

Immunization with one or two doses of further attenuated live measles-

Intervention o '
containing vaccine

4 comparison groups by age at first vaccination: less than 9 months, 9-
Comparator 11 months, 12 or 12-14 months and 15 months or older.

Vaccination at 12-14 months as reference category.

Vaccine effectiveness by age at first vaccination

Primary Measles risk ratio or odds ratio by age at first vaccination

outcomes Seroconversion or seropositivity prevalence ratio by age at first
vaccination

Study design Cohort, case-controls and randomized trials

Table 2. Inclusion criteria for article selection

Effectiveness analysis Immunogenicity analysis
T T 1
Vaccination with one or two doses of a Intramuscular or subcutaneous vaccination
further attenuated live measles-containing with one or two doses of a further attenuated
vaccine without IgG co-administration live measles-containing vaccine

(=80% of at-risk population)

) T
First dose of measles vaccine administered First dose of measles vaccine administered

before the age of two years before the age of two years

Vaccine effectiveness or attack rates Antibody response reported by age at first
reported by age at first vaccination vaccination

Same number of doses for the compared Same intervention with respect to the
groups number of doses and measles strain vaccine

Observational studies: Cohort, case-control ~ Experimental studies: Randomized and non-
randomized trials

Publication in English, French, Spanish or Publication in English, French, Spanish or
Portuguese Portuguese




Table 3: Search strategies in MEDLINE, Web of Science, Embase and Cochrane

databases

#

A. MEDLINE [Period: 1964 to 8, May 2017]

Results

1

Intervention: [vaccination with a measles-containing vaccine]

"Measles Vaccine"[Mesh] OR "Measles-Mumps-Rubella Vaccine"[Mesh] OR
("Measles/prevention and control"[Mesh:NoExp] AND "Vaccination"[Mesh]) OR
Measles vaccin* [TIAB] OR (Measles Mumps Rubella vaccin*[TIAB]) OR
(Mumps Measles Rubella vaccin*[TIAB]) OR (Measles Mumps Rubella Varicella
vaccin*[ TIAB]) OR (MMR vaccin*[TIAB]) OR (MMRY vaccin*[TIAB]) OR
Priorix*[ TIAB] OR (Triviraten| TTAB] AND Berna[ TIAB]) OR Trimovax[TIAB]
OR Virivac[TIAB] OR Pluserix[ TIAB] OR ProQuad|[TIAB]

9,834

Outcome: [vaccine efficacy or immunogenicity]

"Antibodies, Viral"[Mesh:NoExp] OR "Serologic Tests"[Mesh] OR
Seroconversion[ TIAB] OR Immunogenicity[ TIAB] OR Serological[ TTAB] OR
Antibod*[TIAB] OR "Vaccine effectiveness"[TIAB] OR Efficacy[TIAB] OR
Epidemic[TIAB] OR Outbreak| TIAB] OR "Treatment failure"[Mesh] OR
"Vaccine failure"[TIAB]

1,672,118

Comparison: [age at first vaccination]

“Age Factors”[Mesh] OR "Age factor*" [TIAB] OR “Age at vaccination” OR
“Age at immunization” OR “Age at first vaccination”

455,817

Studies in humans

Animals [Mesh] NOT Humans [Mesh]

#1 AND #2 AND #3 NOT #4

624

B. WEB OF SCIENCE [Period: 1964 to 8, May 2017]

Results

Intervention: [vaccination with a measles-containing vaccine]

TS=('measles vaccine' OR (measles NEAR/3 (vaccin® OR immunization)) OR
mmr OR mmrv OR priorix* OR 'triviraten berna' OR trimovax OR virivac OR
pluserix OR proquad OR immoravax OR 'moruviraten berna' OR tresivac)

14,642

Outcome: [vaccine efficacy or immunogenicity]

TS=('measles antibody' OR serodiagnosis OR 'drug efficacy' OR ‘vaccine
effectiveness’ OR Immunogenicity OR Antibod* OR epidemic OR outbreak OR
'treatment failure' OR (vaccine NEAR/2 failure))

1,331,874

Comparison: [age at first vaccination]

TS=(age OR 'age group' OR 'age factor’)

2,431,669

#1 AND #2 AND #3

1,676

C. EMBASE [Period: 1964 to 8, May 2017]

Results

Intervention: [vaccination with a measles-containing vaccine]

'measles vaccine':de,ab,ti OR (measles NEAR/4 (vaccin®* OR immunization)):ab,ti
OR (mmr NEXT/2 (vaccin* OR immunization)):ab,ti OR (mmrv NEXT/2
(vaccin* OR immunization)):ab,ti OR priorix*:ab,ti OR 'triviraten berna':ab,ti OR
trimovax:ab,ti OR virivac:ab,ti OR pluserix:ab,ti OR proquad:ab,ti OR 'm r
vax":ab,ti OR immoravax:ab,ti OR "'moruviraten berna':ab,ti OR tresivac:ab,ti

13,447

Outcome: [vaccine efficacy or immunogenicity]

'measles antibody'/de OR 'serodiagnosis'/de OR 'drug efficacy'/de OR ‘vaccine
effectiveness’:ti,ab OR Immunogenicity:ti,ab OR Antibod*:ti,ab OR
'epidemic':de,ti,ab OR outbreak:ti,ab OR 'treatment failure'/exp OR (vaccine AND
failure):ab,ti

2,003,591




Comparison: [age at first vaccination]

'age'/exp OR 'age group':ti,ab OR 'age factor':de,ti,ab OR ‘age at 853,728
vaccination’:de,ti,ab

Studies in humans

'animal'/exp NOT 'human'/exp

#1 AND #2 AND #3 NOT #4 549
D. COCHRANE [Period: 1964 to 8§, May 2017] Results
Intervention: [vaccination with a measles-containing vaccine]*

MeSH descriptor:[Measles Vaccine] explode all trees OR (measles NEAR/4 869

(vaccin®* OR immunization)):ab,ti,kw OR mmr:ab,ti,kw OR mmrv:ab,ti,kw OR
priorix*:ab,ti,kw OR 'triviraten berna':ab,ti,kw OR trimovax:ab,ti,kw OR
virivac:ab,ti,kw OR pluserix:ab,ti,kw OR proquad:ab,ti,kw OR 'm r vax':ab,ti,kw
OR immoravax:ab,ti,kw OR 'moruviraten berna':ab,ti,kw OR tresivac:ab,ti, kw

Outcome: [vaccine efficacy or immunogenicity]

MeSH descriptor:[ Antibodies, Viral] this term only OR MeSH 34,492
descriptor:[Serologic Tests] explode all trees OR ‘vaccine effectiveness’:ti,ab,kw

OR Immunogenicity:ti,ab,kw OR Antibod*:ti,ab,kw or seroconversion:ti,ab,kw

OR epidemic:ti,ab,kw OR outbreak:ti,ab,kw OR MeSH descriptor:[ Treatment

Failure] explode all trees OR (vaccine AND failure):ab,ti,kw

Studies in humans

MeSH descriptor:[ Animals] explode all trees

#1 AND #2 NOT #3 412




Table 4: Tool to evaluate the risk of bias in observational studies (vaccine effectiveness

analysis)

EVALUATION OF RISK OF BIAS: Observational studies*

CODE: ++: the risk of bias has been minimised
+: answer is not clear or not all potential sources of bias have been addressed
-: significant sources of bias may persist
NR: not reported
NA: not applicable

SECTION ITEM LABEL COMMENTS (items to be checked)

Study Design Study design Study design based on the NICE’s

design public health guidance

Representat  Source Is the source Description of country, setting, location

iveness population population/area well and population demographics.
described?

Representat Eligible Is the eligible -Recruitment well defined

iveness population population/area -Eligible population representative of
representative of the the source (school epidemics considered
source population/area?  representative of that population)

Representat Participants Do the selected -Method of selection of participants:

iveness participants/areas cases representative of the epidemic
represent the eligible (++) or hospitalised cases (-)
population/area? -% of selected who agree to participate:

(++) >90% participation

(+) 60-90% participation

(-) <60% participation
-Inclusion/ exclusion criteria

Representat Representative  Global score Based on the 3 previous items

iveness ness

Selection Selection of Is comparison group Risk of selection bias based on the

the drawn from the same selection of comparison group (cohort
comparison community as the study) or control group (case-control
group exposed cohort? study).

Are controls selected

from the same source

than cases?

Selection Response rate  Is there the same rate of ~ Non-response rate for cases and controls
non-response for both (case-control studies) /population at risk
groups? (retrospective cohorts)

Selection Selection Global score Based on the 2 previous items

Comparabil Comparability  Are the groups Potential confounders:

ity comparable by design or  (++): controlled or not associated to age

analysis? Potential
confounders:

- Time since vaccination
- Malnutrition status

- Vaccine strain and
potential use of killed
vaccine or [gG

- Exposure to measles

- Affected by control
measures

at vaccination

(+): not clear or potential confounding
still existing

(-): probable association to age at
vaccination and not controlled for it




Exposure Vaccination Has the vaccination Vaccination status ascertained by:
ascertainment  status been ascertained (++): vaccine record
vaccine record? (+): school record
(-): interview/self-reported
Exposure Vaccination Has the same method -Method to ascertain vaccination status
ascertainment  been used for both similar for cases and controls /exposed
for the groups to ascertain the and non-exposed: (++) yes; (-) non;
comparison vaccination status? -Number with unknown vaccination
group status in each group
Exposure Measles Is there a demonstration  (++): Active questioning on measles
history of no history of measles  history among controls / non-exposed
among controls /non- group?
exposed? (+): not reported but low possibility of
previous measles history
(-): not reported and high possibility of
previous measles history
Exposure Exposure Global score Based on the 3 previous items
Outcome Case Have the measles cases ~ (++): cases defined by laboratory or
ascertainment  been well defined? epidemiological link to a confirmed case
(+): cases defined by clinical signs or
epidemiological link
(-): cases defined by official records,
nurse diagnosis without case definition
or questionnaire to families
Outcome Incomplete Has the outcome been (++): active search of all cases identified
outcome completely reported? (+): no active search
(-): very probably some cases not
included
Outcome Outcome Global score Based on the 2 previous items

* Adapted from the NICE public health guidance

10



Table S: Tool to evaluate the risk of bias in experimental studies (immunogenicity

analysis)

EVALUATION OF RISK OF BIAS: Experimental studies*

CODE: ++: the risk of bias has been minimised
+: answer is not clear or not all potential sources of bias have been addressed
-: significant sources of bias may persist
NR: not reported
NA: not applicable
SECTION ITEM LABEL COMMENTS (items to be checked)
Study design Design Study design Study design based on the NICE’s
public health guidance
Representative  Source Is the source Description of country, setting,
ness population population/area well location and population
described? demographics.
Representative Eligible Is the eligible -Recruitment well defined
ness population population/area -Eligible population representative of
representative of the the source
source population/area?
Representative Participants Do the selected -Method of selection of participants
ness participants/areas -% of selected who agree to
represent the eligible participate
population/area? -Inclusion/ exclusion criteria
Representative Representati-  Global score Based on the 3 previous items
ness veness
Selection bias ~ Randomiza-  Random sequence Method used to generate the
tion generation allocation sequence in sufficient
detail to allow an assessment of
whether it should produce
comparable groups (for RCT)
Selection bias  Baseline Selection of non- Differences in compared groups due
randomized groups to differential selection (sex,
maternal ab, malnutrition, measles
history)
(++): exclusion if measles history,
not differences on sex /malnutrition
distribution
(-): differential selection is probable
Selection bias  Selection Global score Based on the 2 previous items
Performance Blinding of  Blinding of participants Measures to blind study participants
bias participants  and personnel and personnel from knowledge of
which intervention a participant
received (for RCT)
(++): Blindness or no impact on
results
Comparability Maternal - Stratification or Maternal antibodies have been
antibodies regression for the measured and taken into account in

presence of maternal
antibodies

the analysis.

(++): all (with and without maternal
ab) included or both measures given
(-): restriction to seronegative

11



Comparability Control for Potential confounders: (++): adjustment if necessary
other - Malnutrition status (+): partial adjustment
confounders - Measles exposition pre (-): bias potential due to not

or post-vaccination adjustment when potential
- Time from vaccination confounding existing

to sampling

- Interval between doses

Comparability Confounding Global score Based on the 2 previous items

Attrition bias  Incomplete Incomplete outcome data ~ Completeness of outcome data,
outcome including attrition and exclusions

from the analysis: if reported,
numbers in each group and reasons.
(++): number and reasons reported
(+): no reported the reasons

Information Intervention  Intervention All participants received the same

bias intervention: vaccine strain and

potency

Information Outcome Lab method (++): PRN

bias (+): other (ELISA, HAI)

(-): dry pad

Information Information  Global score Based on the 2 previous items

bias bias

Reporting bias  Selective Selective reporting Possibility of selective outcome
reporting reporting.

* Adapted from the Cochrane collaboration tool
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