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REVIEW

Combined measles-mumps-rubella-varicella vaccine and febrile convulsions: the 
risk considered in the broad context
Giacomo Casabona a, Olivia Berton a, Tina Singh a, Markus Knuf b,c and Paolo Bonanni d

aGSK, Wavre, Belgium; bDepartment for Pediatric and Adolescent Medicine, General Hospital Worms, General Hospital Worms, Worms, Germany; 
cPediatric Infectious Diseases, University Medicine, Mainz, Germany; dDepartment of Health Sciences, University of Florence, Florence, Italy

ABSTRACT
Introduction: Studies on quadrivalent measles, mumps, rubella, and varicella (MMRV) vaccines have 
indicated a twofold increased relative risk of febrile convulsion (FC) after the first dose compared to 
MMR and V administered at the same medical visit (MMR+V).
Areas covered: This narrative review contextualizes FC occurrence after the first MMRV vaccine dose 
from a clinical perspective and outlines approaches to attenuate FC occurrence post-vaccination.
Expert opinion: While the relative FC risk increases after the first dose of MMRV compared to MMR+V 
vaccine in measles-naïve infants, the attributable risk is low versus the overall FC risk in the pediatric 
population triggered by other causes, like natural exposure to pathogens or routine vaccination. No 
increased risk of FC has been reported after MMRV co-administration with other routine vaccines 
compared to MMRV alone. Based on our findings and considering the MMRV vaccination benefits 
(fewer injections, higher coverage, better vaccination compliance), the overall benefit-risk profile of 
MMRV vaccine is considered to remain positive. Potential occurrence of FC in predisposed children (e.g. 
with personal/family history of FC) may be attenuated if they receive MMR+V instead of MMRV as the 
first dose. It is also important to monitor vaccinees for fever during the first 2 weeks post-vaccination.

PLAIN LANGUAGE SUMMARY
Children under 5 years of age can sometimes have convulsions when they get a fever during illness or 
after vaccination. These are called febrile convulsions, and, in most cases, they leave no lasting damage, 
and the child outgrows them. After a combined vaccine against four childhood illnesses (measles, 
mumps, rubella, and varicella) became available, concerns appeared that measles-naïve children who 
received a first dose of this vaccine had a higher risk of febrile convulsions than children vaccinated 
with two separate vaccines (one against measles, mumps, and rubella, and one against varicella) 
administered during the same medical visit. However, this risk is low: during the first or the second 
week after the first vaccine dose, 1 additional child out of approximately 2500 children who receive the 
combined vaccine will have a febrile convulsion compared to those receiving 2 separate vaccines. In 
comparison, febrile convulsions due to any cause will appear in 1 out of 25 children younger than 5  
years, and in 1 out of 43 children with measles. The combined vaccine has certain advantages over 
separate vaccines: children receive fewer injections and are more likely to be fully vaccinated against all 
four diseases. Children who had febrile convulsions before, or with a close relative who had febrile 
convulsions could be at higher risk of febrile convulsions after the first dose of the combined vaccine. 
Provided the informed consent from their parents or legal guardians, these children must receive 
separate vaccines, while all other children may receive the combined vaccine.
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1. Introduction

Febrile convulsion (FC), also called febrile seizure, is defined as an 
occasional seizure accompanied by fever >38°C that occurs in 2%– 
5% of children aged between 6 months and 5 years who do not 
have previous central nervous system (CNS) infection, a metabolic 
disturbance, or a history of afebrile seizures [1–3]. It is the most 
common type of seizure in infants and young children. Although 
the exact cause of FC is unknown, it is likely to be multifactorial, 
involving both genetic and environmental factors. Besides these 
factors, underlying CNS disorders may also contribute [4]. Previous 
studies have shown that male gender, a family history of FC, 
elevated temperature during illness, daycare attendance, neonatal 
nursery stay of more than 28 days, maternal smoking and stress, 
iron and zinc deficiencies, and low serum calcium, sodium, or 
blood sugar are among potential risk factors for FC onset [1,2,5– 
7]. Moreover, viral infections with influenza, parainfluenza, adeno-
virus, measles, or herpesvirus may also trigger FC [8–11]. A tem-
poral increase in the relative risk of FC has also been detected 
following the administration of pediatric vaccines such as live- 
attenuated vaccines against measles, mumps, and rubella (MMR) 
combined or not with varicella (MMRV/MMR+V or MMR), the 
combined diphtheria – tetanus toxoids – pertussis-based vaccines 
(containing acellular or whole-cell pertussis antigens), the pneu-
mococcal conjugate vaccines, and some formulations of meningo-
coccal and inactivated influenza vaccines (Table 1) [12–20]. The 
attributable risk of FC after MMR administration was estimated to 
be between 1 per 1,700 and 1 per 1,150 administered doses in 
children aged up to 15 years [21]. After the introduction of tetra-
valent MMRV vaccines, several studies have reported an approxi-
mately twofold increased relative risk of FC within 5–12 or 7–10  
days after the administration of the first MMRV dose of the 2-dose 
vaccination schedule in infants previously unexposed to a natural 
measles infection or not vaccinated against measles, compared to 
the separate administration of MMR+V during the same medical 
visit [22–25]. Also, although MMRV vaccination does not addition-
ally increase the risk of FC in predisposed children (who are natu-
rally at a higher risk of developing FC) [23,24], the occurrence of FC 
after vaccination cannot be predicted at the individual level. The 
observed increased relative risk of FC has hampered the use of 
MMRV vaccine for combined measles, mumps, rubella, and vari-
cella vaccination in some countries where measles- and varicella- 
containing vaccines have been included in national immunization 
programs, and has slowed MMRV vaccine uptake, as illustrated by 
the situation in Germany [26]. The aim of this manuscript is to 
contextualize the occurrence of FC after MMRV vaccination – when 

given as the first dose of a measles-containing vaccine in measles- 
naïve infants – from a clinical perspective and to outline 
approaches to attenuate FC occurrence after vaccination. The 
relevant literature was selected based on the expert opinion of 
the authors.

2. Febrile convulsion/seizure

Fever is an expected response to infection and induces the 
release of high levels of cytokines that might trigger convul-
sions. The peak temperature is the most important risk factor 
for primary FC events [27,28]. FC is the most common con-
vulsive event in toddlers, but the occurrence of FC is usually 
low in older children, as they typically outgrow this condition 
by the age of 5 years [18]. Similarly, the risk for recurrence is 
15%–70% within 2 years of an initial FC, particularly in children 
who experienced the primary event under the age of 18  
months [4]. Risk factors for recurrent FC are young age (<18  
months) at the time of the first episode, family history of FC in 
first-degree relatives, temperature <40°C during the initial epi-
sode, and possibly also multiple seizures [1,29–31]. In addition 
to FCs, epileptic seizures can occur after vaccination, especially 
following MMR vaccines; these seizures have a monogenic 
cause, mostly as mutations of the sodium channel protein 
type 1 subunit alpha (SCN1A) or protocadherin 19 (PCDH19) 
genes (Dravet syndrome) [32,33].

FC events have been classified as simple, complex, and pro-
longed FC or febrile status epilepticus [4]. Most FCs (around 70%) 
are simple and typically benign, generalized, last <15 min, do not 
recur within 24 h, and do not cause any long-term health problems 
[3]. Conversely, a complex FC lasts ≥15 min, is associated with focal 
neurologic findings, and usually recurs within 24 h [3]. Febrile 
status epilepticus is defined as an FC that lasts >30 min and usually 
necessitates anticonvulsant treatment. This is the most severe type 
of complex FC, which refers to continuous or intermittent FC 
without consciousness for more than 30 min. Children with febrile 
status epilepticus are at an increased risk of recurrence of this event 
and of developing hippocampal abnormalities [18].

Clinical signs and symptoms associated with FC are loss of 
consciousness, shaking of the arms and legs, generalized or focal 
twitching, difficulty in breathing, and foaming at the mouth. 
Following the seizure, the child might be confused and/or drowsy 
but will completely recover after approximately 30 min [6,18]. The 
majority of the simple FC episodes do not require medical treat-
ment or hospitalization. Guidelines for the management of FC 
have been published by several organizations, notably, the 
National Institute of Neurological Disorders and Stroke (NINDS) 
[29] and the American Academy of Pediatrics (AAP) [34] in the 
United States, National Health Service (NHS) in the United 
Kingdom [35], and the Japanese Society of Child Neurology 
(JSCN) [36].

3. Combined measles, mumps, rubella, and varicella 
vaccines

Trivalent live-attenuated vaccines against MMR were licensed in 
the 1970s and have helped significantly reduce the incidence of 
these infectious diseases [37]. Tetravalent vaccines that also 

Article highlights

● The relative risk of febrile convulsion after the first MMRV dose is 
twofold higher compared to MMR+V in measles-naïve infants.

● However, the incidence of febrile convulsion after the first MMRV 
dose contributes marginally to the overall rate of febrile convulsion 
in toddlers.

● The overall safety profile of MMRV vaccine as first dose remains 
acceptable when assessed in a broader context.
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include antigens against varicella have appeared at the beginning 
of the 2000s and are licensed in most developed countries (Figure 
1). The two live-attenuated tetravalent MMRV vaccines currently 
available worldwide are Priorix-Tetra (GSK) and ProQuad (Merck & 
Co., Inc.). Both MMRV vaccines were shown to be well tolerated 
and induce a high immunogenicity [41,42]. In the United States, 
MMRV vaccine was licensed in 2005 [43] and recommended in the 
same year for a 2-dose varicella vaccination schedule, with the first 
dose administered at age 12–15 months and the second dose at 4– 
6 years [44,45]. The European Medicines Agency authorized one of 
the MMRV vaccines in 2006 [46], though other vaccines against 
measles, mumps, rubella, and varicella have already been author-
ized by several European Union member states. In 2009, the 
German Standing Committee on Vaccinations (STIKO) included 
among its recommendations the potential use of MMRV for both 
doses of a varicella-containing vaccine within the national immu-
nization schedule [47].

3.1. FC after MMRV administration

During the clinical development of MMRV vaccines, FC has been 
observed at low rates, though the frequency of fever was higher 
following MMRV vaccine administration than following MMR and 
MMR+V vaccinations [41,42]. Post-marketing studies have 
reported an approximately twofold increase in the relative risk of 
FC 7–10 or 5–12 days following the administration of MMRV first 
dose among measles-naïve children aged 12–60 months (of 
whom ≥70% were aged up to 24 months), as compared to children 
of the same age who had received MMR+V (Table 2) [16,22–25]. 
This increased relative risk was not observed in children aged 4–6  
years [48,49]. Based on the first post-marketing results, the United 
States Advisory Committee on Immunization Practices (ACIP) 
adopted new recommendations on the use of MMRV vaccines in 
2009, expressing a preference for MMR+V as the first vaccine dose 

in children aged 12–47 months, unless the parent (or legal guar-
dian) and health-care provider opted for MMRV. For the second 
dose, MMRV vaccine is preferred over MMR+V [50]. In 2011, the 
STIKO and Italian Medicines Agency (AIFA) also changed their 
guidance, recommending MMR+V instead of MMRV as the first 
dose [51,52]. Nevertheless, some Italian regions have continued to 
use MMRV vaccine for the first varicella-containing dose (Figure 1) 
[53,54]. The Australian National Immunisation Program (NIP) 
recommended MMRV as the second dose of a measles-containing 
vaccine in children aged ≥18 months and as the first dose in 
children aged ≥4 years [55].

In 2015, a systematic review of eight post-marketing studies 
involving more than 3.2 million individuals showed that the 
increased relative risk of FC after the first dose of MMRV versus 
MMR+V vaccine is a class effect. While no significant differences in 
FC incidence between MMRV and MMR+V vaccine or MMR were 
observed in children aged 4–6 years, the risk of seizure or FC was 
increased by about twofold in 10–24-month-olds in the 7–10 or 5– 
12 days after the first dose of MMRV vaccine [49]. A review of 
reviews published in 2022 indicated that the FC frequency after 
one-dose MMRV may be higher compared to MMR+V vaccination 
in young children. While this review also concluded that FC may 
occur after both monovalent and quadrivalent varicella vaccine 
administration, the numbers of varicella-containing vaccine doses 
(total and administered) were largely unknown from the source 
publications [56]. Vaccination with MMR or MMRV vaccine in the 
second year of life has been associated with a similar relative risk of 
FC in children born preterm as in those who were born full-term 
[57]. Nevertheless, there were some exceptions to the evidence of 
an increased risk of FC after MMRV vaccination. In the Puglia 
region, where the use of first-dose MMRV vaccination has been 
continued, despite the 2011 AIFA recommendation included in the 
Italian universal vaccination scheme, post-licensure surveillance 
data collected between 2009 and 2017 have confirmed the safety 

Figure 1. Recommendations for vaccination against measles, mumps, rubella, and varicella [21,38–40,43,46,51,52,82,84] MMR – trivalent vaccine against measles, mumps, and 
rubella; V – monovalent varicella vaccine; MMRV – tetravalent vaccine against measles, mumps, rubella, and varicella. *one dose for individuals aged 18 years and older and born 
after 1970 with no vaccination or uncertain vaccination history or only one vaccination during childhood; **some Italian regions (Apulia, Friuli-Venezia-Giulia, Basilicata, Tuscany) 
have continued to use MMRV; #children at low risk of febrile convulsion may receive MMRV; &two catch-up doses up to 12 years of age.

EXPERT REVIEW OF VACCINES 767



Ta
bl

e 
2.

 S
um

m
ar

y 
of

 F
C 

in
ci

de
nc

e 
af

te
r 

va
cc

in
at

io
n 

w
ith

 m
ea

sl
es

 –
 c

on
ta

in
in

g 
va

cc
in

es
.

St
ud

y 
re

fe
re

nc
e

Co
un

tr
y

St
ud

y 
ty

pe
Po

pu
la

tio
n 

ag
e

Va
cc

in
at

io
n

Ri
sk

 p
er

io
d 

(d
ay

s 
po

st
- 

va
cc

in
at

io
n)

M
ea

su
re

 o
f 

FC
 o

cc
ur

re
nc

e

Ba
rlo

w
 2

00
1 

[7
7]

U
SA

Re
tr

os
pe

ct
iv

e 
co

ho
rt

 s
tu

dy
≤

7 
ye

ar
s

M
M

R
●

0
●

1–
7

●
8–

14
●

15
–3

0

Ad
ju

st
ed

 r
el

at
iv

e 
ris

k 
(9

5%
 C

I):
 

0 
da

ys
: N

/A
 

1–
7 

da
ys

: 1
.7

 (
0.

7–
4.

2)
 

8–
14

 d
ay

s:
 2

.8
 (

1.
4–

5.
6)

 
15

–3
0 

da
ys

: 1
.0

 (
0.

5–
2.

0)
 

Ad
di

tio
na

l F
C 

pe
r 

10
0,

00
0 

ch
ild

re
n:

 2
5.

0
Ja

co
bs

en
 2

00
9 

[2
2]

U
SA

Re
tr

os
pe

ct
iv

e 
co

ho
rt

 s
tu

dy
12

–6
0 

m
on

th
s

●
M

M
RV

●
M

M
R+

V
●

5–
12

 (
pr

im
ar

y)
●

0–
4 

(s
ec

on
da

ry
)

●
0–

30
 (

se
co

nd
ar

y)
●

13
–3

0 
(p

os
t-

ho
c)

IR
 p

er
 1

,0
00

 v
ac

ci
ne

es
 (

95
%

 C
I):

 
M

M
RV

: 
0–

4 
da

ys
: 0

.2
9 

(0
.1

3–
0.

55
) 

5–
12

 d
ay

s:
 0

.7
0 

(0
.4

4–
1.

06
) 

13
–3

0 
da

ys
: 0

.4
2 

(0
.2

0–
0.

67
) 

0–
30

 d
ay

s:
 1

.4
1 

(1
.0

2–
1.

89
) 

M
M

R+
V:

 
0–

4 
da

ys
: 0

.2
2 

(0
.0

9–
0.

46
) 

5–
12

 d
ay

s:
 0

.3
2 

(0
.1

5–
0.

59
) 

13
–3

0 
da

ys
: 0

.7
3 

(0
.4

4–
1.

06
) 

0–
30

 d
ay

s:
 1

.2
8 

(0
.9

1–
1.

74
) 

Re
la

tiv
e 

ris
k 

of
 F

C 
in

 M
M

RV
 v

er
su

s 
M

M
R+

V 
(9

5%
 C

I):
 

0–
4 

da
ys

: 1
.2

8 
(0

.4
8–

3.
45

) 
5–

12
 d

ay
s:

 2
.2

0 
(1

.0
4–

4.
65

) 
13

–3
0 

da
ys

: 0
.5

7 
(0

.2
9–

1.
12

) 
0–

30
 d

ay
s:

 1
.1

0 
(0

.7
2–

1.
69

)
Kl

ei
n 

20
10

 [
23

]
U

SA
Re

tr
os

pe
ct

iv
e 

ch
ar

t 
re

vi
ew

 s
tu

dy
12

–2
3 

m
on

th
s

●
M

M
RV

●
M

M
R+

V
●

M
M

R
●

V

●
7–

10
●

0–
42

●
0–

30

Re
la

tiv
e 

ris
k 

of
 F

C 
in

 M
M

RV
 v

er
su

s 
M

M
R+

V 
fo

r 
an

al
ys

es
 w

ith
 c

ha
rt

 c
on

fir
m

at
io

n 
ra

te
 (

95
%

 C
I):

 
7–

10
 d

ay
s:

 2
.0

4 
(1

.4
4–

2.
90

) 
0–

42
 d

ay
s:

 1
.4

6 
(1

.1
1–

1.
92

) 
0–

30
 d

ay
s:

 1
.4

4 
(1

.0
5–

1.
97

)
Kl

ei
n 

20
12

 [
48

]
U

SA
Re

tr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
dy

48
–8

3 
m

on
th

s
●

M
M

RV
●

M
M

R+
V

●
M

M
R

●
V

●
7–

10
●

0–
42

Ab
so

lu
te

 r
is

k 
of

 F
C 

pe
r 

10
0,

00
0 

do
se

s 
in

 7
–1

0 
da

ys
 (

95
%

 C
I):

 
M

M
RV

: 1
.2

 (
0.

03
–6

.4
) 

M
M

R+
V:

 0
.0

 (
0.

0–
5.

5)

M
ac

D
on

al
d 

20
14

 
[2

4]
Ca

na
da

Re
tr

os
pe

ct
iv

e 
co

ho
rt

 s
tu

dy
12

–2
3 

m
on

th
s

●
M

M
RV

●
M

M
R+

V
●

7–
10

●
0–

42
In

ci
de

nc
e 

of
 s

ei
zu

re
 p

er
 1

0,
00

0 
do

se
s 

in
 7

–1
0 

da
ys

: 
M

M
RV

: 5
.8

 
M

M
R+

V:
 2

.2
 

Ad
ju

st
ed

 r
el

at
iv

e 
ris

k 
of

 s
ei

zu
re

 (
95

%
 C

I):
 

M
M

RV
: 

0–
42

 d
ay

s:
 1

.8
0 

(1
.4

3–
2.

27
) 

7–
10

 d
ay

s:
 6

.5
7 

(4
.7

7–
9.

05
) 

M
M

R+
V:

 
0–

42
 d

ay
s:

 1
.4

8 
(1

.2
2–

1.
79

) 
7–

10
 d

ay
s:

 3
.3

0 
(2

.4
0–

4.
52

) 
Re

la
tiv

e 
ris

k 
ra

tio
 M

M
RV

 v
er

su
s 

M
M

R+
V 

(9
5%

 C
I):

 
0–

42
 d

ay
s:

 1
.2

1 
(0

.9
3–

1.
58

) 
7–

10
 d

ay
s:

 1
.9

9 
(1

.3
0–

3.
05

)

(C
on

tin
ue

d
)

768 G. CASABONA ET AL.



Ta
bl

e 
2.

 (
Co

nt
in

ue
d)

. 

St
ud

y 
re

fe
re

nc
e

Co
un

tr
y

St
ud

y 
ty

pe
Po

pu
la

tio
n 

ag
e

Va
cc

in
at

io
n

Ri
sk

 p
er

io
d 

(d
ay

s 
po

st
- 

va
cc

in
at

io
n)

M
ea

su
re

 o
f 

FC
 o

cc
ur

re
nc

e

Sc
hi

nk
 2

01
4 

[2
5]

G
er

m
an

y
Re

tr
os

pe
ct

iv
e 

m
at

ch
ed

 c
oh

or
t 

st
ud

y
<

5 
ye

ar
s 

(9
0%

: 1
1–

23
  

m
on

th
s)

●
M

M
RV

●
M

M
R+

V
●

M
M

R

●
0–

4
●

5–
12

●
13

–3
0

●
0–

30

O
R 

fo
r 

FC
 o

cc
ur

re
nc

e 
ac

co
rd

in
g 

to
 F

C 
na

rr
ow

 d
ef

in
iti

on
a 

(9
5%

 C
I):

 
M

M
RV

 v
er

su
s 

M
M

R:
 

0–
4 

da
ys

: 0
.8

 (
0.

3–
2.

5)
 

5–
12

 d
ay

s:
 4

.1
 (

1.
3–

12
.7

) 
13

–3
0 

da
ys

: 0
.5

 (
0.

2–
1.

4)
 

0–
30

 d
ay

s:
 1

.3
 (

0.
7–

2.
4)

 
M

M
RV

 v
er

su
s 

M
M

R+
V:

 
0–

4 
da

ys
: 5

.3
 (

0.
4–

70
.0

) 
5–

12
 d

ay
s:

 3
.5

 (
0.

76
–1

9.
0)

 
13

–3
0 

da
ys

: 1
.5

 (
0.

3–
8.

7)
 

0–
30

 d
ay

s:
 3

.9
 (

1.
0–

14
.5

)
Kl

op
fe

r 
20

14
 [

60
]

U
SA

Po
st

-h
oc

 s
af

et
y 

an
al

ys
is

 o
f 

fiv
e 

cl
in

ic
al

 
tr

ia
ls

12
–2

3 
m

on
th

s
M

M
RV

0–
27

O
ve

ra
ll 

IR
: 

Po
st

-d
os

e 
1:

 0
.3

%
 

Po
st

-d
os

e 
2:

 0
.1

%
Co

cc
hi

o 
20

16
 [

59
]

Ita
ly

Pr
os

pe
ct

iv
e 

ob
se

rv
at

io
na

l c
oh

or
t 

st
ud

y
M

ea
n±

SD
: 1

4.
9 

±
 2

.3
  

m
on

th
s

●
M

M
R+

V
●

M
M

RV
0–

28
Re

la
tiv

e 
ris

k 
M

M
R+

V 
ve

rs
us

 M
M

RV
 (

95
%

 C
I):

 
0.

8 
(0

.3
–2

.2
)

Ku
te

r 
20

06
 [

42
]

U
SA

, 
Ca

na
da

Re
vi

ew
 (

po
ol

ed
 s

af
et

y 
an

al
ys

is
 o

f 
fiv

e 
cl

in
ic

al
 t

ria
ls

)
●

12
–2

3 
m

on
th

s
●

4–
6 

ye
ar

s
●

M
M

RV
●

M
M

R+
V

●
5–

12
●

0–
42

Ra
te

 o
f 

fe
br

ile
 s

ei
zu

re
 in

 5
–1

2 
da

ys
: 

M
M

R+
V:

 0
.1

%
 

M
M

RV
: 0

.3
%

 
Ra

te
 o

f 
fe

br
ile

 s
ei

zu
re

 0
–4

2 
da

ys
: 

M
M

R+
V:

 0
.2

%
 

M
M

RV
: 0

.4
%

M
a 

20
15

 [
49

]
W

or
ld

w
id

e
Sy

st
em

at
ic

 li
te

ra
tu

re
 r

ev
ie

w
 a

nd
 m

et
a-

 
an

al
ys

is
●

9–
24

 m
on

th
s

●
10

–2
4 

m
on

th
s

●
M

M
RV

●
M

M
R+

V
●

M
M

R

●
7–

10
●

5–
12

●
0–

42
/5

6

Cl
in

ic
al

 t
ri

al
s 

(9
–2

4-
m

on
th

-o
ld

s)
 

Po
ol

ed
 R

R 
of

 F
C 

af
te

r 
1st

 do
se

 (
95

%
 C

I):
 

M
M

RV
 v

er
su

s 
M

M
R+

V:
 1

.5
 (

0.
4–

6.
4)

 in
 7

–1
0 

da
ys

; 1
.0

 (
0.

5–
2.

2)
 in

 0
–4

2/
56

 d
ay

s 
M

M
RV

 v
er

su
s 

M
M

R:
 0

.5
 (

0.
0–

8.
1)

 in
 7

–1
0 

da
ys

; 0
.7

 (
0.

2–
2.

7)
 in

 0
–4

2 
da

ys
 

Po
ol

ed
 IR

 o
f 

FC
 d

ur
in

g 
7–

10
 d

ay
s 

af
te

r 
1st

 do
se

: 
M

M
RV

 v
er

su
s 

M
M

R+
V:

 2
.6

‰
 (

0.
5‰

 f
or

 v
ac

ci
ne

-r
el

at
ed

 F
C)

 v
er

su
s 

0.
0‰

 
Po

ol
ed

 IR
 o

f 
FC

 d
ur

in
g 

0–
28

/4
2/

56
 d

ay
s 

af
te

r 
1st

 do
se

: 
M

M
RV

 v
er

su
s 

M
M

R+
V:

 2
.5

‰
 v

er
su

s 
2.

1‰
 

M
M

RV
 v

er
su

s 
M

M
R:

 2
.0

‰
 v

er
su

s 
0.

0‰
 

Po
ol

ed
 R

R 
of

 F
C 

af
te

r 
2n

d
 do

se
 (

95
%

 C
I):

 
M

M
RV

 v
er

su
s 

M
M

R+
V:

 0
.8

0 
(0

.1
–7

.4
) i

n 
7–

10
 d

ay
s;

 0
.5

 (0
.1

–3
.8

) i
n 

0–
42

/5
6 

da
ys

 
M

M
RV

 v
er

su
s 

M
M

R:
 0

.8
 (

0.
1–

9.
2)

 in
 7

–1
0 

da
ys

; 0
.4

 (
0.

1–
3.

3)
 in

 0
–4

2 
da

ys
 

Po
ol

ed
 IR

 o
f 

FC
 d

ur
in

g 
7–

10
 d

ay
s 

af
te

r 
2n

d
 do

se
: 

M
M

RV
 v

er
su

s 
M

M
R+

V:
 0

.0
‰

 (
0.

0‰
 f

or
 v

ac
ci

ne
-r

el
at

ed
 F

C)
 v

er
su

s 
0.

0‰
 

M
M

RV
 v

er
su

s 
M

M
R:

 1
.4

‰
 v

er
su

s 
0.

0‰
 

Po
ol

ed
 IR

 o
f 

FC
 d

ur
in

g 
0–

42
 d

ay
s 

af
te

r 
2n

d
 do

se
: 

M
M

RV
 v

er
su

s 
M

M
R+

V:
 0

.0
‰

 v
er

su
s 

2.
4‰

 
M

M
RV

 v
er

su
s 

M
M

R:
 1

.4
‰

 v
er

su
s 

3.
3‰

 
Po

st
-m

ar
ke

ti
ng

 s
tu

di
es

 (
10

–2
4-

m
on

th
-o

ld
s)

 
Po

ol
ed

 R
R 

fo
r 

FC
 (

95
%

 C
I):

 
M

M
RV

 v
er

su
s 

M
M

R+
V:

 2
.0

 (1
.4

–2
.9

) i
n 

7–
10

 d
ay

s;
 1

.8
 (1

.1
–2

.9
) i

n 
5–

12
 d

ay
s;

 1
.4

 
(1

.1
–1

.7
) 

in
 0

–4
2 

da
ys

 
M

M
RV

 v
er

su
s 

M
M

R:
 2

.4
 (

1.
0–

5.
4)

 in
 7

–1
0 

da
ys

; 2
.3

 (
1.

5–
3.

6)
 in

 5
–1

2 
da

ys
; 1

.3
 

(1
.0

–1
.7

) 
in

 0
–4

2 
da

ys
 

IR
 o

f 
FC

 d
ur

in
g 

th
e 

se
co

nd
 w

ee
k 

po
st

-v
ac

ci
na

tio
n:

 
M

M
RV

: 0
.6

2‰
–0

.9
6‰

 
M

M
R+

V:
 0

.3
2‰

–0
.4

4‰
 

M
M

R:
 0

.2
5‰

–0
.4

2‰

(C
on

tin
ue

d
)

EXPERT REVIEW OF VACCINES 769



profile of the MMRV vaccine; none of the FC cases could be 
conclusively linked to the administration of the first dose of 
MMRV or MMR+V vaccine [58]. Similar findings were reported for 
the 2017–2018 period [53].

4. FC risk contextualization

4.1. Vaccine safety profile

To contextualize the risk of FC after MMR or MMRV vaccina-
tion, the overall adverse event (AE) profile of these vaccines 
should be considered. Several post-licensure (passive) sur-
veillance studies and reviews have not indicated new signifi-
cant safety concerns following MMR or MMRV vaccine 
administration [21,37,41,42,53,58–61].

In a study comparing the two vaccination strategies (MMR 
+V versus MMRV as the first dose), local AEs were reported 
more commonly in the MMR+V group (9.6% versus 2.9% of 
participants), while no difference was observed regarding the 
occurrence of general AEs or FC (50.0% versus 52.0% and 
14.0% versus 17.0% of participants) [59]. Fever was the most 
common general AE in both groups. Fever episodes were 
more commonly associated with MMRV vaccine, but the num-
ber of FC episodes was similar between the MMRV and MMR 
+V groups [59]. In general, fever is a well-documented AE after 
administration of measles-containing vaccines, with genetic 
and biological factors potentially influencing susceptibility to 
fever following vaccination [62]. A ubiquitous assumption 
among vaccination experts is that a more frequent occurrence 
of fever is associated with a higher titer of the measles virus 
component in MMRV versus MMR vaccines. Previous studies 
have indicated that fewer individuals experience high fever 
after the second dose of a measles-containing vaccine than 
after the first dose [63–70]. Moreover, the timing of fever 
coincides with the timing of FC [23]. These observations sug-
gest that the observed more frequent febrile reactions may be 
related to a greater reactogenicity and a higher immune 
response toward the measles component of the vaccine rather 
than the other vaccine components.

No increase in the relative risk of FC has been observed 
after MMRV co-administration with other routine vaccines 
compared to MMRV alone [71–75]. When co-administered, 
MMRV and monovalent or tetravalent meningococcal vac-
cines (MenC or MenACWY, respectively) have been shown 
to be immunogenic and well tolerated in toddlers aged 
≥12 months; in addition, non-inferiority in terms of 
immune responses has been demonstrated for all vaccine 
antigens as compared to either MMRV or MenC or 
MenACWY administered alone [76]. MMRV vaccine can 
also be concomitantly used with the combined 
diphtheria-tetanus-acellular pertussis-hepatitis B-inacti-
vated poliovirus-Haemophilus influenzae type b conjugate 
vaccine [71,72,75], hepatitis A vaccine [74], and pneumo-
coccal conjugate vaccines [73,74].

4.2. FC manifestation in the clinical practice

The risk of FC occurrence is not associated solely with 
tetravalent MMRV vaccines. Physiological predisposition, Ta
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genetic background, and familial history of FC have been 
suggested as risk factors for FC onset [18]. The occurrence 
of FC has also been shown to be higher in children who 
received the MMR vaccine than in unvaccinated individuals 
[77–79]. According to one systematic review and meta-ana-
lysis of clinical trial data, the incidence of FC (all and vac-
cine-related) in the second week after the first vaccine dose 
was 2.61‰ and 0.52‰ for MMRV versus 0.00‰ and 0.00‰ 
for MMR+V vaccination, in children aged ≤2 years [49]. In 
contrast, it is estimated that 40.00‰ of children will have 
had an episode of FC before the age of 5 years [50,80]; for 
instance, in children who developed measles, an FC inci-
dence of 1.00‰–23.00‰ has been reported in the United 
States and England [11]. Other childhood vaccines have also 
been associated with increased relative risks of FC, such as 
the combined diphtheria – tetanus toxoids – acellular per-
tussis – inactivated poliovirus-Haemophilus influenzae type b 
and conjugated pneumococcal vaccine (Table 1) [12–20]. 
Nevertheless, the overall safety profile of these vaccines 
remains acceptable. In the 2010–2011 season, vaccination 
with one dose of trivalent influenza vaccine (TIV) led to an 
estimated FC rate of 3.3 per 1,000 doses in Western 
Australia (200 times higher than previous population-based 
estimates) [13], or an incidence rate ratio of FC of 4.0 (versus 
unexposed control interval) in the United States [20], at 0–3  
days following vaccination in children aged 6–59 months. 
When TIV was concomitantly administered with pneumo-
coccal conjugate vaccines in the United States, a relative 
risk of 3.5–5.9 and an attributable risk of 16–17.5 cases per 
100,000 vaccinated persons were reported compared to TIV 
administration alone [15,20]. Finally, infections with certain 
herpesvirus or coronavirus strains, pharyngitis, otitis media, 
and Shigella gastroenteritis are significant risk factors for FC 
occurrence [18].

FC episodes after MMRV administration thus account for 
a small proportion of FC occurring in children, as also dis-
cussed by Gabutti et al. [81]. Data from the regional mon-
itoring system of post-vaccination AEs from the Veneto 
region of Italy have shown that the burden of FC after 
MMRV vaccination is low as compared to other causes of 
FC [82]. Similarly, a review of the medical history of 90,294 
MMR and 8,344 MMRV Israeli vaccinees revealed that the 
MMRV-specific attributable risk of FC was not significant at 
any point of the observation period and was very low 
compared to other risk factors such as age, low birth 
weight, or preterm birth [16].

4.3. Populations susceptible to FC

In general, children at high risk of seizure are more prone to 
post-vaccination FC. As indicated in a retrospective popula-
tion-based cohort study involving more than 277,000 
Canadian children aged 12–23 months, the MMRV vaccine 
first dose was associated with a twofold increased risk of FC 
(relative risk ratio 1.99 [95% CI: 1.30–3.05]) relative to MMR 
+V at 7–10 days post-vaccination when the entire study 
population was considered (Table 2) [24]. The excess abso-
lute risk for MMRV versus MMR+V was 3.52 seizures per 
10,000 doses [24]. However, in high-risk children, in whom 

the baseline FC incidence is higher than in the general 
population, MMRV vaccination did not result in a signifi-
cantly increased relative risk of FC as compared to MMR+V 
(relative risk ratio 1.30 [0.60–2.79]). Children considered at 
high risk in this study were those with personal history of 
FC or who had seizure disorder, infection, CNS injury, ence-
phalopathy, or progressive, evolving, or unstable neurologi-
cal condition [24]. Similar results have been observed in 
children from the United States with a personal history of 
seizures [23]. Moreover, the modeling post-hoc analysis of a 
matched cohort study of a similar sample size (more than 
226,000 children aged <2 years) from Germany estimated 
that in children without personal or family history of FC, 
the risk of FC after the first MMRV dose is likely similar to 
MMR+V given as separate injections [83]. The authors 
reported similar findings when MMRV was compared to 
MMR vaccine or the combined exposure MMR/MMR+V 
[83]. The conclusion of this study was that, to minimize 
the risk of FC, children with a personal or family history of 
FC should receive the MMR+V vaccine for the first dose, and 
be closely monitored for the occurrence of FC and/or fever 
during the known risk period post-vaccination. In contrast, a 
first dose of the MMRV vaccine could be administered to 
children at low risk. This strategy is aligned with the label of 
the available MMRV vaccines [46,84]. Currently, ACIP recom-
mends this approach [50]. The prophylactic administration 
of antipyretics is not indicated as it might lower the 
immune response, and there is no scientific evidence indi-
cating any significant reduction in the rate of FC [85].

4.4. (Expected) benefits of MMRV vaccination

The tetravalent MMRV vaccine can have some advantages 
compared to MMR+V. This formulation reduces the number 
of injections and the percentage of AEs and facilitates com-
pliance with the 2-dose vaccination strategy. In Germany, 1  
year after STIKO changed indications and recommended 
MMR+V over MMRV as the first dose, varicella vaccination 
coverage declined in some regions [26]. Lower vaccination 
coverage may lead to more hospitalizations. A modeling 
study performed by Bauchau et al. predicted that transition-
ing from MMR+V to MMRV vaccination would induce 225 
vaccine-related FC hospitalization days but would prevent 
1,976 varicella-related hospitalization days per year [86]. The 
authors concluded that despite the increased risk of FC after 
the first MMRV dose, MMRV vaccination can substantially 
reduce the length of hospital stay by increasing vaccination 
coverage against varicella [86]. Thus, the risk of FC must be 
balanced against the benefits and coverage achieved with 
the MMRV formulation. The Italian National Plan for Vaccine 
Prevention introduced in 2017 has expanded the number of 
mandatory vaccinations from four to ten, including the 
MMRV vaccine [87]. One year later, considerable increases 
in MMRV vaccination coverage were identified [88]. 
Similarly, a study from Canada found that varicella vaccine 
coverage increased 4 years after the introduction of the 
MMRV vaccine into the national immunization program 
[89]. While the coverage of measles-containing vaccines 
remained comparable to that before MMRV introduction, 
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most parents/legal guardians opted for the tetravalent vac-
cine instead of MMR+V [89].

5. Conclusion

The overall safety profile of the measles-containing vaccine 
formulations – MMRV, MMR, and MMR+V – was deemed 
acceptable. Co-administration of MMRV vaccine with other 
routine pediatric vaccines did not increase the risk of FC 
post-vaccination compared to MMRV vaccination alone. 
When evaluated in a broader context, the risk of FC follow-
ing the first dose of MMRV vaccine was low compared to 
the overall risk of FC seen among the pediatric population 
aged <5 years. MMR and other pediatric vaccines, measles 
disease, age, low birth weight, preterm birth, and personal 
or family history of FC are also associated with an increased 
FC risk. Based on these findings and considering the bene-
fits of MMRV vaccination (fewer injections, higher vaccina-
tion coverage, increased vaccination compliance), MMRV 
vaccination administered as first dose remains a viable 
option for all children who are not at risk of FC.

6. Expert opinion

In children aged <5 years, FCs are most commonly triggered 
by fever, which accompanies numerous childhood diseases or 
routine pediatric vaccinations. Although an FC is transient and 
often without long-term consequences, its high prevalence, 
especially in the second year of life, raises serious concerns in 
parents worried about their children’s wellbeing. The introduc-
tion of MMRV vaccines has created expectations of several 
logistic and practical benefits, the most important of which 
is a high vaccination coverage against measles, mumps, and 
rubella, and an increased coverage against varicella, due to 
convenient combination of antigens in one vaccine [90]. 
However, retrospective evidence of an increased relative risk 
of FC after the first dose has hindered the universal imple-
mentation of MMRV vaccines and led to changes in official 
vaccine recommendations. The mechanisms underlying the 
elevated risk of FC after MMRV vaccination are currently spec-
ulative (e.g. higher titer of the measles component, interaction 
of measles and varicella components in the same preparation) 
and warrant further investigation. First-dose MMRV vaccina-
tion has been correlated with FC risk based on largely retro-
spective studies. Therefore, well-designed prospective 
surveillance studies are needed to corroborate these observa-
tions and thoroughly characterize individuals at risk of FC.

Literature data available to date suggest that the risk of FC 
can be perceived differently when it is put in the overall 
perspective of FC seen in the pediatric population. According 
to some estimates, approximately 4.0% of children aged <5  
years [50,80], and up to 2.3% of children who contract measles 
[11] experience at least one FC episode. In this context, the 
observed FC incidence following MMRV vaccine administra-
tion (0.3‰–3.0‰) likely contributes marginally to the overall 
rate of FC in children aged ≤24 months [22,42,49,60]. 
Additionally, although rates of FC are generally increased by 
all measles-containing vaccines as well as several routinely 

administered pediatric vaccines [13,14,20,77–79], neither the 
relative risk of FC nor the overall safety profile of MMRV 
vaccine was negatively affected by the co-administration of 
MMRV with other vaccines.

Children with personal or family history of seizure, under-
lying medical conditions, or neurological disorders are gener-
ally more susceptible to FC. Though an increased relative risk 
of FC after MMRV vaccination was observed in the overall 
population, this risk is comparable between MMRV, MMR+V, 
and MMR in the high-risk population. Therefore, possible risk 
factors should be considered when a vaccination strategy 
against measles, mumps, rubella, and varicella is established 
for a certain pediatric population. MMRV vaccines could be 
considered as a complete 2-dose schedule for children who 
are not at risk or have no history of personal or familial FC. 
Conversely, in children who are at an elevated risk of FC or 
have a history of FC, the risk of post-vaccination FC might be 
lowered if MMR+V is administered as a first dose. For the 
second dose, MMRV is still preferred in this population to 
extend the benefit of combined vaccines [83].

In the context of FC risk, results should be interpreted 
by considering the differences between relative risk and 
attributable risk. Some studies report the attributable risk 
of FC after MMRV vaccination, while others use relative 
risk. Attributable risk measures the difference between 
the absolute risk (incidence of the event) in the vaccinated 
group and the absolute risk in the comparator group [91]. 
Conversely, relative risk is the ratio of the two absolute 
risks [91]. Though vaccination with certain routinely avail-
able vaccines has been associated with an increased rela-
tive risk of FC shortly after administration, the absolute risk 
of FC post-vaccination with these vaccines is low [15,92]. 
Thus, post-vaccination FC should not be a concern for 
most children receiving vaccines, including measles-con-
taining formulations.

Physicians and parents are often concerned about FC and 
perceive a convulsion episode as a moderate or serious event. 
This leads to parental vaccine hesitancy, which results in a nega-
tive impact on vaccination coverage and public health [6,93,94]. 
Previous studies have described several socio-economic risk fac-
tors associated with low parental acceptance rates of vaccination 
[95,96], but also lack of appropriate information among health- 
care professionals (HCPs) [97]. These observations strengthen the 
importance of providing timely, relevant, and accurate informa-
tion to HCPs. Improving awareness and information levels of 
HCPs will lead to more confident use of measles-containing 
vaccines and enable HCPs to guide parents on the management 
of their child’s vaccination schedule, as well as potential occur-
rences of fever after vaccination.

In conclusion, although present, the relative risk of FC after 
the first dose of MMRV vaccine is acceptable when assessed in a 
broader context of general risk of FC seen in the pediatric popu-
lation. The increased risk of FC after MMRV vaccination can be 
mitigated by limiting the administration of the first MMRV vac-
cine dose to children who are not at elevated risk of FC and 
closely monitoring the vaccinees during the FC risk period. 
Policymakers should balance these findings with the potential 
advantages of using combination vaccines to ensure maximum 
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protection of children from measles, mumps, rubella, and 
varicella.
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