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ABSTRACT

BACKGROUND
In September 2015, the four-component, protein-based meningococcal serogroup
B vaccine (4CMenB; Bexsero) became available for private purchase in Spain.

METHODS

We conducted a nationwide matched case—control study to assess the effectiveness
of 4CMenB in preventing invasive meningococcal disease in children. The study
included all laboratory-confirmed cases of invasive meningococcal disease in chil-
dren younger than 60 months of age between October 5, 2015, and October 6,
2019, in Spain. Each case patient was matched with four controls according to date
of birth and province. 4CMenB vaccination status of the case patients and controls
was compared with the use of multivariate conditional logistic regression.

RESULTS

We compared 306 case patients (243 [79.4%] with serogroup B disease) with 1224
controls. A total of 35 case patients (11.4%) and 298 controls (24.3%) had received
at least one dose of 4CMenB. The effectiveness of complete vaccination with
4CMenB (defined as receipt of at least 2 doses, administered in accordance with
the manufacturer’s recommendations) was 76% (95% confidence interval [CI], 57
to 87) against invasive meningococcal disease caused by any serogroup, and par-
tial vaccination was 54% (95% CI, 18 to 74) effective. Complete vaccination re-
sulted in an effectiveness of 71% (95% CI, 45 to 85) against meningococcal sero-
group B disease. Vaccine effectiveness with at least one dose of 4CMenB was 64%
(95% CI, 41 to 78) against serogroup B disease and 82% (95% CI, 21 to 96) against
non-serogroup B disease. With the use of the genetic Meningococcal Antigen Typ-
ing System, serogroup B strains that were expected to be covered by 4CMenB were
detected in 44 case patients, none of whom had been vaccinated.

CONCLUSIONS
Complete vaccination with 4CMenB was found to be effective in preventing inva-
sive disease by serogroup B and non-serogroup B meningococci in children
younger than 5 years of age.
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EISSERIA MENINGITIDIS IS A MAJOR CAUSE

of severe disease in infants and chil-

dren.! After the introduction of sero-
group C vaccines, serogroup B meningococcus
has become the main cause of invasive meningo-
coccal disease in Europe.'?

The four-component protein-based meningo-
coccal B vaccine (4CMenB; Bexsero, GSK) was
licensed in the European Union in 2013.> This
vaccine is composed of three recombinant anti-
gens (factor H-binding protein, neisseria heparin—
binding antigen, and neisseria adhesin A), as well
as outer-membrane vesicles containing Porin A
subtype P1.4 from the strain NZ98/254.* Autho-
rization of 4CMenB was based on the results of
immunogenicity studies.” An observational study
showed that the percentage of persons who were
vaccinated was lower among those with sero-
group B meningococcal disease than among
those in the general population and that the
incidence of serogroup B disease was lower
among vaccine-eligible infants than among vac-
cine-ineligible infants.® Further immunogenicity
studies confirmed these preliminary results.”®

Although some countries have introduced
4CMenB into publicly funded infant immuniza-
tion programs,’ the low incidence of the disease
has limited the conduct of postcommercializa-
tion studies of effectiveness. The few published
evaluations have yielded effectiveness estimates
from 59.1% (with a two-dose priming schedule
plus a 1-year booster in the United Kingdom) to
93.6% (with a four-dose schedule in Tuscany,
Italy).1'2 Because 4CMenB vaccine antigens are
not unique to serogroup B meningococcus, the
vaccine might also be protective against disease
caused by other serogroups.'>*

In Spain, the publicly funded immunization
schedule included the meningococcal C conjugate
vaccine for all children since 2000 and 4CMenB
for persons with high-risk conditions for inva-
sive meningococcal disease (i.e., history of
meningococcal disease, complement deficiency,
eculizumab treatment, anatomical or functional
asplenia, and hematopoietic stem-cell transplan-
tation) since 2015.” In addition, 4CMenB was
available for private purchase, and vaccination of
all children 2 months of age or older was recom-
mended by the Spanish Pediatrics Associa-
tion,'®"” which resulted in a progressive increase
in vaccination coverage. Temporary shortage of
4CMenB might have delayed the vaccination

schedule in some children. In this study, we
aimed to assess the effectiveness of 4CMenB
in preventing invasive meningococcal disease in
children younger than 60 months of age.

METHODS

STUDY DESIGN AND DATA SOURCES

In Spain, it is mandatory that clinicians and
laboratory personnel report cases of invasive
meningococcal disease, and all relevant data are
actively completed by the regional epidemiologic
surveillance units.!® In this individually matched
case—control study, the case patients were all the
children younger than 60 months of age who
were born and residing in Spain and had re-
ceived a laboratory-confirmed diagnosis of inva-
sive meningococcal disease between October 5,
2015, and October 6, 2019. Invasive meningococ-
cal disease was defined as a positive culture or
polymerase-chain-reaction (PCR) test for N. men-
ingitidis in a normally sterile body site. Diagnos-
tic samples from the patients with confirmed
cases were tested by means of agglutination or
PCR to determine the serogroup. With the use
of electronic databases, each case patient was
matched with four controls from the same prov-
ince of birth and residence who were born on
the same day as the case patient or on the days
immediately preceding or following the case
patient’s date of birth — two controls had iden-
tification numbers in the regional health care
service that immediately preceded and two had
numbers that immediately followed the number
for the case patient. Each region provided data
from all matched sets that included each case
patient and the four eligible controls.

High-risk conditions for meningococcal dis-
ease were identified with the use of electronic
health records of the case patients and controls.
Information about the first case date (the date of
symptom onset, the first positive test, or hospi-
tal admission, whichever came first), clinical
presentation (meningitis, sepsis, both, or other),
admission to an intensive care unit, and clinical
outcome that included recovery, sequelae (neuro-
logic damage, amputation, or hearing loss), or
death was obtained from the epidemiologic sur-
veillance system. Full details of the study con-
duct are provided in the protocol, available with
the full text of the article at NEJM.org.

The authors had sole responsibility for the
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study design, data analysis, writing of the manu-
script, and decision to submit the manuscript for
publication. The study protocol specified that
anonymized data were to be collected from the
electronic medical records of the case patients
and controls. The protocol was approved by the
institutional review board of Navarre, which
waived the need for obtaining informed consent.
This study was carried out by public health pro-
fessionals and institutions in Spain without
specific funding. The 4CMenB vaccine was pub-
licly funded for children with a high-risk condi-
tion, and for the other children who were vac-
cinated, the vaccine was paid for by their
families.

VACCINATION STATUS

Data on meningococcal immunization (with
4CMenB, serogroup C conjugate, or ACWY [sero-
groups A, C, W-135, and Y] vaccines) were
sourced from the electronic regional vaccination
registries. 4CMenB vaccination status was classi-
fied according to the manufacturer’s recommen-
dations (Table S1 in the Supplementary Appen-
dix, available at NEJM.org),> which included that
the infant vaccination schedule starts at 2 months
of age and a second dose should be given 60 or
more days later for complete primary vaccina-
tion. In children who were vaccinated before
6 months of age, a booster dose at 12 to 15
months of age was needed in order for the child
to be considered fully immunized. In children
who started the vaccination series during the
sixth month of age or after, the booster dose
was required during the second year of age.
Children who started the vaccination series at
the age of 24 months or older were deemed to
be fully immunized after receipt of the second
dose.>" To allow time for the immune response,
vaccine doses that were administered within the
14 days preceding the first case date were con-
sidered separately. Vaccination status on the first
case date was determined for the case patients;
for the matched controls, vaccination status on
the same calendar day as the first case date of
their respective case patient was used.

GENETIC CHARACTERIZATION

Group B meningococcal isolates were analyzed
with the use of the genetic Meningococcal Anti-
gen Typing System (gMATS) at the National
Center for Microbiology (Instituto de Salud Car-

los IID)."2Y A strain was considered to be vac-
cine-preventable if a gMATS test was positive for
any of the four components included in 4CMenB,
not vaccine-preventable if a gMATS test was
negative for all four vaccine antigens, and unpre-
dictable if a gMATS test result could not be re-
lated to currently available MATS data. Cases in
which the isolate was completely genotyped by
gMATS were classified as having been caused by
strains covered by 4CMenB, by strains not cov-
ered by this vaccine, or by strains for which
coverage by the vaccine could not be predicted.

STATISTICAL ANALYSIS

Each case patient and the matched controls for
the patient were compared with respect to
4CMenB vaccination status by means of condi-
tional logistic regression to obtain crude and
adjusted (according to sex and high-risk condi-
tions) matched odds ratios with 95% confidence
intervals. The analysis of non—serogroup B cases
was also adjusted for meningococcal C vaccina-
tion. Vaccine effectiveness was estimated as a
percentage according to the following formula:
(1-adjusted matched odds ratio) x 100.

Four categories were used for 4CMenB vacci-
nation status: unvaccinated (reference), receipt
of the first dose within 14 days before the first
case date, partial vaccination, and complete vac-
cination. Estimates were also obtained for vacci-
nation with at least one dose of 4CMenB, includ-
ing partial and complete vaccination. Further
analyses were conducted according to invasive
disease caused by meningococcus serogroup (B or
non-serogroup B), age group (<24 or >24 months),
and study period (October 5, 2015, to October 8,
2017 [period 2015-2017] or October 9, 2017, to
October 6, 2019 [period 2017-2019]). A sensitiv-
ity analysis was performed after the exclusion of
children younger than 134 days of age, those
unvaccinated against serogroup C meningococ-
cus, and those with a high-risk factor. These
restrictions ensured a minimum age at which
one could be fully vaccinated, excluded certain
children with an increased risk of disease, and
improved the comparability of the use of health
care services.

We also assessed the effect of 4CMenB in
preventing severe disease, including cases lead-
ing to death, admission to an intensive care unit,
or sequelae. Vaccination status was compared
between the case patients with meningococcal
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334 Case patients with reported invasive
meningococcal disease were matched
with 1336 controls in a 1:4 ratio

28 Case patients and 112 matched controls were excluded
23 Case patients and 92 matched controls were <75 days of age
5 Case patients and 20 matched controls were >1825 days of age

306 Case patients and 1224 matched controls
were included in the study

207 Case patients with severe disease were
matched with 828 controls

243 Case patients with meningococcal
serogroup B disease were matched
with 972 controls

166 Case patients with severe disease
were matched with 664 controls

35 Case patients with meningococcal
non-serogroup B disease were
matched with 140 controls

analysis

serogroup C

54 Case patients and 265 matched controls were excluded from the sensitivity

24 Case patients and 96 matched controls were <134 days of age
49 Case patients and 149 matched controls were not vaccinated against

5 Case patients had high-risk conditions that were covered by
publicly funded vaccination
111 Controls were matched with excluded case patients and were
not rematched

252 Case patients and 959 matched controls

were included in the sensitivity analysis

l l

202 Case patients with meningococcal
serogroup B disease were matched
with 769 controls

27 Case patients with meningococcal
non-serogroup B disease were
matched with 103 controls

Figure 1. Eligible Case Patients and Matched Controls.

Shown is the flow of eligible case patients and controls through the study analyses. Each case patient was matched
with four controls. A case patient or a control could have more than one reason for exclusion. Among the 306 case
patients, the serogroup could not be tested in 28, and among the 252 case patients included in the sensitivity analy-
sis, the serogroup could not be identified in 23. The main and sensitivity analyses of meningococcal non—serogroup
B disease were estimated to be possibly underpowered according to the study protocol.

serogroup B disease and their matched controls
according to the gMATS classification. In post
hoc analyses, the vaccine effectiveness in fully
vaccinated children was assessed according to
number of 4CMenB doses (2 or >2 doses), age at
receipt of the first dose (<24 or >24 months),
and time elapsed since receipt of the last dose
(<12 or 212 months).

RESULTS

CHARACTERISTICS OF CASE PATIENTS AND CONTROLS
Invasive meningococcal disease had been re-
ported in 334 patients; 23 were excluded because
the disease had developed before 75 days of age,

and 5 were excluded because the disease had
developed after 1825 days of age. Thus, 306 case
patients were included in the study (Fig. 1), of
whom 243 (79.4%) had serogroup B disease,
5 (1.6%) had serogroup C disease, 20 (6.6%) had
serogroup W disease, 7 (2.3%) had serogroup Y
disease, 3 (1.0%) had disease caused by non-
groupable meningococcal strains (i.e., case pa-
tients who tested negative for serogroups A, B,
C, W, and Y), and 28 (9.2%) had cases in which
the serogroup could not be tested. Clinical pre-
sentation included meningitis in 102 case pa-
tients (33.3%), sepsis in 118 (38.6%), both men-
ingitis and sepsis in 76 (24.8%), and other
conditions in 10 (3.3%). A total of 204 case
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Table 1. Characteristics of the Cases and Controls Included in the Analysis of Invasive Meningococcal Disease According to Meningococcal
Serogroup.*®
Characteristic Serogroup B Non-Serogroup B Any Serogroup::
Cases Controls Cases Controls Cases Controls
(N=243) (N=972) (N=35) (N=140) (N=306) (N=1224)
number (percent)
Sex
Male 130 (53.5) 486 (50.0) 16 (45.7) 77 (55.0) 163 (53.3) 621 (50.7)
Female 113 (46.5) 486 (50.0) 19 (54.3) 63 (45.0) 143 (46.7) 603 (49.3)
Age
<6 mo 41 (16.9) 164 (16.9) 6 (17.1) 24 (17.1) 55 (18.0) 220 (18.0)
6 to <12 mo 54 (22.2) 216 (22.2) 8 (22.9) 32 (22.9) 65 (21.2) 260 (21.2)
12 to <24 mo 44 (18.1) 176 (18.1) 11 (31.4) 44 (31.4) 63 (20.6) 252 (20.6)
2410 <36 mo 51 (21.0) 204 (21.0) 3 (8.6) 12 (8.6) 57 (18.6) 228 (18.6)
36 to <60 mo 53 (21.8) 212 (21.8) 7 (20.0) 28 (20.0) 66 (21.6) 264 (21.6)
Epidemiologic season
2015-2016 73 (30.0) 292 (30.0) 5 (14.3) 20 (14.3) 84 (27.5) 336 (27.5)
2016-2017 61 (25.1) 244 (25.1) 7 (20.0) 28 (20.0) 75 (24.5) 300 (24.5)
2017-2018 55 (22.6) 220 (22.6) 13 (37.1) 52 (37.1) 75 (24.5) 300 (24.5)
2018-2019 54 (22.2) 216 (22.2) 10 (28.6) 40 (28.6) 72 (23.5) 288 (23.5)
High-risk condition§ 3(1.2) 0 2 (5.7) 0 5 (1.6) 0
Serogroup C vaccination
Yes 204 (84.0) 854 (87.9) 29 (82.9) 123 (87.9) 257 (84.0) 1075 (87.8)
No 39 (16.0) 118 (12.1) 6 (17.1) 17 (12.1) 49 (16.0) 149 (12.2)
ACWY vaccination 0 0 0 0 0 0
4CMenB vaccination
Unvaccinated 218 (89.7) 763 (78.5) 30 (85.7) 93 (66.4) 271 (88.6) 926 (75.7)
Vaccinated <14 days9| 1(0.4) 15 (1.5) 0 0 1(0.3) 18 (1.5)
Partially vaccinated 12 (4.9) 72 (7.4) 4 (11.4) 19 (13.6) 18 (5.9) 106 (8.7)
Fully vaccinated 12 (4.9) 122 (12.6) 1(2.9) 28 (20.0) 16 (5.2) 174 (14.2)
No. of 4CMenB doses
0 219 (90.1) 778 (80.0) 30 (85.7) 93 (66.4) 272 (88.9) 944 (77.1)
1 8 (3.3) 55 (5.7) 4 (11.4) 17 (12.1) 14 (4.6) 83 (6.8)
2 10 (4.1) 93 (9.6) 1(2.9) 21 (15.0) 13 (4.2) 128 (10.5)
=3 6 (2.5) 46 (4.7) 0 9 (6.4) 7 (2.3) 69 (5.6)

* Percentages may not total 100 because of rounding. ACWY refers to the tetravalent ACWY (serogroups A, C, W-135, and Y) meningococcal
conjugate vaccine, and 4CMenB the four-component, protein-based meningococcal serogroup B vaccine.

7 Non-serogroup B included 5 case patients with serogroup C disease, 20 with serogroup W disease, 7 with serogroup Y disease, and 3 with
disease caused by nongroupable meningococcal strains, together with their respective controls.

i Any serogroup included the 243 case patients with serogroup B disease, 35 with non-serogroup B disease, and 28 in whom the serogroup
could not be tested, along with their respective controls.

§ The five children with high-risk conditions had complement deficiency or were receiving eculizumab treatment at presentation.

9§ “Vaccinated <14 days” denotes the children who had received the first dose of 4CMenB in the previous 14 days.

patients (67.7%) had been admitted to a inten- Among the 306 case patients, 35 (11.4%) had
sive care unit, 16 (5.2%) had died, and 27 (8.8%) received at least one dose of 4CMenB — 16
had survived with sequelae (Table S2). (5.2%) were fully vaccinated, 18 (5.9%) were
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partially vaccinated, and 1 (0.3%) had received
the first dose within the previous 14 days; the
corresponding vaccination statuses among 298
(24.3%) of the 1224 matched controls who had
received at least one dose were recorded in
14.2%, 8.7%, and 1.5% (Table 1). Among the 243
case patients with a serogroup B disease, 138
(56.8%) had isolates that were completely geno-
typed with the use of the gMATS. Of these 138
case patients, 44 (31.9%) had strains expected to
be covered by 4CMenB, 62 (44.9%) had strains
that were not expected to be covered, and 32
(23.2%) had strains for which coverage by the
vaccine could not be predicted. The percentage
of controls who had received at least one dose of
4CMenB increased from 4.5% in the 2015-2016
season to 44.1% in the 2018-2019 season (Fig. S1).

4CMENB IN PREVENTION OF MENINGOCOCCAL
DISEASE
We compared the 4CMenB vaccination status of
306 case patients with that of the 1224 matched
controls. The effectiveness of complete vaccina-
tion with 4CMenB was 76% (95% confidence
interval [CI], 57 to 87) against invasive meningo-
coccal disease caused by any serogroup, and
partial vaccination was 54% (95% CI, 18 to 74)
effective. In the sensitivity analysis that excluded
children younger than 134 days of age, those who
were unvaccinated against serogroup C meningo-
coccus, and those with high-risk conditions, the
estimates of effectiveness were similar to those
in the overall analysis — 78% (95% CI, 59 to 88)
for complete vaccination and 54% (95% CI, 17 to
74) for partial vaccination. Complete vaccination
resulted in an effectiveness of 71% (95% CI, 43 to
86) against severe meningococcal disease (Table 2).
The effectiveness of complete vaccination re-
mained high in both period 2015-2017 and
period 2017-2019, but it appeared to be higher
among children younger than 24 months of age
(88%; 95% CI, 68 to 95) than among those 24
to 59 months of age (53%; 95% CI, 1 to 78)
(Table 3). Post hoc analyses showed no relevant
differences in effectiveness among fully vacci-
nated children according to the number of vac-
cine doses (2 vs. >2) or the time elapsed since re-
ceipt of the last dose (<12 months vs. >12 months);
however, among children who had received the
first dose of 4CMenB before 24 months of age,
the effectiveness was 84% (95% CI, 67 to 93),
and among those who started the vaccination

series at 24 to 59 months of age, the effective-
ness was 35% (95% CI, —65 to 74) (Table S3).

4CMENB IN PREVENTION OF SEROGROUP B DISEASE
We estimated the effectiveness of 4CMenB
against meningococcal serogroup B disease
among 243 case patients as compared with 972
individually matched controls. The effectiveness
was 64% (95% CI, 41% to 78%) for vaccination
with at least one dose of 4CMenB, 71% (95% CI,
45 to 85) for complete vaccination, and 50%
(95% CI, 3 to 75) for partial vaccination (Ta-
ble 4). Serogroup B strains that were expected to
be covered by 4CMenB according to the gMATS
result were detected in 44 case patients, none
of whom had been vaccinated; among the 176
matched controls for these case patients, 26
(14.8%) had been vaccinated. Vaccination with
at least one dose of 4CMenB was also protec-
tive against serogroup B strains that were not
expected to be covered by the vaccine according
to the gMATS result (64%; 95% CI, 10 to 85)
(Table S4).

4CMENB IN PREVENTION OF NON—SEROGROUP B
DISEASE

The estimate of the effectiveness of 4CMenB in
preventing non-serogroup B disease was 82%
(95% CI, 21 to 96) for vaccination with at least
one dose of 4CMenB and 92% (95% CI, 28 to 99)
for complete vaccination. The result of the sen-
sitivity analysis was similar to that of the main
analysis (Table 4).

DISCUSSION

We found that complete vaccination with 4CMenB
was 76% effective in preventing meningococcal
disease caused by any serogroup, 71% effective
in preventing disease caused by serogroup B,
and 92% effective in preventing disease caused
by non-serogroup B meningococci. Furthermore,
vaccination with at least one dose of 4CMenB
showed a moderately preventive effect (54%)
when the vaccination scheme had not been com-
pleted because of young age or vaccine shortage
issues. In the analysis of the most severe cases,
the estimates of effectiveness were similar to
those in the main analysis, findings that are
particularly relevant given that prevention of
severe disease is the primary objective of vacci-
nation programs.
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The estimate of vaccine effectiveness against
serogroup B disease (71%) was consistent with
the percentage of cases caused by strains cov-
ered by 4CMenB in Spain (68.7%).%! None of the
cases that were caused by strains that were ex-
pected to be neutralized by 4CMenB-induced
antibodies were detected among the vaccinated
children, which suggests a high vaccine effec-
tiveness against strains that were shown by the
gMATS results to be covered by 4CMenB.?* The
analysis of cases not covered by the vaccine also
suggested a possible vaccine effect. Because the
gMATS assay provides a conservative estimate of
the strains covered by 4CMenB, it is not surpris-
ing to find some vaccine protection against
gMATS-negative cases, especially among fully
vaccinated children.”

The effectiveness of complete 4CMenB vacci-
nation seemed to be lower after 2 years of age
and with vaccination schemes starting at the age
of 2 years or older. In catch-up strategies for this
vaccination scheme, the two priming doses may
be separated by less than 2 months, and a
booster dose is usually not required.?

The high correlation between the age of the
child and the vaccination schedule prevented us
from reaching a conclusion about the separate
role of each variable. Changes in the percentage
of meningococcal strains covered by the vaccine
and a possible waning immunity are also factors
to be considered.”* However, we did not find
evidence of waning immunity among fully vac-
cinated children. Sensitivity analyses supported
the study findings and decreased biases that
were due to the inclusion of children who were
not old enough to be fully vaccinated or of those
who had not received publicly funded vaccines.

The effectiveness estimates obtained in the
present study against serogroup B meningococcal
disease are in the range of the results from other
countries. Parikh et al. evaluated a reduced 4CMenB
vaccination schedule in infants in England using
the screening method and observed an effective-
ness of 82.9% for two doses.° Ladhani et al.
updated this analysis and found that the effec-
tiveness decreased to 52.7% with a two-dose
priming schedule and to 59.1% with two doses
followed by a booster dose during the second
year of age.’® A hospital-based, matched case-
control study in Portugal showed an effective-
ness of 79% among children and adolescents.!

In two Italian regions, the screening method
showed an effectiveness of 93.6% with a four-
dose schedule and 91.0% with a three-dose
schedule.’? Differences in the percentage of
strains covered by 4CMenB? and in the vaccina-
tion schedule may explain these differences in
estimates. In addition, 4CMenB has been used
to control outbreaks of serogroup B disease, with
no cases being detected among vaccinees.”>?

The effectiveness of 4CMenB against invasive
diseases caused by meningococcal serogroups
other than serogroup B has been suggested!*!
and can be explained by the fact that the vaccine
components are not unique to serogroup B. The
results of our study showed that effectiveness
against disease caused by other serogroups was
similar to that against serogroup B disease.
Most cases caused by serogroup W in Spain dur-
ing the study period involved the same strain
that had been detected in England, which was
shown to be covered by 4CMenB according to
the MATS result.”® Nevertheless, 4CMenB has
not been shown to have an effect on the carriage
of disease-causing meningococci.*

The percentage of children with invasive
meningococcal disease who were admitted to
intensive care unit was high. However, such
patients are frequently admitted to an intensive
care unit for a short period of observation in
anticipation of possible worsening.

This study has some limitations. The study
size was small for analyses other than the vac-
cine effectiveness in the prevention of disease
caused by any serogroup and by disease caused
by serogroup B; therefore, other results should
be viewed with caution. Because 4CMenB was
available for private purchase, higher socioeco-
nomic status might have been associated with
higher vaccine coverage; in addition, higher socio-
economic status has been considered to be re-
lated with a lower incidence of meningococcal
diseases.?*? This potential confounding factor
was only partially controlled by matching ac-
cording to province of birth and residence and
could have resulted in an overestimation of the
effectiveness. However, the following circum-
stances might dilute the effect of this bias: vac-
cination with 4CMenB was publicly funded for
high-risk children, the vaccine shortage affected
all children regardless of their household in-
come level, the decision to vaccinate was based
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on the recommendation of each child’s individ-
ual pediatrician, the vaccine effectiveness did
not change substantially during the study period
despite the fact that vaccine coverage increased
markedly, and the high effectiveness that was
observed could not be fully explained by this
bias. The results of the gMATS were not avail-
able for all children with cases caused by sero-
group B, a number of cases yielded unpredict-
able results, and the possibility of differences in
gMATS results between tested and untested pa-
tients cannot be excluded. This study was main-
ly retrospective; however, we think that the
sources of information are reliable.

The strengths of this study are the individual
matched case—control design with comparability
by the matching variables, the relatively large
number of cases, the use of immunization reg-

istries, and the nationwide representativeness.
Because vaccination with 4CMenB was not pub-
licly funded during the study period, the vacci-
nation coverage reached a medium level, and the
vaccine shortage increased the diversity in vac-
cination patterns.

Complete vaccination with 4CMenB was
shown to be effective in preventing invasive
disease due to serogroup B and non-serogroup
B meningococci in Spanish children younger
than 5 years of age. This evidence may be use-
ful in making decisions about the inclusion of
this vaccine in the immunization program of
countries where invasive meningococcal dis-
ease in children is problematic and its preven-
tion a priority.

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