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ABSTRACT
Persistence of bactericidal antibodies following vaccination is extremely important for protection against
invasive meningococcal disease, given the epidemiology and rapid progression of meningococcal
infection. We present an analysis of antibody persistence and booster response to MenACWY-CRM, in
adolescents, children and infants, from 7 clinical studies. Immunogenicity was assessed using the serum
bactericidal assay with both human and rabbit complement. Post-vaccination hSBA titers were high, with
an age- and serogroup-specific decline in titers up to 1 y and stable levels up to 5 y The waning of hSBA
titers over time was more pronounced among infants and toddlers and the greatest for serogroup A.
However, rSBA titers against serogroup A were consistently higher and showed little decline over time,
suggesting that protection against this serogroup may be sustained. A single booster dose of MenACWY-
CRM administered at 3 to 5 y induced a robust immune response in all age groups.
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Introduction

Invasive meningococcal disease (IMD) is a rare but serious dis-
ease with case fatality rates ranging between 10–15%.1 One in 5
survivors of IMD suffer permanent sequelae including hearing
loss, neurological impairment, seizures and intellectual disabil-
ities, all of which can seriously impact quality of life.1

Although, in general, the highest incidence of IMD occurs in
infants below the age of 12 months most countries report a sec-
ond incidence peak in individuals between the ages of 15 and
19 years, in whom transmission is facilitated by close living con-
ditions and sociobehavioral factors. Asymptomatic carriage of
potentially virulent meningococcal disease strains also peaks in
this age group.2 The incidence of meningococcal disease also
varies by geographical location, time of year, and serogroup, with
most cases of IMD being caused by serogroups A, B, C, W and Y.

Three quadrivalent conjugate meningococcal vaccines
(MenACWY) are currently licensed worldwide and included in
the national immunization programs of certain countries. Rec-
ommendations, in particular, by the US Advisory Committee
on Immunization Practices (ACIP) include routine vaccination
with MenACWY for adolescents at 11 y of age with a booster
dose administered 5 y later.3 The UK Department of Health
recommends a catch up MenACWY vaccination program for
all 13–19 -year-olds and first-time university students up to the
age of 25.4 Routine MenACWY vaccination was recently rec-
ommended for infants, starting at 2 months of age in Argen-
tina5 and starting at 9 months of age in Saudi Arabia.6

The quadrivalent meningococcal CRM197-conjugate vac-
cine MenACWY-CRM (Menveo�, GlaxoSmithKline Vaccines
Srl, Siena, Italy; formerly Novartis Vaccines) is licensed in over

60 countries worldwide for use in individuals as young as 2 y of
age. In the United States, Canada, Argentina, Korea and a few
other countries, MenACWY-CRM has been approved for use
in infants from 2 months of age. In clinical studies, Men-
ACWY-CRM has been found to have acceptable safety and
immunogenicity profiles in all indicated age groups.7-10

This review appraises data from 7 phase 3 and phase 4 stud-
ies, with the objective of providing an overview of antibody per-
sistence following primary vaccination with MenACWY-CRM
vaccine, and responses to booster doses of the vaccine.9,10,11-19

Only data pertaining to the recommended dose schedules of
MenACWY-CRM in each age group is assessed here : a single
dose in children 2–10 y of age, adolescents and adults; 4 doses
at 2, 4, 6 and 12 months of age in infants; and 2 doses given to
unvaccinated children between 7–23 months of age. All the
studies included in this review were conducted in accordance
with good clinical practice and International Conference on
Harmonisation of Techniques for Requirements for Registra-
tion of Pharmaceuticals for Human Use guidelines, and were
approved by Institutional Review Boards (IRBs) or Ethics Com-
mittees (ECs) in each country, as appropriate, prior to start of
the study. The design and methodology of these studies are
summarized in Table 1.

In the MenACWY-CRM antibody persistence studies
described in this review, the same hSBA assay was used across
all studies, with the same procedures for complement qualifica-
tion, the same test strains, and with testing performed at a single
laboratory. In some studies, the rSBA assay was also used as a
supplemental tool. The hSBA and rSBA assays have previously
been described in detail.20-23 The hSBA testing was performed
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by Clinical Laboratory Sciences, GlaxoSmithKline Vaccines
GmbH, Marburg, Germany. The rSBA testing was performed at
the laboratory of Health Protection Agency, Manchester, UK.
Titers were reported as the reciprocal of the lowest dilution that
resulted in killing of 50% of test strain bacteria within
60 minutes. The primary measures of immunogenicity were the
percentages of subjects who achieved hSBA titers �8, and the
hSBA geometric mean titers (GMTs), against serogroups A, C,
W, and Y reference strains. Although Goldschneider et al. dem-
onstrated that an hSBA titer of 4 was the threshold for clinical
protection,24,25 a more conservative threshold of 8 was used for
assessment of MenACWY-CRM vaccine-induced immunoge-
nicity in support of vaccine licensure. The same threshold was
also used for characterization of bactericidal antibody persis-
tence. The measures of immunogenicity for the additional anal-
yses using rSBA were the percentages of subjects who achieved
rSBA titers �8, and the rSBA GMTs, against serogroups A, C,
W, and Y reference strains. An rSBA titer �8 has previously
been described as corresponding to a protective threshold fol-
lowing serogroup C vaccination.20,21,23

Persistence of MenACWY-CRM antibodies varies by
age and serogroup

Given the rapid onset and progression of meningococcal dis-
ease, circulating bactericidal antibodies may be more important
for protection against invasive disease than immune memory,
since anamnestic antibody responses following meningococcal
exposure may not yield protective titers in time to prevent inva-
sive disease. Indeed, investigations of meningococcal serogroup
C vaccination failures revealed no deficiency in the magnitude
of anamnestic antibody responses, suggesting that vaccination
failure may have been due instead to disease progression being
more rapid than the immune response.26,27 Therefore, the study
of long-term persistence of protective antibody titers becomes
crucial to define the potential duration of protection after pri-
mary vaccination and to assess the need for and timing of
booster doses.

Persistence of antibodies after a single dose of MenACWY-
CRM

Four clinical trials conducted in adolescents 11–18 y of age13-15

and children 6–10 and 2–5 y of age12,16 show a trend of high
hSBA titers immediately post-vaccination, with an age- and
serogroup-specific decline in titers up to 1 year, followed by rela-
tively stable levels up to 5 y post-vaccination. In adolescents and
children 2 y of age and older, the waning of bactericidal antibody
titers over time was most pronounced for serogroup A, and, to a
lesser extent, serogroup C.

At one year after vaccination, antibody titers to serogroup W
remained largely unchanged (Fig. 1; lower left pane). Antibody
titers to serogroups C and Y waned, with greater decreases seen
in the younger age groups (Fig. 1; top and lower right panels).
Antibody titers against serogroup A, compared to those against
serogroups C, W and Y, declined to a greater degree in all age
groups, again with persistence being lowest in the youngest
subjects (Fig. 1; top left panel).

At 5 y after vaccination, titers against serogroups C, W and
Y remained fairly stable relative to the one year timepoint, with
substantial proportions of adolescents and children retaining
hSBA antibody titers �8 against these serogroups (Fig. 2). Anti-
bodies against serogroup A were low across age groups (Fig. 2;
top left panel).

In Study 3, antibody persistence in adolescents was assessed
at 21 months,13 3 years,14 and 5 y after vaccination. After an
initial decline by 21 months, substantial proportions of subjects
retained hSBA antibody titers �8 against serogroups C
(�59%), W (�82%), and Y (�64%) at both 3 and 5 years after
vaccination. Antibodies to serogroup A declined rapidly, but
hSBA titers �8 were still present in 32% of subjects at 5 y.

In Study 4,16, at 5 y after initial vaccination, older children
(6–10 y of age) demonstrated greater retention of bactericidal
antibodies (Fig. 2) against serogroups C and Y compared with
the younger cohort (2–5 years). Against serogroup C, 56% of
older children and 32% of younger children had hSBA titers
�8. Similarly, 53% of older children and 48% of younger chil-
dren had hSBA titers �8 against serogroup Y. Antibody persis-
tence against serogroup W was uniformly high across both age
cohorts (74–80% of subjects with hSBA titers �8), while resid-
ual antibody titers against serogroup A were low in both age
cohorts (14–22% of children with titers �8), although hSBA
GMTs against serogroup A were »1.5- to 2-fold higher than
pre-vaccination levels.

In summary, data from 4 clinical trials shows that waning of
serum bactericidal antibody titers after a single dose of Men-
ACWY-CRM is serogroup-specific. Studies conducted using
other conjugated quadrivalent meningococcal vaccines have
shown similar trends, with serum bactericidal antibody levels to
serogroups A, C, W and Y decreasing over time, with serogroup-
specific rates of decay (NLM Identifier: NCT01442675).28

Persistence after multi-dose vaccination series in infants
and toddlers

In toddlers given a 2-dose primary series of MenACWY-CRM
at 6–8 months and 12 months of age, antibody levels declined
by 7 months after vaccination and were higher for serogroups
C, W and Y (>70% of subjects with titers �8) than for
serogroup A (31% of subjects with titers �8) (Fig. 3) (NLM
Identifier: NCT00667602). Geometric mean titers were also
modest across serogroups. Similarly, by 6 months after a 3-
dose series of MenACWY-CRM given at 2, 4 and 6 months of
age in infants,9,10 antibody titers declined to different degrees
across serogroups, with more than half of the infants retaining
antibody titers �8 against serogroups C, W and Y at 6 months
after vaccination (Fig. 3). Persistence of antibodies at 6 months
was lowest (12% of subjects with titers �8) against serogroup
A, in spite of a robust immune response 1 month after the third
dose.

Long-term persistence of antibodies after vaccination in
infancy was also moderate to high across serogroups. In infants
given a 4-dose primary vaccination series of MenACWY-CRM,
and in toddlers given a 2-dose series, �56% of subjects had
hSBA�8 against serogroups W and Y through 5 y of age.18

However, levels of circulating antibodies against serogroup C
declined by 5 y of age. Indeed, waning of antibody titers against
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Figure 1. Percentages of subjects with SBA titers �8 and 95% CIs (error bars) at baseline (pre-vaccination), and 1 month and 1 y after 1 dose of MenACWY-CRM given to
adolescents (11–18 y at time of vaccination; Study 1) and children (2–5 and 6–10 y at time of vaccination; Study 2), by serogroup.

Figure 2. Percentages of subjects with SBA titers �8 and 95% CIs (error bars) at baseline (pre-vaccination), 1 month, and 5 y after 1 dose of MenACWY-CRM given to ado-
lescents (11–18 y of age at the time of vaccination; Study 3) and children (2–5 and 6–10 y at the time of vaccination; Study 4), by serogroup.
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serogroup C over time is a well-known phenomenon across age
groups.30,31 Persistence of antibodies against serogroup A was
the lowest across serogroups, consistent with trends seen across
studies (Fig. 4).

Persistence of antibodies in infants may depend on age at
last vaccination

It is notable that, in Study 7, children given a 2-dose primary
series in the second year of life retained higher levels of bacteri-
cidal antibodies 5 y later than those who received 4 vaccina-
tions in the first year of life (Fig. 4).18 For serogroup C, the
percentages of subjects with hSBA titers �8 at 60 months of
age were 54% for those who started the 2-dose series at
12 months of age, and 26% for those who started the 4-dose
series at 2 months of age. Against serogroup A, 25–31% for
those given 2 toddler doses and 6–9% of those given 4 infant
doses had hSBA titers �8 over the 40- and 60-month time-
points. These results suggest that age at the time of the last vac-
cination may exert a greater impact on persistence than the
number of priming doses, potentially due to greater maturity of
the immune system in toddlers versus infants. This observation
is underscored by previous data showing that antibody persis-
tence against serogroup C in older age groups usually exceeds
that seen in younger children, toddlers or infants, presumably
due to to a greater degree of immunological maturity.32 Indeed,

increasing the dosing interval in infants and young children
may be more effective in inducing sustained protection than
increasing the number of priming doses. However, long-term
persistence of antibodies is not the only factor to consider in
determining the optimal number and timing of doses adminis-
tered in infants; the benefit of early protection in the first
months of life, when the incidence of IMD is the highest, may
dictate the need fora multi-dose infant schedule. Decisions
regarding infant and toddler meningococcal vaccination sched-
ules should take into account the need for both immediate and
long-term protection, and the prevailing epidemiological
conditions.

Rapid waning of serogroup A responses after single or
multiple doses of MenACWY-CRM

Our data show a relatively rapid decline of serogroup A hSBA
antibody titers after vaccination across age groups. A decline in
antibodies against serogroup A has also been seen in clinical
trials of other conjugated meningococcal vaccines (NLM
Identifier: NCT01442675).28 In fact, in Study 5 (data not
included in this review), hSBA antibodies against serogroup A
declined to a similar degree over a 5 y period, both in subjects
given MenACWY-CRM and those given the meningococcal
ACWY-D conjugate vaccine (Menactra�).13-15 This phenome-
non has also been seen in toddlers given 1 dose of the

Figure 4. Percentages of subjects with hSBA titers �8 and 95% CIs (error bars) at 40 months and 60 months of age (Study 7), after either 4 doses (given at 2, 4, 6 and 12/
13 months of age) or 2 doses (given at 12/13 and 15 months of age) of MenACWY-CRM given to infants in Study 3, by serogroup.

Figure 3. Percentages of subjects with hSBA titers �8 and 95% CIs (error bars) at baseline (pre-vaccination) and 1 month and 6 months after 3 doses of MenACWY-CRM
given to infants at 2, 4, and 6 months of age (Study 6), and at 1 month and »7 months after 2 doses of MenACWY-CRM given to toddlers at 6–8 months and 12 months
of age (Study 5), by serogroup.
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meningococcal ACWY-TT vaccine (Nimenrix�), with only
20.6% of healthy toddlers 12 months of age retaining hSBA
antibody titers �4 against serogroup A at 1 y after vaccina-
tion33 and only 21.8% of healthy toddlers 12–23 months of age
retaining hSBA antibody titers against serogroup A at 3 y after
vaccination.34

Laboratory and assay considerations in assessment of
persistence against serogroup A

Antibody decay rates also depend on the serological assay used
for measurement of antibody titers. Several types of serological
assays have historically been used for assessment of meningo-
coccal antigen-specific immunity, including assays that mea-
sure complement-mediated bacterial killing using endogenous
and exogenous complement (rabbit or human), anti-capsular
antibody levels, or opsonophagocytosis,35 and assays using dif-
ferent animal protection models.36-38

Although the hSBA assay is the most commonly used sero-
logic marker of protection, this assay is difficult to standardize
due to the nature of the reagents used.39-41 The bactericidal
assay using complement derived from baby rabbit serum
(rSBA) is a widely accepted alternative to the hSBA. The rSBA
assay generally yields higher titers than are seen in the hSBA.
Using the observed effectiveness of the MenC conjugate vaccine
in the UK, and comparing seroconversion rates in clinical
serum samples collected from vaccinated individuals of all ages,
the serological correlate of protection for the rSBA assay has
been established as a titer �8.20,39 While hSBA antibodies
against serogroup A wane rapidly over time, comparable
decreases in rSBA titers against serogroup A are not seen. rSBA
titers against serogroup A are consistently higher compared to
hSBA, and show little decline over time. In adolescents given 1
dose of MenACWY-CRM, rSBA titers �8 against serogroup A
were seen in all subjects at 1 y after vaccination (data on file).
Furthermore, at 21-month13 and 3-year14 timepoints after a
single vaccination in adolescents, there were sustained high
percentages of subjects (96–99%) with rSBA titers �8 against
serogroup A, compared with low percentages of subjects with
hSBA titers �8 (40% at 21 months and 37% at 3 years). This
difference in antibody persistence between the hSBA and rSBA
assays for serogroup A was not observed for the other
serogroups at any timepoint after vaccination.

In children given 4 doses of MenACWY-CRM in the first
year of life or 2 doses in the second year of life, antibody persis-
tence at 5 y after the vaccination series was also high when
assessed using the rSBA assay,19 with 80–96% of subjects
retaining rSBA titers �8 across both groups (Fig. 5). As was
seen in other age groups, hSBA and rSBA titers were compara-
ble for serogroups C and Y.18,19

Similar findings have previously been described by other
investigators.21 Indeed, while both assays have been used vari-
ably across clinical studies for meningococcal vaccines, several
studies of antibody persistence preferentially utilize the rSBA
assay.42,46 A correlation between elevated rSBA titers and pro-
tection against serogroup A IMD was also recently suggested
by epidemiologic surveillance studies conducted in Africa after
a mass-vaccination campaign using the meningococcal
serogroup A conjugate vaccine MenAfriVac

�
. After the vacci-

nation campaign, in the setting of elevated rSBA antibody titers
in the population, there were no new cases of IMD, and rates of
serogroup A carriage were low.47,48 Another recent study on
MenAfriVac

�
use in the African population has indicated a

94% reduction in the crude incidence rate of meningococcal
serogroup A disease with a 98% decrease in the prevalence of
MenA carriage.49 Interestingly, antibodies against serogroup A
at 1 y after vaccination with MenAfriVac

�
declined sharply

when assessed using hSBA but remained high when assessed
using rSBA,50 indicating that hSBA antibody levels in these vac-
cinated populations may not correlate directly with the
observed efficacy of the vaccine and protection against invasive
disease. Based on these observations, one might speculate that
hSBA may not be the ideal assay for assessing persistence
against serogroup A, and that hSBA titers may underestimate
actual protection against disease.

Therefore, the selection of an optimal serological assay or,
perhaps a battery of assays, remains an important consideration
for meningococcal vaccine development. Indeed, different
attributes of the immune response may best be evaluated with
different assays, adding a level of complexity to the assessments.
The mechanism of protection against disease in the absence of
hSBA seroprotective antibody titers can be assessed in the whole
blood assay, which measures bacterial survival directly in a sam-
ple of uncoagulated blood, allowing the measurement of sub-
bactericidal concentrations of functional antibodies.51 A techni-
cally easier functional assay is opsonophagocytosis (OPA) which

Figure 5. Percentages of subjects with rSBA titers �8 and 95% CIs (error bars) at 40 months and 60 months of age (Study 7), after either 4 doses (given at 2, 4, 6 and 12/
13 months of age) or 2 doses (given at 12/13 and 15 months of age) of MenACWY-CRM given to infants in Study 3, by serogroup.
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uses the hSBA assay platform with the addition of white blood
cells.35 Both of these assays are exquisitely sensitive, although
technically challenging, and adapting these assays for testing the
large number of clinical samples typically generated in a vaccine
trial is not feasible. An alternative opsonophagocytic assay plat-
form which could potentially be adopted for higher throughput
of clinical samples is a flow cytometry-based assay with the
opsonophagocytic activity of the serum antibodies measured as
respiratory burst; this assay also using live meningococci as the
target cells and human polymorphonuclear neutrophils (PMNs)
from donors.52 Another option that may be considered is the
use of fixed fluorescently labeled bacteria with the donor
PMN’s.53 Note that unlike the serum bactericidal assay, there
are no formal guidelines for standardization of meningococcal
opsonophagocytic assays nor correlate of protection.

Response to a booster dose of MenACWY-CRM

In 3 separate clinical trials conducted across age
groups,13-16,18,19 a single booster dose of MenACWY-CRM
administered 3 to 5 y after primary vaccination induced a
robust anamnestic response in all age groups.

In adolescents, a booster dose of MenACWY-CRM, given
3 y after primary vaccination at 11–18 years,14 induced bacteri-
cidal antibody titers �8 in all subjects against all serogroups
(Fig. 6), while hSBA GMTs were 18- to 121-fold higher than
pre-booster titers, with the largest gain in titers seen for
serogroup A. Notably, a robust booster response is not specific
to the priming vaccine; administration of a booster dose of
MenACWY-CRM generated an equally robust immune

response in adolescents primed with either MenACWY-CRM
or Menactra�.14

Long-term persistence of the immune response to a booster
dose was also extremely robust in adolescents, with minimal
decline in antibody titers to serogroups C, W and Y (95–100%
of subjects with hSBA titers �8) 2 y after the booster dose, and
a modest decrease (71% of subjects with hSBA titers �8)
against serogroup A15. For each serogroup, bactericidal anti-
body titers 2 y after a booster dose15 were higher than those
seen »2 y after the primary dose.13

When adolescents were administered a MenACWY-CRM
booster 5 y after primary vaccination,54 nearly all subjects
(98%-100%) had hSBA titers �8 as early as 7 d after the booster
dose. In comparison, 64–90% of age-matched na€ıve subjects
had antibody titers �8 at 7 d after a single priming dose.54

A booster dose of MenACWY-CRM given 5 y after a single-
dose initial vaccination in children 2–5 and 6–10 y of age16 also
induced hSBA titers �8 in all subjects against all 4 serogroups
(Fig. 6). Similarly, in Study 718, a booster dose given at 5 y of
age after 2 toddler doses of MenACWY-CRM induced hSBA
titers �8 in all subjects (Fig. 6). Among infants vaccinated with
4 doses of MenACWY,18 all had post-booster titers �8 against
serogroups W and Y, and 96–97% had titers �8 against
serogroups A and C (Fig. 6). Although one cannot underesti-
mate the importance of circulating antibodies for the preven-
tion of IMD, these data support the argument that
immunological memory may also play an important role in
protection against meningococcal disease.55

A booster dose of quadrivalent meningococcal vaccine is
currently recommended for adolescents and young adults,

Figure 6. Percentages of subjects with hSBA titers �8 and 95% CIs (error bars) pre-booster and at 1 month after booster dose of MenACWY-CRM given 3 y after a single
primary dose of MenACWY-CRM in adolescents aged 11–18 y (Study 3) or 5 y after a single dose in children aged 2–5 and 6–10 y of age (Study 4), or 5 y after 2-dose pri-
mary vaccination series in toddlers 12–24 months of age or 4-dose primary series in infants aged 2 months (Study 7), by serogroup.
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following primary MenACWY vaccination in the United
States,3 and following the childhood MenC vaccination in the
UK.4 Based on the pattern of antibody waning demonstrated
across the studies included in this manuscript, it is possible to
conclude that a benefit from booster vaccination may be
expected in other age groups as well. Given the varying vaccina-
tion schedules and recommendations for quadrivalent menin-
gococcal vaccinations around the world, the need for and
timing of a booster dose should be based on national recom-
mendations for primary vaccination and prevailing epidemio-
logic conditions.

Safety after a booster dose of MenACWY-CRM

Safety after vaccination was also assessed in all of the studies
included in this review. Long-term safety assessments did not
indicate any specific safety concern, across studies and age
groups.9,10,13-16,18 MenACWY-CRM was also well-tolerated as
a booster, with no difference in local or systemic reactogenicity
compared to single- or multiple-dose primary vaccina-
tions.14,16,18 In the studies involving a booster vaccination
(studies 3, 4 and 7), the most commonly reported local reaction
after booster was pain at the injection site (or tenderness in
infants), while the most commonly reported systemic reaction
was irritability in infants, toddlers and young children, and
headache in older children and adolescents. There was no
appreciable difference in the pattern or frequency of post-injec-
tion reactions among subjects receiving a booster injection and
those receiving a primary vaccination (age-matched control
subjects). Unsolicited AEs after a booster vaccination were
reported at rates similar to those seen after primary vaccina-
tions with MenACWY-CRM.

Limitations

The data included in this review are, for the most part, fairly
comparable across trials; however there are several limitations
that may influence the interpretation of these data. First, the
majority of subjects in the studies included in this review were
enrolled in the United States. This allowed for more meaningful
comparisons of persistence between studies and age groups,
but, as a result, these data may not entirely reflect trends in
antibody persistence in other regions, populations and epide-
miologic settings. Second, although the hSBA and rSBA assays
used in these studies were performed in the same laboratories
with the same laboratory procedures, a certain degree of cau-
tion should be exercised while making inter-study compari-
sons, especially given that these results were generated over
several years.

Finally, in the work by Goldschneider et al.,24,25 a titer of 4
with intrinsic human complement correlated with and was
established as the threshold of clinical protection, while a more
conservative threshold of 8 was selected as a clinical endpoint
for licensure of MenACWY conjugate vaccines. Our data, and
those generated for other licensed meningococcal vaccines,
demonstrate that the increase of the threshold has had very
limited impact on the assessment of immunogenicity at
1 month after primary vaccination. However, the conservative
threshold of 8 was not selected or optimized for assessment of

antibody persistence, and may therefore be less appropriate for
this purpose.

Conclusion

In summary, primary vaccination with MenACWY-CRM vac-
cine induces a robust immune response across age groups,
which is maintained to a considerable degree for up to 5 y.
Antibody persistence is greatest in older children and adoles-
cents. While antibody titers against serogroup A decline over
time as measured by the hSBA assay, titers measured by the
rSBA assay suggest that protection against this serogroup may
be sustained in all age groups. All primary vaccination sched-
ules induced immunologic priming, as demonstrated by anam-
nestic responses to revaccination at 3 to 5 y after primary
vaccination.

Abbreviations
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