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A new vaccine (the 4CMenB 4-component protein vaccine [Bexsero], which includes PorA, factor H-binding protein [fHbp],
neisserial heparin-binding antigen [NHBA], and Neisseria adhesin A [NadA]) against serogroup B meningococci has recently
been approved for use in people older than age 2 months in Europe, Australia, and Canada. Preapproval clinical efficacy studies
are not feasible for invasive meningococcal disease because its incidence is low/very low, and the serum bactericidal antibody
(SBA) titer (or the human SBA [hSBA] titer when human complement is used in the assay) has been used as a surrogate marker
of protection. However, the hSBA assay cannot be used on a large scale, and therefore, a meningococcal antigen typing system
(MATS) was developed. MATS combines conventional PorA genotyping with an enzyme-linked immunosorbent assay (ELISA)
that quantifies both the expression and the cross-reactivity of antigenic variants. The assay has been used to evaluate the poten-
tial of the 4CMenB meningococcal group B vaccine to cover group B strains in several countries. Some recent data suggest that
MATS is a conservative predictor of strain coverage. We used pooled sera from adolescents and infants to test by the hSBA assay
10 meningococcal group B strains isolated in Spain that were negative for the 3 antigens (n � 9) or that had very low levels of the
3 antigens (n � 1) by MATS. We found that all strains were killed by sera from adolescents and that 5 of the 10 strains were also
killed, although at a low titer, by sera from infants. Our data confirm that MATS underestimates vaccine coverage.

In spite of the development of effective conjugate vaccines
against meningococci of serogroups A, C, Y, and W over the last

15 years (1), a vaccine against serogroup B was a challenge that
had remained unsolved until recently, when the European Medi-
cines Agency (EMA) approved a 4-component protein vaccine
(4CMenB [Bexsero], containing porin A [PorA; presented as
part of an outer membrane vesicle {OMV} derived from the New
Zealand strain], factor H-binding protein [fHbp], neisserial hep-
arin-binding antigen [NHBA], and Neisseria adhesin A [NadA])
for use in people older than 2 months (information on the
vaccine is available on the European Medicines Agency web
page [http://www.ema.europa.eu/ema/index.jsp?curl�pages
/medicines/human/medicines/002333/human_med_001614
.jsp&mid�WCOb01ac058001d124]). This vaccine has also
been recently licensed in Australia and Canada.

Clinical efficacy studies required for the approval of vaccines
are not feasible in the case of invasive meningococcal disease be-
cause its incidence is low/very low. For this reason, for the autho-
rization of conjugate vaccines, the use of a surrogate marker of
protection as a replacement for the findings of formal efficacy
studies has been proposed. The marker used is the serum bacteri-
cidal antibody (SBA; or the human SBA [hSBA] when human
complement is used in the assay), and SBA assays can be used to
measure the ability of serum antibodies to kill a specific meningo-
coccal strain (2). However, due to the diversity of the sequences of
the antigens included in this novel vaccine and their different lev-
els of expression, the use of hSBA requires the testing of many
serum samples with large panels of isolates to evaluate the bacte-
ricidal killing of many different meningococcal strains, making
this approach not feasible (3, 4). Therefore, the development of
alternative methods that can give information about immuno-
logic recognition, the level of expression of the antigens, and the
association of those parameters with killing in the hSBA assay has

been critical in this history. As a result, a meningococcal antigen
typing system (MATS; which combines conventional PorA geno-
typing [porA variable region 2 {VR2}] with an enzyme-linked im-
munosorbent assay [ELISA] that quantifies both the expression
and the cross-reactivity of antigenic variants for each antigen) was
developed (3–5). MATS quantifies the relative expression and
cross-reactivity of antigenic variants by assigning a relative po-
tency (RP) against fHbp, NHBA, and NadA in each strain. The
method establishes a positive bactericidal threshold (PBT) for
each antigen, allowing prediction of whether a given serogroup B
strain would be killed in the hSBA assay by antibodies elicited by
the vaccine. The potential coverage of the vaccine against a me-
ningococcal population can then be estimated.

The assay has been introduced in several European, American,
and Australian reference laboratories through a strict interlabora-
tory standardization study (4) to ensure the comparability of
strain coverage data collected worldwide. The potential coverage
of the 4CMenB vaccine against meningococcal group B (MenB)
strains collected in one or two epidemiological years in different
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countries has been estimated to range from 66% to �90% (6–8).
The vaccine was predicted to cover most circulating MenB strains
in Europe, but some small differences (not significant) were ob-
served (7), with lower rates of coverage of 69% appearing in Spain,
whereas the average rate for the other countries was 78%.

A recent study with a representative panel of strains from the
United Kingdom showed that MATS is a conservative predictor of
strain coverage. In this study, 40 strains were tested by use of the
MATS and the hSBA assay using pooled sera from infant and
adolescent vaccinees. The number of strains killed in the hSBA
assay was higher than the number of strains predicted to be killed
by MATS (9). The reasons for that might be the use of very con-
servative algorithms in the MATS analysis (3, 4, 9) but also some
level of synergy of the different antibodies raised against the dif-
ferent antigens (particularly between those raised against fHbp,
NHBA, or OMV non-PorA antigens), augmenting the SBA re-
sponse.

Considering all the information presented above, we designed
a small study by selecting 10 strains from the overall panel of 300
Spanish MenB isolates previously analyzed by MATS (7) for anal-
ysis by the hSBA assay. In this study, the 10 strains did not repre-
sent the overall Spanish panel because just those isolates (n � 93)
that were predicted to not be covered by MATS (with the excep-
tion of only 1 strain that was predicted to be covered but that had
RP values close to the PBTs) were selected. The nine strains were
selected in an attempt to cover the most common clonal com-
plexes (CCs) among those that were not covered in the analysis of
MATS.

MATERIALS AND METHODS
Definition of MATS phenotype. The PBTs used were 0.021 for fHbp,
0.294 for NHBA, and 0.009 for NadA. Strains showing an RP for the
antigen greater than the PBT were defined to be positive, and those with
an RP for the antigen less than the PBT were defined to be negative. None
of them showed a PorA type 1.4, which is the PorA type of the OMV
included in the vaccine. Only two different MATS phenotypes were ob-
tained: fHbp positive, NHBA positive, NadA negative, and PorA negative

(only one strain) and fHbp, NHBA, NadA, and PorA negative (in nine
isolates).

Definition of genotypic profiles. The sequence types (STs) and CCs
defined by multilocus sequence typing and genotypes for the fHbp, nhba,
and nadA genes and porA variable region 2 (VR2) were assigned as previ-
ously described (8). The genotype of each isolate was defined by the CC,
followed by the fHbp genotype/nhba genotype/nadA genotype/porA VR1
type, porA VR2 type (see Table 1).

Human serum samples and hSBA assay methodology. The hSBA
assay for activity against the 10 meningococcal strains was performed
using pooled sera from both infants and adolescents. Basically, pooled
sera were derived from 12 randomly selected adolescent subjects from a
phase 2b/3 clinical trial (10) in which the subjects received the 4CMenB
vaccine in a two-dose regimen, and sera were collected both before vacci-
nation and 30 days after the second dose of the vaccine and pooled (9).
Pooled sera from infants were derived from 27 randomly selected subjects
from a phase 2b clinical study (11) in which the subjects received a pri-
mary series of 3 doses of 4CMenB plus a booster dose at 12 months of age.
Sera were collected 30 days after the booster dose was administered. Neg-
ative-control sera consisted of pooled sera from 40 randomly selected
subjects infants who were part of the control group of the clinical study
mentioned a above and who received only the routine vaccination, with-
out 4CMenB (11).

hSBA assays were performed as previously described (9). We consid-
ered the hSBA assay to be positive for all strains against which an increase
in the titer of hSBAs in the postvaccination pooled sera was seen but
against which no activity by sera obtained from adolescents before vacci-
nation (titer, �1:4) or control infants (titer, �1:2) was observed, even
though the clinical relevance of this activity is not well-known; hSBA assay
positivity was also defined for those strains against which a �4-fold rise in
titer compared with the preimmune titer was observed.

RESULTS

The genetic profile and MATS phenotypes for the 10 analyzed
strains are shown in Table 1. Only one strain was predicted to be
covered (E-18847) by MATS, according to the RPs for both fHbp
and NHBA. The panel composition corresponded to a small
group of strains that was heterogeneous enough (Table 1), with

TABLE 1 Strain characterization (genotype, MATS phenotype, and RP for each antigen) and hSBA titers

Strain Genotype

RP
nadA
presencea

MATS
phenotypeb

hSBA activity (titer) in sera fromc:

Adolescents Infants

fHbp NHBA PI Post2 Control Post4

E-18847 CC11, 1.p10/20/�/5-1, 10-8 0.023 0.313 � (0) �, �, �, � �4 16 �2 2
E-19030 CC11, 1.p10/20/�/5-1, 10-8 0.016 0.226 � �, �, �, � �4 4 �2 �2
E-19749 CC60, 1.p13/25/�/21, 16 0.016 0.07 � �, �, �, � 8 32 2 8
E-19759 NA,d 1.p13/468/�/21, 16 0.014 0.275 � �, �, �, � �4 32 �2 �2
E-19292 CC269, 1.p357/17/�/22, 9 0.001 0.198 � �, �, �, � 4 32 �2 �2
E-19353 CC461, 3.p174/118/�/22, 14 0.011 0.273 � �, �, �, � 16 64 �2 2
E-19290 CC213, 3.p45/18/�/22, 14 0 0.012 � (0) �, �, �, � 32 64 �2 �2
E-19528 CC213, 3.p45/18/�/22, 14 0 0.134 � (0) �, �, �, � �4 4 �2 4
E-19809 NA, 1.p14/30/�/19, 15-1 0.012 0.152 � �, �, �, � �4 32 �2 4
E-19260 CC269, 2.p19/17/�/22, 9 0 0.287 � �, �, �, � �4 32 �2 �2
a Data in parentheses are the RP for samples with positive results.
b Strains showing an RP for the antigen that was greater than the PBT were defined as positive (�), and those with an RP for the antigen that was less than the PBT were defined as
negative (�), following the order fHbp, NHBA, NadA, and PorA (for PorA, the result was defined as positive if the VR2 genosubtype was the 1.4 variant [that is included in the
vaccine] or negative if the PorA variant expressed was different).
c PI, sera obtained preimmunization; Post2, sera obtained after the 2nd dose of the vaccine; Control, negative-control pooled sera from subjects receiving only 3 doses of routine
vaccine; Post4, sera obtained after the 4th dose of the vaccine.
d NA, not assigned.
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8/10 strains having different genotypes and the strains showing a
wide range of MATS RP values for each antigen.

Data on bactericidal activity are shown in Table 1. Preimmune
sera from adolescents were positive (titer, �4) for antibodies
against 4 strains. If we look at the control sera from infants (Table
1), there were no bactericidal antibodies against the tested strains
with only one exception (strain E-19749), for which limited bac-
tericidal activity (titer, 2) was detected.

If we look at the data obtained for pooled sera from adoles-
cents (Table 1) who had received two doses of the vaccine, a
high proportion of the strains (7/10) were killed in the hSBA
assay with titers of �8 (when preimmunization titers were �4)
or at least a 4-fold rise in titer was achieved (if preimmuniza-
tion titers were �4).

Data for postvaccination pooled infant sera showed an evident
increase in the titer of hSBAs against one strain (E-19749). A sig-
nificant increase in titer against two isolates (E-19809 and
E-19528) was also observed: a titer of �2 (that we might define as
1 or even 0) using the control pooled sera and a titer of 4 using
postvaccination sera. A small increase in the titer of hSBAs against
for two additional isolates (E-18847 and E-19353) was also found,
and no activity at all against the other 5 meningococcal strains was
seen (Table 1).

DISCUSSION

The proportion of sera from prevaccinated adolescents (4/10)
with bactericidal activity found in this study was significantly
higher than that found in the United Kingdom study (2/40) (10).
Taking into account the fact that these sera were derived from
adolescents participating in a clinical study conducted in Chile,
this finding might suggest that the strains from meningococcal
carriers in Chile might be similar to those circulating in Spain,
although we do not have enough information to prove this sug-
gestion.

Data obtained for pooled sera from adolescents (Table 1) who
had received two doses of the vaccine showed that a high propor-
tion of the strains (7/10) were killed by hSBAs at titers of �8
(when preimmunization titers were �4) or that at least a 4-fold
rise in titer (if preimmunization titers were �4), which is associ-
ated with experimental coverage, was achieved (10). The propor-
tion of strains killed rose to 100% if a titer of �4, which has been
used in other studies (12, 13), was used to define positive bacteri-
cidal activity. This finding suggests that the predicted coverage by
MATS might be extremely conservative, particularly in adoles-
cents, and that these preliminary data should be confirmed with
an extended panel of strains. Taking into account the positive
hSBA response (titer, �4) against the tested strains in the sera
from adolescents before vaccination, we could hypothesize that
the vaccine might induce a very strong booster effect not only in
subjects with titers of �4 before immunization but also in subjects
with no measurable hSBA activity that could have been previously
exposed to similar strains. It is worth noting that under certain
circumstances the results obtained with pooled vaccine-elicited
immune sera may not accurately describe how the individual se-
rum samples that compose the pool would react against a given
strain. These circumstances include the ability of sera from a few
subjects who respond with unusually high or low hSBA titers to
skew the overall pooled response or the potential of antibodies
against multiple antigens with subbactericidal titers in different
subjects to behave synergistically when combined in a pool (14).

However, data that demonstrate that these phenomena do not
significantly contribute to assessments of the hSBA titers of pooled
sera have recently emerged. Studies in which the responses of in-
dividual infants to several MenB strains were compared to the
response of the corresponding serum pool showed that individual
hSBA responses to 4CMenB vaccination was distributed accord-
ing to a regular pattern, with the titers for vaccine responders
being clustered about the mean hSBA titer (15). Furthermore, the
hSBA titers of pooled sera proved to be a robust approximation of
the arithmetic average of the individual titers. Thus, in this age
group, the hSBA titers of pooled sera accurately predicted the
proportion of subjects that responded with protective hSBA titers.

However, the data obtained using sera from infants after they
had received 4 doses of the vaccine look rather different (Table 1).
The absence of hSBAs in pooled sera from the control infants is
not surprising because there is a very low frequency or even an
absence of meningococcal carriage in individuals in this age group
(16). Data for postvaccination pooled infant sera showed different
increases in the titers of hSBAs against 5 strains (Table 1). Al-
though in a validated assay a titer of 4 is needed to consider a strain
to be killed by the SBA assay, in an experimental setting in the
laboratory, an hSBA titer of even 2 could be indicative of func-
tional activity when there was no killing by preimmune sera
(hSBA titer, �2). Therefore, the effect of immune sera on the
different strains is clearly different, suggesting that the antibodies
induced are specifically able to kill some of the strains. This study
shows that adolescents will very likely be protected from invasive
disease caused by the 10 strains tested. The question is whether the
very low titers induced by the vaccine in infants are an indication
of protection. According to Goldschneider et al. (12), while a pos-
itive hSBA assay result is indicative of protection, a negative hSBA
assay result is not necessarily an indication of susceptibility. In
fact, most people with negative hSBA assay results are still pro-
tected from invasive disease by an immunity that is below the
threshold of detection by the hSBA assay (12, 17). In infants, the
induction of measurable titers of hSBAs against 3 of the 10 strains
suggests that the vaccine also induces some protection in infants.
The use of an assay more sensitive than the hSBA assay for these
sera with low but measurable bactericidal activity could provide
more information, as has been suggested previously (17).

We do not know the clinical relevance (in terms of protection)
of low hSBA titers, particularly for a low bactericidal titer of 2, but
the results obtained with pooled sera suggest that MATS provides
a conservative estimate of strain coverage, and this finding is par-
ticularly significant in adolescents and is not negligible in infants.
Although the study of Frosi et al. (9) did not show differences
between the bactericidal activity of sera from infants and that of
sera from adolescents, a lower hSBA coverage in infants than in
adolescents has already been suggested (3), and the potential syn-
ergy of antibodies elicited against different antigens has been pro-
posed. Although the relationship between the low titers in the
hSBA assay and the RPs obtained by MATS (Table 1) has not been
defined, the results of this preliminary study support the hypoth-
esis that MATS is a conservative tool for predicting strain cover-
age, particularly in the adolescent age group. Further studies will
be needed to address questions about the relationship between
pooled individual serum samples and the response rate to define
more precisely the potential coverage of this vaccine.

MATS Is a Conservative Predictor of Strain Coverage
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