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Abstract: Background: The Spanish Interterritorial Council of the National Health System
(a central government body) currently recommends vaccination against meningococcal
serogroup C (MenC) at 4 and 12 months of age for prevention of invasive meningococcal
disease (IMD). The Advisory Committee on Vaccines of the Spanish Association of Pedi-
atrics (a professional medical association) and numerous Spanish regional bodies instead
recommend quadrivalent vaccination against serogroups A, C, W, and Y (MenACWY) at
4 and 12 months of age. The central government and Spanish Association of Pediatrics also
recommend MenACWY vaccination at 12 years of age. This study assessed the potential
public health effects of replacing the MenC vaccination schedule with different MenACWY
vaccination schedules in infants. Methods: Here, a static multi-cohort population model
was used to evaluate potential effects on public health of IMD due to meningococcal
serogroups C/W/Y, comparing MenC infant vaccination (reference strategy) against four
different strategies including quadrivalent tetanus toxoid conjugate vaccine (MenACWY-
TT; Nimenrix®, Pfizer Europe MA EEIG, Brussels, Belgium) infant vaccination; all strategies
included MenACWY-TT vaccination at 12 years of age. Results: The most effective strategy
for infant vaccination was MenACWY-TT at 2, 4, and 12 months, preventing an estimated
additional 103 IMD cases, 17 deaths, and 41 cases with long-term sequelae (LTS) versus
the reference strategy in the base-case IMD incidence scenario. When strategies included
a two-dose infant schedule, the earlier the infant MenACWY-TT vaccine was adminis-
tered, the more additional cases, deaths, and cases with LTS were prevented (base-case
and high-incidence scenarios). Conclusions: This analysis supports implementation of
MenACWY-TT as a replacement for MenC vaccination.

Keywords: immunization; invasive meningococcal disease; meningococcal vaccine; public
health; Spain; vaccine

1. Introduction
Invasive meningococcal disease (IMD) is a rare but serious bacterial infection caused

by Neisseria meningitidis and is associated with high mortality and substantial long-term
sequelae (LTS) among survivors [1,2]. Initial symptoms are typically nonspecific, and the
disease can rapidly progress and become fatal within hours [3]. A recent meta-analysis
of studies that reported clinical epidemiology of IMD estimated an overall case fatality
rate of 8.3% (derived from 29 studies, with data from many countries/regions) [2]. Among
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survivors, more than a third experience varied debilitating LTS, including limb amputation,
hearing loss, cognitive impairment, and emotional and behavioral difficulties [1,4]. LTS due
to IMD also adversely affect the health-related quality of life of survivors, their families,
and caregivers [4].

The epidemiology of IMD is unpredictable because of regional shifts in predominant
disease-causing serogroups over time and occurrences of sporadic outbreaks [3,5]. A total
of 12 meningococcal serogroups have been determined; surveillance data indicate that the
serogroups B, C, W, and Y (MenB, MenC, MenW, and MenY, respectively) cause almost
all recent IMD cases in Europe, and that serogroup A (MenA) contributes to IMD in other
regions [1,3]. The incidence of IMD also varies with age. Infants and young children are
at highest risk for IMD, with many countries experiencing a secondary peak in incidence
in adolescents/young adults [3,5]. The serogroup distribution of IMD case isolates has
evolved dramatically across Europe in the last decade; data from the European Surveillance
System (TESSy) indicated that the prevalence of MenW increased from 1.7% in 2008 to
16.0% in 2017, making it the second-most prevalent serogroup; over the same period the
prevalence of MenY increased from 3.0% to 10.9%; in contrast, the prevalence of MenC
remained similar, i.e., 14.4% in 2008 and 15.3% in 2017; and the prevalence of MenB de-
creased from 71.5% to 48.0% [6]. This increase in the prevalence of MenW and MenY
has been particularly marked among older adults, who often develop atypical symptoms,
including gastrointestinal and respiratory symptoms, resulting in delayed diagnosis or
misdiagnosis, and potentially rapid disease progression and death, highlighting the impor-
tance of protecting against these serogroups [3,7,8]. In Spain, as in many countries across
the world, IMD incidence decreased during the COVID-19 pandemic (2020 and 2021), likely
due to implementation of lockdowns, social distancing, and containment measures; there
were 64 IMD cases in 2020/2021 compared with 390 cases in 2018/2019 and 270 cases
in 2019/2020 [9–12]. However, since the end of the pandemic, IMD cases in Spain have
been increasing again [13]. In 2021/2022, 108 confirmed IMD cases were reported; recent
provisional data indicate there were 248 (131 MenB, 4 MenC, 29 MenW, and 23 MenY) and
311 (1 MenA, 135 MenB, 5 MenC, 25 MenW, and 14 MenY) confirmed cases in 2023 and
2024 (through Week 50), respectively [13,14].

Vaccination is an effective measure against IMD, and many countries have recommen-
dations for meningococcal vaccines in their national immunization programs (NIPs) [15].
Recently, in response to the increase in MenW and MenY IMD, many countries incorpo-
rated quadrivalent conjugate vaccines against serogroups A, C, W, and Y (MenACWY) into
their NIPs. Real-world studies have shown that the introduction of MenACWY vaccines
into NIPs has been highly effective at reducing IMD incidence among vaccine-eligible
age groups (typically adolescents) and can also provide indirect protection (i.e., herd
protection) in non-vaccine-eligible age groups [16]. In Spain, a nationwide schedule for
recommended vaccinations has not been implemented; the Spanish Interterritorial Council
of the National Health System (a central government body) recommends MenC vaccination
at 4 and 12 months of age, and MenACWY vaccination at 12 years of age [17]; however,
the regional governments of autonomous communities of Spain may independently imple-
ment vaccination schedules according to need, and may or may not adhere to the Spanish
Interterritorial Council of the National Health System recommendations. In 2024, to better
protect children aged 1 to 12 years of age against IMD, the vaccination schedule issued
by the Advisory Committee on Vaccines of the Spanish Association of Pediatrics (a na-
tional professional medical association) was updated to recommend replacement of MenC
vaccination at 4 and 12 months of age with the quadrivalent tetanus toxoid conjugate
vaccine (MenACWY-TT; Nimenrix®, Pfizer Europe MA EEIG, Brussels, Belgium) at 4 and
12 months of age, whilst maintaining quadrivalent MenACWY vaccination at 12 years of
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age [18]. This recommendation has been adopted by several Spanish regions (Andalucía,
Galicia, Castilla y León [19–21], and Extremadura) ahead of any potential change to the
national recommendations. Therefore, we developed a mathematical model to assess the
potential public health impact in Spain of replacing infant MenC vaccination with various
infant schedules incorporating MenACWY-TT; all schedules also included MenACWY-TT
vaccination at 12 years of age.

2. Methods
The burden of IMD and associated outcomes were analyzed using a static multi-cohort

population model (Microsoft Excel®, version 2503; Microsoft Corporation, Redmond, WA,
USA). The model evaluated the public health impact of different vaccination strategies
while simulating the clinical course of IMD in the Spanish population (Figure 1). The model
estimated the size of the population every year and at every age based on the population in
Spain. The number of serogroup C, W, and Y (MenC/W/Y) cases in each age group was
calculated with case numbers being reduced based on the effectiveness of the vaccination
strategy entered into the model. To simulate the potential public health impact of IMD due
to MenC/W/Y, the model used a base-case incidence rate for 11 age groups using averages
of European Centre for Disease Prevention and Control incidence data from 1999 to 2006
(MenC) and from 2016 to 2019 (MenY and MenW) stratified by age group to account for
differences in disease epidemiology and the effect of the MenC immunization program
(Table 1). MenC immunization was introduced in 2000 following an increased burden
of MenC disease due to an outbreak. Using the average disease incidence from 1999 to
2006 approximates a pre-vaccination incidence without overestimating the pre-vaccination
incidence using only data from 1999–2000, which was driven by a disease outbreak. By
using historic incidence rates, potential double counting is avoided that could occur if
vaccine effectiveness was applied to incidence estimates that were already decreased due
to the effects of an immunization program. Examination of yearly incidence data revealed
peaks in incidence that were used to inform hypothetical high-incidence scenarios for MenC
(used average incidence during 1999–2000 peak), and MenW and MenY (used average
incidence during the 2018–2019 peak).

 

Figure 1. Static-population cohort model. Adol, adolescents; Vx, vaccination.
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Table 1. IMD per 100,000 base-case incidence and modeled high-incidence rates by age range and per
serogroup.

Base-Case Incidence Rate High Serogroup Incidence Scenario

Age Range MenC
1999–2006

MenW
2016–2019

MenY
2016–2019

High MenC
1999–2000

High MenW
2018–2019

High MenY
2018–2019

0–<3 mo 2.57 0.40 0.11 5.14 0.60 0.23
3–<12 mo 5.14 0.80 0.23 10.29 1.19 0.45

1–<2 y 6.04 0.23 0.08 12.03 0.36 0.08
2–<3 y 4.95 0.17 0.06 9.76 0.28 0.07
3–<4 y 3.85 0.12 0.05 7.49 0.20 0.05
4–<5 y 2.76 0.07 0.04 5.21 0.11 0.04

5–<15 y 1.06 0.04 0.07 1.86 0.07 0.08
15–<25 y 0.67 0.14 0.10 1.10 0.20 0.09
25–<50 y 0.10 0.03 0.02 0.19 0.05 0.03
50–<65 y 0.10 0.08 0.04 0.19 0.14 0.06
65–<100 y 0.14 0.23 0.17 0.26 0.34 0.27

IMD, invasive meningococcal disease; MenC, meningococcal serogroup C; MenW, meningococcal serogroup W;
MenY, meningococcal serogroup Y.

This model allowed for comparison of any two vaccination strategies. Four vaccina-
tion strategies were analyzed using the model, focusing on the adoption of MenACWY-TT
vaccination to replace MenC vaccination in infants (the reference strategy). All vaccination
strategies incorporated a MenACWY-TT dose at 12 years of age. A single vaccine effec-
tiveness was assumed for each vaccine class and dose (Table 2). Vaccine effectiveness was
derived from published data for the MenACWY-TT and MenC vaccines [22–25]. The model
assumed annual waning of vaccine effectiveness based on exponential decay, dependent
on the age at which the vaccine was given: infant, 22.12%; adolescent, 5.85%. These as-
sumptions were aligned with a previous model that assessed the impact of meningococcal
vaccination on public health in the UK [26], and were based on observations of vaccine per-
sistence/decay derived from immunogenicity and human complement serum bactericidal
assay titer data with MenACWY-TT [27–29]. IMD due to MenB was out of scope for this
analysis. Meningococcal serogroup A incidence in Spain is very low (0 cases in 2023 and
provisionally 1 case in 2024 through Week 50) and was therefore not considered [14,30].
Based on vaccine coverage data from the Spanish Ministry of Health, the modeled inputs
for vaccine uptake were 97% for the first dose and 95% for any second dose administered
before 12 months of age, 93% for doses administered at 12 months of age, and 90% for doses
administered at 12 years of age [31,32]. The model structure analyzed the effects of each
vaccination strategy by adopting a 30-year time horizon in which new population cohorts
entered the model for 30 years; individuals in the cohort were followed until death, and
impacts on the public health burden of IMD (i.e., numbers of cases, deaths, and cases with
LTS) were estimated (Figure 1). Based on real-world evidence following the introduction
of MenACWY-TT into adolescent immunization programs in the Netherlands, Chile, and
Australia, where IMD incidence was reduced as a result of indirect protection by 45–53% in
age groups ineligible for vaccination, incidence rates in the unvaccinated population in the
current model were reduced by 50% after the introduction of MenACWY-TT to account for
the effects of herd protection [22].
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Table 2. Potential IMD vaccination strategies modeled with MenC and/or MenACWY-TT vaccine
and percentage vaccine effectiveness assumptions.

Age at Vaccination

Vaccination Strategy 2 mo 3 mo 4 mo 6 mo 12 mo 12 y

Reference strategy

MenC vaccine at 4 and 12 mo + MenACWY-TT at 12 y C
90%

C
92%

ACWY
94%

MenACWY-TT strategies

MenACWY-TT at 2, 4, 12 mo + 12 y ACWY
85%

ACWY
92%

ACWY
92%

ACWY
94%

MenACWY-TT at 4 and 12 mo + 12 y ACWY
85%

ACWY
92%

ACWY
94%

MenACWY-TT at 3 and 12 mo + 12 y ACWY
85%

ACWY
92%

ACWY
94%

MenACWY-TT at 6 and 12 mo + 12 y ACWY
89%

ACWY
92%

ACWY
94%

IMD, invasive meningococcal disease; MenACWY-TT, meningococcal serogroup A, C, W, and Y tetanus toxoid
conjugate vaccine; MenC, meningococcal serogroup C. Effectiveness assumptions are shown as percentages in
each cell.

3. Results
All modeled vaccination strategies that used MenACWY-TT to replace the reference

vaccination strategy’s MenC infant doses, while maintaining the MenACWY-TT vaccination
at 12 years of age, were associated with substantial estimated reductions in cases and deaths
due to IMD (Table 3). The substitution of MenACWY-TT in infants resulted in an estimated
additional reduction of 20 to 103 cases of IMD due to MenC/W/Y in the 30-year time
horizon versus the reference strategy, with greater numbers of averted cases associated
with an earlier age of administration of the primary dose. The modeled infant vaccination
schedule of three doses of MenACWY-TT at 2, 4, and 12 months of age was associated with
103 fewer cases and 17 fewer deaths caused by IMD due to MenC/W/Y than the reference
strategy. Administration of two doses of MenACWY-TT at 4 and 12 months of age, instead
of the two doses of MenC at 4 and 12 months per the reference strategy, prevented an
additional 60 cases and 11 deaths due to MenC/W/Y; vaccination with MenACWY-TT at
3 and 12 months of age prevented an additional 80 cases and 14 deaths due to MenC/W/Y.
Delaying primary MenACWY-TT vaccination until 6 months of age (MenACWY-TT at
6 and 12 months) prevented an additional 20 cases and four deaths compared with the
reference strategy. The prevention of sequelae followed a similar pattern, with reductions in
the number of cases with LTS due to MenC/W/Y ranging from 7 to 41 when MenACWY-TT
replaced MenC infant vaccinations. The greatest reduction in cases with LTS was predicted
with the three-dose MenACWY-TT infant schedule at 2, 4, and 12 months of age; replacing
MenC at 4 and 12 months of age with MenACWY-TT at 4 and 12 months resulted in a
reduction of 24 cases with LTS.

To understand the effects of the vaccination strategies during times of high IMD
incidence, several hypothetical high-incidence scenarios for MenC, MenW, and MenY
were modeled. Across all high-incidence scenarios, substitution of MenC vaccination
for MenACWY-TT vaccination in infants was associated with substantial reductions in
estimated numbers of IMD cases, deaths, and cases with LTS, with the exception of the
strategy in which the first infant MenACWY-TT dose was administered at 6 months (Table 4).
Although there were benefits with this strategy in the high MenW and high MenY scenarios,
in the high MenC scenario an additional 24, 2, and 11 cases, deaths, and cases with LTS were
predicted versus the reference strategy, respectively. Model estimates indicated that the
infant vaccination strategy of MenACWY-TT at 2, 4, and 12 months of age had the greatest
impact across all high-incidence scenarios, resulting in the prevention of an additional
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168 cases, 28 deaths, and 67 cases with LTS in the high MenC/W/Y incidence scenario
versus the reference strategy; in the individual high MenC, MenW, and MenY incidence
scenarios, this strategy prevented an estimated 112 to 133 additional cases, 18 to 23 deaths,
and 45 to 53 cases with LTS. For the two-dose infant vaccination schedules in which the
infant dose was administered at 3 or 4 months, the model estimated prevention of 124 and
86 additional cases, respectively, 22 and 16 deaths, and 49 and 34 cases with LTS in the high
MenC/W/Y incidence scenario versus the reference strategy; and prevention of between
50 to 109 additional cases, 9 to 20 deaths, and 20 to 43 cases with LTS in the high MenC,
MenW, and MenY incidence scenarios.

Table 3. Public health impact of various MenACWY-TT vaccination strategies compared with the
reference vaccination strategy on IMD due to MenC/W/Y.

Vaccination Dosing Strategies Cases Deaths Cases with LTS

Reference strategy
MenC vaccine at 4 and 12 mo + MenACWY-TT at 12 y 5273 833 2124

MenACWY-TT strategies Add’l cases
prevented *

Add’l deaths
prevented *

Add’l cases with
LTS prevented *

MenACWY-TT at 2, 4, and 12 mo + 12 y 103 17 41
MenACWY-TT at 4 and 12 mo + 12 y 60 11 24
MenACWY-TT at 3 and 12 mo + 12 y 80 14 32
MenACWY-TT at 6 and 12 mo + 12 y 20 4 7

Add’l, additional; IMD, invasive meningococcal disease; LTS, long-term sequela; MenACWY-TT, meningococcal
serogroup A, C, W, and Y tetanus toxoid conjugate vaccine; MenC, meningococcal serogroup C; MenC/W/Y,
meningococcal serogroup C, W, and Y. * Add’l cases and deaths prevented are cases and deaths prevented relative
to the cases and deaths that occurred with the reference vaccination strategy.

Table 4. Analysis of the impact of various vaccination strategies on MenC/W/Y cases and deaths in
high MenC/W/Y incidence scenarios compared with the reference strategy.

High-Incidence Scenario *

Reference Strategy MenACWY-TT Strategies

MenC Vaccine at
4 and 12 mo +

MenACWY-TT at 12 y

At 2, 4, and
12 mo + 12 y

At 4 and
12 mo + 12 y

At 3 and
12 mo + 12 y

At 6 and
12 mo + 12 y

High MenC
Cases 7465 7337 7415 7379 7489
Deaths 1164 1143 1155 1149 1167
Cases with LTS 3014 2963 2995 2980 3025
Additional cases prevented — 128 50 87 −24
Additional deaths prevented — 21 9 15 −2
Additional cases with LTS prevented — 51 20 34 −11

High MenW
Cases 6156 6023 6068 6047 6112
Deaths 1008 985 992 988 999
Cases with LTS 2463 2410 2429 2420 2446
Additional cases prevented — 133 88 109 45
Additional deaths prevented — 23 16 20 9
Additional cases with LTS prevented — 53 34 43 17

High MenY
Cases 5854 5742 5786 5766 5828
Deaths 900 882 889 886 895
Cases with LTS 2370 2325 2343 2335 2360
Additional cases prevented — 112 68 89 26
Additional deaths prevented — 18 12 15 5
Additional cases with LTS prevented — 45 27 35 10
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Table 4. Cont.

High-Incidence Scenario *

Reference Strategy MenACWY-TT Strategies

MenC Vaccine at
4 and 12 mo +

MenACWY-TT at 12 y

At 2, 4, and
12 mo + 12 y

At 4 and
12 mo + 12 y

At 3 and
12 mo + 12 y

At 6 and
12 mo + 12 y

High MenC/W/Y
Cases 8930 8762 8844 8806 8923
Deaths 1407 1379 1391 1385 1403
Cases with LTS 3599 3532 3566 3550 3597
Additional cases prevented — 168 86 124 7
Additional deaths prevented — 28 16 22 3
Additional cases with LTS prevented — 67 34 49 2

LTS, long-term sequela; MenACWY-TT, meningococcal serogroup A, C, W, and Y tetanus toxoid conjugate vaccine;
MenC, meningococcal serogroup C; MenC/W/Y, meningococcal serogroup C, W, and Y; MenW, meningococcal
serogroup W; MenY, meningococcal serogroup Y. * Incidence is increased for high serogroups; other serogroups
are kept at base-case incidence values.

4. Discussion
The Spanish Interterritorial Council of the National Health System currently recom-

mends a MenC vaccine at 2 and 4 months of age; however, the Advisory Committee on
Vaccines of the Spanish Association of Pediatrics recently recommended replacing the
infant MenC vaccinations with MenACWY-TT, citing greater protection against IMD in
children between 1 and 12 years of age [17,18]. To better understand the public health
impact in Spain of switching the infant MenC vaccine to MenACWY-TT, the potential
benefits of replacing the MenC vaccination schedule with four different MenACWY-TT
vaccination schedules were evaluated with a static multi-cohort population model.

Under the base (standard-incidence) scenario in this study, all four of the in-
fant schedules—MenACWY-TT vaccination + MenACWY-TT vaccine at 12 years of
age—prevented additional IMD cases, deaths, and cases with LTS compared with the
reference two-dose infant MenC + MenACWY-TT vaccine at 12 years of age schedule.
According to the model, the most effective strategy for protecting against IMD cases, IMD-
related deaths, and cases with LTS was the three-dose infant MenACWY-TT schedule
administered at 2, 4, and 12 months, with a fourth dose at 12 years; this prevented an
additional 103 IMD cases, 17 deaths, and 41 cases with LTS. This MenACWY-TT schedule
was also the most protective strategy under the hypothetical high MenC, MenW, and MenY
incidence scenarios, preventing an additional 128, 133, and 112 IMD cases, respectively.
Interestingly, under the high MenC incidence scenario, all of the infant MenACWY-TT
vaccination strategies, except for the schedule with MenACWT-TT administered at 6 and
12 months of age with a further dose at 12 years, provided additional protection over the
reference strategy.

When comparing the two-dose infant MenACWY-TT strategies, in which the infant
dose was administered at either 3, 4, or 6 months of age, it was found that the earlier the
infant dose was administered, the more additional cases, additional deaths, and additional
cases with LTS were prevented in both the base-case IMD incidence scenario and the high
IMD incidence scenarios. This suggests that the timing of the infant dose has a substantial
effect on the protection afforded by the vaccination strategy and is consistent with the high
incidence of IMD in infants relative to other age groups [1,5]. Furthermore, the strategy in
which the infant MenACWY-TT dose was administered later (6 months) versus earlier (3 or
4 months) resulted in excess IMD cases, deaths, and cases with LTS under the high MenC
scenario, due to the occurrence of MenC cases before the primary dose was administered
(when primary vaccination occurred at 6 months there were an estimated 7489 cases; this
dropped to 7379 and 7415 cases when the primary dose was administered at 3 and 4 months,
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respectively). A previous study in which a static multi-cohort population model was used
to estimate the efficacy of three-dose MenACWY vaccination schedules (two infant doses
+ adolescent dose) in the United Kingdom also found that earlier infant dose strategies
prevented the most IMD cases, deaths, and cases with LTS [26]. Together, these modeling
studies suggest that for a MenACWY-TT dose schedule, administration of the vaccine in
early infancy provides better protection.

Consistent with the findings from our model of increased protection against IMD
with MenACWY-TT vaccination strategies, real-world analyses of vaccine effectiveness in
the Netherlands, Australia, and the United Kingdom have shown that the introduction of
MenACWY quadrivalent vaccines into NIPs in various age groups has been effective at
reducing the incidence of IMD [22,23,33–35]. In the Netherlands, in 2018 MenACWY-TT
was introduced into the NIP for toddlers 14 months of age, replacing MenC vaccination,
and in 2020 it was also added for those 14 years of age [22]. In 2018 Australia’s NIP
implemented MenACWY-TT for infants 12 months of age, replacing vaccination with
MenC, and in 2019 for children 14 to 16 years of age [22]. Following the introduction of
the single MenACWT-TT dose, an incidence rate reduction of 85% in the Netherlands
and 83% in Australia for MenC/W/Y disease in toddlers and adolescents/young adults
was observed [22]. In 2015 the NIP in England replaced vaccination with a single dose
of an MenC vaccine in adolescents 13 to 14 years of age with an MenACWY vaccine,
which resulted in a incidence rate reduction of 89%, 65%, and 79% for MenC, MenW,
and MenY disease, respectively, among those 14 to 18 years of age [22]. Adolescents are
important reservoirs of meningococcus, with carriage rates peaking at around 19 years
of age; MenACWY vaccination strategies that reduce carriage in adolescents have been
shown to interrupt onward transmission, conveying indirect protection against IMD to
non-vaccinated age groups [35–37]. The static multi-cohort population model used here
accounted for the indirect effects of vaccination (i.e., herd protection) using assumptions
based on real-world observations following the introduction of MenACWY vaccination into
national adolescent immunization programs [22]. Similarly, the model inputs for both the
base-case and high-incidence scenarios were based on relevant, real-world epidemiological
data, with the intention of generating realistic, applicable model estimates.

The model assumed MenACWY-TT vaccine effectiveness was the same for all four
serogroups (MenA/C/W/Y), and that MenACWY-TT vaccine effectiveness after the pri-
mary vaccination was lower than that reported for the MenC-specific vaccine (MenACWY-
TT: 85% or 89% with primary vaccination at 2/3/4 months or 6 months of age, respectively;
MenC: 90% with primary vaccination at 4 months of age) [22–25]. Despite the assumption
of a lower vaccine effectiveness after a single dose of MenACWY-TT versus MenC, the
model predicted that the combined effects of direct and indirect protection against multiple
serogroups with MenACWY-TT vaccination strategies offered greater protection against
IMD than the monovalent MenC infant vaccination approach. Studies have shown that
persistence of MenC antibodies after MenACWY-TT vaccination is greater or equivalent
to persistence after vaccination with the MenC vaccine, suggesting that the vaccine effec-
tiveness for MenACWY-TT used in our study was a conservative estimate [28,33,38–41].
On this basis, our modeled numbers of additional IMD cases, deaths, and cases with LTS
prevented with the MenACWY-TT strategies may be an underestimation. It should be
noted that the model used MenACWY-TT vaccine effectiveness inputs that were based on
MenACWY-TT-specific data, and therefore may not be applicable to other quadrivalent
MenACWY vaccines [22–24].

The model in the current manuscript showed that vaccination with MenACWY-TT at 2,
4, and 12 months of age with a fourth dose at 12 years of age had the greatest impact in terms
of additional cases, deaths, and cases with LTS prevented. However, national decision-
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making around adoption of new immunization policies requires a holistic approach that, in
addition to vaccine efficacy, needs to consider affordability, cost-effectiveness, and feasibility
of implementation. In Spain, switching from a MenC dose to a MenACWY dose at 4 and
12 months of age offers the simplest and potentially most affordable option because no
new additional clinic visits would be required. The vaccination strategies in which initial
MenACWY doses are administered at 2 to 4 months of age would be convenient as many
other vaccines are administered at this age and MenACWY could be co-administered with
the other recommended vaccines [17]. A similar approach is also being taken in France
where transition from MenC to MenACWY vaccination in infants was implemented from
January 2025 [42]. A recent phase 3B study that evaluated immunogenicity responses to
a ‘1 + 1’ infant MenACWY-TT vaccination schedule, with a primary dose administered at
3 months of age followed by a second dose at 12 months, reported seroprotective titers
across MenA, MenC, MenW, and MenY serogroups in 82–91% of the 145 infants who
received the primary dose, and 100% of the 143 infants who received a second dose [43].
These data provide support for the recommendations that have been adopted in Malta
since 2020 for routine infant quadrivalent MenACWY vaccination at 3 and 13 months of
age [44,45]. Based on the model estimates from the current study, real-world evidence
evaluating MenACWY vaccine implementation in various countries, and MenACWY
immunogenicity data from similar infant schedules, we anticipate that the introduction in
Spain of a MenACWY-TT schedule of vaccination at 4 and 12 months of age with a third
dose at 12 years of age will achieve similar success in increasing protection against multiple
meningococcal serogroups.

Our model did not consider MenA disease because disease from serogroup A is rare
in Spain; there were no cases of MenA in Spain in 2021, 2022, or 2023, and 1 case in
2024 [14,46]. However, should MenA be introduced into Spain from other regions, offering
broad protection against all four serogroups with an MenACWY vaccine would protect
infants and young children against MenA disease. Continuing to vaccinate adolescents
with MenACWY vaccine would also be able to reduce carriage and transmission.

Limitations

The mathematical models developed in this study, as with all models, are simplifi-
cations of real-world conditions, and there is some uncertainty in projecting long-term
changes in unpredictable and continually evolving diseases, such as IMD. Model inputs
rely on the robustness of available data to populate the model. Model inputs specific
for Spain were not always available and estimates from other countries were sometimes
applied. Additionally, incidence rates used in the base-case analysis may underestimate
the burden of IMD in any given period; however, we did analyze effects of the different
vaccination strategies in hypothetical high-incidence scenarios for MenC, MenW, and MenY.
Assumptions used to calculate the herd effect were simplified for inclusion in the model
population, although the assumptions were generally conservative; in addition, vaccine
effectiveness estimates assumed that efficacy in a Spanish population would reflect the
published MenABCWY-TT and MenC effectiveness data on which model inputs were
based [22–25]. Finally, MenB, and the effects of vaccination against IMD caused by MenB,
were not included in the model; this is important given the high prevalence of MenB in
Spain and Europe relative to other serogroups, and evidence that recombinant vaccines that
protect against MenB may also provide a degree of protection against IMD caused by non-
MenB serogroups [1,3,14,47,48]. MenB vaccination has been included in infant/adolescent
vaccination programs globally, and in Spain since 2023 [49], with an estimated effectiveness
in Spain of 71% against MenB disease and 76% against any serogroup in fully vaccinated
children < 5 years of age [50].



Vaccines 2025, 13, 642 10 of 13

5. Conclusions
The static multi-cohort population model used in this study estimated that IMD cases,

IMD-related deaths, and cases with LTS could be substantially lowered in Spain with
the adoption of the MenACWY-TT vaccine in infants. These data support the decision
made by several of the regional governments of Spain to adopt the updated vaccine
recommendations of the Advisory Committee on Vaccines of the Spanish Association
of Pediatrics, which aim to increase protection against IMD by transitioning from the
MenC vaccine to the MenACWY-TT vaccine at 4 and 12 months of age, while maintaining
MenACWY vaccination at 12 years of age. Even in the high MenC/W/Y incidence scenarios,
model estimates demonstrate that adoption of MenACWY-TT in the infant vaccination
schedule in Spain would better prepare the population against evolutionary changes in
IMD, especially against disease caused by MenW and MenY. The robust model used in
the current study, with inputs derived from real-world data, was designed to ensure
realistic outputs that may be applicable in settings beyond Spain where monovalent MenC
vaccination strategies are still relied upon.
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