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OBJECTIVE To determine the association between receipt of 4CMenB and invasive group B
meningococcal disease.

DESIGN, SETTING, AND PARTICIPANTS Matched incidence density case-control study. Patients
presenting from October 2014 to March 2019 were ascertained, with follow-up until death or
discharge (last follow-up in June 2019) in 31 pediatric services in Portugal. Children and
adolescent residents in Portugal with laboratory-confirmed invasive meningococcal disease
were included. Controls, usually 2 per case, with unrelated conditions who were at the same
hospital at the same time were matched for sex, age, and residence.

EXPOSURES Immunization with 4CMenB, ascertained from the national database (2-4 doses
are recommended, depending on age).

MAIN OUTCOMES AND MEASURES The primary outcome was group B invasive meningococcal
disease in fully vaccinated cases compared with controls. The secondary outcomes were all
serogroup invasive meningococcal disease in fully vaccinated cases compared with controls
and group B and all serogroup invasive meningococcal disease in cases compared with
controls who received at least 1vaccine dose.

RESULTS Of 117 patients with invasive meningococcal disease, 98 were eligible for inclusion
and 82 had group B invasive meningococcal disease; 69 were old enough to have been fully
vaccinated and considered protected. Among these 69 cases, the median (interquartile
range) age was 24 (4.5-196) months, 42 were male, and the median (interquartile range)
duration of hospitalization was 8 (0-86) days. Five of 69 cases (7.2%) and 33 of 142 controls
(23.1%) were fully vaccinated (difference, -16.0% [95% Cl, -26.3% to -5.7%]; odds ratio
[OR], 0.21[95% Cl, 0.08-0.55]). For all serogroup invasive meningococcal disease, 6 of 85
cases (71%) and 39 of 175 controls (22.3%) were fully vaccinated (difference, -15.2% [95% Cl,
-24.3% t0 -6.1%]; OR, 0.22 [95% Cl, 0.09-0.53]). For group B disease, 8 of 82 cases (9.8%)
and 50 of 168 controls (29.8%) received at least 1 vaccine dose (difference, =20.0% [95% Cl,
-30.3% to -9.7%]; OR, 0.18 [95% Cl, 0.08-0.44]) and for all serogroup invasive
meningococcal disease, 11 of 98 cases (11.2%) and 61 of 201 controls (30.3%) received at least
1vaccine dose (difference, -19.1% [95% Cl, -28.8% to -9.5%]; OR, 0.23 [95% Cl, 0.11-0.49]).

CONCLUSIONS AND RELEVANCE During the first 5 years of vaccine availability in Portugal,
vaccination with 4CMenB was less likely among children who developed invasive
meningococcal disease compared with matched controls without invasive meningococcal
disease. These findings may help inform the use of the 4CMenB vaccine in clinical practice.
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eisseria meningitidis serogroup B (MenB) is the lead-

ing cause of invasive meningococcal disease in

European countries, including Portugal. A protein-
antigen vaccine, 4CMenB (Bexsero; GSK Biologicals), was li-
censed in Europe in 2013 and is the only available vaccine for
the prevention of MenB disease in infants and young chil-
dren. Containing 3 recombinant antigens and an outer mem-
brane vesicle complex derived from the New Zealand out-
break strain! that are not restricted to MenB, it has the potential
to protect against other serogroups as well.%* Before licen-
sure, the efficacy of 4CMenB was never demonstrated in ran-
domized clinical trials, and the only evidence supporting its
use comes from immunogenicity studies, observational stud-
ies comparing vaccine rates in individuals with MenB disease
with those in the whole population, and ecological studies com-
paring disease incidence trends in age groups offered the vac-
cine with those predicted from trends in other age groups.
4CMenB has been implemented in the national immuniza-
tion programs of only a few European countries. In the US,>
MenB vaccines are only recommended for individuals at high
risk and for outbreak control. In the UK, a 50% reduction in
MenB disease was initially observed in vaccine-eligible infants.®
Using the screening method, by which immunization rates
among cases are compared with whole-population coverage
rates,” vaccine effectiveness against MenB for 2 infant doses
in the first 10 months of use was 82.9% (95% CI, 24.1%-95.2%),°
but was lower over the first 3 years of use (to August 2018) at
52.7% (95% CI, -33.5% to 83.2%) following 2 infant doses and
59.1% (95% CI, -31.1% to 87.2%) following the booster.® The
current study was done to determine the association be-
tween receipt of 4CMenB and invasive group B meningococ-
cal disease using concurrent cases and controls.

Methods

The study was approved by the ethics committee of Centro Hos-
pitalar e Universitario de Coimbra including anonymized data
collection from medical records without informed consent.

Study Design and Setting

We conducted a matched case-control study, using an inci-
dence density design,® with close matching for time of pre-
sentation because vaccination coverage rates changed dur-
ing the period covered by the study. Children and adolescents
presenting to 31 pediatric hospitals (including all 5 tertiary pe-
diatric units) throughout Portugal with laboratory-confirmed
invasive meningococcal disease from October 2014, after the
time 4CMenB became available, until March 2019 were in-
cluded. Data were collected at the contributing hospitals
through June 2019. Vaccination records were obtained from
the central immunization records database (Aplicacao
VACINAS), implemented in 2014 before 4CMenB became avail-
able, which is linked to electronic patient records for all chil-
dren in Portugal. It contains details of all vaccines children have
received, including those that are not included in the na-
tional immunization program and only available through pri-
vate clinics, such as 4CMenB.
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Key Points

Question Among children in Portugal, was there an association
between receipt of a 4-component meningococcus group B
vaccine (4CMenB) and group B invasive meningococcal disease?

Findings In this matched case-control study that included 299
children, the likelihood of full vaccination with 4CMenB among
children old enough to be fully immunized was significantly lower
among cases with group B invasive meningococcal disease
compared with controls without invasive meningococcal disease
(odds ratio, 0.21).

Meaning During the first 5 years of vaccine availability in Portugal,
full vaccination with 4CMenB was less likely among children who
developed group B invasive meningococcal disease compared
with matched controls.

Case Inclusion Criteria

Sites provided data on all children and adolescents younger
than 18 years with laboratory-confirmed invasive meningo-
coccal disease. Invasive meningococcal disease was defined
as a positive culture and/or polymerase chain reaction result
for Neisseria meningitidis in anormally sterile biological sample
(eg, blood, cerebrospinal fluid, pleural fluid, joint fluid).

Cases were excluded if they did not reside in Portugal at
the time of presentation; were known to belong to a risk group
for invasive meningococcal disease at the time of diagnosis,
including asplenia, hyposplenia, splenic dysfunction, and im-
munodeficiency (including but not restricted to complement
deficiency); were receiving eculizumab (a monoclonal anti-
body against complement C5); had a history of invasive me-
ningococcal disease or were a recent contact of a case; or had
no available information about meningococcal vaccines from
the central immunization records database.

For each case, sites sought up to 3 controls attending the
same hospital with an illness that was clearly not invasive
meningococcal disease (ie, not meningitis, sepsis, or pyrexia
of unknown origin). To minimize bias, controls were
matched to cases by sex, area of residence (same or adjacent
regional postcode), date of birth (for cases aged <2 years, the
date of birth of the controls had to be within 14 days of the
cases; for cases aged 2-5 years, within 60 days; and for cases
aged >5 years, within 90 days), and date of attendance
(within 14 days of the case’s attendance). Exclusion criteria
for controls were the same as for cases. For each case, emer-
gency service records were screened for eligible matching
controls on the day of presentation of the case, followed by
each successive day earlier and then later until the controls
(usually 2 but occasionally 1 or 3) had been identified. When
cases were identified in a tertiary hospital who had been
transferred from secondary care facilities, controls were
identified in the latter, on or around the day of initial presen-
tation, using the same approach.

Case and Control Ascertainment and Data Collection
At each site, a named clinician identified eligible cases from

local clinical and laboratory records. Because vaccination
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uptake rates varied during the study period, we used an inci-
dence density case-control design. For each case, age-
matched controls were identified who attended the same
hospital within a 2-week period of the case’s attendance.
Thus, controls were drawn from the same population at risk
as the cases, rather than the population at the beginning or
end of the study.® Microbiological data, final diagnosis,
underlying risk factors, outcomes, and sequelae were
extracted and recorded on a standard anonymized case
report form. Data collection methods were identical for cases
and controls. After controls were selected and clinical infor-
mation was extracted from medical records of cases and con-
trols, information on vaccination status was obtained only
from the linked national central database by the same clini-
cians. We based vaccine status definitions on the Portuguese
Society of Pediatrics recommendations that the infant sched-
ule should commence at 2 months, with a second dose given
by 4 to 5 months. After 2 doses of vaccine, infants were con-
sidered fully immunized, but only until 16 months unless
they received a booster dose after 12 months of age. Children
who were not vaccinated in infancy had to have received 2
doses after their first birthday, but required no further boost-
ing thereafter, to be considered fully immunized. To allow
time for an immune response, vaccine doses within 14 days
prior to attendance were discounted. Thus, the youngest
valid age for partial vaccination was 74 days and for full vac-
cination was 134 days. The vaccine status of each case was
assessed at the date of presentation, and that of the matched
controls was then determined at the same chronological age
in days as the corresponding case.

Outcomes

The predefined primary outcome measure was group B inva-
sive meningococcal disease in cases compared with controls
who received the full recommended schedule of 4CMenB for
their age. Predefined secondary outcome measures were all
serogroup invasive meningococcal disease in fully vacci-
nated cases compared with controls and group B and all sero-
group invasive meningococcal disease in cases compared with
controls who received at least 1 vaccine dose. Clinical out-
comes (death and sequelae) among cases and bacterial strain
coverage by 4CMenB among fully and partially vaccinated cases
were post hoc outcomes.

Molecular Characterization

Isolates were characterized genetically using methods as pre-
viously described.!® This methodology uses the sequences of
the neisserial genes in cultured invasive strains for the pro-
teins included in 4CMenB to allocate peptide identification
numbers to the variants that exist and, by comparison with re-
sults obtained by the Meningococcal Antigen Typing System,™!
analysis is used to predict whether isolates expressing par-
ticular protein variants will be recognized by antisera from fully
immunized individuals.

Statistical Methods
Prior to study initiation, we completed a sample size calcula-

tion to ensure that the study was feasible,'? which determined
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that a minimum of 36 cases with 2 matched controls per case
would be required to have 80% power (using a 2-sided a of .05)
to demonstrate an odds ratio (OR) of vaccination of 0.2,° as-
suming 30% vaccine uptake in controls. The OR was used as an
estimate of vaccine effectiveness between cases and controls.
This was calculated using both simple whole-cohort compari-
son and matched conditional logistic regression with no addi-
tional covariates in the primary analysis. Proportions were com-
pared using Fisher exact tests and nonparametric assessment
was done using Wilcox signed rank test. Statistical analyses were
performed with R, version 4.0.2. Missing data were minimal,
sonoimputation was performed. Statistical significance was de-
fined using a 2-sided significance level of a = .05. Because of the
potential for type I error due to multiple comparisons, find-
ings for analyses of secondary end points should be inter-
preted as exploratory.

Sensitivity and Adjusted Analyses

Although cases and controls were comprehensively matched,
to evaluate whether any differences existed between cases and
controls or between vaccinated and unvaccinated children in
the study with regard to wealth and social class, which could
potentially bias results, we performed an adjusted analysis that
included the purchasing power indicator (a metric used to com-
parerelative wealth between areas of Portugal with the coun-
try asa whole averaged to 100, ranging from 55.83 in the poor-
est municipality to 214.54 in Lisbon) for the first half of the
postcode (municipality) of residence'; this was included as an
additional covariate in the regression model.

Additional sensitivity analyses included estimation of ORs
using the screening method, comparing 2-dose 4CMenB cov-
erage in cases presenting by their first birthday with national
vaccine coverage data.” The screening method is an alterna-
tive way of assessing vaccine programs, comparing the pro-
portion of vaccinated cases with the proportion of popula-
tion targeted for vaccination, in which the OR of vaccination =
(proportion of vaccinated cases/1 - proportion of vaccinated
cases) x (1 - proportion of population targeted for vaccination/
proportion of population targeted for vaccination). A bino-
mial regression stratified by year was performed against the
corresponding vaccination rates of cases in the study. Also, an
analysis of association without allowing 14 days for vaccine im-
mune responses to take effect was done.

. |
Results

National statistics show 2-dose coverage of 4CMenB in
Portugal by the first birthday, delivered entirely through pri-
vate clinics, increasing from 32.8% in the 2015 birth cohort to
44.2% in 2016, 53.5% in 2017, and 56.7% in 2018 (written per-
sonal communication, Ana Leca, MD, Directorate-General of
Health, Lisbon, Portugal, August 21, 2020). The overall
national coverage during the study period was 47%, and the
percentage of controls in this study who received at least 2
doses of 4CMenB by the time they reached their first birthday
was 50%. Among 33 controls aged 5 years and older, only 1
was fully immunized.
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Figure. Flow of Eligible Cases and Controls in a Study of the Association of a Meningococcus Group B Vaccine With Group B Invasive Meningococcal

Disease Among Children in Portugal

117 Invasive meningococcal disease
cases reported (31 hospitals?)

19 Cases excluded

5 Younger than 74 days at presentation

4 No suitable controls identified

3 Complement deficiency

2 No traceable vaccine registration
in Portugal (recentimmigrants)

1 Not aresident in Portugal at time
of presentation

1 Neisseria menigitidis isolate
not grouped

1 Recent contact of a case

1 Receiving eculizumab

98 Cases eligible for inclusion

29 Cases excluded from the primary analysis
13 With group B disease aged 274 d
and <134 d¢
11 With group Y disease
4 With group W disease
1 With group Z disease

69 Cases with group B disease aged 2134 d
included in the primary analysis

v

98 Cases with any invasive meningococcal
disease aged 274 d included in
the secondary analyses
85 Cases with invasive meningococcal
disease aged 2134 d
82 Cases with group B disease aged 274 d

211 Controls reported (29 hospitals?)

10 Controls excluded

2 Corresponding case younger than
74 d at presentation

2 Corresponding case did not have
Neisseria meningitidis isolate grouped

2 Corresponding case had uncertain
vaccination status

2 Living in nonmatching region
from case

1 Did not match case for age

1 Control identified but data
not obtained

201 Matched controls

142 Matched controls included in
the primary analysis

v

201 Matched controls included in
the secondary analyses
175 Matched controls
168 Matched controls

2 Controls all came from the hospitals of origin of cases. One hospital only
reported cases who had been transferred in. One hospital reported a single
case of a child with complement deficiency and did not provide controls for
that case, who was excluded from further analysis per protocol.

bMatching occurred at each site at the time of data extraction for the cases by

sex, date of birth, date of presentation, and region of residence. For each case,
investigators were asked to identify at least 2 matched controls if possible.

On occasion, only 1eligible control could be found or 3 were identified, in
which cases they were included in the analyses. Children who presented as
close in time as possible and up to a maximum of 14 days either side of the
case, were eligible as controls.

€ The youngest valid age for partial vaccination was 74 days and for full
vaccination was 134 days.

The designation and exclusion of cases and controls is
shown in the Figure. Of 117 cases with invasive meningococ-
cal disease, 98 were eligible for inclusion. The closeness of
match of baseline demographics of the 98 included cases and
201 controls are shown in Table 1. Three eligible matched con-
trols were identified for 7 cases, 2 for 89 cases, and 1 for 2 cases.
MenB was responsible for invasive meningococcal disease in
82 cases and, of these, 69 were aged at least 134 days at pre-
sentation and thus were old enough to have potentially
achieved full immunization status and formed the cohort for
primary analysis. Of these 69 cases, the median (interquar-
tile range [IQR]) age was 24 (4.5-196) months, 42 were male,
and the duration of hospitalization was a median (IQR) of 8
(0-86) days. The characteristics of the invasive meningococ-
cal disease cases used in the primary and secondary analyses
are summarized in Table 2.

The primary and secondary outcomes are shown in Table 3.
Five of 69 cases (7.2%) with group B disease and 33 of 142 con-
trols (23.1%) aged at least 134 days (eligible for full immuniza-
tion) were fully vaccinated (difference, -16.0% [95% CI, -26.3%

JAMA December1,2020 Volume 324, Number 21

to -5.7%]; OR, 0.21 [95% CI, 0.08-0.55]). Among those who
were eligible for full immunization, 6 of 85 cases (7.1%) with
any serogroup invasive meningococcal disease and 39 of 175
controls (22.3%) were fully vaccinated (difference, -15.2% [95%
CI, -24.3% to -6.1%]; OR, 0.22 [95% CI, 0.09-0.53]). Among
those aged at least 74 days, 8 of 82 cases with group B disease
(9.8%) and 50 of 168 controls (29.8%) received at least 1 vac-
cine dose (difference, -20.0% [95% CI, -30.3% to -9.7%]; OR,
0.18 [95% CI, 0.08-0.441]) and 11 of 98 cases (11.2%) with any
serogroup invasive meningococcal disease and 61 of 201 con-
trols (30.3%) received at least 1 vaccine dose (difference, -19.1%
[95% CI -28.8% to —9.5%]; OR, 0.23 [95% CI, 0.11-0.49]).

In post hoc analyses, outcomes were available for all 11
cases (median [IQR] age, 22 [14-33] months) who developed
invasive meningococcal disease after 74 days of age and re-
ceived at least 1 dose of 4CMenB at least 14 days prior to de-
veloping the disease (Table 4). None died or had sequelae (0%
[95% CI, 0% to 28%]) (Table 2). In contrast, among the remain-
ing 87 cases aged at least 74 days who were 4CMenB unim-
munized (median [IQR] age, 14 [6.2-49.3] months), 7 (8%) died
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Table 1. Baseline Characteristics of Cases and Controls in a Study of the Association of a Meningococcus
Group B Vaccine With Group B Invasive Meningococcal Disease Among Children in Portugal

Characteristic

Median (interquartile range)

Cases (n = 98)

Controls (n = 201)

Difference between
matched groups®

Age
Sex, No. (%)

Male

Female
Cases/controls
per site

Date of attendance,
days
Socioeconomic
purchasing power®

Reason for
hospitalization,
No. (%)

17.5 mo (7.1-48.5)

61(62.2)
37 (37.8)
3(2-4)

95.4 (78.4-109.7)

39 (39.8) for
septicemia and
meningitis; 27
(27.6), meningitis;
21(21.4),
septicemia; 9 (9.2),
bacteremia; 2 (2.0),
arthritis

15.9 mo (7.1-49.2)

127 (63.2)
74 (36.8)
6 (4-8)

96.0 (84.0-113.2)

<2y:6(3-10)d; 2-5y: 23
(10-40) d; >5-17y: 28 (12-57)d
All cases and controls were
matched by gender

All cases and controls were
matched by site of origin

2 The absolute differences in age at
presentation to hospital are shown
for 3 age ranges. However, the

1(0-3) immunization status of the controls
was ascertained at the same
7.1(0-36.4) chronological age as the matched

57 (28.4) for upper respiratory
tract infection; 19 (9.5), acute
gastroenteritis; 17 (8.5), acute
otitis media; 14 (7.0), acute
bronchiolitis; 10 (5.0), asthma;
7 (3.5), pneumonia; 7 (3.5),
urinary tract infection; 6 (3),
trauma; 6 (3), rash; 4 (2), viral
infection; 54 (26.6), other

cases on the day of presentation of
the latter in each instance.

®Socioeconomic purchasing power is
a metric used to compare relative
wealth between municipalities in
Portugal with the country as a
whole averaged to 100, with values
ranging from 55.83 in the poorest
location to 214.54 in Lisbon.™

Table 2. Demographics, Microbiology, and Clinical Outcomes of Patients With Invasive Meningococcal Disease
Included in the Analysis in a Study of the Association of a Meningococcus Group B Vaccine With Group B
Invasive Meningococcal Disease Among Children in Portugal

Characteristic

No. (%)

Cases with group B
disease aged 2134 d
(primary analysis;
n=69)?

Cases with any
invasive
meningococcal
disease aged 2134 d
(n = 85)?

Cases with group B
disease aged 274 d
(n=82)°

Cases with any
invasive
meningococcal
disease aged 274 d
(n =98)?

Age, median (IQR), mo

24.1(10.1-50.1)

24.1(9.6-51.3)

17.5(6.2-43.6)

17.5 (7.1-48.5)

Sex
Male 42 (60.9) 54 (63.5) 49 (59.8) 61(62.2)
Female 27(39.1) 31(36.5) 33(40.2) 37(37.8)
Diagnosis®
Septicemia and 32(46.4) 33(38.8) 38(46.3) 39(39.8)
meningitis
Meningitis 16 (23.2) 23(27.1) 20 (24.4) 27 (27.6)
Septicemia 14 (20.3) 19(22.4) 16 (19.5) 21(21.4)
Bacteremia 6(8.7) 8(9.4) 7 (8.5) 9(9.2)
Arthritis 1(1.4) 2(2.4) 1(1.2) 2(2.0) Abbreviation: IQR, interquartile
Dura_tion of admission, 8 (7-10) 7 (6-10) 8(7-10) 7 (7-10) range.
median (IQR), d 2 The youngest valid age for partial
Outcome® vaccination was 74 days and for full
Alive with no 49 (71.0) 64 (75.3) 60 (73.2) 75 (76.5) vaccination was 134 days.
sequelae ® Diagnoses at hospital discharge
Alive with sequelae 15 (21.7) 15(17.6) 16 (19.5) 16 (16.3) were options provided on the case
Developmental delay 9 (13.0) 9(10.6) 10(12.2) 10(10.2) report forms to reporting clinicians
without strict definition. Twelve
Death 5(7.2) 6(7.1) 6(7.3) 7(7.1) children and adolescents were
Amputation 4(5.8) 4(4.7) 4(4.9) 4(4.1) transferred from secondary to
Deafness 1(1.4) 1(1.2) 1(1.2) 1(1.0) tertiary care facilities.
Other 1(1.4) 1(1.2) 1(1.2) 1(1.0) € Outcomes were extracted from the
. - . : : medical records accessed at the
Me"'”lgococcald time of data collection, so they
capsutar group reflect information obtained both
B 69 (100) 69(81.2) 82 (100) 82(83.7) during admission and follow-up.
Y 0 11(12.9) 0 11(11.2) 9 Meningococcal capsular grouping
W 0 4(4.7) 0 4(4.1) was done by polymerase chain
reaction, as recommended by the
z 0 13.2) 0 1@ World Health Organization.
jama.com JAMA December1,2020 Volume 324, Number 21
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Table 3. Results of Primary and Secondary Outcome Analyses in a Study of the Association of a Meningococcus
Group B Vaccine With Group B Invasive Meningococcal Disease Among Children in Portugal

Absolute

No. of participants/total No. (%) difference (95% 0dds ratio (95% Cl)
Analysis Cases Controls Cl), % Crude?® Matched
Primary
Cases with group B 5/69 (7.2) 33/142 (23.2) -16.0(-26.3to 0.26 (0.10to 0.21 (0.08 to
disease and controls -5.7) 0.69) 0.55)¢
aged 2134 d fully
immunized for age®
Secondary
Cases with any invasive  6/85 (7.1) 39/175(22.3) -15.2(-24.3to 0.26 (0.11to 0.22 (0.09 to @ Unmatched analysis of entire case
meningococcal disease -6.1) 0.65) 0.53)¢ cohort against the control cohort.
and controls aged b . . .
>134 d and fully Fully immunized is considered 2 or
immunized for age® more doses 14 or more days prior to
CaseswithgroupB  8/82(9.8)  50/168(29.8) -20.0(-30.3to  0.26(0.11to 0.18 (0.08 to presentation for those aged 2 to 15
disease and controls -9.7) 0.57) 0.44)° months and either 2 or more doses
aged 274 dwho ininfancy plus 1dose after the first
received 21 vaccine birthday or 2 or more doses after
dose the first birthday with completion at
Cases with any invasive  11/98 (11.2) ~ 61/201(30.3) -19.1(-28.8to 0.29(0.14 to 0.23 (C0.11 to least 14 days prior to presentation
;%”g%?fgé?égfg;f -9.3) 0.58) 0.49) for those aged 16 months and older.
d who received 21 € Matched conditional logistic
vaccine dose regression analysis with no
Sensitivity (including purchasing power)¢ additional covariates.
Cases with group B 5/69 (7.2) 33/142(23.2) -16.0(-26.3t0  0.26(0.10to 0.21(0.07 to 9 Adjusted for purchasing power
disease and controls -5.7) 0.69) 0.65) linked to the first half of the
aged 2134.d fully postcode (municipality) of

immunized for age®

residence.

Table 4. Details of Cases With Invasive Meningococcal Disease Aged 74 Days or Older Who Received 1or More Vaccine Doses

Age at Menin- Age at Neisserial
presen- Duration of gococcal No. of vacci- Vacci- Porin A Porin A FactorH heparin  Neisserial
tation, Clinical admission, capsular vaccine  nation, nation Clonal variable variable binding  binding  adhesin
mo Sex diagnosis®  d° group doses mo status  complex? region1¢ region2° proteint antigenf Af
9 Male Septicemia 10 B 1 7 Partial 461 19-2 13-2 47 118 0
12 Male Septicemia 6 B 2 3,5 Full Not done Notdone Notdone Notdone Notdone Notdone
and
meningitis
16 Female Meningitis 9 B 1 15 Partial 103 5-1 10-46 25 24 0
20 Male Septicemia 7 B 4 57,9, Full 213 22 14 0 18 0
and 15
meningitis
22 Male Bacteremia 4 B 3 5,7,18 Full 865 19 15-1 25 6 0
23 Male Septicemia 7 B 2 13,17 Full 32 7-2 16-26 21 47 100
and
meningitis
35 Male Septicemia 9 B 3 4,6,10  Partial 213 22 14 29 18 0
and
meningitis
59 Female Septicemia 9 B 2 28,30 Full ST1768 21 49
and UA
meningitis
7 Male Bacteremia 7 W 1 2 Partial 11 5 2 22 29 0
32 Female Septicemia 4 Y 3 5,8,18  Full 23 5-2 10-1 25 7 0
119 Male Septicemia 8 z 1 118 Partial 865 7-1 1 19 130 0
and
meningitis

Abbreviations: ST, sequence type, UA, unassigned to any clonal complex.

2 Clinical diagnoses shown were options provided on the case report forms to
reporting clinicians without strict definitions.

b All these cases survived with no sequelae.

¢ Partial vaccination indicates at least 1dose but fewer than needed for full
vaccination (=2 doses if aged 2-16 months and =2 infant doses and a
second-year booster or =2 doses after the first birthday if aged >16 months).

9 Clonal complex is used to designate lineages and define genetic epidemiology
of N meningitidis and is used in predictions of vaccine coverage and effect.

€ Porin A, which has 2 variable regions, is the predominant antigen in the outer
membrane vesicle component of the vaccine.

f Factor H binding protein, neisserial heparin binding antigen, and neisserial
adhesin A are the 3 recombinant antigens in the vaccine. The numbers in the
respective columns below these protein names are types allocated to distinct
genetic variants. They indicate that these isolates, with only 1exception,® were
not matched to the vaccine.

& Antigen variant predicted to be recognized by immune responses to 4CMenB.
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(95% CI, 3%-16%) and 16 (18%) had sequelae (95% CI,
11%-28%); therefore, 23 children (26%) died or had sequelae
(95% ClI, 18%-37%), a difference of 26% (95% CI, 2%-37%).

Among the 11 cases who developed invasive meningococcal
disease after 74 days of age and had received at least 1 dose
of 4CMenB at least 14 days prior to developing the disease,
5 were fully immunized cases with MenB disease. In addition,
afully immunized 2-year-old child developed N meningitidis se-
rogroup Y (MenY) disease. The remaining 5 cases were partially
immunized (Table 4). Of the 5 fully immunized cases with MenB
(Table 4), 1 had noisolate nor bacterial DNA available for genomic
analysis. Among the other 4 cases, 1 had a true vaccine failure
because the infecting strain had a vaccine-matched Porin A an-
tigen. In the other 3 cases, the 1 case with MenY, and the 5 par-
tially immunized cases, genome sequencing of the isolates failed
to identify any antigen that matched those in 4CMenB.

Results of the sensitivity analysis that included mean pur-
chasing power by postcode/municipality of residence showed
similar results to the primary analysis (Table 3). The median
(IQR) family purchasing power of vaccinated children (94 [82-
108]) and unvaccinated children (96 [81-115]) and between con-
trols (96 [84-113]) and cases (95 [78-110]) were not signifi-
cantly different (eFigure in the Supplement).

The calculation using the screening method and national
coverage rates produced an OR of 0.21 (95% CI, 0.07-0.50).”
In the third sensitivity analysis, in which immediate protec-
tion against invasive meningococcal disease was assumed
following vaccination without allowing for a 14-day delay in
developing a protective vaccine response, the OR of the asso-
ciation between full immunization with 4CMenB and disease
was 0.18 (95% CI, 0.07-0.48).

.|
Discussion

This study demonstrated that vaccination with 4CMenB was
significantly less likely among children and adolescents who
developed invasive meningococcal disease compared with
matched controls. Purchase of this vaccine in pharmacies by
parents or guardians following the advice of private pediatri-
cians, a phenomenon frequently seen in Portugal for licensed
pediatric vaccines not yet adopted in the national schedule,
combined with the available medical and vaccination rec-
ords, permitted this study to be performed. The OR for the pri-
mary outcome of 0.21 corresponds to an estimate of vaccine
effectiveness (1 - OR) of 0.79. This estimate is similar to the
82.9% initially reported for UK infants using the screening
method,® although more recent UK estimates have been lower.®
The current study included a wider age group and a longer
follow-up period after vaccination than previous reports. MenB
strain coverage by 4CMenB may also differ between Portugal
and the UK at the times studied.

During the study period, most invasive meningococcal dis-
ease cases reported in children and adolescents across Portugal
(84%) and 84% of eligible cases in this cohort were caused by
MenB. When cases caused by other capsular groups were in-
cluded, the observed associations were similar. Larger stud-
ies are needed to evaluate whether 4CMenB reliably protects
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against non-group B meningococci, but 4CMenB protein an-
tigens can also be found in such organisms and 4CMenB-
induced antibodies have bactericidal activity against some
N meningitidis serogroup C strains, N meningitidis serogroup
W strains, and MenY strains.?'> Eleven of 16 cases with non-
MenB disease in this study had MenY disease, and available
molecular genetic data on recent invasive Portuguese MenY
strains obtained between 2016 and 2019 do not suggest that
the vaccine is likely to protect against them (written commu-
nication, Maria Jodao Simoes, PhD, Instituto Nacional de Satide
Doutor Ricardo Jorge, August 9, 2020). Invasive meningococ-
cal disease in fully and partially immunized children caused
by strains expected to be neutralized by vaccine-induced an-
tibodies was rare in this study (occurred in only 1 child).t®

Among children with invasive meningococcal disease, none
ofthe 11 children who received any 4CMenB vaccine died or were
left with reported sequelae, compared with 26% of unimmu-
nized children. The numbers of cases with MenY disease and
partially immunized cases in this study are too small to draw
firm conclusions. The most recent UK estimate of single-dose
effectiveness was only 24.1% (95% CI, -37.6% to 58.2%),% and
invasive meningococcal disease inimmunized children is more
likely to be caused by non-vaccine-preventable meningococ-
cal strains.

Limitations

The study had several limitations. First, matching by age, sex,
time of presentation, and location of residency reduced the risk
of biases that may have confounded the results. Neverthe-
less, a potential weakness of this study is that bias associated
with wealth and social class could influence the results.
4CMenB s only available privately at a cost, so vaccinated chil-
dren may come from wealthier families compared with un-
vaccinated children. Studies from other countries have re-
ported lower invasive meningococcal disease incidence in high
socioeconomic classes compared with low socioeconomic
classes.!”"!® Also, children attending emergency depart-
ments, often for minor ailments (controls), might be from rela-
tively poorer families less able to afford 4CMenB vaccination
or to access private care and information about the vaccine.
Data on mean purchasing power by municipality of residence
were included as an additional covariate in a sensitivity analy-
sis, and no change in the association was found. Second, se-
lecting controls from those receiving medical care could po-
tentially lead to higher rates of vaccination among controls than
the general population. However, immunization rates with 2
doses of 4CMenB by the time of first birthday were similar in
theincluded controls and the general population (50% vs 47%).

. |
Conclusions

During the first 5 years of vaccine availability in Portugal, vac-
cination with 4CMenB was less likely among children who de-
veloped invasive meningococcal disease compared with
matched controls without invasive meningococcal disease. The
findings may help inform the use of the 4CMenB vaccine in
clinical practice.
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