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ABSTRACT
The four-component meningococcal serogroup B vaccine (4CMenB) is indicated for the prevention of invasive 
meningococcal disease (IMD) caused by Neisseria meningitidis serogroup B. Co-administering 4CMenB with 
other vaccines may improve vaccine uptake provided that the safety and immunogenicity of either are not 
affected. Published literature on the immunogenicity and reactogenicity of 4CMenB co-administered with 
other routine childhood and adulthood vaccines was reviewed. From 282 publications identified, data were 
collated from 10 clinical studies, 3 real-world studies, and 3 reviews. The evidence showed that 4CMenB co- 
administration is not associated with significant safety concerns or clinically relevant immunological inter
ferences. The increased reactogenicity (e.g., fever) associated with 4CMenB co-administration can be ade
quately managed with prophylactic paracetamol in children. Thus, 4CMenB co-administration has the 
potential to maximize vaccine coverage and improve protection against IMD globally.
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Introduction

Owing to the complex vaccination schedules offered by many 
countries, especially in the first years of life, co-administration of 
multiple vaccines during the same clinic visit may be a desirable 
public health strategy.1 The four-component meningococcal 
serogroup B vaccine (4CMenB) is approved for the prevention 
of invasive meningococcal disease (IMD) caused by Neisseria 
meningitidis serogroup B (MenB) in more than 50 countries 
worldwide. 4CMenB vaccination in infants is currently recom
mended and publicly funded in several European countries, 
either nationally or regionally. In most European countries, 
4CMenB is licensed for infants from 2 months of age as a 2- or 
3-dose series plus booster, and as a 2-dose series for children 
aged ≥2 y. In the Czech Republic, New Zealand, and South 
Australia, 4CMenB vaccination is recommended not only for 

infants but also for adolescents, specifically those aged 14–15 y 
in the Czech Republic,2,3 aged 13–25 y in specified close-living 
situations in New Zealand,4,5 and aged 15–16 y (Year 10 stu
dents) in South Australia.6 In the US, 4CMenB is licensed for 
individuals aged 10–25 y as a 2-dose series.7,8 The Advisory 
Committee on Immunization Practices (ACIP) recommends 
vaccination against meningococcal disease, including with 
4CMenB, in adolescents and young adults aged 16–23 y (pre
ferably aged 16–18 y) on the basis of shared clinical decision- 
making. ACIP also recommends routine 4CMenB vaccination 
in individuals aged ≥10 y who are at increased risk of MenB 
disease.9,10 As highlighted by a recent review, 4CMenB has been 
consistently well tolerated across clinical trials and post- 
licensure surveillance studies, with no significant safety issues 
and an acceptable safety profile.11
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In addition to MenB vaccination, national immunization 
programs (NIPs) worldwide include vaccinations against 
many different infectious diseases in infants, toddlers, and 
adolescents; these include (but are not limited to) diphtheria, 
tetanus, pertussis, hepatitis B, poliovirus, influenza, rotavirus, 
measles, mumps, rubella, varicella, tuberculosis, Haemophilus 
influenzae type b infections, and meningococcal infections 
with different serogroups (e.g., A, C, W, and Y). 
Additionally, immunization programs in certain countries or 
regions include vaccination against hepatitis A and yellow 
fever. The co-administration of multiple vaccines offers var
ious benefits, including fewer visits required to receive the full 
vaccination schedule, improved timeliness of vaccination, and 
greater vaccination compliance, which may contribute to 
improved vaccine uptake.12 4CMenB is co-administered with 
other routine childhood vaccines in certain NIPs, based on 
clinical evidence of tolerability and an absence of significant 
interferences with the immune responses elicited by either of 
the co-administered vaccines.2 The aim of this narrative litera
ture review was to collate published immunogenicity and 
reactogenicity data from clinical and real-world studies evalu
ating 4CMenB co-administration with other vaccines.

Materials and methods

A narrative literature review was performed in April 2022 (no 
specified timeframe) using PubMed. The following search 
terms were used: (Bexsero OR meningococcal vaccines OR 
meningococcal vaccine OR meningococcal group B vaccine 
OR meningitis B vaccine OR MenB OR 4CMenB) AND 
(Coadministration OR coadminister OR coadministered OR 
co-administration OR co-administer OR co-administered OR 
concomitant OR concomitantly).

Overall, 282 publications were manually reviewed, 266 of 
which were deemed irrelevant to the scope of this article and 
were removed. In total, 16 publications were included in this 
review, specifically 10 clinical studies,13–22 3 real-world evi
dence studies,23–25 and 3 review articles.12,26,27 Relevant 
immunogenicity and reactogenicity data are presented 
herein, organized according to co-administered vaccine type 
where possible. Owing to methodological differences in the 
definition and collection of immunogenicity data across stu
dies, the immunogenicity parameters are reported for each 
study.

Results

Immunogenicity

Multiple clinical studies have investigated the effects of the co- 
administration of 4CMenB with other childhood and adult
hood vaccines, specifically focusing on the immunogenicity of 
each co-administered vaccine. In summary, the available clin
ical evidence suggests that the co-administration of 4CMenB 
with other vaccines, including those given as part of routine 
childhood vaccination schedules, is not associated with clini
cally relevant immunological interferences with 4CMenB or 
the co-administered vaccines.

Clinical studies in infants and toddlers
Seven clinical studies of infants 2–12 months of age con
ducted in Europe, Asia, and Central and South America 
between 2012 and 2021 did not report clinically relevant 
interferences of 4CMenB co-administration with combina
tions of the diphtheria-tetanus-acellular pertussis, inactivated 
poliovirus, H. influenzae type b plus hepatitis B vaccine 
(DTaP/IPV/Hib/HepB), 7-valent and 13-valent pneumococ
cal vaccines (PCV7 and PCV13), 10-valent pneumococcal 
nontypeable H. influenzae protein D conjugate vaccine 
(PHiD-CV), meningococcal serogroup C-CRM conjugated 
vaccine (MenC-CRM), rotavirus vaccines (monovalent 
human rotavirus vaccine and pentavalent bovine-human 
reassortant vaccine), measles-mumps-rubella (MMR) and 
MMR-varicella (MMRV) vaccines, and the meningococcal 
serogroups A, C, W, and Y-CRM conjugated vaccine 
(MenACWY-CRM).

DTaP/IPV/Hib/HepB plus PCV7 or PCV13 and rotavirus 
vaccines
In a phase 3 study conducted in Europe (N = 3630), 4CMenB 
vaccination elicited immune responses against the indicator 
strains selective for the four vaccine antigens at 1 month post- 
third dose (immunogenicity subset, 4CMenB primary sche
dule, N = 2627), with human complement serum bactericidal 
assay (hSBA) titers ≥5 reported in 100% of infants for strains 
44/76-SL (factor H binding protein) and 5/99 (Neisseria 
adhesin A), 84% for strain NZ98/254 (PorA1.4, i.e., the 
major component of New Zealand strain outer-membrane 
vesicle), and 84% for strain M10713 (Neisserial Heparin 
Binding Antigen; post hoc calculation).19 Based on predefined 
noninferiority criteria (i.e., a lower limit of the 95% confi
dence interval [CI] of ≤10% for the difference in the propor
tion of infants with hSBA titers ≥5), there was no evidence of 
significant interference of the 4CMenB vaccine when 
co-administered with the DTaP/IPV/Hib/HepB and PCV7 
vaccines, except for a slightly lower proportion of infants 
with poliovirus type 2 titers ≥8 (−5%; 95% CI −11, −1).19

A phase 2b study of 1885 infants in Europe also reported 
that 4CMenB was immunogenic when co-administered with 
the DTaP/IPV/Hib/HepB and PCV7 vaccines at either 2, 4, 
and 6 months or 2, 3, and 4 months of age; specifically, hSBA 
titers ≥5 at 1 month post-third dose were observed in ≥99% of 
infants with all schedules for strains 44/76-SL and 5/99, and 
79–82% for strain NZ98/254 depending on the schedule (com
pared with 86% with 4CMenB alone).15,26 Based on 
a predefined noninferiority analysis (i.e., a lower limit of the 
95% CI greater than −10% for the difference in the proportion 
of infants with hSBA titers ≥5), there was no evidence of 
significant interference of the 4CMenB vaccine when co- 
administered with the DTaP/IPV/Hib/HepB and PCV7 
vaccines.15

Based on data from more than 300 participants enrolled 
across these studies and reviewed by O’Ryan and colleagues, 
immune responses to 4CMenB (measured as the proportion of 
individuals with hSBA titers ≥5) were not significantly 
impacted by co-administration with routine vaccine regimens 
including the monovalent human rotavirus vaccine or penta
valent bovine-human reassortant rotavirus vaccine.15,19,27 

2 V. ABITBOL ET AL.



Specifically, after three doses of 4CMenB in 200 of these 
participants, 99–100% of infants achieved hSBA titers ≥5 
against strains 44/76-SL and 5/99, regardless of receipt or 
nonreceipt of the rotavirus vaccine. Overall, 76–84% of infants 
who received a rotavirus vaccine achieved hSBA titers ≥5 
against strain NZ98/254 compared with 83–84% of those 
who had no history of rotavirus vaccination.27

Finally, in a phase 3 study of 225 infants and toddlers in 
Taiwan, the immunogenicity of 4CMenB was not impacted by 
co-administration with routine vaccines (i.e., DTaP/IPV/Hib 
and PCV13 at 2, 4, and 6 months of age and HepB vaccine at 
6 months of age), with hSBA titers ≥5 at 1 month post-third 
dose observed in 100% of infants for strains 44/76-SL and 5/99, 
79% for strain NZ98/254, and 59% for strain M10713.13

PCV13 or PHiD-CV plus MenC-CRM vaccines
In a phase 2 study of 213 infants in the UK, co-administration 
of 4CMenB with PCV13 in either a 2 + 1 (2, 4, and 12 months 
of age) or a 1 + 1 schedule (3 and 12 months of age) did not 
affect the immunogenicity of 4CMenB, with hSBA titers ≥4 at 
1 month post-dose 2 observed in 100% of infants for strain 
5/99, 95% for strain 44/76-SL, and 89% for strain NZ98/254.14

A phase 3 study in 251 infants and toddlers in Brazil 
evaluated co-administration of 4CMenB with MenC-CRM 
plus PHiD-CV.17 The study reported sufficient responses to 
4CMenB after the first two of the three primary doses at 
3 and 5 months and the booster vaccination at 12 months 
(defined as a lower limit of the 95% CI of ≥70% at month 6 
or ≥75% at month 13 for the proportion of participants with 
hSBA titers ≥4). Additionally, co-administration of MenC-CRM 
with 4CMenB was noninferior to MenC-CRM alone (defined as 
a lower limit of the 95% CI greater than −10% for the difference 
in the proportion of infants with hSBA titers ≥8).

A post hoc analysis of this study evaluated immune 
responses to PHiD-CV in 213 infants and toddlers in Brazil 
when the first two of the three primary doses and the booster 
dose were co-administered with 4CMenB and/or MenC-CRM 
vaccine at 3, 5, and 12 months of age.18 Immune responses to 
PHiD-CV 1 month after the second primary dose were similar 
in those who were also co-administered 4CMenB and/or 
MenC-CRM, with similar geometric mean concentrations of 
antibodies for each pneumococcal serotype, and similar pro
portions of infants with antibody concentrations ≥0.35 µg/mL 
for the PHiD-CV serotypes and PHiD-CV-related serotypes 
6A and 19A.

MMR and MMRV vaccines
In an extension to the previously described phase 3 study in 
1555 toddlers aged 12 months in Europe, administration of 
a 4CMenB booster dose was immunogenic when co- 
administered with MMRV vaccine at 1 month post-booster 
dose, with no evidence of significant interference due to co- 
administration (95−100% of children had hSBA titers ≥5 for all 
antigens, with or without MMRV vaccine).19 Similarly, in the 
previously described Taiwanese phase 3 study, a booster dose 
of 4CMenB at 12 months of age was immunogenic at 1 month 
post-booster dose (92–99% of infants with hSBA titers ≥5 
against strains 44/76-SL, 5/99, and M10713) and was not 

impacted by co-administration with MMR and MMRV 
vaccines.13

MenACWY vaccine
In a multicenter phase 3b study, 750 infants and toddlers 
in Mexico and Argentina were randomized to receive 
4CMenB alone, MenACWY-CRM alone, or 4CMenB and 
MenACWY-CRM co-administered at 3, 5, 7, and 13  
months of age.16 Immunogenicity associated with co- 
administration was non-inferior compared with either vac
cine alone (defined as a lower limit of the 95% CI >0.5 for 
the between-group ratio of hSBA geometric mean titers) at 
1 month post-booster (primary objective).16 Across all 
groups and serogroup B strains, 68–100% and 87–100% of 
infants and toddlers had hSBA titers ≥5 at 1 month post-third 
primary dose and 1 month post-booster, respectively.16

Clinical studies in adults
MenACWY vaccine. While most studies published to date 
evaluate co-administration in pediatrics, evidence related to 
adults is also of interest. A phase 2 trial published in 2015 
investigated a three-dose schedule of 4CMenB in 38 adult 
laboratory workers aged 18–65 y in England.22 In this study, 
co-administration of the first dose with MenACWY-CRM did 
not adversely affect immunogenicity of either vaccine. 
Specifically, 95–100% and 90–100% of subjects developed pro
tective SBA titers against A, C, W, and Y strains (exogenous 
complement source [rSBA] titers ≥8) and a panel of MenB 
strains (hSBA titers ≥4), respectively.

Reactogenicity

Multiple clinical and real-world studies have investigated the 
effects of the co-administration of 4CMenB with other child
hood and adulthood vaccines, specifically focusing on the 
reactogenicity of each co-administered vaccine. In summary, 
the published clinical and real-world evidence suggests that 
there are no significant safety concerns associated with the co- 
administration of 4CMenB with other vaccines. Moreover, the 
increased reactogenicity (e.g., fever) associated with co- 
administration can be effectively managed with prophylactic 
paracetamol. Crucially, emerging real-world evidence supports 
clinical evidence, reflecting the higher rate of adverse events 
(AEs) but no safety concerns associated with 4CMenB co- 
administration.

Clinical studies in infants and toddlers
Six clinical studies conducted in Europe, Asia, and Central 
and South America between 2012 and 2018 evaluated safety 
and reactogenicity of 4CMenB co-administration with rou
tine childhood vaccines. Common solicited AEs associated 
with 4CMenB in infants and toddlers include both local 
(e.g., local pain and erythema) and systemic (e.g., fever and 
irritability) reactions.7,8 Clinical studies have shown that 
co-administration of 4CMenB with routine childhood vac
cines is associated with greater reactogenicity compared 
with separate administration, including higher rates of 
fever ≥38°C (4CMenB co-administration, 17–75%; 4CMenB 
alone, 18–43%),13,15–17,20 moderate fever ≥39°C (4CMenB 
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co-administration, 10–18%; 4CMenB alone, 3–8%),15,20 and 
injection-site pain/tenderness (4CMenB co-administration, 
48–87%; 4CMenB alone, 55–70%)13,15–17,19,20 in all vaccination 
groups across studies, <1% of infants had severe 
fever ≥40°C.13,15–17,20; Overall, no safety concerns were reported 
in association with co-administration (Table 1).

DTaP/IPV/Hib/HepB plus PCV7 or PCV13 and rotavirus 
vaccines
In a pooled analysis of 5026 infants and toddlers aged 
2–15 months20 who were enrolled in three open-label, rando
mized clinical studies in Europe,15,19 co-administration of 
4CMenB with other routine vaccines (i.e., DTaP/IPV/Hib/ 
HepB and PCV7) was associated with an increased incidence 
of fever ≥39°C (18% vs 14%), long-lasting fever (>1 d; 
33% vs 23%), and injection-site pain (66% vs 55%), but an 
overall reduction in incidence of fever ≥38°C (75% vs 86%) 
and other systemic AEs compared with separate 
administration.20 Based on pooled data, vaccine co- 
administration decreased the risk of AEs following immuniza
tion (AEFIs; i.e., fever ≥38°C, crying, diarrhea, and change in 
eating habits) by 4–49%, with the greatest reduction in risk 
demonstrated in those with versus without a history of the 
same prior AEFI(s).20 Although the pooled analysis did not 
report on febrile and non-febrile seizures, Kawasaki disease, 
and hypotonic hyporesponsive episodes,20 these AEs were 
temporally associated with 4CMenB vaccination in the original 
trials15,19; according to expert opinion, the rarity of these AEs 
did not allow for a definitive assessment of causality.1 

Importantly, real-world data following widespread adminis
tration of 4CMenB in infants in the UK did not identify an 
increased risk of these AEs associated specifically with 
4CMenB vaccination.28

Based on pooled data from 303 participants enrolled in 
these studies,15,19 similar reactogenicity profiles were observed 
in infants who did or did not receive a rotavirus vaccine co- 
administered with 4CMenB and other recommended vaccines. 
Overall, 80.5% of infants who received a rotavirus vaccine with 
4CMenB and other routine vaccines and 75.3% of infants who 
did not receive a rotavirus vaccine experienced a systemic AE, 
whereas severe systemic reactions were recorded for 19.5% and 
24.7% of participants, respectively. The rate of fever was also 
similar between the two groups of infants, with similar rates of 
high fever (≥39.5°C) in those receiving (2.2–4.2%) and not 
receiving (2.6–4.5%) the rotavirus vaccine in the two studies.27

In the previously described study in infants and toddlers in 
Taiwan, the proportion of participants who experienced ≥1 
solicited AE, regardless of vaccination, was 100% with 
4CMenB co-administered with routine vaccinations (i.e., 
DTaP/IPV/Hib/HepB, PCV13, and MMRV) compared with 
93% with routine vaccines alone.13 The proportion of infants 
experiencing ≥1 event decreased from the first to subsequent 
vaccinations in both groups. Unsolicited AEs were reported in 
72% of infants in the 4CMenB plus routine vaccination co- 
administration group compared with 42% of infants who did 
not receive 4CMenB. The most frequently reported unsolicited 
AEs (by preferred term) occurring with 4CMenB co- 
administration compared with routine vaccines alone were 
injection-site induration (52% and 17%, respectively), 

injection-site swelling (28% and 4%, respectively), injection- 
site erythema (16% and 1%, respectively), and eating disorders 
(12% and 8%, respectively). Overall, no safety concerns were 
identified with 4CMenB co-administration.13

PCV13 or PHiD-CV plus MenC-CRM vaccines
In the phase 3b study of infants and toddlers in Brazil who 
received MenC-CRM plus PHiD-CV with or without 
4CMenB, rates of solicited AEs were 100% and 95%, respec
tively, after any vaccination, with no safety concerns 
identified.17 As expected, rates of unsolicited AEs were higher 
in those who received co-administered 4CMenB and MenC- 
CRM plus PHiD-CV compared with those who received 
MenC-CRM plus PHiD-CV alone (82% vs 73%, respectively). 
The most commonly reported AE by the Medical Dictionary 
for Regulatory Activities (MedDRA) preferred term was upper 
respiratory tract infection (47% vs 40%, respectively).

MenACWY vaccine
In the clinical study of infants and toddlers in Mexico and 
Argentina, no safety concerns were raised regarding the co- 
administration of 4CMenB and MenACWY-CRM compared 
with either vaccine alone.16 Across all time points, unsolicited 
AEs were reported by 31–62% of participants who received 
4CMenB co-administered with MenACWY, 40–66% of parti
cipants who received 4CMenB alone, and 20–62% of partici
pants who received MenACWY alone.16

Real-world studies in infants, toddlers, adolescents, and 
adults
In a real-world study of 107,231 infants and toddlers 
within the UK routine immunization program observed 
between 1 and 18 months of age,23 the approximately 1.5 
times higher risk of seizures (incidence rate ratio [IRR] 
1.43; 95% CI 1.02, 2.02) and febrile seizures (IRR 1.72; 
95% CI 1.08, 2.75) after vaccination was not specifically 
attributable to 4CMenB, as 93% of 4CMenB vaccinations 
were co-administered with other routine childhood vac
cines (i.e., DTaP/IPV/Hib [with HepB from 2017], PCV13 
and rotavirus at 2 months; DTaP/IPV/Hib [with HepB 
from 2017] and PCV13 at 4 months; and Hib, MenC, 
PCV13, and MMR at 12–13 months).

In a real-world vaccination campaign of 59,098 individuals 
aged ≤20 y in Saguenay-Lac-Saint-Jean, Quebec, Canada, co- 
administration of 4CMenB with other routine childhood vac
cines resulted in a significantly higher risk of fever within 2 d 
of vaccination compared with 4CMenB alone in infants aged 
2–6 months (odds ratio [OR] 2.77; 95% CI 1.74, 4.41; p < .001), 
12–14 months (OR 1.95; 95% CI 1.06, 3.57; p = .03), and 
18–23 months (OR 1.83; 95% CI 1.09, 3.07; p = .02).25

In a small subset of a real-world study including 66 infants 
and toddlers aged between 6 months and 4 y who received the 
seasonal influenza vaccine in sentinel immunization clinics in 
Australia, co-administration with 4CMenB resulted in 
a significantly higher rate of AEs (30.3%) compared with children 
who received seasonal influenza vaccine alone (7.3%; p < .001).24

Importantly, a large-scale pharmacovigilance study conducted 
in the UK showed that the anticipated reactogenicity did not 
adversely affect compliance with subsequent vaccine doses.28

4 V. ABITBOL ET AL.



Ta
bl

e 
1.

 S
tu

di
es

 e
va

lu
at

in
g 

th
e 

sa
fe

ty
 a

nd
 r

ea
ct

og
en

ic
ity

 o
f 4

CM
en

B 
co

-a
dm

in
is

tr
at

io
n 

w
ith

 o
th

er
 r

ou
tin

e 
ch

ild
ho

od
 a

nd
 a

du
lth

oo
d 

va
cc

in
es

.

St
ud

y 
(N

 e
nr

ol
le

d)
Va

cc
in

es
 e

va
lu

at
ed

M
os

t 
co

m
m

on
 s

ol
ic

ite
d 

lo
ca

l A
E 

≤
7 

d 
po

st
 

va
cc

in
at

io
n

Se
ve

re
 s

ol
ic

ite
d 

lo
ca

l A
Es

 ≤
7 

d 
po

st
 

va
cc

in
at

io
n

M
os

t 
co

m
m

on
 s

ol
ic

ite
d 

sy
st

em
ic

 A
E 

an
d 

fe
ve

r ≤
7 

d 
po

st
 v

ac
ci

na
tio

n

Se
ve

re
 s

ol
ic

ite
d 

sy
st

em
ic

 A
Es

 ≤
7 

d 
po

st
 v

ac
ci

na
tio

n
U

ns
ol

ic
ite

d 
AE

s 
an

d 
SA

Es
 in

 th
e 

st
ud

y 
pe

rio
d

Cl
in

ic
al

 e
vi

de
nc

e
Ph

as
e 

2b
, o

pe
n-

la
be

l, 
m

ul
tic

en
te

r 
st

ud
y 

of
 in

fa
nt

s 
ag

ed
 ≤

7 
m

on
th

s 
in

 E
ur

op
e 

(N
 =

 1
88

5)
14

(1
) 4

CM
en

B 
+

 ro
ut

in
e 

va
cc

in
es

 (D
Ta

P/
 

IP
V/

H
ib

/H
ep

B,
 P

CV
7)

 a
t 

2,
 4

, a
nd

 6
  

m
on

th
s 

(c
o-

ad
m

in
is

tr
at

io
n)

 
(2

) 4
CM

en
B 

at
 2

, 4
, a

nd
 6

 m
on

th
s 

an
d 

ro
ut

in
e 

va
cc

in
es

 a
t 3

, 5
, a

nd
 7

 m
on

th
s 

(in
te

rc
al

at
ed

 a
dm

in
is

tr
at

io
n)

 
(3

) 4
CM

en
B 

+
 ro

ut
in

e 
va

cc
in

es
 a

t 
2,

 3
, 

an
d 

4 
m

on
th

s 
(a

cc
el

er
at

ed
 c

o-
 

ad
m

in
is

tr
at

io
n)

 
(4

) R
ou

tin
e 

va
cc

in
es

 o
nl

y 
at

 2
, 3

, a
nd

 4
  

m
on

th
s

Er
yt

he
m

a:
 

Co
-a

dm
in

is
tr

at
io

n:
 

62
–6

9%
 a

ft
er

 e
ac

h 
do

se
 

of
 c

o-
ad

m
in

is
te

re
d 

4C
M

en
B 

Ro
ut

in
e 

va
cc

in
es

 o
nl

y:
 

47
–5

8%

Se
ve

re
 lo

ca
l p

ai
n:

 
Co

-a
dm

in
is

tr
at

io
n:

 
13

–1
6%

 a
ft

er
 

ea
ch

 d
os

e 
of

 c
o-

 
ad

m
in

is
te

re
d 

4C
M

en
B 

Ro
ut

in
e 

va
cc

in
es

 
on

ly
: 1

–3
%

Irr
ita

bi
lit

y:
 

Co
-a

dm
in

is
tr

at
io

n:
 

71
–7

4%
 a

ft
er

 e
ac

h 
do

se
 

of
 c

o-
ad

m
in

is
te

re
d 

4C
M

en
B 

Ro
ut

in
e 

va
cc

in
es

 o
nl

y:
 

44
–5

7%
 

Fe
ve

r 
≥

38
°C

: 
Co

-a
dm

in
is

tr
at

io
n:

 
51

–6
2%

 a
ft

er
 e

ac
h 

do
se

 
of

 c
o-

ad
m

in
is

te
re

d 
4C

M
en

B 
Ro

ut
in

e 
va

cc
in

es
 o

nl
y:

 
23

–3
6%

Fe
ve

r 
≥

39
°C

: 
Co

-a
dm

in
is

tr
at

io
n:

 
10

–1
5%

 a
ft

er
 

ea
ch

 d
os

e 
of

 c
o-

 
ad

m
in

is
te

re
d 

4C
M

en
B 

Ro
ut

in
e 

va
cc

in
es

 
on

ly
: 3

–4
%

At
 le

as
t 

po
ss

ib
ly

 v
ac

ci
ne

-r
el

at
ed

: o
ne

 
hy

po
to

ni
c 

hy
po

re
sp

on
si

ve
 e

pi
so

de
 w

ith
in

 
12

 h
 o

f c
o-

ad
m

in
is

tr
at

io
n,

 a
se

pt
ic

 
m

en
in

gi
tis

, r
et

in
al

 d
ys

tr
op

hy
 (b

el
ie

ve
d 

to
 

be
 c

on
ge

ni
ta

l),
 t

ra
ns

ie
nt

 s
yn

ov
iti

s 
of

 t
he

 
rig

ht
 h

ip
, t

ra
ns

ie
nt

 h
ea

rin
g 

lo
ss

 n
ot

ed
 b

y 
a 

pa
re

nt
, a

nd
 t

ra
ns

ie
nt

 a
pn

ea
 

SA
Es

: 
Co

-a
dm

in
is

tr
at

io
n:

 1
0%

 
Ro

ut
in

e 
va

cc
in

es
 o

nl
y:

 6
%

Ph
as

e 
3,

 m
ul

tic
en

te
r, 

op
en

-la
be

l 
(N

 =
 2

62
7)

 a
nd

 o
bs

er
ve

r-
bl

in
d 

(N
 =

 1
00

3)
 s

tu
dy

 o
f i

nf
an

ts
 a

nd
 

to
dd

le
rs

 a
ge

d 
≤

12
 m

on
th

s 
in

 
Eu

ro
pe

18

St
ag

e 
1 

(p
rim

ar
y 

se
rie

s;
 N

 =
 3

63
0)

: 
(1

) 4
CM

en
B 

+
 ro

ut
in

e 
va

cc
in

es
 (D

Ta
P/

 
IP

V/
H

ib
/H

ep
B 

+
 P

CV
7)

 
(2

) R
ou

tin
e 

va
cc

in
es

 o
nl

y 
(3

) R
ou

tin
e 

va
cc

in
es

 +
 M

en
C*

 
St

ag
e 

2 
(b

oo
st

er
; N

 =
 1

55
5)

: 
(1

) 4
CM

en
B 

+
 ro

ut
in

e 
va

cc
in

es
 (M

M
RV

) 
(2

) 4
CM

en
B 

on
ly

Lo
ca

l p
ai

n:
 

Co
-a

dm
in

is
tr

at
io

n 
(p

rim
ar

y 
se

rie
s)

: 8
7%

 
af

te
r 

an
y 

do
se

 o
f 

4C
M

en
B 

an
d 

79
–8

0%
 

af
te

r 
an

y 
do

se
 o

f 
ro

ut
in

e 
va

cc
in

es
 

Ro
ut

in
e 

va
cc

in
es

 o
nl

y:
 

53
–5

9%
 

Co
-a

dm
in

is
tr

at
io

n 
(b

oo
st

er
): 

71
%

 
4C

M
en

B 
on

ly
: 7

1%

Se
ve

re
 lo

ca
l p

ai
n:

 
Co

-a
dm

in
is

tr
at

io
n 

(p
rim

ar
y 

se
rie

s)
: 

29
%

 a
ft

er
 a

ny
 

do
se

 o
f 4

CM
en

B 
an

d 
24

%
 a

ft
er

 
an

y 
do

se
 o

f 
ro

ut
in

e 
va

cc
in

es
 

Ro
ut

in
e 

va
cc

in
es

 
on

ly
: 6

–8
%

 
Co

-a
dm

in
is

tr
at

io
n 

(b
oo

st
er

): 
14

%
 

4C
M

en
B 

on
ly

: 1
5%

Fe
ve

r ≥
38

.5
°C

 w
ith

in
 6

 h
 o

f 
va

cc
in

at
io

n:
 

Co
-a

dm
in

is
tr

at
io

n 
(p

rim
ar

y 
se

rie
s)

: 6
5%

 
Ro

ut
in

e 
va

cc
in

es
 o

nl
y:

 3
2%

 
Fe

ve
r 

≥
38

°C
 w

ith
in

 6
 h

 o
f 

va
cc

in
at

io
n:

 
Co

-a
dm

in
is

tr
at

io
n 

(b
oo

st
er

): 
31

%
 

4C
M

en
B 

on
ly

: 3
2%

Fe
ve

r ≥
40

°C
 w

ith
in

 
6 

h 
of

 
va

cc
in

at
io

n:
 

Co
-a

dm
in

is
tr

at
io

n 
(p

rim
ar

y 
se

rie
s)

: 
1%

 
Ro

ut
in

e 
va

cc
in

es
 

on
ly

: 0
%

 
Co

-a
dm

in
is

tr
at

io
n 

(b
oo

st
er

): 
<

1%
 

4C
M

en
B 

on
ly

: 0
%

At
 le

as
t p

os
si

bl
y 

va
cc

in
e-

re
la

te
d:

 tw
o 

ca
se

s 
of

 
se

iz
ur

es
 a

nd
 t

w
o 

ca
se

s 
of

 fe
br

ile
 s

ei
zu

re
s 

w
ith

in
 2

4 
h 

of
 c

o-
ad

m
in

ist
ra

tio
n,

 a
nd

 th
re

e 
co

nfi
rm

ed
 c

as
es

 o
f K

aw
as

ak
i d

ise
as

e 
in

 th
e 

fo
llo

w
in

g 
w

ee
ks

 a
fte

r 
th

e 
pr

im
ar

y 
se

rie
s 

SA
Es

: 
Co

-a
dm

in
ist

ra
tio

n 
(p

rim
ar

y 
se

rie
s)

: 8
%

 (1
6 

ev
en

ts
 p

os
sib

ly
 v

ac
ci

ne
-r

el
at

ed
) 

Ro
ut

in
e 

va
cc

in
es

 o
nl

y:
 8

%
 (o

ne
 e

ve
nt

 
po

ss
ib

ly
 v

ac
ci

ne
-r

el
at

ed
) 

Co
-a

dm
in

ist
ra

tio
n 

(b
oo

st
er

): 
<

1%
 (t

w
o 

ev
en

ts
 p

os
sib

ly
 v

ac
ci

ne
-r

el
at

ed
)

Po
ol

ed
 a

na
ly

si
s 

of
 t

hr
ee

 
m

ul
tic

en
te

r, 
op

en
-la

be
l t

ria
ls

 o
f 

in
fa

nt
s 

an
d 

to
dd

le
rs

 a
ge

d 
2–

15
  

m
on

th
s 

in
 E

ur
op

e 
(N

 =
  

50
26

)14
,1

8,
19

St
ag

e 
1 

(p
rim

ar
y 

se
rie

s;
 N

 =
 5

02
6)

: 
(1

) 4
CM

en
B 

+
 ro

ut
in

e 
va

cc
in

es
 (D

Ta
P/

 
IP

V/
H

ib
/H

ep
B 

+
 P

CV
7,

 m
ul

tip
le

 
sc

he
du

le
s)

14
,1

8 

(2
) R

ou
tin

e 
va

cc
in

es
 o

nl
y 

(m
ul

tip
le

 
sc

he
du

le
s)

14
,1

8 

(3
) 4

CM
en

B 
on

ly
 

St
ag

e 
2 

(b
oo

st
er

; N
 =

 1
95

7)
: 

(1
) 4

CM
en

B 
+

 ro
ut

in
e 

va
cc

in
es

 (M
M

RV
, 

m
ul

tip
le

 s
ch

ed
ul

es
)18

 

(2
) 4

CM
en

B 
on

ly
 (m

ul
tip

le
 s

ch
ed

ul
es

)18

Lo
ca

l p
ai

n:
 

Co
-a

dm
in

is
tr

at
io

n 
(p

rim
ar

y 
se

rie
s)

: 6
6%

 
4C

M
en

B 
on

ly
: 5

5%
 

Ro
ut

in
e 

va
cc

in
es

 o
nl

y:
 n

ot
 

m
ea

su
re

d

Se
ve

re
 lo

ca
l p

ai
n:

 
Co

-a
dm

in
is

tr
at

io
n 

(p
rim

ar
y 

se
rie

s)
: 

16
%

 
4C

M
en

B 
on

ly
: 9

%
 

Ro
ut

in
e 

va
cc

in
es

 
on

ly
: n

ot
 

m
ea

su
re

d

Fe
ve

r 
≥

38
.5

°C
: 

Co
-a

dm
in

is
tr

at
io

n 
(p

rim
ar

y 
se

rie
s)

: 7
5%

 
4C

M
en

B 
on

ly
: 4

3%
 

Ro
ut

in
e 

va
cc

in
es

 o
nl

y:
 4

3%
 

Ri
sk

 in
te

rv
al

 a
na

ly
si

s 
of

 
in

te
ra

ct
io

n 
be

tw
ee

n 
va

cc
in

es
: 

Fe
ve

r 
≥

38
°C

: 
Co

-a
dm

in
is

tr
at

io
n 

(p
rim

ar
y 

se
rie

s)
: 7

5%
 S

ep
ar

at
e 

ad
m

in
is

tr
at

io
n:

 8
6%

 
Fe

ve
r 

≥
39

°C
: 

Co
-a

dm
in

ist
ra

tio
n 

(p
rim

ar
y 

se
rie

s)
: 1

8%
  

Se
pa

ra
te

 
ad

m
in

ist
ra

tio
n:

 1
4%

 
Fe

ve
r ≥

38
°C

 la
st

in
g 

>
 1

 d
: 

Co
-a

dm
in

ist
ra

tio
n 

(p
rim

ar
y 

se
rie

s)
: 3

3%
 

Se
pa

ra
te

 
ad

m
in

ist
ra

tio
n:

 2
3%

Fe
ve

r 
≥

40
°C

: 
Co

-a
dm

in
is

tr
at

io
n 

(p
rim

ar
y 

se
rie

s)
: 

<
1%

 
4C

M
en

B 
on

ly
: <

1%
 

Ro
ut

in
e 

va
cc

in
es

 
on

ly
: <

1%

Se
e 

pr
im

ar
y 

pu
bl

ic
at

io
ns

14
,1

8

(C
on

tin
ue

d)

HUMAN VACCINES & IMMUNOTHERAPEUTICS 5



Ta
bl

e 
1.

 (C
on

tin
ue

d)
.

St
ud

y 
(N

 e
nr

ol
le

d)
Va

cc
in

es
 e

va
lu

at
ed

M
os

t 
co

m
m

on
 s

ol
ic

ite
d 

lo
ca

l A
E 

≤
7 

d 
po

st
 

va
cc

in
at

io
n

Se
ve

re
 s

ol
ic

ite
d 

lo
ca

l A
Es

 ≤
7 

d 
po

st
 

va
cc

in
at

io
n

M
os

t 
co

m
m

on
 s

ol
ic

ite
d 

sy
st

em
ic

 A
E 

an
d 

fe
ve

r ≤
7 

d 
po

st
 v

ac
ci

na
tio

n

Se
ve

re
 s

ol
ic

ite
d 

sy
st

em
ic

 A
Es

 ≤
7 

d 
po

st
 v

ac
ci

na
tio

n
U

ns
ol

ic
ite

d 
AE

s 
an

d 
SA

Es
 in

 th
e 

st
ud

y 
pe

rio
d

Ph
as

e 
3b

, o
pe

n-
la

be
l, 

m
ul

tic
en

te
r 

st
ud

y 
of

 in
fa

nt
s 

ag
ed

 3
–1

2 
 

m
on

th
s 

in
 B

ra
zi

l (
N

 =
 2

51
)16

(1
) 4

CM
en

B 
+

 M
en

C-
CR

M
 (+

 P
H

iD
-C

V)
 

(2
) M

en
C-

CR
M

 o
nl

y 
(+

 P
H

iD
-C

V)
Lo

ca
l p

ai
n:

 
Co

-a
dm

in
is

tr
at

io
n:

 
53

–6
3%

 a
ft

er
 e

ac
h 

do
se

 
of

 c
o-

ad
m

in
is

te
re

d 
4C

M
en

B 
(5

0–
59

%
 a

ft
er

 
ro

ut
in

e 
va

cc
in

es
) 

M
en

C-
CR

M
 o

nl
y:

 3
4–

46
%

Se
ve

re
 lo

ca
l p

ai
n:

 
Co

-a
dm

in
is

tr
at

io
n:

 
5–

11
%

 a
ft

er
 

ea
ch

 d
os

e 
of

 c
o-

 
ad

m
in

is
te

re
d 

4C
M

en
B 

(3
–8

%
 

af
te

r 
ro

ut
in

e 
va

cc
in

es
) 

M
en

C-
CR

M
 o

nl
y:

 
1–

3%

U
nu

su
al

 c
ry

in
g:

 
Co

-a
dm

in
is

tr
at

io
n:

 
~

50
–7

5%
 a

ft
er

 e
ac

h 
4C

M
en

B 
+

 M
en

C-
CR

M
 

va
cc

in
at

io
n 

M
en

C-
CR

M
 o

nl
y:

 
~

30
–6

0%
 

Fe
ve

r 
≥

38
°C

: 
Co

-a
dm

in
is

tr
at

io
n:

 
39

–4
8%

 a
ft

er
 e

ac
h 

4C
M

en
B 

+
 M

en
C-

CR
M

 
va

cc
in

at
io

n 
M

en
C-

CR
M

 o
nl

y:
 1

0–
20

%

Fe
ve

r 
≥

40
°C

: 
Co

-a
dm

in
is

tr
at

io
n:

 
<

1%
 a

ft
er

 
th

e 
se

co
nd

 d
os

e 
of

 c
o-

 
ad

m
in

is
te

re
d 

4C
M

en
B 

M
en

C-
CR

M
 

on
ly

: 0
%

An
y 

un
so

lic
ite

d 
AE

s:
 

Co
-a

dm
in

is
tr

at
io

n:
 8

2%
 

M
en

C-
CR

M
 o

nl
y:

 7
3%

 
SA

Es
 (%

 p
os

si
bl

y 
va

cc
in

e-
re

la
te

d)
: 

Co
-a

dm
in

is
tr

at
io

n:
 4

%
 (0

%
) 

M
en

C-
CR

M
 o

nl
y:

 6
%

 (0
%

)

Ph
as

e 
3,

 o
pe

n-
la

be
l s

tu
dy

 o
f i

nf
an

ts
 

ag
ed

 
2–

12
 m

on
th

s 
in

 T
ai

w
an

 (N
 =

 2
25

)12

(1
) 4

CM
en

B 
at

 2
, 4

, a
nd

 6
 m

on
th

s 
(p

rim
ar

y 
se

rie
s)

 a
nd

 1
2 

m
on

th
s 

(b
oo

st
er

) +
 ro

ut
in

e 
va

cc
in

es
 (D

Ta
P/

 
IP

V/
H

ib
/H

ep
B 

+
 P

CV
13

 a
t 

2,
 4

, a
nd

 6
  

m
on

th
s,

 H
BV

 a
t 

6 
m

on
th

s,
 a

nd
 M

M
RV

 
at

 1
2 

m
on

th
s)

 
(2

) R
ou

tin
e 

va
cc

in
es

 o
nl

y

Lo
ca

l p
ai

n:
 

Co
-a

dm
in

is
tr

at
io

n:
 

48
–5

1%
 a

ft
er

 e
ac

h 
do

se
 

of
  

co
-a

dm
in

is
te

re
d 

4C
M

en
B 

(2
7–

34
%

 a
ft

er
 r

ou
tin

e 
va

cc
in

es
) 

Ro
ut

in
e 

va
cc

in
es

 o
nl

y:
 7

– 
16

%

Se
ve

re
 lo

ca
l p

ai
n:

 
Co

-a
dm

in
is

tr
at

io
n:

 
≤

5%
 a

ft
er

 e
ac

h 
do

se
 o

f c
o-

 
ad

m
in

is
te

re
d 

4C
M

en
B 

(≤
2%

 
af

te
r 

ro
ut

in
e 

va
cc

in
es

) 
Ro

ut
in

e 
va

cc
in

es
 

on
ly

: n
ot

 
re

po
rt

ed

Irr
ita

bi
lit

y:
 

Co
-a

dm
in

is
tr

at
io

n:
 

52
–7

5%
 a

ft
er

 e
ac

h 
 

co
-a

dm
in

is
te

re
d 

do
se

 o
f 

4C
M

en
B 

or
 r

ou
tin

e 
va

cc
in

e 
Ro

ut
in

e 
va

cc
in

es
 o

nl
y:

 
22

–4
4%

 
Fe

ve
r 

≥
38

°C
: 

Co
-a

dm
in

is
tr

at
io

n:
 

44
–5

1%
 a

ft
er

 e
ac

h 
 

co
-a

dm
in

is
te

re
d 

do
se

 o
f 

4C
M

en
B 

or
 r

ou
tin

e 
va

cc
in

e 
Ro

ut
in

e 
va

cc
in

es
 o

nl
y:

 
8–

17
%

Fe
ve

r 
≥

40
°C

: 
Co

-a
dm

in
is

tr
at

io
n:

 
0–

1%
 a

ft
er

 e
ac

h 
co

-a
dm

in
is

te
re

d 
do

se
 o

f 4
CM

en
B 

or
 r

ou
tin

e 
va

cc
in

e 
Ro

ut
in

e 
va

cc
in

es
 

on
ly

: 0
–1

%

An
y 

un
so

lic
ite

d 
AE

s:
 

Co
-a

dm
in

is
tr

at
io

n:
 7

2%
 

Ro
ut

in
e 

va
cc

in
es

 o
nl

y:
 4

2%
 

SA
Es

 (%
 p

os
si

bl
y 

va
cc

in
e-

re
la

te
d)

: 
Co

-a
dm

in
is

tr
at

io
n:

 9
%

 (0
%

) 
Ro

ut
in

e 
va

cc
in

es
 o

nl
y:

 1
1%

 (0
%

)

Ph
as

e 
3b

, o
pe

n-
la

be
l, 

m
ul

tic
en

te
r 

st
ud

y 
of

 in
fa

nt
s 

an
d 

to
dd

le
rs

 
ag

ed
 3

–1
3 

m
on

th
s 

in
 M

ex
ic

o 
an

d 
Ar

ge
nt

in
a 

(N
 =

 7
50

)15

(1
) 4

CM
en

B 
+

 M
en

AC
W

Y-
CR

M
 

(2
) 4

CM
en

B 
on

ly
 

(3
) M

en
AC

W
Y-

CR
M

 o
nl

y

Lo
ca

l p
ai

n:
 

Co
-a

dm
in

is
tr

at
io

n:
 

62
–6

8%
 a

ft
er

 e
ac

h 
do

se
 

of
 4

CM
en

B 
+

  
M

en
AC

W
Y-

CR
M

 
(5

9–
65

%
 a

ft
er

 4
CM

en
B 

an
d 

36
–4

8%
 a

ft
er

 
M

en
AC

W
Y-

CR
M

) 
4C

M
en

B 
on

ly
: 6

0–
70

%
 

M
en

AC
W

Y-
CR

M
 o

nl
y:

 2
7–

 
31

%

Se
ve

re
 lo

ca
l p

ai
n:

 
Co

-a
dm

in
is

tr
at

io
n:

 
6–

15
%

 a
ft

er
 e

ac
h 

4C
M

en
B 

+
  

M
en

AC
W

Y-
CR

M
 

va
cc

in
at

io
n 

4C
M

en
B 

on
ly

: 
7–

15
%

 
M

en
AC

W
Y-

CR
M

 
on

ly
: ≤

1%

Pe
rs

is
te

nt
 c

ry
in

g:
 

Co
-a

dm
in

is
tr

at
io

n:
 

41
–5

2%
 a

ft
er

 e
ac

h 
do

se
 

of
 4

CM
en

B 
+

  
M

en
AC

W
Y-

CR
M

 
4C

M
en

B 
on

ly
: 

43
–5

8%
 

M
en

AC
W

Y-
CR

M
 o

nl
y:

 
27

–3
6%

 
Fe

ve
r 

≥
38

°C
: 

Co
-a

dm
in

is
tr

at
io

n:
 

17
–2

6%
 a

ft
er

 e
ac

h 
4C

M
en

B 
+

 M
en

AC
W

Y-
 

CR
M

 v
ac

ci
na

tio
n 

4C
M

en
B 

on
ly

: 
18

–2
5%

 
M

en
AC

W
Y-

CR
M

 o
nl

y:
 

4–
11

%

Fe
ve

r 
>

40
°C

: 
Co

-a
dm

in
is

tr
at

io
n:

 
<

1%
 a

ft
er

 e
ac

h 
do

se
 o

f 
4C

M
en

B 
+

  
M

en
AC

W
Y-

CR
M

 
4C

M
en

B 
on

ly
: ≤

1%
 

M
en

AC
W

Y-
CR

M
 

on
ly

: 0
%

An
y 

un
so

lic
ite

d 
AE

s 
(%

 p
os

sib
ly

 v
ac

ci
ne

- 
re

la
te

d)
: 

Co
-a

dm
in

ist
ra

tio
n:

 3
1–

62
%

 (3
7%

) 
4C

M
en

B 
on

ly
: 4

0–
66

%
 (4

1%
) 

M
en

AC
W

Y-
CR

M
 o

nl
y:

 2
0–

62
%

 (1
1%

) 
SA

Es
 (%

 p
os

sib
ly

 v
ac

ci
ne

-r
el

at
ed

): 
Co

-a
dm

in
ist

ra
tio

n:
 2

%
 (0

%
) 

4C
M

en
B 

on
ly

: 5
%

 (1
%

) 
M

en
AC

W
Y-

CR
M

 o
nl

y:
 4

%
 (0

%
)

(C
on

tin
ue

d)

6 V. ABITBOL ET AL.



Ta
bl

e 
1.

 (C
on

tin
ue

d)
.

St
ud

y 
(N

 e
nr

ol
le

d)
Va

cc
in

es
 e

va
lu

at
ed

M
os

t 
co

m
m

on
 s

ol
ic

ite
d 

lo
ca

l A
E 

≤
7 

d 
po

st
 

va
cc

in
at

io
n

Se
ve

re
 s

ol
ic

ite
d 

lo
ca

l A
Es

 ≤
7 

d 
po

st
 

va
cc

in
at

io
n

M
os

t 
co

m
m

on
 s

ol
ic

ite
d 

sy
st

em
ic

 A
E 

an
d 

fe
ve

r ≤
7 

d 
po

st
 v

ac
ci

na
tio

n

Se
ve

re
 s

ol
ic

ite
d 

sy
st

em
ic

 A
Es

 ≤
7 

d 
po

st
 v

ac
ci

na
tio

n
U

ns
ol

ic
ite

d 
AE

s 
an

d 
SA

Es
 in

 th
e 

st
ud

y 
pe

rio
d

Ph
as

e 
2,

 o
pe

n-
la

be
l, 

si
ng

le
-c

en
te

r 
st

ud
y 

of
 a

du
lt 

la
bo

ra
to

ry
 w

or
ke

rs
 

ag
ed

 1
8–

65
 y

 in
 E

ng
la

nd
 (N

 =
  

38
)21

(1
) 4

CM
en

B 
+

 M
en

AC
W

Y-
CR

M
 a

t 
0 

 
m

on
th

s 
(2

) 4
CM

en
B 

on
ly

 a
t 

2 
an

d 
6 

m
on

th
s

Lo
ca

l p
ai

n:
 

Co
-a

dm
in

is
tr

at
io

n:
 9

7%
 

af
te

r 
4C

M
en

B 
an

d 
21

%
 a

ft
er

 M
en

AC
W

Y-
CR

M
 

4C
M

en
B 

on
ly

: 9
7–

10
0%

Se
ve

re
 lo

ca
l p

ai
n:

 
Co

-a
dm

in
is

tr
at

io
n:

 
16

%
 a

ft
er

 
4C

M
en

B 
an

d 
0%

 
af

te
r 

M
en

AC
W

Y-
 

CR
M

 
4C

M
en

B 
on

ly
: 

~
20

%

H
ea

da
ch

e:
 

Co
-a

dm
in

ist
ra

tio
n:

 ~
37

%
 

af
te

r 4
CM

en
B 

+
  

M
en

AC
W

Y-
CR

M
 

4C
M

en
B 

on
ly

: ~
18

%
 

N
au

se
a:

 
Co

-a
dm

in
ist

ra
tio

n:
 ~

25
%

 
af

te
r 4

CM
en

B 
+

  
M

en
AC

W
Y-

CR
M

 
4C

M
en

B 
on

ly
: ~

18
%

 
Fe

ve
r: 

Co
-a

dm
in

ist
ra

tio
n:

 <
5%

 
af

te
r 4

CM
en

B 
+

  
M

en
AC

W
Y-

CR
M

 
4C

M
en

B 
on

ly
: <

10
%

N
ot

 r
ep

or
te

d
N

ot
 r

ep
or

te
d

Re
al

-w
or

ld
 e

vi
de

nc
e

U
K 

im
m

un
iz

at
io

n 
pr

og
ra

m
, i

nf
an

ts
 

an
d 

to
dd

le
rs

 a
ge

d 
1–

18
 m

on
th

s 
(N

 =
 1

07
,2

31
)22

93
%

 4
CM

en
B 

ex
po

su
re

 c
o-

ad
m

in
is

te
re

d 
w

ith
 r

ou
tin

e 
va

cc
in

es
 (p

rim
ar

y 
se

rie
s 

[D
Ta

P/
IP

V/
H

ib
 (w

ith
 H

ep
B 

fr
om

 2
01

7)
, 

PC
V1

3,
 r

ot
av

iru
s]

 o
r 

bo
os

te
r 

[H
ib

, 
M

en
C,

 P
CV

13
, M

M
R]

)

N
ot

 r
ep

or
te

d
N

ot
 r

ep
or

te
d

N
ot

 r
ep

or
te

d
N

ot
 r

ep
or

te
d

N
ot

 p
os

si
bl

e 
to

 d
iff

er
en

tia
te

 w
he

th
er

 t
he

  
~

 1
.5

 t
im

es
 h

ig
he

r 
ris

k 
of

 s
ei

zu
re

s 
(IR

R 
1.

43
; 9

5%
 C

I 1
.0

2,
 2

.0
2)

 a
nd

 fe
br

ile
 

se
iz

ur
es

 (I
RR

 1
.7

2;
 9

5%
 C

I 1
.0

8,
 2

.7
5)

, w
as

 
du

e 
to

 o
ne

 o
r o

th
er

 (o
r t

he
 c

om
bi

na
tio

n)
 o

f 
va

cc
in

es
Po

st
-m

ar
ke

tin
g 

ac
tiv

e 
SM

S/
e-

m
ai

l- 
ba

se
d 

sa
fe

ty
 s

ur
ve

ill
an

ce
 o

f 
in

flu
en

za
 v

ac
ci

ne
s 

in
 in

fa
nt

s,
 

to
dd

le
rs

, a
nd

 c
hi

ld
re

n 
ag

ed
 6

  
m

on
th

s 
to

 4
 y

 in
 A

us
tr

al
ia

 
(N

 =
 7

40
2)

23

66
 c

hi
ld

re
n 

(8
%

) r
ec

ei
ve

d 
th

e 
no

n-
N

IP
 

fu
nd

ed
 4

CM
en

B 
va

cc
in

e 
at

 t
he

 s
am

e 
tim

e 
as

 t
he

 N
IP

-f
un

de
d 

in
flu

en
za

 
va

cc
in

e

10
%

 o
f a

ll 
ch

ild
re

n 
in

 th
e 

st
ud

y 
ha

d 
sy

st
em

ic
 a

nd
/o

r l
oc

al
 A

Es
 ≤

3 
d 

of
 v

ac
ci

na
tio

n,
 in

cl
ud

in
g 

fe
ve

r 
(4

%
) a

nd
 lo

ca
l p

ai
n/

sw
el

lin
g/

re
dn

es
s 

(3
%

) 
30

%
 o

f p
ar

en
ts

/c
ar

eg
iv

er
s 

of
 c

hi
ld

re
n 

co
-a

dm
in

is
te

re
d 

4C
M

en
B 

w
ith

 a
n 

in
flu

en
za

 v
ac

ci
ne

 re
po

rt
ed

 
AE

s 
vs

 7
%

 o
f p

ar
en

ts
/c

ar
eg

iv
er

s 
of

 c
hi

ld
re

n 
re

ce
iv

in
g 

an
 in

flu
en

za
 v

ac
ci

ne
 o

nl
y

N
ot

 r
ep

or
te

d

Sh
or

t-
te

rm
 s

af
et

y 
su

rv
ei

lla
nc

e 
du

rin
g 

a 
m

as
s 

4C
M

en
B 

va
cc

in
at

io
n 

ca
m

pa
ig

n 
in

 
in

di
vi

du
al

s 
ag

ed
 ≤

20
 y

 in
 t

he
 

Sa
gu

en
ay

-L
ac

-S
ai

nt
-J

ea
n 

re
gi

on
, 

Q
ue

be
c,

 C
an

ad
a 

(N
 =

 5
9,

09
8)

24

Am
on

g 
in

fa
nt

s 
an

d 
to

dd
le

rs
 a

ge
d 

<
2 

y,
 

92
%

 o
f t

ar
ge

te
d 

in
di

vi
du

al
s 

re
ce

iv
ed

 
a 

fir
st

 d
os

e 
of

 4
CM

en
B,

 a
nd

 8
8%

 
re

ce
iv

ed
 a

 s
ec

on
d 

do
se

 (3
7%

 a
nd

 4
9%

 
co

-a
dm

in
is

te
re

d 
w

ith
 o

th
er

 v
ac

ci
ne

s,
 

re
sp

ec
tiv

el
y)

In
je

ct
io

n-
si

te
 r

ea
ct

io
ns

 
re

po
rt

ed
 in

 5
8%

 o
f a

ll 
re

vi
ew

ed
 o

pe
n 

co
m

m
en

ts
 in

 t
he

 
qu

es
tio

nn
ai

re
s 

(9
5%

 
re

po
rt

in
g 

pa
in

)

Se
ve

re
 o

r 
lo

ng
- 

la
st

in
g 

(≥
4 

d)
 

lo
ca

l p
ai

n 
re

po
rt

ed
 in

 2
1%

 
of

 a
ll 

re
vi

ew
ed

 
op

en
 c

om
m

en
ts

 
in

 t
he

 
qu

es
tio

nn
ai

re
s

O
R 

fo
r 

fe
ve

r 
(o

ns
et

 o
n 

da
ys

 1
–2

) w
ith

 4
CM

en
B 

co
-a

dm
in

is
tr

at
io

n 
vs

 s
ep

ar
at

e 
ad

m
in

is
tr

at
io

n:
 

2–
6 

m
on

th
s:

 O
R 

2.
8 

(9
5%

 C
I 1

.7
, 4

.4
) 

12
–1

4 
m

on
th

s:
 O

R 
2.

0 
(9

5%
 C

I 1
.1

, 3
.6

) 
18

–2
3 

m
on

th
s:

 O
R 

1.
8 

(9
5%

 C
I 1

.1
, 3

.1
) 

O
R 

fo
r 

fe
ve

r 
(o

ns
et

 o
n 

da
ys

 1
–2

) w
ith

 ≥
2 

do
se

s 
of

 a
nt

ip
yr

et
ic

 p
ro

ph
yl

ax
is

 v
s 

no
 a

nt
ip

yr
et

ic
s:

 
2–

6 
m

on
th

s:
 O

R 
0.

4 
(9

5%
 C

I 0
.2

, 0
.6

) 
12

–1
4 

m
on

th
s:

 O
R 

0.
3 

(9
5%

 C
I 0

.1
, 0

.7
) 

18
–2

3 
m

on
th

s:
 O

R 
0.

4 
(9

5%
 C

I 0
.2

, 0
.8

)

N
ot

 r
ep

or
te

d

*S
ee

 o
rig

in
al

 p
ub

lic
at

io
n 

fo
r 

da
ta

 o
n 

th
e 

ro
ut

in
e 

va
cc

in
es

 +
 M

en
C 

ar
m

.18
 

4C
M

en
B,

 f
ou

r-
co

m
po

ne
nt

 m
en

in
go

co
cc

al
 s

er
og

ro
up

 B
; A

E,
 a

dv
er

se
 e

ve
nt

; C
I, 

co
nfi

de
nc

e 
in

te
rv

al
; D

Ta
P,

 d
ip

ht
he

ria
-t

et
an

us
-a

ce
llu

la
r 

pe
rt

us
si

s;
 H

BV
, h

ep
at

iti
s 

B 
vi

ru
s;

 H
ep

B,
 h

ep
at

iti
s 

B;
 H

ib
, H

ae
m

op
hi

lu
s 

in
flu

en
za

e 
ty

pe
 b

; I
PV

, 
in

ac
tiv

at
ed

 p
ol

io
vi

ru
s;

 IR
R,

 in
ci

de
nc

e 
ra

te
 r

at
io

; M
en

AC
W

Y,
 m

en
in

go
co

cc
al

 s
er

og
ro

up
s 

A,
 C

, W
, a

nd
 Y

; M
en

C,
 m

en
in

go
co

cc
al

 s
er

og
ro

up
 C

; M
M

R,
 m

ea
sl

es
-m

um
ps

-r
ub

el
la

; M
M

RV
, m

ea
sl

es
-m

um
ps

-r
ub

el
la

-v
ar

ic
el

la
; N

IP
, n

at
io

na
l 

im
m

un
iz

at
io

n 
pr

og
ra

m
; O

R,
 o

dd
s 

ra
tio

; P
CV

7,
 s

ev
en

-v
al

en
t p

ne
um

oc
oc

ca
l v

ac
ci

ne
; P

CV
13

, 1
3-

va
le

nt
 p

ne
um

oc
oc

ca
l v

ac
ci

ne
; P

H
iD

-C
V,

 1
0-

va
le

nt
 p

ne
um

oc
oc

ca
l n

on
ty

pe
ab

le
 H

ae
m

op
hi

lu
s 

in
flu

en
za

e 
pr

ot
ei

n 
D

 c
on

ju
ga

te
 v

ac
ci

ne
; 

SA
E,

 s
er

io
us

 a
dv

er
se

 e
ve

nt
; S

M
S,

 s
ho

rt
 m

es
sa

ge
 s

er
vi

ce
.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 7



Use of prophylactic paracetamol in infants, toddlers, and 
children
A multicenter, randomized phase 2 study of 1507 infants 
showed that most participants who received the licensed for
mulation of 4CMenB co-administered with routine vaccina
tions (DTaP/IPV/Hib/HepB and PCV7) at 2, 3, 4, and 
12 months of age experienced ≥1 systemic and/or local reac
tion, with slightly reduced reactogenicity after the third dose 
versus the other doses.29 Notably, fever ≥38.5°C was reported 
in 31–53% of infants receiving 4CMenB co-administration.29 

Importantly, the rate of fever was reduced after the adminis
tration of prophylactic paracetamol (at the time of vaccination 
and at 4- to 6-h intervals post vaccination), without interfering 
with the immunogenicity of either 4CMenB or the co- 
administered vaccines.21 In the UK, these findings led the 
Joint Committee on Vaccination and Immunisation to recom
mend prophylactic paracetamol for management of the reacto
genicity associated with co-administration, with paracetamol 
administered just before or at the time of vaccination, followed 
by two additional doses at 4- to 6-h intervals.30,31

The previously described Canadian real-world study pro
vided supporting evidence of the effectiveness of prophylac
tic paracetamol in clinical practice, with ≥2 doses resulting 
in significantly lower rates of fever within 2 d of vaccination 
versus no antipyretic prophylaxis in infants aged 
2–6 months (OR 0.35; 95% CI 0.21, 0.60; p < .001), 
12–14 months (OR 0.28; 95% CI 0.11, 0.72; p = .008), and 
18–23 months (OR 0.40; 95% CI 0.22, 0.76; p = .005).25 The 
real-world study in Australia did not routinely record the 
use of prophylactic paracetamol in children who received 
the seasonal influenza vaccine alone or co-administered 
with 4CMenB; however, the authors noted that the known 
association between 4CMenB and fever reinforces the need 
to recommend prophylactic paracetamol when 4CMenB is 
co-administered.24

Clinical studies in adults
In a clinical study of adult laboratory workers in England, local 
injection-site reactions (i.e., erythema, induration, and/or 
pain) were reported by all participants who received 
4CMenB; this was compared with 23% of participants who 
reported a reaction with MenACWY-CRM. Fewer than 10% of 
participants who received 4CMenB, either alone or co- 
administered with MenACWY-CRM, experienced fever, 
which the authors considered likely related to 4CMenB based 
on the published literature. Although prophylactic paraceta
mol was not administered as part of the trial, the authors 
suggested that it could be used to reduce reactogenicity in 
adults based on the recommendation in infants.22

Discussion

The aim of this narrative literature review was to collate avail
able immunogenicity and reactogenicity data related to 
4CMenB co-administration with other routine childhood and 
adulthood vaccines. The available clinical and real-world evi
dence shows that 4CMenB co-administration in infants/tod
dlers and adults is not associated with clinically relevant 
immunological interferences with either of the co- 

administered vaccines. Although an increase in reactogenicity 
is observed when 4CMenB is co-administered with other rou
tine vaccines, AEs tend to be mild and transient and no 
significant safety concerns have been identified. A study pool
ing data from multiple clinical trials suggested that, while 
vaccine-related AEs including fever were higher with 
4CMenB co-administration, the overall cumulative risk of 
AEs was significantly lower than if the vaccines were given at 
separate immunization visits.20,32 Finally, the reviewed evi
dence shows that the increased reactogenicity (e.g., fever) 
associated with co-administration can be adequately managed 
with prophylactic paracetamol.

Collectively, these data support the continuation of 4CMenB 
co-administration in clinical practice. Maximizing 4CMenB 
uptake, including through co-administration with other routine 
childhood vaccines, will be important in the fight against IMD 
caused by MenB and in reaching the goal set out by the World 
Health Organization to defeat meningitis by 2030.33 Following 
an updated search of the literature in April 2023, 12 countries 
currently include 4CMenB in their NIP in infants, toddlers, and/ 
or adolescents (Andorra, the Czech Republic, France, Italy, 
Lithuania, Malta, New Zealand, Portugal, the Republic of 
Ireland, San Marino, Spain, and the UK), including nine coun
tries recommending co-administration of ≥1 dose of 4CMenB 
with other routine vaccines (the Czech Republic, France, 
Lithuania, Malta, New Zealand, Portugal, the Republic of 
Ireland, Spain, and UK) (Table 2).2–6,34–48

Although 4CMenB is not part of the NIP in Australia, it is 
funded in infants, toddlers, and adolescents as part of 
a regional program in South Australia, where the rate of 
MenB cases is high compared with the national rate.49,50 Co- 
administration of 4CMenB with several vaccines, including 
MenACWY, is approved in the above-mentioned European 
countries and Australia.8,50 Uniquely in the US, MenB vacci
nation is recommended in adolescents and young adults aged 
16–23 y (preferred age 16–18 y) on the basis of shared clinical 
decision-making and in individuals aged ≥10 y who are at 
increased risk of MenB disease; these can be co-administered 
with other vaccines indicated for this age group using 
a different anatomic site, if feasible.9

Studies evaluating the co-administration of vaccines other 
than 4CMenB further support the notion that vaccine co- 
administration is an effective public health strategy. In 
a Kenyan study of 10,385 children aged 1–4 y, co- 
administration of recommended vaccines (e.g., 
DTP/Hib/HepB, PCV, and rotavirus vaccines) was associated 
with increased odds of timely vaccination and series 
completion.51 In a secondary analysis of 246 children in 
Quebec, failure to co-administer the recommended 18- 
month vaccines (i.e., DTaP/IPV/Hib and MMR) was nega
tively associated with being up to date with all vaccinations 
at 24 months.52

Real-world evidence showing no significant safety concerns 
associated with 4CMenB has been produced following vacci
nation campaigns for outbreak control in the US and 
France,53–55 as well as post-licensure surveillance in Australia 
and Italy.56–58 Importantly, the real-world effectiveness of 
4CMenB has been shown not only for NIPs currently recom
mending 4CMenB alone (Italy) but also for NIPs 
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recommending co-administration of ≥1 dose of 4CMenB with 
other vaccines (England, Portugal, and Spain).59–62 During the 
first 5 y of vaccine availability in Portugal, children who devel
oped IMD were less likely to have received 4CMenB vaccina
tion compared with matched controls who did not develop 
IMD, with an estimated vaccine effectiveness of 79% among 
children receiving ≥2 doses.60 In England, the 4CMenB pro
gram was associated with continued positive effect against 
MenB disease in children during the first 3 y, and the adjusted 
vaccine effectiveness among children who received three doses 
was 59%.59 In contrast, vaccination had no discernible effect 
on the oropharyngeal carriage of disease-causing meningo
cocci, including serogroup B, among adolescents in South 
Australia.63

Importantly, there is evidence that co-administration may 
not always be implemented in real-world clinical practice, 
despite existing recommendations. This was demonstrated by 
a recent study reviewing medical records of over 6 million 
vaccinations in children in England between 2008 and 2018.64 

In this study, 4CMenB was administered separately in 3% of first 
doses at 8 weeks of age (co-administration recommended with 
DTaP/IPV/Hib/HepB, PCV13, and rotavirus vaccine), 3% 
of second doses at 16 weeks of age (co-administration recom
mended with DTaP/IPV/Hib/HepB and PCV13), and 2% of 
booster doses at 1 year of age (co-administration recommended 

with Hib/MenC, PCV13, and MMR). In the US, vaccine cover
age among those aged 17 y was 60.0% for ≥2 doses of 
MenACWY and 31.4% for ≥1 dose of 4CMenB in 2021.65 In 
a real-world study of health claims data from 2017 to 2020 
reported overall low MenB vaccine series initiation rates 
among commercially insured and Medicaid-covered adolescents 
and young adults, despite the existing ACIP recommendations; 
notably, one of the factors associated with increased likelihood 
of MenB series initiation was co-administration of 
MenACWY.66 These findings might be relevant to other coun
tries with similar immunization programs and highlight that 
there is room for improvement in clinical practice to maximize 
the known benefits of co‑administration.64

Attitudes toward and acceptance of vaccine co- 
administration are important aspects to consider. In a global 
survey that examined attitudes toward co-administration of 
infant vaccines, 42% of parent respondents noted that two 
vaccine injections were the maximum number they were com
fortable with during a single medical visit, with less than one- 
third (28%) stating they were comfortable with whatever their 
doctor recommended.67 In the same survey, 83% of healthcare 
providers stated that they administered multiple vaccines per 
visit because they wanted to follow the official immunization 
schedule in their country; other reasons included a preference to 
vaccinate while the child was in the clinic (48%) and a fear that 

Table 2. National immunization program recommendations for 4CMenB.

Country Schedule (age) Co-administration regimen(s)
Use of prophylactic 

paracetamol

Andorra33,34 2, 4, and 13 months Given alone (ideally 2 weeks apart from other vaccines) Recommended
Czech 

Republic2,3,35
2–3 months, 4–6 months, 12–15 months; 

14–15 y
Plus DTaP/IPV/Hib/HepB at 3 and 5 months 
Plus PCV at 2–3 months

Recommended

France36 3, 5, and 12 months Given alone at 3 months 
Plus MenC at 5 months 
Plus MenC and/or MMR at 12 months

No recommendations

Italy2,37 3, 4, 6, and 13 months* Given alone No recommendations
Lithuania2,38 3, 5, and 12–15 months Given alone at 3 and 5 months 

Plus PCV and/or MMR vaccine at 12–15 months
Recommended only if  

co-administered
Malta39 2, 4, and 12 months Plus DTaP/IPV/Hib/HepB vaccine and PCV at 2 and 4 months 

Plus PCV at 12 months
No recommendations

New Zealand4,5 3, 5, and 12 months; 
13–25 y in specified close-living situations†

Can be administered with other routine vaccines Recommended in children 
aged ≤2 y

Portugal40,41 2, 4, and 12 months Plus DTaP/IPV/Hib/HepB vaccine and PCV at 2 months 
Plus DTaP/IPV/Hib vaccine and PCV at 4 months 
Plus MenC vaccine, PCV, and MMR vaccine at 12 months

Recommended

Republic of 
Ireland42

2, 4, and 12 months Plus DTaP/IPV/Hib/HepB vaccine, PCV, and oral rotavirus vaccine at 
2 months 

Plus DTaP/IPV/Hib/HepB vaccine and oral rotavirus vaccine at  
4 months 

Plus MMR vaccine at 12 months

Recommended at 2 and 4  
months

San Marino43 4, 7, and 12 months‡ Given alone No recommendations
Spain44–46 2, 4, and 12 months Plus DTaP/IPV/Hib/HepB vaccine and PCV at 2 months 

Plus MenC, DTaP/IPV/Hib/HepB vaccine, and PCV at 4 months 
Plus MenC vaccine, and MMR vaccine at 12 months

No recommendations

South Australia6 2, 4, and 12 months; Year 10 students 
(aged 15–16 y)

Plus DTaP/IPV/Hib/HepB vaccine, PCV, and oral rotavirus vaccine at 
2 and 4 months 

Plus MenACWY, PCV, and MMR at 12 months 
Plus MenACWY in Year 10 students

Recommended at 2, 4, and 12  
months

UK47 2, 4, and 12 months Plus DTaP/IPV/Hib/HepB vaccine and oral rotavirus vaccine at  
2 months 

Plus DTaP/IPV/Hib/HepB vaccine at 4 months 
Plus Hib/MenC vaccine, PCV, and MMR vaccine at 12 months

Recommended at 2 and 4  
months

*Differs by region. †Approved alternative schedule for the primary course (no prescription required): 8 weeks, 4 months, and a booster at 12 months; additionally, 
4CMenB is recommended and funded for people aged 13–25 y in specified close-living situations (i.e., boarding school hostels, tertiary education halls of residence, 
military barracks, or prisons). ‡Booster dose by the second year of life. 

4CMenB, four-component meningococcal serogroup B vaccine; DTaP, diphtheria-tetanus-acellular pertussis; HepB, hepatitis B; Hib, Haemophilus influenzae type 
b vaccine; IPV, inactivated poliovirus vaccine; MenC, meningococcal serogroup C; MMR, measles-mumps-rubella; PCV, pneumococcal vaccine.
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the child may not return to the clinic (36%).67 Collectively, these 
data highlight the importance of alleviating parent/caregiver 
concerns regarding the co-administration of multiple vaccines, 
with healthcare providers playing a key role in vaccine education 
and recommendations.

4CMenB appeared to be well accepted by parents in a large- 
scale pharmacovigilance study conducted in the UK recording 
suspected AEs using data from the Yellow Card Scheme and 
the Clinical Practice Research Datalink over a 20-month sur
veillance period, with compliance with subsequent doses see
mingly not adversely affected by any anticipated 
reactogenicity.28 Effective communication regarding manage
ment of the increased mild and transient reactogenicity asso
ciated with co-administration will be important in improving 
acceptance. Indeed, the reviewed evidence indicates that the 
rate of mild and transient fever is generally increased with 
4CMenB co-administration in infants compared with 
4CMenB alone, which is consistent with the European label 
for 4CMenB.8 However, evidence from clinical and real-world 
studies has shown that fever can be effectively managed with 
prophylactic paracetamol.21,25 From a public health perspec
tive, it is important that any mild and transient reactogenicity 
associated with co-administration is weighed against the 
known benefits, such as improved timeliness of vaccination 
and increased vaccination coverage.12 Indeed, in the UK, it is 
now recommended that infants receive three doses of prophy
lactic paracetamol after co-administration of 4CMenB with 
routine vaccinations at age 2 and 4 months.2,31,68 The use of 
prophylactic antipyretics for 4CMenB is also recommended in 
Andorra, the Czech Republic, Lithuania (only if co- 
administered), New Zealand, Portugal, the Republic of 
Ireland, and South Australia (Table 2).2,4–6,35,39,41,43 Evidence 
suggests that prophylactic paracetamol does not reduce immu
nogenicity of 4CMenB or the co-administered routine infant 
vaccines.21,68 Although prophylactic paracetamol may 
decrease the immunogenicity of other vaccines (e.g., PCV7, 
10-valent pneumococcal conjugate vaccine, PCV13, and 
PHiD-CV), it is not known whether this has clinical relevance 
in real-world clinical practice.69,70

Although the incidence of IMD is highest in infants and 
young children, a secondary peak is observed during adoles
cence, a phenomenon that is attributed to age-related changes 
in social activities, which increase exposure to new strains.71 

Most cases of IMD are caused by N. meningitidis serogroups A, 
B, C, W, Y, and X.72 Since an effective conjugate vaccine 
against all relevant strains is not yet available, administration 
of multiple vaccines that target different meningococcal ser
ogroups is currently needed. Co-administration may be parti
cularly important in adolescents owing to the low vaccine 
adherence observed in this age group.73 Although no studies 
evaluating the co-administration of 4CMenB with MenACWY 
vaccines in adolescents have been identified, a study that 
included adults and young adults aged 18–65 y showed that co- 
administration of MenACWY-CRM and 4CMenB was immu
nogenic with no safety concerns.22 Co-administration provides 
an opportunity to maximize vaccination uptake in adolescents 
and young adults, a group that has been typically difficult to 
target with vaccination campaigns,22 providing broad- 
spectrum protection against the most prevalent meningococcal 

serogroups. Additionally, the pentavalent MenABCWY vac
cine currently in late-stage development has the potential to 
provide further public health benefits through broad IMD 
protection programs encompassing serogroups A, B, C, W, 
and Y.74,75

In conclusion, the published evidence collectively shows that 
co-administration of 4CMenB with other routine vaccines is not 
associated with safety concerns and does not interfere with the 
anticipated immune responses elicited by each vaccine. These 
data support the inclusion of 4CMenB co-administration in 
NIPs to help increase coverage of each co-administered vaccine. 
Additionally, these data encourage further research to extend 
national and international recommendations for 4CMenB co- 
administration to different age groups and vaccines, with the 
overarching goal of maximizing vaccination coverage and 
improving protection against IMD globally.
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