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Abstract Objective Numerous observational studies have evaluated the relationship between
influenza vaccination during pregnancy and birth outcomes. The number of studies on this
subject has increased, especially after the 2009 A/H1N1 pandemic (A/H1N1pdm09). This
meta-analysis aims to determine the impact of maternal vaccination with either seasonal
trivalent inactivated influenza vaccines (IIV) or A/H1N1pdm09monovalent vaccines on the
rates of preterm (PTB), small for gestational age (SGA), and low birth weight (LBW) births.
Methods English language randomized controlled trials and observational studies
assessing the proposed outcomes after administration of influenza vaccine during
pregnancy were screened. Observational studies were included if they presented
adjusted measures and if the total number of women evaluated reached predefined
thresholds. Sensitivity analyses were performed, including all published observational
studies irrespectively of the sample size.
Results A total of 5 and 13 publications that assessed the impact of IIV and monovalent
A/H1N1pdm09 vaccines, respectively, fulfilled the inclusion criteria for the main analyses.
The rate of PTB and LBWwas lower in womenwho received IIV during pregnancy compared
with nonvaccinated women (odds ratio [OR]: 0.87; 95% confidence interval [CI]: 0.77, 0.98
for PTB and OR: 0.74; 95% CI: 0.61, 0.88 for LBW); and in women vaccinated with
monovalent A/H1N1pdm09 versus nonvaccinatedwomen (OR: 0.92; 95% CI: 0.85, 0.99 for
PTB and OR: 0.88; 95% CI: 0.79, 0.98 for LBW). No significant impact of vaccination on SGA
birth rates was detected in the main analyses independently of the vaccine group.
Conclusion Receipt of influenza vaccine during pregnancy was associated with a
decreased risk of PTB and LBW.
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Two recent clinical trials and several epidemiological studies
have affirmed the safety of maternal influenza vaccination1,2

(for review3–5). The randomized controlled trials (RCTs)
reported that maternal vaccination was associated with a
reduction in influenza-confirmed illness among the women
(50%) and their infants (49–63%).1,2 These two studies, how-
ever, differed on whether maternal vaccination improved
birth outcomes. The initial analysis from the Bangladeshi
trial (control group received a pneumococcal vaccine), re-
ported no differences in birth weights and rates of small for
gestational age (SGA) births between the influenza-vaccinat-
ed and control group (n ¼ 340).2 In a subsequent analysis,
however, a reduction in SGA (adjusted odds ratio [aOR]: 0.44;
95% confidence interval [CI]: 0.19, 0.99) and a significant
increase inmean birth weight (193 g increase; 95% CI: 9, 378)
was detected for births occurring during the period with
influenza viral activity in the influenza-vaccinated group
compared with the control group, while no such effects
were evident for births occurring during no influenza activi-
ty.6 A larger randomized, placebo-controlled trial (n ¼ 2,049)
in South Africa during 2011 to 2012 did not identify any
difference in birth weights between the study groups; in-
cluding when stratifying births in relation to the influenza
season.1 Similarly, there are conflicting findings from epide-
miological studies on the relationship of seasonal influenza
vaccination of pregnant women and whether this could
improve birth outcomes.7–12

Complications of preterm birth (PTB) were ranked the
leading cause of under-five childhood mortality in 2013.13

Hence, understanding whether maternal influenza vaccina-
tion improves birth outcomes, is critical in deciding if mater-
nal influenza vaccination should be promoted in many low-
middle income countries where it is yet to be implemented,
as well as gathering evidence to improve coverage in those
countries where it is already recommended. To address this,
we performed a meta-analysis of selected observational
studies that evaluated if influenza vaccination during preg-
nancy with either seasonal trivalent inactivated influenza
vaccines (IIV) or monovalent vaccines containing the 2009 A/
H1N1 pandemic (A/H1N1pdm09) strain impacted on the
birth outcomes of PTB, SGA, and low birth weight (LBW).

Methods

Search Strategy
We followed the standard guidelines for the systematic
review of observational studies and used the reporting
checklist for meta-analyses of observational studies.14 Since
this review only covers published articles, PubMed and MED-
LINEwere searched using the search terms “influenza vaccine
pregnancy,” “preterm birth,” “preterm delivery,” “birth
weight,” and “small for gestational age” to find published
studies in peer-reviewed journals that assessed the associa-
tion between influenza vaccination during pregnancy and
PTB, SGA, and LBW. The literature search was undertaken up
to June 2015 and only studies in English were considered for
inclusion. For observational studies to be included in this
review, the reported measures of association must have been

adjusted for potential confounding variables by either multi-
variable adjustment, propensity-score adjustment, or subject
to propensity-score matching; the studies must compared
influenza vaccination with no influenza vaccination during
pregnancy; studies reporting on passive surveillance were
excluded. The references of all included articles were
searched for additional studies.

Articles selected for retrieval were assessed by two re-
viewers (M. C. N. and A. R. A.) for methodological validity. For
each included study, information extracted included study
design and researchmethods, subjects’ characteristics, meas-
ures of association and precision, and which variables the
measure was adjusted for.

Studies Definitions
Definitions reported in each study are described in►Tables 1

and 2. Two of the studies included in the analysis reported
overall rate of LBWand term-LBW; in this meta-analysis, only
the overall rate of LBW was included.8,9 In one study vacci-
nated and nonvaccinated women were compared by both
logistic-regression and Cox-proportional hazard models
treating the exposure as a nontime-varying variable, the
calculated odds ratios (OR) and hazard ratios (HR) were in
general comparable we reported the HR.15

Statistical Analyses
The analyses of PTB, SGA, and LBWwere done separately and
stratified by the vaccine used in the study; the two main
groups analyzedwere studies on seasonal IIVandmonovalent
A/H1N1pdm09 vaccines. Only studies that evaluated at least
1,838, 2,708, and 3,280 birth outcomes were included in the
main analyses of SGA, PTB, and LBW, respectively. These total
threshold values were based upon plausible effect sizes,
baseline rates, and at least 80% power to detect differences
for each of these outcomes. For PTB, SGA, and LBWoutcomes,
we hypothesized that influenza vaccine would reduce the
prevalence of each outcome by 10 to 50%. Therefore, we
assumed that the difference to be detected was an OR of
0.5 to 0.9 (by 0.05 increments). We determined an assumed
baseline rate for PTB, SGA, and LBWoutcomes based on three
sources of information from three regions in the world using
PubMed and study reports.16–19 Sensitivity analyses were
performed, including all published studies irrespective of
sample size. The main analyses only included observational
studies, in separate sensitivity analyses, the RCTs were also
included. Subanalyses were done for studies reporting meas-
ures by periods of influenza activity. The associations be-
tween birth outcomes and vaccination status are represented
in forest plots, where each study is displayed as a square and
horizontal lines representing the relative effect measure and
its 95% confidence intervals (95% CI), the area of the square
represents the weight that the study contributes to the meta-
analysis; the combined effect measures and its 95% CI are
represented by a diamond. aOR, HR, and relative risks were
considered comparable. Combined effect measures and cor-
responding 95% CI were calculated using the Dersimonian–
Laird method. Statistical heterogeneity of effect measures
assessed by means of the I2-statistic and the corresponding
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p values were calculated by log-relative effect measures using
a random-effects model. Funnel plots assessed the existence
of publication bias, since statistical tests for asymmetry are
low powered, funnel plots were interpreted by visual inspec-
tion. All meta-analysis procedures were performed using
STATA, version14.0 (College Station, TX), NCSS Power Analysis
& Sample Size (PASS) software versions 11 and 12 (Kaysville,
UT) was used for power calculations.

Results

The literature search yielded 1,041 citations, of these 107were
duplicates, 882were removed based on title/abstracts deemed
not relevant; 52 were fully reviewed. Five studies reported
crude numbers and percentages and did not report adjusted
measures for birth outcomes. A total of 24 studies were
removed because the outcome measures or the comparison
group did not meet inclusion criteria and 18 studies were
included in the final main analyses (►Fig. 1). For purposes of
the analyses two groups of studies, basedonvaccine type,were
generated: (1) seasonal IIV (five studies selected for the main
analyses), ►Table 1; (2) monovalent A/H1N1pdm09 vaccines
(13 studies selected for the main analyses), ►Table 2. All the
five studies that assessed the impact of IIV were retrospective
cohort studies.7–9,11,12 Of the 13 studies included in the
A/H1N1pdm09 vaccine analyses, one was cross sectional,20

one was a prospective-cohort15 study, and 11 were retrospec-
tive-cohort studies.21–31 The sensitivity analyses with smaller
studies, evaluated two additional studieswith seasonal IIV32,33

and one additional study of A/H1N1pdm09 vaccine (►Table 1,
►Supplementary Material available in the online version
only).34 The RCTs were considered in separate sensitivity
analyses (►Table 2, ►Supplementary Material available in
the online version only).1,6

Seasonal Influenza Vaccines

Preterm Births
Three studies from the United States and two from Canada
fulfilled our criteria for inclusion in the analysis of the effect of
IIV on PTB.7–9,11,12 All the five studies reported aOR < 1,
although in only one study did the 95% CI not cross the unit.9

The heterogeneity among the studies was moderate
(I2 ¼ 48.9%, p ¼ 0.098) and the pooled OR of the meta-
analysis for PTB comparing vaccinated women with non-
vaccinated was 0.87 (95% CI: 0.77, 0.98), ►Fig. 2A. Only one
study was performed after the 2009A/H1N1 pandemic
season, therefore including A/H1N1pdm09 strain as part of
the seasonal vaccine.9 Including in the meta-analysis solely
studies reporting on the effect of seasonal vaccinewithout the
A/H1N1pdm09 strain (i.e., excluding Legge et al) the esti-
mated OR approached 1 (0.94 [95% CI: 0.87, 1.01]), ►Fig. 2B.

A sensitivity analysis, including two smaller studies that
evaluated the effect of IIV containing the A/H1N1pdm09
strain on PTB resulted in a nonsignificant combined OR of
0.86 (95% CI: 0.73, 1.01), with significant heterogeneity
(I2 ¼ 61.6%, p ¼ 0.015) (►Fig. 1, ►Supplementary Material

available in the online version only).32,33 The inclusion of theTa
b
le

1
C
ha

ra
ct
er
is
ti
cs

an
d
re
po

rt
ed

ad
ju
st
ed

od
ds

ra
ti
o
of

th
e
st
ud

ie
s
th
at

as
se
ss
ed

th
e
ef
fe
ct

of
se
as
on

al
in
fl
ue

nz
a
va
cc
in
e
gi
ve

n
du

ri
ng

pr
eg

na
nc

y
an

d
bi
rt
h
ou

tc
om

es
in
cl
ud

ed
in

th
e

pr
im

ar
y
m
et
a-
an

al
ys
es

Re
fe
re
nc

e
St
ud

y
d
es
ig
n
an

d
ye

ar
St
ud

y
d
ef
in
it
io
n
s

Ev
en

ts
(n
)/
va

cc
in
at
ed

w
o
-

m
en

(n
)

Ev
en

ts
(n
)/
no

nv
ac

ci
n
at
ed

(n
)
w
om

en
Ef
fe
ct

PT
B

SG
A

LB
W

P
TB

SG
A

LB
W

P
TB

SG
A

LB
W

PT
B

SG
A

LB
W

O
m
er

et
al

(2
01

1)
12

Po
pu

la
ti
on

-b
as
ed

re
tr
os
pe

ct
iv
e

co
h
or
t
(2
00

4–
20

06
)

Bi
rt
h
at

<
37

w
k
G
A

BW
<

10
th

pe
rc
en

ti
le

fo
r
G
A

N
/A

57
8a

3,
59

0a
aO

R
:
0.
83

(0
.5
5–

1.
26

)
aO

R
:
0.
96

(0
.6
6–

1.
42

)
N
/A

D
od

d
s

et
al

(2
01

2)
8

Po
pu

la
ti
on

-b
as
ed

re
tr
os
pe

ct
iv
e

co
h
or
t
(2
00

6–
20

09
)

Bi
rt
h
at

20
–<

37
w
k
G
A

BW
<

10
th

pe
rc
en

ti
le

fo
r
G
A

BW <
2,
50

0
g

12
4/

1,
92

5
12

4/
1,
92

5
76

/
1,
92

5
58

4/
7,
72

2
65

0/
7,
72

2
42

7/
7,
72

2
aO

R
:
0.
84

(0
.6
9–

1.
02

)
aO

R
:
0.
80

(0
.6
5–

0.
97

)
aO

R:
0.
74

(0
.5
8–

0.
95

)

A
de

di
ns
ew

o
et

al
(2
01

3)
7

Po
pu

la
ti
on

-b
as
ed

re
tr
os
pe

ct
iv
e

co
h
or
t
(2
00

5–
20

08
)

Bi
rt
h
at

<
37

w
k
G
A

BW
<

10
th

pe
rc
en

ti
le

fo
r
G
A

N
/A

91
6a

4,
50

6a
aO

R
:
0.
83

(0
.6
0–

1.
17

)
aO

R
:
1.
07

(0
.7
3–

1.
58

)
N
/A

N
o
rd
in

et
al

(2
01

4)
11

Re
tr
os
pe

ct
iv
e
m
at
ch

ed
co

h
or
t
(2
00

4–
20

09
)

Bi
rt
h
at

20
–<

37
w
k
G
A

BW
<

10
th

pe
rc
en

ti
le

fo
r
G
A

N
/A

3,
39

0/
57

,5
54

4,
63

9/
57

,5
54

N
/A

3,
47

8/
57

,5
54

4,
64

2/
57

,5
54

N
/A

aO
R
:
0.
97

(0
.9
3–

1.
02

)
aO

R
:
1.
00

(0
.9
6–

1.
04

)
N
/A

Le
gg

e
et

al
(2
01

4)
9,
b

Po
pu

la
ti
on

-b
as
ed

re
tr
os
pe

ct
iv
e

co
h
or
t
(2
01

0–
20

12
)

Bi
rt
h
at

20
–<

37
w
k
G
A

BW
<

10
th

pe
rc
en

ti
le

fo
r
G
A

BW <
2,
50

0
g

92
/

1,
85

6
13

8/
1,
85

6
65

/
1,
85

6
61

7/
9,
43

7
74

9/
9,
43

7
46

1/
9,
43

7
aO

R
:
0.
75

(0
.6
0–

0.
94

)
aO

R
:
0.
96

(0
.7
9–

1.
16

)
aO

R:
0.
73

(0
.5
6–

0.
95

)

A
b
br
ev

ia
ti
on

s:
aO

R,
ad

ju
st
ed

od
ds

ra
ti
o
;B

W
,b

ir
th

w
ei
gh

t;
G
A
,
ge

st
at
io
na

la
ge

;
LB

W
,
lo
w

bi
rt
h
w
ei
gh

t;
N
/A

,n
ot

as
se
ss
ed

;P
TB

,
pr
et
er
m

bi
rt
h;

SG
A
,
sm

al
lf
or

ge
st
at
io
na

la
g
e.

a O
nl
y
de

no
m
in
at
or
s
ar
e
re
p
or
te
d
.

b
In
ac
ti
va

te
d
in
fl
ue

nz
a
va
cc
in
e
fo
rm

ul
at
io
n
us
ed

du
ri
ng

th
e
st
ud

y
pe

ri
od

in
cl
ud

ed
th
e
A
/H

1N
1p

dm
09

st
ra
in
.

American Journal of Perinatology Vol. 33 No. 11/2016

Influenza Vaccination and Birth Outcomes Nunes et al.1106



Ta
b
le

2
C
ha

ra
ct
er
is
ti
cs

an
d
re
p
or
te
d
ad

ju
st
ed

ef
fe
ct
s
of

th
e
st
ud

ie
s
th
at

as
se
ss
ed

th
e
ef
fe
ct

of
A
/H

1N
1p

dm
09

va
cc
in
e
gi
ve
n
du

ri
ng

pr
eg

na
nc

y
an

d
bi
rt
h
ou

tc
om

es
in
cl
ud

ed
in

th
e
pr
im

ar
y

m
et
a-
an

al
ys
es

R
ef
er
en

ce
St
ud

y
de

si
gn

an
d
ye

ar
St
u
dy

de
fi
n
it
io
ns

Ev
en

ts
(n
)/
va

cc
in
at
ed

w
o
m
en

(n
)

Ev
en

ts
(n
)/
no

nv
ac

ci
na

te
d
(n
)

w
o
m
en

Ef
fe
ct

PT
B

SG
A

LB
W

PT
B

SG
A

LB
W

PT
B

SG
A

LB
W

PT
B

SG
A

LB
W

H
ei
kk

in
en

et
al

(2
01

2)
a

Pr
os
p
ec

ti
ve

co
h
or
t
(2
01

0)
N
ot

de
fi
ne

d
N
/A

N
ot

de
fi
ne

d
84

/
2,
31

0
N
/A

64
/

2,
31

0
10

8/
2,
21

2
N
/A

68
/

2,
21

2
aH

R
:
0.
69

(0
.5
1–

0.
92

)
N
/A

aH
R:

0.
76

(0
.5
3–

1.
09

)

K
äl
lé
n

et
al

(2
01

2)
b

N
at
io
nw

id
e
re
gi
st
ry
-b
as
ed

re
tr
o
-

sp
ec

ti
ve

co
h
or
t
(2
00

9–
20

10
)

Bi
rt
h
at

<
37

w
k
G
A

BW
<

2
st
an

da
rd

d
e-

vi
at
io
ns

fo
r
G
A

BW
<

2,
50

0
g

59
2/

18
,6
12

31
8/

18
,6
12

38
2/

18
,6
12

6,
63

0/
13

,6
91

4
3,
06

6/
13

,6
91

4
4,
41

6/
13

,6
91

4
aO

R
:
0.
86

(0
.7
7–

0.
96

)
aO

R:
1.
04

(0
.9
2–

1.
17

)
aO

R:
0.
86

(0
.7
7–

0.
96

)

Pa
st
er
na

k
et

al
(2
01

2)
b

N
at
io
nw

id
e
re
gi
st
ry
-b
as
ed

re
tr
o
-

sp
ec

ti
ve

co
h
or
t
(2
00

9–
20

10
)

Bi
rt
h
at

<
37

w
k
G
A

BW
<

10
th

p
er
ce

nt
ile

fo
r
G
A

BW
<

2,
50

0
g

30
2/

6,
54

3
64

1/
6,
64

2
22

5/
6,
64

2
29

5/
6,
36

6
65

7/
6,
64

2
19

9/
6,
64

2
aO

R
:
1.
00

(0
.8
4–

1.
17

)
aO

R:
0.
97

(0
.8
7–

1.
09

)
aO

R:
1.
14

(0
.9
4–

1.
38

)

Fe
ll

et
al

(2
01

2)
c

Po
pu

la
ti
on

-b
as
ed

re
tr
o
sp
ec

ti
ve

co
h
or
t
(2
00

9–
20

10
)

Bi
rt
h
at

<
37

w
k
G
A

BW
<

10
th

p
er
ce

nt
ile

fo
r
G
A

N
/A

1,
37

6/
23

,2
80

1,
93

7/
23

,2
65

N
/A

2,
06

6/
32

,0
91

3,
14

9/
32

,0
68

N
/A

aO
R
:
0.
95

(0
.8
8–

1.
02

)
aO

R:
0.
9

(0
.8
5–

0.
96

)
N
/A

C
an

tu
et

al
(2
01

3)
d

Re
tr
os
p
ec

ti
ve

co
h
or
t

(2
00

9–
20

10
)

Bi
rt
h
at

<
37

w
k
G
A

BW
<

10
th

p
er
ce

nt
ile

fo
r
G
A

BW
<

2,
50

0
g

12
6/

97
9

56
/9
72

98
/9
79

19
4/

2,
00

8
12

5/
1,
96

9
17

8/
2,
01

0
aR

R
:
1.
2

(0
.9
–1

.6
)

aR
R:

0.
9

(0
.6
–1

.3
)

D
id

no
t
m
ee

t
si
ze

cr
it
er
ia

Lu
dv

ig
ss
on

et
al

(2
01

3)
b

Po
pu

la
ti
on

-b
as
ed

re
tr
o
sp
ec

ti
ve

co
h
or
t
(2
00

9–
20

10
)

Bi
rt
h
at

<
37

w
k
G
A

BW
<

10
th

p
er
ce

nt
ile

fo
r
G
A

BW
<

2,
50

0
g

63
5/

13
,2
97

1,
13

1/
13

,2
80

33
7/

13
,2
80

45
6/

7,
79

0
76

1/
7,
77

4
30

1/
7,
77

4
aO

R
:
0.
99

(0
.8
9–

1.
10

)
aO

R:
0.
97

(0
.9
–1

.0
5)

aO
R:

0.
91

(0
.7
9–

1.
04

)

H
åb

er
g

et
al

(2
01

3)
b

N
at
io
nw

id
e
re
gi
st
ry
-b
as
ed

re
tr
o
-

sp
ec

ti
ve

co
h
or
t
(2
00

9–
20

10
)

Bi
rt
h
at

<
37

w
k
G
A

N
/A

BW
<

2,
50

0
g

an
d
bi
rt
h
at

>
37

w
k
G
A

25
,9
76

e
11

3,
33

1e
aH

R
:
1.
00

(0
.9
3–

1.
09

)
N
/A

aH
R:

0.
9

(0
.7
6–

1.
08

)

Ru
b
in
st
ei
n

et
al

(2
01

3)
a

C
ro
ss
-s
ec

ti
on

al
(2
01

0–
20

11
)

Bi
rt
h
at

22
–<

37
w
k
G
A

N
/A

BW
<

2,
50

0
g

35
4/

7,
29

3
N
/A

35
7/

7,
29

3
1,
50

5/
23

,1
95

N
/A

1,
60

6/
23

,1
95

aO
R
:
0.
79

(0
.6
9–

0.
90

)
N
/A

aO
R:

0.
74

(0
.6
5–

0.
83

)

R
ic
ha

rd
s

et
al

(2
01

3)
f

Po
pu

la
ti
on

-b
as
ed

re
tr
o
sp
ec

ti
ve

co
h
or
t
(2
00

9–
20

10
)

Bi
rt
h
at

27
–<

37
w
k
G
A

BW
<

10
th

p
er
ce

nt
ile

fo
r
G
A

BW
<

2,
50

0
g

86
/

1,
12

5
99

/1
,0
64

68
/

1,
06

4
19

1/
1,
58

1
12

3/
1,
50

5
13

2/
1,
50

5
D
id

no
t
m
ee

t
si
ze

cr
it
er
ia

aO
R:

1.
26

(0
.9
4–

1.
69

)
D
id

no
t
m
ee

t
si
ze

cr
it
er
ia

C
le
ar
y

et
al

(2
01

4)
f

Re
tr
os
p
ec

ti
ve

co
h
or
t

(2
00

9–
20

10
)

Bi
rt
h
at

<
37

w
k
G
A

BW
<

10
th

p
er
ce

nt
ile

fo
r
G
A

N
/A

14
1/

2,
99

6
36

8/
2,
99

6
N
/A

25
2/

3,
89

8
48

5/
3,
89

8
N
/A

aO
R
:
0.
72

(0
.5
8–

0.
89

)
N
o
ad

ju
st
ed

m
ea

su
re

N
/A

Be
au

et
al

(2
01

4)
g

Po
pu

la
ti
on

-b
as
ed

re
tr
o
sp
ec

ti
ve

m
at
ch

co
h
or
t
(2
00

9–
20

10
)

Bi
rt
h
at

<
37

w
k
G
A

BW
<

2
st
an

da
rd

d
e-

vi
at
io
ns

fo
r
G
A

N
/A

93
/

1,
52

2
8/
1,
50

1
N
/A

21
6/

2,
89

0
41

/
2,
88

5
N
/A

aH
R
:
0.
82

(0
.6
4–

1.
06

)
aO

R:
0.
36

(0
.1
7–

0.
78

)
N
/A

Tr
ot
ta

et
al

(2
01

4)
a

Re
tr
os
p
ec

ti
ve

co
h
or
t

(2
00

9–
20

10
)

N
/A

BW
<

10
th

p
er
ce

nt
ile

fo
r
G
A

N
/A

N
/A

56
2/
6,
13

1
N
/A

N
/A

2,
30

7/
23

,9
87

N
/A

N
/A

aO
R:

0.
95

(0
.8
6–

1.
04

)
N
/A

Fa
b
ia
ni

et
al

(2
01

5)
a

Re
tr
os
p
ec

ti
ve

co
h
or
t

(2
00

9–
20

10
)

Bi
rt
h
at

<
37

w
k
G
A

N
/A

BW
<

2,
50

0
g

an
d
bi
rt
h
at

>
37

w
k
G
A

11
0h

N
/A

47
h

5,
53

1h
N
/A

2,
62

4h
aH

R
:
1.
15

(0
.9
5–

1.
39

)
N
/A

aH
R:

0.
92

(0
.6
9–

1.
23

)

A
b
br
ev

ia
ti
on

s:
aH

R
,a

d
ju
st
ed

ha
za
rd

ra
ti
o
;a

O
R,

ad
ju
st
ed

od
d
s
ra
ti
o
;a

R
R
,a

dj
us
te
d
ri
sk

ra
ti
o
;B

W
:b

ir
th

w
ei
g
ht
;G

A
,g

es
ta
ti
on

al
ag

e;
LB

W
,l
ow

bi
rt
h
w
ei
g
ht
;N

/A
,n

ot
as
se
ss
ed

;P
TB

,p
re
te
rm

bi
rt
h;

SG
A
,s
m
al
lf
or

ge
st
at
io
na

la
ge

.
a M

F5
9-
ad

ju
va
nt
ed

A
/H

1N
1p

dm
09

va
cc
in
e
(F
oc

et
ri
a,

N
ov

ar
ti
s
V
ac
ci
ne

s
an

d
D
ia
gn

os
ti
cs
).

b
A
S0

3-
ad

ju
va
nt
ed

A
/H

1N
1p

dm
09

va
cc
in
e
(P
an

d
em

ix
,G

la
xo

Sm
it
hK

lin
e)
.

c A
/H

1N
1p

dm
09

m
on

ov
al
en

t
va
cc
in
e
w
it
h
(8
.5
%
)
or

w
it
ho

ut
se
as
on

al
va
cc
in
e.

d
A
/H

1N
1p

dm
09

m
on

ov
al
en

t
va
cc
in
e
w
it
h
or

w
it
ho

ut
se
as
on

al
va
cc
in
e
(2
00

9/
10

)
or

se
as
on

al
va
cc
in
e
co

nt
ai
ni
ng

A
/H

1N
1p

dm
09

(2
01

0/
11

).
e
O
nl
y
de

n
om

in
at
or
s
ar
e
re
p
or
te
d.

f N
on

sp
ec

ifi
ed

A
/H

1N
1p

dm
09

m
o
no

va
le
nt

va
cc
in
e.

g
93

%
no

na
dj
uv

an
t
A
/H

1N
1p

dm
09

m
on

ov
al
en

t
va
cc
in
e
(P
an

ze
m
a,

Sa
no

fi
Pa

st
eu

r)
.

h
To

ta
ln

u
m
b
er

of
w
om

en
us
ed

to
ca
lc
u
la
te

th
e
aH

R
w
as

10
0,
31

7
bu

t
ex

ac
t
st
ra
ti
fi
ca
ti
on

by
st
ud

y
gr
ou

p
no

t
re
p
or
te
d.

American Journal of Perinatology Vol. 33 No. 11/2016

Influenza Vaccination and Birth Outcomes Nunes et al. 1107



two RCTs did not change the pooled estimate of the sensitivity
analysis (►Fig. 2, ►Supplementary Material available in the
online version only).1,6

Two studies from the United States that used information on
influenza circulation, besides reporting the overall effect of
vaccination on PTB, also evaluated that effect on the smaller
group of women who delivered during influenza seasons.7,12

The separate subanalysis of births that occurred during the
period of widespread influenza activity resulted in a pooled
OR of 0.34 (95% CI: 0.19, 0.62) (►Fig. 3A, ►Supplementary

Material available in the online version only). When the period

of least local influenza activitywas considered the combinedOR
was nonsignificant (►Fig. 3C,►Supplementary Material avail-
able in the online version only). Including the data from the 116
women from the Bangladeshi RCT who delivered during influ-
enza season, the subanalysis pooled estimate was similar
(►Fig. 4A, B,►Supplementary Material available in the online
version only).6

Small for Gestational Age
The same five studies also assessed the association between
receipt of seasonal IIV during pregnancy and SGA

Total records iden�fied through database searching 
N=1041 

Records a�er duplicate removal 
N=934 

Records screened 
N=934 

Records excluded 
N=882 

Not relevant: N=338 
Reviews: N=210 

Non-English: N=109 
Guidelines/recommenda�ons: N=107 

Editorials/comments: N=49 
Immunology studies: N=48 
Non-human studies: N=21 

Full records assessed for eligibility 
N=52 

Full-text ar�cles excluded 
N=29 

Outcome did not meet criteria or 
no/inappropriate comparison group: N=24 

No adjusted measures: N=5 

Studies included in the meta-analysis  
N=23 

Main analyses: N=18 
Randomized control trials: N=2 

Total number of par�cipants did not 
meet criteria for main analyses: N=3 

Fig. 1 The flow diagram of included and excluded studies. Of 934 citations, 52 full articles were reviewed to determine eligibility for inclusion, and
23 studies were included in the meta-analysis.

 

Overall  (I-squared = 48.9%, p = 0.098)
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Measure (95% CI)
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0.75 (0.60, 0.94)

0.83 (0.59, 1.16)

0.82 (0.57, 1.18)
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0.97 (0.93, 1.02)

Measure (95% CI)
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Fig. 2 Forest plots for preterm births with seasonal influenza vaccine. (A) All studies selected for the main analysis. Seasonal influenza vaccine
formulation with or without A/H1N1pdm09 strain; (B) only studies, including seasonal influenza vaccine not containing the A/H1N1pdm09 strain.
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births.7–9,11,12 Only one of the studies detected a significant
effect, with vaccination being associated with decreased risk
of SGA.8 In the meta-analysis, there was no obvious hetero-
geneity among the chosen studies (I2 ¼ 41.0%; p ¼ 0.148)
and the combined OR was nonsignificant (0.95 [95% CI: 0.86,
1.06]),►Fig. 3A. Excluding the Legge et al study the pooled OR
did not change, ►Fig. 3B. The sensitivity analysis, including
the RCT from Bangladesh provided a similar pooled OR
(►Fig. 5, ►Supplementary Material available in the online
version only).

The subanalysis of the two studies that stratified the results
by influenza activity did not show an effect during the period of

influenza circulation (►Fig. 6A, C, ►Supplementary Material

available in the online version only).7,12 A protective effect of IIV
against SGA births occurring during the influenza season was
detected when the RCTwas included in the meta-analysis (OR:
0.48 [95% CI: 0.28, 0.81]), however, an approach using more
conservative data from the United States studies resulted in a
nonsignificant pooledOR (0.75 [95% CI: 0.50, 1.12]) (►Fig. 6A, C,
►SupplementaryMaterial available in the online version only).

Low Birth Weight
Only two studies, both from Canada, evaluated the effect of
seasonal IIV on LBW.8,9 Both studies found that compared

Overall  (I-squared = 41.0%, p = 0.148)
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1.5 .67 1 1.5 2A                                                                   B

Fig. 3 Forest plots for small for gestational age births with seasonal influenza vaccine. (A) All studies selected for the main analysis. Seasonal
influenza vaccine formulation with or without A/H1N1pdm09 strain; (B) only studies, including seasonal influenza vaccine not containing the
A/H1N1pdm09 strain.
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Fig. 4 Forest plot for low birth weight births with seasonal influenza vaccine.
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with newborns of nonvaccinated women, those born to
vaccinated mothers had lower odds of LBW in seasons where
the IIV did not contain the A/H1N1pdm09 strain8 and during
seasons when the pandemic strain was included in the
seasonal formulation.9 The pooled OR was 0.74 (95% CI:
0.61, 0.88) with the I2-test indicating no heterogeneity
(I2 ¼ 0%, p ¼ 0.941), ►Fig. 4. In the sensitivity analysis,
including data from these two studies and the two RCTs,
the combinedOR increased andwas nonsignificant (0.82 [95%
CI: 0.64, 1.04]) (►Fig. 8, ►Supplementary Material available
in the online version only).1,6

Monovalent A/H1N1pdm09 Vaccines

Preterm Births
Eleven studies from Europe, Argentina, United States, and
Canada that assessed the impact of maternal vaccinationwith
monovalent A/H1N1pdm09 vaccines alone or in combination
with seasonal IIV on PTB were included in our
analysis.15,20,23–31 Four studies reported significant relative
effect measures < 115,20,25,28 and seven studies found that
therewas no association between A/H1N1pdm09 vaccination
and PTB.23,24,26,27,29–31 In the pooled analysis, women in the
influenza vaccine group had a lower likelihood of having PTB
than nonvaccinated women with an estimate of 0.92 (95% CI:
0.85, 0.99) and the I2-test showing substantial heterogeneity
for this estimate (I2 ¼ 68.7%, p < 0.01), ►Fig. 5A.

The study by Cantu et al reported results from two consecu-
tive influenza seasons (2009/10 and 2010/11); vaccinatedwom-
en during the 2009/10 (n ¼ 666) comprised 17% who received
seasonal IIV, 63% received monovalent A/H1N1pdm09 vaccine
alone, and20%werevaccinatedwithbothvaccines. In the second
season, women (n ¼ 428) were exclusively vaccinated with a
seasonal vaccine containing the A/H1N1pdm09 strain.29 In the
study by Fell et al, 8.5% of the vaccinatedwomen included in the
analysis received bothmonovalent A/H1N1pdm09 and 2009/10
seasonal IIV.27 The other studies assumed that the number of
women who concomitantly received monovalent and seasonal

vaccines during 2009/10 was small, thus was normally not
reported. A subanalysis excluding the twoarticleswherewomen
considered to have receivedmonovalent A/H1N1pdm09 vaccine
might have also received seasonal IIV showed a similar relation-
ship between vaccination and PTB, ►Fig. 5B.

The sensitivity analysis that included four additional
smaller studies and the women vaccinated in the first tri-
mester in Pasternak et al showed a nonsignificant pooled
estimate (0.93 [95% CI: 0.85, 1.01]) (►Fig. 9,►Supplementary

Material available in the online version only).22,23,32–34

Small for Gestational Age
Eight studies were included in the analysis of the association
between A/H1N1pdm09 vaccination and SGA.21–25,27,29,30

Two studies reported significant effect estimates < 1,27,30

and 6 studies found no association.21–25,29 There was moder-
ate heterogeneity among the eight studies (I2 ¼ 54.8%,
p ¼ 0.03) and the summary estimate of the meta-analysis
for SGA comparing vaccinated women with nonvaccinated
womenwas 0.96 (95% CI: 0.90, 1.03),►Fig. 6A. Restricting the
meta-analysis to studies that assumed that vaccinated wom-
en only received monovalent A/H1N1pdm09 vaccine the
calculated pooled effect was similar, ►Fig. 6B.

The pooled effect of the sensitivity analysis, including
three additional estimates was comparable to the primary
analysis (►Fig. 10,►Supplementary Material available in the
online version only).23,32,34

Low Birth Weight
The meta-analysis of the effects of A/H1N1pdm09 vaccina-
tion on LBW included seven studies.15,20,23–26 Two of these
studies reported significant effect measures < 1,20,25 and
the other five reported nonsignificant effect meas-
ures.15,20,23,24,26,31 In the meta-analysis A/H1N1pdm09
monovalent vaccination had a protective effect against
LBW with a pooled effect of 0.88 (95% CI: 0.79, 0.98) and
substantial heterogeneity among the chosen studies
(I2 ¼ 61.6%, p ¼ 0.016), ►Fig. 7. A similar effect was
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Fig. 5 Forest plots for preterm births with monovalent A/H1N1pdm09 influenza vaccine. (A) All studies selected for the main analysis. Women
vaccinated with monovalent A/H1N1pdm09 influenza vaccine could have also received seasonal influenza vaccine; (B) Only studies where all
women were considered to have received only monovalent A/H1N1pdm09 vaccine.
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observed in the sensitivity analysis, including three addi-
tional estimates (►Fig. 11, ►Supplementary Material avail-
able in the online version only).22,23,29

Publication Bias
Overall in themain analyses, therewas a reasonable level of
symmetry in the funnel plots for PTB, SGA, and LBW out-
comes, indicating only a modest level of publication bias
(►Figs. 12 and 13,►SupplementaryMaterial available in the
online version only). For the subanalyses, there were not
enough studies to have a robust assessment of publication
bias.

Discussion

Notwithstanding important methodological concerns regard-
ing observational studies assessing the impact of maternal
influenza vaccination on birth outcomes, which have been
discussed extensively in recent reviews,4,5,35,36 we performed
meta-analyses on the effects of maternal vaccination on the
rates of PTB, SGA, and LBW births reported in large studies
published to date. In the meta-analyses women who received
IIV during pregnancy compared with nonvaccinated women
had a 13% lower risk of delivering preterm and 26% decreased
risk of having an LBW baby; and women who received
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Fig. 7 Forest plot for low birth weight births with monovalent A/H1N1pdm09 influenza vaccine.
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Fig. 6 Forest plots for small for gestational age births with monovalent A/H1N1pdm09 influenza vaccine. (A) All studies selected for the main
analysis. Women vaccinated with monovalent A/H1N1pdm09 influenza vaccine could have also received seasonal influenza vaccine; (B) Only
studies where all women were considered to have received only monovalent A/H1N1pdm09 vaccine.
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A/H1N1pdm09 monovalent vaccine had 8 to 10% lower risk of
PTB and their babies had a 12%decreased riskof being LBW.No
significant impact of vaccination on SGA rates was detected in
themain analyses, independent of the vaccine group. Relative-
ly, few studies have examined the relation between seasonal
influenza vaccination during pregnancy and birth outcomes,
five studies were included in the PTB and SGA meta-analyses
and only two reported effects on LBW.7–9,11,12 The number of
reports on pandemic A/H1N1pdm09 vaccines was greater and
11, 8, and 7 studies were evaluated regarding PTB, SGA, and
LBW, respectively.15,20–30

It is well known that ideally the effectiveness and safety
of interventions such as vaccination should be evaluated by
RCT to warrant that the only difference between treatment
groups is the vaccination status. However, since only two
RCTs on maternal influenza vaccination have been pub-
lished, they were not included in the primary analyses. In
sensitivity analyses that included the observational studies
and the overall data from the two RCTs the pooled estimates
were nonsignificant. Albeit, as noted in a recent publica-
tion,36 the two RCTs were conducted in resource-limited
settings, whereas the observational studies were mainly
from North America and Europe. These differences in study
sites may affect the impact of maternal vaccination on
outcomes that are already variable depending on the study
population.

The impact of seasonal influenza vaccination on PTB was
significant only when the study by Legge et al that used an IIV
formulation containing the A/H1N1pdm09 strain and was
undertaken in the immediate years (2010–2012) after the
emergence of this strain, was included in the meta-analysis.9

The meta-analysis evaluating the effect of the monovalent
A/H1N1pdm09 on PTB found a protective effect when mono-
valent vaccine was used either alone or together with
seasonal IIV; however, this result must be interpreted with
caution because of considerable heterogeneity in the esti-
mates (I2 > 68%). An association between A/H1N1pdm09
influenza illness during pregnancy and PTB has been found
especially in studies that defined exposure based on severe
maternal influenza illness.37,38 Although no studies included
in the meta-analyses adjusted for confirmed influenza
infection, the pooled results suggest that prevention of
A/H1N1pdm09 infection might have a protective effect on
PTB. The fact that the A/H1N1pdm09 strain circulating during
the years the different studies were conducted was well
matched to the vaccine strain might have also contributed
to the more robust effect observed in the studies that used
A/H1N1pdm09-containing vaccines.

A protective effect of maternal vaccination on LBW was
detected in the main analyses, however, only two studies
were included in the seasonal IIV meta-analysis, and the
inclusion of the RCTs results produced nonsignificant pooled
estimates. Nonetheless, the meta-analysis established that
women who received monovalent A/H1N1pdm09 had a
lower likelihood of delivering an LBW baby when only larger
studies were included and when using data from all the
available studies.

The studies included in this review have significant clinical
and methodological heterogeneity. Clinical heterogeneity is
present due to the different vaccine compositions and defi-
nitions used. To minimize this, we stratified the different
analyses according to the vaccines evaluated, however, in the
A/H1N1pdm09 analyses, for example, reports on adjuvant
and nonadjuvant vaccines were both included in the main
meta-analyses. The outcome definitions were similar for all
the studies, although how gestational age was determined
was not always reported and as such, may differ between
studies. The observational design of the studies included in
the main analyses, and the fact that most were retrospective,
leads to the risk of selection bias and residual confounding.
Despite the inclusion of the only studies that reported
adjusted measures, we cannot rule out that the specific
studies were unable to control for unmeasured confounders
or eliminate potential selection and information biases that
may have influenced the estimates even after adjustments;
also most of the studies used vaccination status as a binary
variable and did not treat pregnancy and vaccination as time-
dependent variables. Only a few studies identified the precise
gestational age at which vaccination occurred and applied
time-dependent analyses from time of exposure to
outcome.15,24,26,30,31

Another consideration that most of the studies did not
address was the timing of pregnancy in relation to exposure
to the influenza virus. The direct effect of maternal vaccina-
tion on birth outcomes is expected to be observed only in
pregnancies in which the vulnerable period for the outcome
of interest overlapswith the influenza season.36 Although not
exactly aligning the pregnancy vulnerable period and the
timing of influenza circulation, two observational studies,
and a RCT compared birth outcomes between vaccinated and
nonvaccinated women stratified by delivery date with re-
spect to the influenza season6,7,12; in the subanalyses of these
studies, vaccination was associated with 62 and 51% de-
creased risk of PTB and SGA, respectively, for births occurring
during periods of intense influenza activity. However, the
magnitude of these reductions appears very large, consider-
ing that the efficacy of maternal vaccination in preventing
influenza-confirmed infection is only 50% and that influenza
infection is not associated with poor outcome rates to that
scale. Furthermore, the control group in the Bangladesh RCT
received a pneumococcal vaccine, for which there is limited
safety data onpregnant women andwhich theoretically could
have induced poorer birth outcomes itself.

This meta-analysis provides further evidence for the
safety of influenza vaccination during pregnancy in rela-
tion to birth outcomes. Maternal vaccination was associ-
ated with decreased risk of PTB or LBW, especially during
the 2009/10 pandemic season. Nevertheless, any obvious
protective effect of vaccination observed during the pan-
demic does not necessarily translate to the same effect in
seasonal epidemics, where lower morbidity is usually
detected, different vaccine formulations are used, and
poorer matches between the circulating virus and the
vaccine are more likely to occur.
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