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THE 2009 INFLUENZA A(H1N1)
pandemic put pregnan t
women at increased risk of
morbidity, mortality, and

poor pregnancy outcomes.1-4 Pregnant
women were among the main target
groups prioritized for vaccination
against influenza A(H1N1)pdm09,5

and an estimated 2.4 million women
were vaccinated during pregnancy in
the United States alone.6 However,
assessment of the fetal safety of H1N1
vaccination in pregnancy has been
limited to a few pharmacovigilance
reports and descript ive cohort
studies.6-14

In a registry-based cohort study, we
investigated whether exposure to an
AS03-adjuvanted influenza A(H1N1)
pdm09 vaccine in pregnancy was as-
sociated with increased risk of major
birth defects, preterm birth, and fetal
growth restriction. METHODS

We conducted a nationwide registry-
based cohort study of liveborn infants
in Denmark. Individual-level data on
H1N1 vaccination during pregnancy and
potential confounders in cohort moth-
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Context Assessment of the fetal safety of vaccination against influenza A(H1N1)
pdm09 in pregnancy has been limited.

Objective To investigatewhetherexposure toanadjuvanted influenzaA(H1N1)pdm09
vaccine during pregnancy was associated with increased risk of adverse fetal outcomes.

Design, Setting, and Participants Registry-based cohort study based on all live-
born singleton infants in Denmark, delivered between November 2, 2009, and Sep-
tember 30, 2010. In propensity score–matched analyses, we estimated prevalence odds
ratios (PORs) of adverse fetal outcomes, comparing infants exposed and unexposed
to an AS03-adjuvanted influenza A(H1N1)pdm09 vaccine during pregnancy.

Main Outcome Measures Major birth defects, preterm birth, and small size for
gestational age.

Results From a cohort of 53 432 infants (6989 [13.1%] exposed to the influenza
A[H1N1]pdm09 vaccine during pregnancy [345 in the first trimester and 6644 in the
second or third trimester]), 660 (330 exposed) were included in propensity score–
matched analyses of adverse fetal outcomes associated with first-trimester exposure.
For analysis of small size for gestational age after second- or third-trimester exposure,
13 284 (6642 exposed) were included; for analyses of preterm birth, 12 909 (6543 ex-
posed) were included. A major birth defect was diagnosed in 18 of 330 infants (5.5%)
exposed to the vaccine in the first trimester, compared with 15 of 330 unexposed in-
fants (4.5%) (POR, 1.21; 95% CI, 0.60-2.45). Preterm birth occurred in 31 of 330 in-
fants (9.4%) exposed in the first trimester, compared with 24 of 330 unexposed infants
(7.3%) (POR, 1.32; 95% CI, 0.76-2.31), and in 302 of 6543 infants (4.6%) with sec-
ond- or third-trimester exposure, compared with 295 of 6366 unexposed infants (4.6%)
(POR, 1.00; 95% CI, 0.84-1.17). Small size for gestational age was observed in 25 of
330 infants (7.6%) with first-trimester exposure compared with 31 of 330 unexposed
infants (9.4%) (POR, 0.79; 95% CI, 0.46-1.37), and in 641 of 6642 infants (9.7%) with
second- or third-trimester exposure, compared with 657 of 6642 unexposed infants (9.9%)
(POR, 0.97; 95% CI, 0.87-1.09).

Conclusions In this Danish cohort, exposure to an adjuvanted influenza A(H1N1)
pdm09 vaccine during pregnancy was not associated with a significantly increased risk
of major birth defects, preterm birth, or fetal growth restriction.
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ers were linked to the cohort using the
unique personal identification number
assigned to all inhabitants in Den-
mark.15 In propensity score–matched
analyses, we investigated associations be-
tween H1N1 vaccination in pregnancy
and risks of adverse fetal outcomes: ma-
jor birth defects, preterm birth, and small
size for gestational age as the primary
outcomes; and secondary outcomes of
low birth weight, mean difference in
birth weight, and analyses according to
categories of preterm birth. We addi-
tionally analyzed outcomes in the en-
tire cohort prior to matching, although
the propensity score–matched analy-
ses were defined as primary analyses.
The study was approved by the Danish
Data Protection Agency. In Denmark,
ethics approval is not required for reg-
istry-based research.

Cohort

On the basis of the Danish Medical Birth
Register,16 we identified a cohort of all
liveborn infants in Denmark, deliv-
ered between November 2, 2009, and
September 30, 2010. The Medical Birth
Register contains individual-level in-
formation on all deliveries by women
living in Denmark, each newborn’s date
of birth, gestational age, birth weight,
and other characteristics, as well as ma-
ternal characteristics including parity,
body mass index, and smoking status.
Gestational age is recorded on the ba-
sis of the first day of the last menstrual
period; this date is estimated by ultra-
sonography in most pregnant women.
In a study of the use of obstetric ultra-
sound scanning among pregnant
women in Denmark, more than 93%
underwent a scan in the year 2000.17

The onset of pregnancy was defined as
the first day of the last menstrual pe-
riod and was calculated by subtract-
ing gestational age from the date of
birth. We excluded multiple births;
births with missing gestational age or
birth weight; infants with diagnoses of
chromosomal aberrations, genetic dis-
orders, birth defect syndromes with
known causes, and congenital viral in-
fections possibly associated with birth
defects (rubella, cytomegalovirus, her-

pes simplex, hepatitis, other viral in-
fections including varicella, and un-
specified congenital viral disease)18;
pregnancy onset before February 1,
2009, or after December 31, 2009 (lim-
iting inclusion of participants un-
likely to receive the vaccine because
pandemic vaccination occurred al-
most exclusively in November and
December),19 and women vaccinated
prior to pregnancy onset. Among moth-
ers who had several births in the study
period, only the first was included.

Vaccination

Information on vaccination status was
obtained from a national H1N1 vacci-
nation database established by Statens
Serum Institut with the purpose of
monitoring vaccination coverage, ef-
fectiveness, and safety. The only vac-
cine used in Denmark was the mon-
ovalent inactivated AS03-adjuvanted
split virion influenza A(H1N1)pdm09
vaccine (Pandemrix, GlaxoSmithKline
Biologicals). All health care clinicians
administering the pandemic vaccine
were mandated by law to report per-
sonal identification numbers and dates
of vaccination of all vaccinees; report-
ing was also required for clinicians to
receive reimbursement from the Dan-
ish National Health Insurance. The da-
tabase is therefore considered close to
complete. The pandemic influenza vac-
cination campaign in Denmark, start-
ing on November 2, 2009, targeted in-
dividuals with chronic diseases, key
government personnel, health care per-
sonnel, and pregnant women.20 For
pregnant women with chronic dis-
eases, vaccination was recommended in
any trimester (in the first trimester af-
ter individual assessment). Pregnant
women without comorbidities were rec-
ommended vaccination in the second
and third trimester.

Outcomes

Cases of major birth defects diag-
nosed until 1 year of age were identi-
fied through the Danish National Pa-
tient Register,2 1 which contains
individual-level data on hospital visits
and admissions including diagnostic in-

formation. Major birth defects were de-
fined according to EUROCAT (a Eu-
ropean network for surveillance of
congenital anomalies),22 with minor
modifications as described previ-
ously.18 Applying this definition to de-
tect cases from the National Patient Reg-
ister, the rate of major birth defects in
a nationwide cohort of live births in
Denmark (2.4%)18 was similar to the
rate reported by EUROCAT for Eu-
rope overall (2.1%).23 Cases of pre-
term birth (delivery before 37 com-
pleted weeks) and small size for
gestational age (lowest 10th percen-
tile of the gestational age-specific birth
weight within the cohort) were iden-
tified on the basis of Medical Birth Reg-
ister data. Very- and moderately pre-
term birth were defined as delivery
before 32 completed weeks and deliv-
ery between the start of week 33 and
before 37 completed weeks, respec-
tively. Low birth weight was defined as
less than 2500 g, and very low birth
weight as less than 1500 g.

Potential Confounders

From the Medical Birth Register, the
Danish Central Person Register, the Na-
tional Patient Register, and the Dan-
ish National Prescription Register,24 we
identified potential confounders for in-
clusion in propensity scores: maternal
age, place of birth, degree of urbaniza-
tion at place of living, parity, smoking
status, and prepregnancy body mass in-
dex; history of any birth defects, pre-
term birth, spontaneous abortion, and
small size for gestational age; mater-
nal comorbidities and use of drugs
(eTable 1 available at http://www.jama
.com); and health care utilization: num-
ber of hospital admissions and hospi-
tal outpatient visits in the last 3 years,
and number of drugs used in the last 6
months. We had no data on comor-
bidities diagnosed exclusively in the pri-
mary care setting, inpatient drug treat-
ment, alcohol use, over-the-counter
medications, or vitamin supplements.

Statistical Analyses

For the outcome of major birth de-
fects, the exposure time window com-
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prised the first trimester (pregnancy on-
set through 12 gestational weeks). For
all other outcomes, we aimed to ana-
lyze risks associated with exposure
throughout pregnancy. Because only
women with comorbidities had indi-
cation for vaccination in the first tri-
mester, we expected that characteris-
tics of mothers vaccinated in this time
period would differ from that of moth-
ers vaccinated in the second or third tri-
mester. Because we also expected that
the number of those exposed in the first
trimester would be small, we antici-
pated that the comorbidity status of
these mothers would not be captured
adequately by a propensity score com-
mon for the entirety of pregnancy. We
therefore separated the analyses into 2
exposure time windows: vaccination in
the first trimester and vaccination in the
second or third trimester. Those ex-
posed in the first trimester were ex-
cluded from analyses of the second- or
third-trimester time window.

In the analyses, pregnancies contrib-
uted to follow-up from the first day of
the vaccination campaign (November
2, 2009), in order for all contributing
pregnancies to be at risk of vaccina-
tion. To be eligible for the analysis of a
distinct exposure time window, par-
ticipants were required to have fol-
low-up during this specific time win-
dow. For example, a participant with
pregnancy onset on July 1, 2009, did
not start contributing follow-up to the
cohort until November 2, 2009; hence,
the participant did not have follow-up
in the first trimester and was not eli-
gible for the analysis of birth defects,
in which pregnancies had to have fol-
low-up in the first trimester. Addition-
ally, participants included in the analy-
sis of preterm birth were required to
have had follow-up before 37 com-
pleted gestational weeks; else they were
excluded from this analysis.

A propensity score for each partici-
pant was estimated using logistic re-
gression as the predicted probability of
vaccination conditional on all poten-
tial confounders listed previously. Ad-
ditionally, all 2-way interactions be-
tween potential confounders, except for

maternal comorbidities and medica-
tions, were included in the propensity
scores. We used mode imputation for
variables with missing values. Dis-
tinct propensity scores were esti-
mated for first-trimester exposure and
for second- or third-trimester expo-
sure. After estimation of propensity
scores, exposed and unexposed par-
ticipants in each exposure time win-
dow were matched 1:1 (greedy match-
ing) on the second decimal of the
propensity score. Participants with no
match were excluded from the propen-
sity score–matched analyses.

Logistic regression was used to esti-
mate prevalence odds ratios (PORs)
with 95% CIs comparing prevalence
odds of adverse fetal outcomes in the
unmatched cohorts and in propensity
score–matched cohorts of infants from
vaccinated and unvaccinated pregnan-
cies.25 For the analysis of mean differ-
ence in birth weight associated with
vaccination in pregnancy, normal lin-
ear regression was used. In pre-
planned sensitivity analyses, we esti-
mated birth defect risk associated with
vaccination in the period of maximal
susceptibility to teratogenic agents, 4
to 10 gestational weeks (correspond-
ing to 2-8 weeks after estimated
conception)26; estimated risks of ad-
verse outcomes according to maternal
comorbidity status in which comorbid-
ity was defined as any of the diagnoses
listed in TABLE 1 with the exception of
disorder of female pelvic organ/
genital tract and hospital contact for in-
jury and poisoning; and estimated the
risk of small size for gestational age by
trimester of vaccination. Posthoc, es-
timates for primary outcomes were ad-
ditionally adjusted for exposure to sea-
sonal influenza vaccine (data on
seasonal influenza vaccination [recom-
mended only for pregnant women with
chronic diseases] were obtained from
the National Board of Health; report-
ing of seasonal influenza vaccination
was not mandatory but necessary for
cost reimbursement). A difference be-
tween groups was considered statisti-
cally significant if the 95% CI did not
overlap 1.0 in either direction. SAS soft-

ware (version 9.2) was used for all
analyses.

RESULTS
Study Cohort

FIGURE 1 illustrates the enrollment of
participants in the cohort. Following
exclusions, a cohort of 53 432 live-
born infants was identified with 6989
(13.1%) exposed to the influenza
A(H1N1)pdm09 vaccine during
pregnancy. Most were exposed to the
v a c c i n e i n N o v e m b e r 2 0 0 9
(FIGURE 2); the median gestational
age at the time of vaccination was
174 days (range, 0-285 days; ie, 24
weeks, 6 days). In the unmatched
cohort, 345 vaccine-exposed and
22 917 unexposed participants were
included in analyses of first-trimester
exposure; correspondingly, there
were 6644 exposed and 46 443 unex-
posed in analyses of second- or third-
trimester exposure (Figure 1). Par-
t i c ipan t s exposed in the f i r s t
trimester were older, more often had
a history of adverse pregnancy out-
comes, had higher body mass index,
were more often smokers, had higher
prevalence of several comorbidities
such as respiratory disease and dia-
betes, were more often users of pre-
scription medications such as antide-
pressants and analgetics, and had
more health care utilization (Table 1;
TABLE 2). Although there were some
differences in the distribution of
baseline characteristics such as age
between participants exposed and
unexposed in the second or third tri-
mester, these 2 groups were more
similar (Table 1; Table 2). The
C-statistic (an estimate of the ability
of the propensity score model to pre-
dict vaccination status) was 0.81 for
first-trimester exposure and 0.62 for
second- or third-trimester exposure.
After 1:1 propensity score matching,
660 (330 exposed) infants were
included in analyses of adverse fetal
outcomes associated with vaccina-
tion in the first trimester, and 13 284
(6642 exposed) in analyses of
adverse fetal outcomes associated
with vaccination in the second or
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Table 1. Demographics and Pregnancy History in Mothers Exposed and Unexposed to Influenza A(H1N1)pdm09 Vaccine During Pregnancya

Characteristic

Time Window of Exposure to Vaccine, No. (%)

First Trimester Second or Third Trimester

Unmatched Cohort
Propensity

Score–Matched Cohortb Unmatched Cohort
Propensity

Score–Matched Cohortb

Unexposed
(n = 22 917)

Exposed
(n = 345)

Unexposed
(n = 330)

Exposed
(n = 330)

Unexposed
(n = 46 443)

Exposed
(n = 6644)

Unexposed
(n = 6642)

Exposed
(n = 6642)

Age at pregnancy onset, mean (SD), y 30.1 (5.0) 30.7 (5.2) 30.4 (5.4) 30.5 (5.1) 30.0 (5.0) 30.9 (4.7) 30.7 (4.9) 30.9 (4.7)
Age group, y

�25 3642 (16) 49 (14) 54 (16) 49 (15) 7472 (16) 727 (11) 751 (11) 727 (11)
25-34 15 592 (68) 223 (65) 201 (61) 218 (66) 31 613 (68) 4643 (70) 4592 (69) 4641 (70)
�35 3683 (16) 73 (21) 75 (23) 63 (19) 7358 (16) 1274 (19) 1299 (20) 1274 (19)

Residential degree of urbanization
Copenhagen 4057 (18) 72 (21) 68 (21) 72 (22) 8095 (17) 1329 (20) 1321 (20) 1327 (20)
Copenhagen suburbs 4382 (19) 66 (19) 64 (19) 61 (18) 8794 (19) 1334 (20) 1412 (21) 1334 (20)
Population density �200

inhabitants/km2
2596 (11) 48 (14) 36 (11) 43 (13) 5038 (11) 867 (13) 875 (13) 867 (13)

Population density 100-199
inhabitants/km2

4693 (20) 65 (19) 67 (20) 63 (19) 9573 (21) 1241 (19) 1219 (18) 1241 (19)

Population density 50-99
inhabitants/km2

6074 (27) 78 (23) 72 (22) 77 (23) 12 607 (27) 1596 (24) 1551 (23) 1596 (24)

Population density �49
inhabitants/km2

1115 (5) 16 (5) 23 (7) 14 (4) 2336 (5) 277 (4) 264 (4) 277 (4)

Place of birth
Denmark 19 322 (84) 288 (83) 269 (82) 279 (85) 38 834 (84) 5691 (86) 5667 (85) 5690 (86)
Europe 1004 (4) 16 (5) 15 (5) 16 (5) 2093 (5) 310 (5) 310 (5) 309 (5)
Other 2591 (11) 41 (12) 46 (14) 35 (11) 5516 (12) 643 (10) 665 (10) 643 (10)

Month of pregnancy onsetc

February NA NA NA NA 3421 (7) 399 (6) 497 (7) 399 (6)
March NA NA NA NA 3747 (8) 1022 (15) 516 (8) 1022 (15)
April NA NA NA NA 3812 (8) 1090 (16) 548 (8) 1090 (16)
May NA NA NA NA 3995 (9) 1287 (19) 527 (8) 1286 (19)
June NA NA NA NA 3814 (8) 1130 (17) 527 (8) 1129 (17)
July NA NA NA NA 3877 (8) 979 (15) 566 (9) 979 (15)
August 3501 (15) 68 (20) 53 (16) 67 (20) 4462 (10) 636 (10) 632 (10) 636 (10)
September 5027 (22) 136 (39) 67 (20) 132 (40) 4938 (11) 89 (1) 743 (11) 89 (1)
October 5394 (24) 94 (27) 75 (23) 87 (26) 5385 (12) 9 (�1) 744 (11) 9 (�1)
November 5059 (22) 47 (14) 78 (24) 44 (13) 5056 (11) 3 (�1) 769 (12) 3 (�1)
December 3936 (17) 0 57 (17) 0 3936 (8) 0 573 (9) 0

Pregnancy history
Parity

0 10 134 (44) 140 (41) 133 (40) 139 (42) 20 852 (45) 2603 (39) 2629 (40) 2603 (39)
1 8542 (37) 147 (43) 141 (43) 142 (43) 16 902 (36) 2747 (41) 2723 (41) 2745 (41)
2 3202 (14) 36 (10) 36 (11) 34 (10) 6531 (14) 994 (15) 978 (15) 994 (15)
�3 1039 (5) 22 (6) 20 (6) 15 (5) 2158 (5) 300 (5) 312 (5) 300 (5)

Adverse pregnancy outcomes
Spontaneous abortion 3629 (16) 70 (20) 66 (20) 66 (20) 6215 (13) 924 (14) 915 (14) 924 (14)
Preterm birth 909 (4) 21 (6) 24 (7) 18 (5) 1755 (4) 298 (4) 286 (4) 297 (4)
Small size for gestational age 1714 (7) 29 (8) 30 (9) 26 (8) 3557 (8) 522 (8) 546 (8) 521 (8)
Any birth defect 1191 (5) 23 (7) 19 (6) 18 (5) 2253 (5) 426 (6) 412 (6) 426 (6)

BMI at pregnancy onsetd

�18.5 1516 (7) 26 (8) 30 (9) 22 (7) 3042 (7) 424 (6) 421 (6) 423 (6)
18.5-24 14 051 (61) 177 (51) 172 (52) 173 (52) 28 508 (61) 4001 (60) 4019 (61) 4001 (60)
25-29 4596 (20) 83 (24) 73 (22) 80 (24) 9394 (20) 1342 (20) 1354 (20) 1341 (20)
30-34 1816 (8) 31 (9) 30 (9) 29 (9) 3645 (8) 505 (8) 503 (8) 505 (8)
�35 938 (4) 28 (8) 25 (8) 26 (8) 1854 (4) 372 (6) 345 (5) 372 (6)

Smoking at pregnancy onset 2790 (12) 50 (14) 56 (17) 46 (14) 5952 (13) 755 (11) 761 (11) 755 (11)

Abbreviations: BMI, body mass index; NA, not applicable.
aNationwide cohort of liveborn infants and their mothers in Denmark. The cohort was divided into 2 exposure time windows. All values are shown as No. (%) unless otherwise

stated. Characteristics are described as current at pregnancy onset, unless stated otherwise. Because of rounding, percentages may not total 100.
bMatched 1:1 on the propensity score.
cAll months of pregnancy onset are in 2009.
dBMI is calculated as weight in kilograms divided by height in meters squared.
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third trimester (Figure 1). The analy-
sis of preterm birth associated with
exposure in the second or third tri-
mester was based on 6543 exposed

and 6366 unexposed infants, as those
without follow-up before 37 com-
pleted weeks of gestation were
excluded (Figure 1). Exposed and

unexposed participants included in
analyses of first-trimester exposure
were reasonably well balanced with
respect to baseline characteristics

Figure 1. Enrollment of Participants in the Cohort and Setup of the Analyses

53 432 in main cohort
6989 Exposed to vaccine

345 in the first trimester
6644 in the second and third trimester

58 354 Live births in Denmark (November 2,
2009-September 30, 2010)

375 Excluded (no follow-up
before 37 completed
weeks)

2037 Excluded (no follow-up
before 37 completed
weeks)

39 803 Excluded (no match)
2 Exposed

39 801 Unexposed

22 602 Excluded (no match)
15 Exposed

22 587 Unexposed

4922 Excluded a

435 Missing gestational age
2476 Multiple birth
1622 Pregnancy onset before February 1, 2009
606 Pregnancy onset after December 31, 2009
124 H1N1 vaccination prior to pregnancy onset

5 Second live birth in study period
516 Missing birth weight
102 Birth defects with known causes, congenital

viral infection 

345 Excluded (exposed in
first trimester)

30 170 Excluded (no follow-
up in first trimester)

53 087 Included in second- and third-
trimester exposure window

23 262 Included in first-trimester
exposure window

Propensity score estimation
and 1:1 matching

Propensity score estimation
and 1:1 matching

12 909 Included in propensity score–matched
analysis of preterm birth
6543 Exposed
6366 Unexposed

13 284 Included in propensity score–matched
analysis of small size for gestational
age, birth weight 
6642 Exposed
6642 Unexposed

660 Included in propensity score–matched
analysis of major birth defects, preterm
birth, small size for gestational age,
birth weight
330 Exposed
330 Unexposed

51 050 Included in unmatched analysis
of preterm birth

6545 Exposed
44 505 Unexposed

53 087 Included in unmatched analysis
of small size for gestational age,
birth weight

6644 Exposed
46 443 Unexposed

23 262 Included in unmatched analysis of
major birth defects, preterm birth,
small size for gestational age,
birth weight

345 Exposed
22 917 Unexposed

aValues will not sum because some live births were excluded for more than 1 of the categorized reasons.
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included in the propensity score,
although there were smaller differ-
ences between the groups; partici-
pants included in analyses of second-
or third-trimester exposure were well
balanced (Table 1; Table 2).

Unmatched Cohort Analyses

In the unmatched analyses, partici-
pants with first-trimester exposure to
the vaccine, when compared with the
unexposed, had higher prevalences of
major birth defects and preterm birth
but not low birth weight and small
size for gestational age (TABLE 3).
Correspondingly, the PORs for
the associations between vaccine
exposure and major birth defects and
preterm birth, respectively, were sig-
nificantly increased (Table 3). Vacci-
nation in the first trimester was not
associated with a difference in birth
weight (mean difference, −49 g; 95%
CI, −108 to 10). Participants exposed
to the vaccine in the second or third
trimester did not have higher preva-
lences of any of the outcomes when
compared with the unexposed; the
PORs were not significantly increased

for any outcome (Table 3). Similarly,
vaccination was not associated with a
difference in birth weight (mean dif-
ference, −2; 95% CI, −16 to 12).

Propensity Score–Matched
Analyses

There were 18 infants (5.5%) diag-
nosed with a major birth defect
among those exposed to the vaccine
in the first trimester of pregnancy
compared with 15 (4.5%) among the
unexposed (POR, 1.21; 95% CI, 0.60-
2.45; Table 3). No infant was diag-
nosed with more than major birth
defect and no unexpected cluster of
specific birth defects was observed;
birth defect diagnoses in the 2 groups
are listed in eTable 2.

Among infants exposed to the H1N1
vaccine in the first trimester, 31 (9.4%)
were born preterm compared with 24
(7.3%) among the unexposed (POR,
1.32; 95% CI, 0.76-2.31; Table 3). There
was no increased risk of preterm birth
associated with H1N1 vaccination in the
second or third trimester (302 [4.6%] ex-
posed vs 295 [4.6%] unexposed; POR,
1.00; 95% CI, 0.84-1.17; Table 3). When

analyzed according to category of pre-
term birth, there was no increased risk
of moderately and very preterm birth as-
sociated with vaccination in the second
or third trimester (Table 3).

There was no increased risk of low
birth weight associated with vaccina-
tion in the first trimester (15 [4.5%] ex-
posed vs 18 [5.5%] unexposed; POR,
0.83; 95% CI, 0.41-1.67; Table 3) and
no increased risk of low birth weight
(225 [3.4%] exposed vs 199 [3.0%] un-
exposed; POR, 1.14; 95% CI, 0.94-
1.38) or very low birth weight associ-
ated with vaccination in the second or
third trimester (Table 3). Vaccination
was not associated with a difference in
birth weight (mean difference, 18 g;
95% CI, −70 to 106 for first-trimester
exposure; mean difference, −4 g; 95%
CI, −23 to 15 for second- or third-
trimester exposure). Taking gesta-
tional age into account, there was no
increased risk of small size for gesta-
tional age associated with vaccination
in the first (25 [7.6%] exposed vs 31
[9.4%] unexposed; POR, 0.79; 95% CI,
0.46-1.37) or the second or third tri-
mester (641 [9.7%] exposed vs 657
[9.9%] unexposed; POR, 0.97; 95% CI,
0.87-1.09; Table 3).

Sensitivity Analyses

The POR for major birth defects asso-
ciated with vaccination in the period of
maximal susceptibility to teratogenic
agents (4 to 10 gestational weeks) was
similar to that in the main analysis
(TABLE 4). In analyses according to ma-
ternal comorbidity status, the PORs for
the associat ions between first-
trimester exposure and major birth de-
fects, second- or third-trimester expo-
sure and preterm birth, and second- or
third-trimester exposure and small size
for gestational age were all similar in
infants with mothers with or without
comorbidities (Table 4). Because fetal
growth restriction develops over some
period of time, our initial analysis of
small size for gestational age, which
combined exposures in the second and
third trimester, might not have ad-
equately captured a risk associated with
vaccination; however, when this expo-

Figure 2. Gestational Age at the Time of Exposure to Influenza A(H1N1)pdm09 Vaccine by
Date of Vaccination
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sure time window was split by trimes-
ter, PORs for second- and third-
trimester exposure, respectively, were
similar (Table 4). Overall, PORs for pre-
term birth and small size for gesta-

tional age associated with H1N1 vac-
cination in the second or third trimester
did not change when adjusted for ex-
posure to seasonal influenza vaccine
(Table 4).

COMMENT
In propensity score–matched analy-
ses, this cohort study found no signifi-
cant associations between exposure to
an AS03-adjuvanted influenza A(H1N1)

Table 2. Comorbidities, Medications, and Health Care Utilization in Mothers Exposed and Unexposed to Influenza A(H1N1)pdm09 Vaccine
During Pregnancya

Characteristic

Time Window of Exposure to Vaccine, No. (%)

First Trimester Second or Third Trimester

Unmatched Cohort
Propensity

Score–Matched Cohortb Unmatched Cohort
Propensity

Score–Matched Cohortb

Unexposed
(n = 22 917)

Exposed
(n = 345)

Unexposed
(n = 330)

Exposed
(n = 330)

Unexposed
(n = 46 443)

Exposed
(n = 6644)

Unexposed
(n = 6642)

Exposed
(n = 6642)

Comorbidities and medicationsc

Pulmonary disease/antiobstructive inhalants 901 (4) 63 (18) 53 (16) 54 (16) 1709 (4) 399 (6) 394 (6) 398 (6)

Cardiovascular disease/cardiovascular drugs 637 (3) 21 (6) 24 (7) 17 (5) 1186 (3) 253 (4) 251 (4) 252 (4)

Hematological disease 199 (1) 5 (1) 4 (1) 5 (2) 392 (1) 88 (1) 77 (1) 87 (1)

Diabetes/antidiabetic drugs 378 (2) 21 (6) 11 (3) 20 (6) 699 (2) 165 (2) 173 (3) 164 (2)

Neurological disease 488 (2) 19 (6) 27 (8) 17 (5) 1029 (2) 195 (3) 186 (3) 194 (3)

Liver and kidney disease 129 (1) 2 (1) 1 (�1) 2 (1) 267 (1) 52 (1) 57 (1) 51 (1)

Rheumatic disease 106 (�1) 7 (2) 5 (2) 6 (2) 228 (�1) 51 (1) 49 (1) 50 (1)

Inflammatory bowel disease/intestinal
anti-inflammatory agents

195 (1) 12 (3) 9 (3) 10 (3) 414 (1) 79 (1) 68 (1) 79 (1)

Obesity 1145 (5) 24 (7) 35 (11) 23 (7) 2252 (5) 372 (6) 351 (5) 372 (6)

Immunodefiency/immunosuppressants 31 (�1) 5 (1) 2 (1) 3 (1) 66 (�1) 23 (�1) 20 (�1) 22 (�1)

Disorders of female pelvic organs/genital tract 2652 (12) 59 (17) 61 (18) 57 (17) 5336 (11) 874 (13) 842 (13) 873 (13)

Hospital contact for injury or poisoning 4979 (22) 95 (28) 102 (31) 86 (26) 10 118 (22) 1388 (21) 1384 (21) 1386 (21)

Antidepressants 1097 (5) 27 (8) 24 (7) 25 (8) 2146 (5) 378 (6) 376 (6) 378 (6)

Antiepileptics 169 (1) 2 (1) 4 (1) 2 (1) 275 (1) 45 (1) 50 (1) 45 (1)

Drugs for peptic ulcer/gastroesophageal reflux 609 (3) 19 (6) 17 (5) 17 (5) 1203 (3) 219 (3) 220 (3) 218 (3)

Contraceptive pills 5557 (24) 74 (21) 60 (18) 72 (22) 10 847 (23) 1424 (21) 1426 (21) 1424 (21)

Drugs for in vitro fertilization 1639 (7) 31 (9) 36 (11) 31 (9) 3144 (7) 517 (8) 524 (8) 517 (8)

Thyroid hormones 216 (1) 5 (1) 8 (2) 4 (1) 465 (1) 89 (1) 95 (1) 89 (1)

Systemic corticosteroids 331 (1) 12 (3) 7 (2) 10 (3) 569 (1) 114 (2) 120 (2) 112 (2)

NSAIDs 1867 (8) 36 (10) 34 (10) 32 (10) 3823 (8) 608 (9) 624 (9) 608 (9)

Opiates 465 (2) 20 (6) 23 (7) 16 (5) 897 (2) 152 (2) 157 (2) 152 (2)

Systemic antibacterial agents 4803 (21) 91 (26) 83 (25) 85 (26) 10 355 (22) 1683 (25) 1664 (25) 1681 (25)

Seasonal influenza vaccined 25 (�1) 21 (6) 0 19 (6) 27 (�1) 38 (1) 3 (�1) 38 (1)

Health care utilization
Hospital admissions in the last 3 years

0 11 089 (48) 144 (42) 146 (44) 141 (43) 22 749 (49) 2939 (44) 2961 (45) 2939 (44)

1-2 10 047 (44) 157 (46) 149 (45) 149 (45) 20 186 (43) 3121 (47) 3119 (47) 3120 (47)

3-4 1360 (6) 28 (8) 23 (7) 25 (8) 2706 (6) 437 (7) 433 (7) 436 (7)

�5 421 (2) 16 (5) 12 (4) 15 (5) 802 (2) 147 (2) 129 (2) 147 (2)

Outpatient hospital contacts in the last 3 years
0 7321 (32) 76 (22) 73 (22) 74 (22) 15 014 (32) 1917 (29) 1974 (30) 1917 (29)

1-2 8645 (38) 121 (35) 128 (39) 120 (36) 17 588 (38) 2480 (37) 2499 (38) 2480 (37)

3-4 4321 (19) 67 (19) 53 (16) 67 (20) 8671 (19) 1319 (20) 1282 (19) 1319 (20)

�5 2630 (11) 81 (23) 76 (23) 69 (21) 5170 (11) 928 (14) 887 (13) 926 (14)

Drugs used in the last 6 months
0 7434 (32) 63 (18) 71 (22) 63 (19) 15 475 (33) 1892 (28) 1874 (28) 1892 (28)

1-2 10 040 (44) 137 (40) 119 (36) 134 (41) 20 184 (43) 2868 (43) 2882 (43) 2868 (43)

3-4 3587 (16) 88 (26) 82 (25) 81 (25) 7186 (15) 1166 (18) 1156 (17) 1166 (18)

�5 1856 (8) 57 (17) 58 (18) 52 (16) 3598 (8) 718 (11) 730 (11) 716 (11)

Abbreviation: NSAIDs, nonsteroidal anti-inflammatory drugs.
aNationwide cohort of liveborn infants and their mothers in Denmark. The cohort was divided into 2 exposure time windows. Characteristics are described as current at pregnancy onset,

unless stated otherwise. Because of rounding, percentages may not total 100.
bMatched 1:1 on the propensity score.
cComorbidities as registered in the least 3 years, and medication as registered in the last 6 months.
dExposure within respective time window during pregnancy.
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pdm09 vaccine in pregnancy and ad-
verse fetal outcomes including major
birth defects, preterm birth, and fetal

growth restriction. The analyses of ad-
verse fetal outcomes associated with
vaccination in the second or third tri-

mester of pregnancy were based on
more than 6600 exposed infants, and
the data provide robust evidence of

Table 3. Association Between Vaccination Against Influenza A(H1N1)pdm09 in Pregnancy and Risk of Adverse Fetal Outcomes, Nationwide
Cohort of Liveborn Infants in Denmark

Outcome

Unmatched Cohort Analysis Propensity Score–Matched Analysis

Cases, No. (%)
Unadjusted POR

(95% CI)

Cases, No. (%)

POR (95% CI)Unexposed Exposed Unexposed Exposed

Vaccination in first trimester n = 22 917 n = 345 n = 330 n = 330

Major birth defects 545 (2.4) 18 (5.2) 2.26 (1.40-3.66) 15 (4.5) 18 (5.5) 1.21 (0.60-2.45)

Preterm birtha 1109 (4.8) 33 (9.6) 2.08 (1.45-2.99) 24 (7.3) 31 (9.4) 1.32 (0.76-2.31)

Low birth weightb 781 (3.4) 15 (4.3) 1.29 (0.76-2.17) 18 (5.5) 15 (4.5) 0.83 (0.41-1.67)

Small size for gestational agec 2268 (9.9) 25 (7.2) 0.71 (0.47-1.07) 31 (9.4) 25 (7.6) 0.79 (0.46-1.37)

Vaccination in second or third trimester n = 46 443d n = 6644d n = 6642e n = 6642e

Preterm birtha 2055 (4.6) 303 (4.6) 1.00 (0.89-1.13) 295 (4.6) 302 (4.6) 1.00 (0.84-1.17)

Moderately preterm 1803 (4.1) 265 (4.0) 1.00 (0.88-1.14) 257 (4.0) 264 (4.0) 1.00 (0.84-1.19)

Very preterm 252 (0.6) 38 (0.6) 1.03 (0.73-1.44) 38 (0.6) 38 (0.6) 0.97 (0.63-1.53)

Low birth weightb

Low 1433 (3.1) 225 (3.4) 1.10 (0.95-1.27) 199 (3.0) 225 (3.4) 1.14 (0.94-1.38)

Very low 210 (0.5) 32 (0.5) 1.07 (0.74-1.55) 29 (0.4) 32 (0.5) 1.11 (0.67-1.83)

Small size for gestational agec 4620 (9.9) 641 (9.6) 0.97 (0.89-1.05) 657 (9.9) 641 (9.7) 0.97 (0.87-1.09)
Abbreviation: POR, prevalence odds ratio.
aPreterm birth was defined as delivery prior to 37 completed weeks, moderately preterm as between the start of week 33 and prior to 37 completed weeks, and very preterm as

less than 32 completed weeks.
bLow birth weight was defined as birth weight below 2500 g and very low birth weight below 1500 g.
cSmall size for gestational age was defined as the lowest 10th percentile of the gestational age-specific birth weight within the cohort.
dThe analysis of preterm birth in the unmatched cohort analysis of second- or third-trimester exposure was based on 44 505 unexposed and 6545 exposed participants.
eThe analysis of preterm birth in the propensity score–matched analysis of second- or third-trimester exposure was based on 6366 unexposed and 6543 exposed participants.

Table 4. Sensitivity Analyses of Associations Between Vaccination Against Influenza A(H1N1)pdm09 in Pregnancy and Adverse Fetal Outcomes

Analysis

No. (%)

POR (95% CI)a

Unexposed Exposed

Participants Cases Participants Cases

Major birth defects, alternative exposure time window
Vaccination in gestational weeks 4 to 10 330 15 (4.5) 215 12 (5.6) 1.24 (0.57-2.71)

Adverse fetal outcomes according to comorbidity statusb

Major birth defectsc

Comorbidity 135 9 (6.7) 126 8 (6.3) 0.95 (0.35-2.54)

No comorbidity 195 6 (3.1) 204 10 (4.9) 1.62 (0.58-4.56)

Preterm birthd

Comorbidity 1294 73 (5.6) 1374 96 (7.0) 1.26 (0.92-1.72)

No comorbidity 5072 222 (4.4) 5169 206 (4.0) 0.91 (0.75-1.10)

Small size for gestational aged

Comorbidity 1352 135 (10.0) 1389 148 (10.7) 1.08 (0.84-1.38)

No comorbidity 5290 522 (9.9) 5253 493 (9.4) 0.95 (0.83-1.08)

Small size for gestational age, according to trimester of vaccination
Second 6642 657 (9.9) 3528 316 (9.0) 0.90 (0.78-1.03)

Third 6642 657 (9.9) 3114 325 (10.4) 1.06 (0.92-1.22)

Adjusted for exposure to seasonal influenza vaccined,e

Preterm birth 6366 295 (4.6) 6543 302 (4.6) 0.99 (0.84-1.17)

Small size for gestational age 6642 657 (9.9) 6642 641 (9.7) 0.97 (0.86-1.09)
Abbreviation: POR, prevalence odds ratio.
aValues are based on propensity score–matched analyses.
bComorbidity status is based on having a comorbidity if registered with any of the diagnoses listed in Table 2, with the exception of diagnoses of disorder of female pelvic organ/

genital tract and hospital contact for injury and poisoning.
cFirst-trimester exposure time window.
dSecond- or third-trimester exposure time window.
eBecause no unexposed participants had exposure to seasonal influenza vaccine in the first trimester (Table 2), PORs could not be calculated for this time window.
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safety with high precision; results were
similar in both unmatched and pro-
pensity score–matched analyses. How-
ever, vaccination in the first trimester
was uncommon and the participants ex-
posed in the first trimester were a high-
risk population with more than double
the rate of major birth defects and pre-
term birth than the unexposed in the
unmatched population. Nevertheless,
relative to a matched comparison group,
no significant associations between vac-
cine exposure in the first trimester and
adverse outcomes were observed, al-
though the data only allow the exclu-
sion of large risks of birth defects and
preterm birth and a moderate risk of
small size for gestational age.

Among the limited number of pre-
vious reports on the fetal safety of H1N1
vaccination in pregnancy, which have
included both adjuvanted and nonad-
juvanted vaccines, no study has di-
rectly compared fetal outcomes from
vaccinated and unvaccinated pregnan-
cies. Pharmacovigilance reports have
not identified safety concerns linked to
vaccination in pregnancy6-10; how-
ever, such studies cannot exclude risks
with certainty. The few cohort studies
that have been conducted have not
identified increased risks of birth de-
fects, preterm birth, or fetal growth re-
striction associated with vaccination
against influenza A(H1N1)pdm09 in
pregnancy11-14; for example, a prospec-
tive cohort study of 267 women ex-
posed to the AS03-adjuvanted H1N1
vaccine reported that the rates of birth
defects, preterm birth, and low birth
weight were not higher than ex-
pected.11 However, these studies failed
to include unexposed control partici-
pants, did not present adequate esti-
mates of risk, were underpowered, and
collectively included 64 infants ex-
posed in the first trimester and around
1000 infants exposed at any time dur-
ing pregnancy with available fol-
low-up data at birth. Therefore, they
cannot be considered as providing evi-
dence of safety. Thus, our report ex-
pands on the limited previous data in-
vestigating adverse fetal outcomes
associated with H1N1 vaccination in

pregnancy; it provides results from a
large cohort study with a comparative
analytical design. Together with our
findings of no significantly increased
risk of spontaneous abortion and still-
birth associated with vaccination,27

these data provide reassurance of the
safety of the AS03-adjuvanted A(H1N1)
pdm09 vaccine in pregnancy. Our data
might be generalizable to nonadju-
vanted A(H1N1)pdm09 vaccines be-
cause they contain identical viral anti-
gens, although the antigen doses and
manufacturing processes may differ.
However, results from this study do not
provide evidence of safety for vac-
cines with other adjuvants. Addition-
ally, our study adds to the body of safety
data for seasonal influenza vaccines,
which rests on a limited number of
comparative studies and few studies in-
vestigating, eg, birth defect risk.28,29

Apart from providing information on
influenza A(H1N1)pdm09 vaccine
safety in pregnancy in retrospect, stud-
ies such as ours may have implica-
tions for future influenza seasons and
pandemics; in some circumstances, the
use of adjuvanted vaccines will likely
be critical to achieve sufficient host im-
mune responses.30

Our study had strengths and limita-
tions. The registry-based study design
allowed nationwide coverage and in-
dependent ascertainment of exposure
and outcomes. We took into account
many potential confounders but iden-
tification of maternal comorbidity, for
example gestational diabetes, was in-
complete because the National Pa-
tient Register is restricted to the hos-
pital setting. Conversely, many drugs
were included as potential confound-
ers, and because the National Prescrip-
tion Register covers all dispensed pre-
scriptions in the country, drug use may
have served as a useful proxy for co-
morbidity. Because women with co-
morbidities likely represented the ma-
jority of participants vaccinated in the
first trimester, it is possible that re-
sults for this exposure time window
were biased toward increased risk. Only
women with comorbidities had indi-
cation for vaccination in the first tri-

mester (although some who were health
care or key government personnel and
pregnant were likely also vaccinated in
this time period). Therefore, the popu-
lation exposed in the first trimester had
a higher prevalence of factors that in-
fluence the risk of adverse fetal events.
Indeed, the rates of major birth de-
fects and preterm birth in this group
were twice the rate in the general Dan-
ish population.18,31 Nonetheless, al-
though participants exposed in the first
trimester represented a high-risk popu-
lation, when compared with an unex-
posed group matched on a wide range
of characteristics, the vaccinated group
was not at significantly increased risk
of adverse fetal events. However, given
these limitations and also the low power
for the first-trimester exposure time
window, the results for adverse out-
comes associated with first-trimester ex-
posure should be viewed as prelimi-
nary and in need of confirmation.

We cannot exclude the possibility
that the relatively small proportion of
women (13%) who were vaccinated
against pandemic influenza had some
unmeasured characteristics that were
different when compared with the un-
exposed. If such factors were associ-
ated with lower adverse fetal outcome
risks, for example folate use and birth
defect risk, they could have obscured
fetal risks associated with vaccina-
tion. Our study did not include abor-
tions or stillbirths. If vaccine-induced
adverse fetal outcomes were simulta-
neously associated with abortion or
stillbirth, results of the study would
have been biased toward the null. How-
ever, in our previous study, H1N1 vac-
cination in pregnancy was not associ-
ated with increased risk of spontaneous
abortion or stillbirth.27 The low vacci-
nation coverage in the present study
(13%), which contrasts to some coun-
tries but is similar to others,32-34 is prob-
ably explained by the fact that the 2009/
2010 season was the first time that all
pregnant women were recommended
to receive influenza vaccination in Den-
mark; for example, in the United States
(coverage 40%)32 all pregnant women
have been recommended vaccination
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since 2004.35 Lastly, when interpret-
ing results of the current study, it is im-
portant to note that it was designed to
investigate safety, not effectiveness.
Therefore, it did not address the ques-
tion of whether maternal vaccination
is associated with fetal benefits.

In conclusion, this nationwide co-
hort study in Denmark found no sig-
nificant associations between expo-
sure to an AS03-adjuvanted influenza
A(H1N1)pdm09 vaccine in preg-
nancy and risk of adverse fetal out-
comes including major birth defects,
preterm birth, and growth restriction.
Although the data provide robust evi-

dence of safety with respect to out-
comes associated with second- or third-
trimester exposure, results from
analyses of first-trimester exposure
should be viewed as preliminary and
need confirmation. Further research
also needs to address risk of specific
birth defects as well as effectiveness of
H1N1 vaccination in pregnancy.
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