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a  b  s  t  r  a  c  t

Introduction:  There  is  a  need  for  additional  information  on  the  fetal  risks  and  relative  safety  of  the  pan-
demic  H1N1  monovalent  or  trivalent  influenza  (pH1N1)-containing  vaccines  in  women  exposed  during
pregnancy.
Methods:  To  assess  risks  and  relative  safety  of  the  pH1N1-containing  vaccines,  we conducted  a  prospective
cohort study  of pH1N1-vaccine-exposed  and  unexposed  comparison  women  residing  in the  U.S.  or Canada
who  were  recruited  during  pregnancy  and  followed  to outcome  between  October  2009  and  August  2012.
For exposure  to  the  pH1N1  vaccine,  adjusted  relative  risks  (RRs)  and  95%  confidence  intervals  (CIs)  were
estimated  for  major  birth  defects  and  infants  small  for gestational  age.  Adjusted  hazard  ratios  (HRs)  and
95%  CIs  were  estimated  for spontaneous  abortion  and  preterm  delivery  for  time-varying  exposure.
Results:  There  were  1032  subjects  available  for analysis;  841  women  were  exposed  to  a  pH1N1-containing
vaccine  in  pregnancy,  and  191  women  were  unexposed  to any  influenza  vaccine  in pregnancy.  Nine  of
328 (2.7%)  first-trimester-exposed  pregnancies  resulted  in an  infant  with  a  major  birth  defect  compared
to 6/188  (3.2%)  in  the  unexposed  (adjusted  RR  0.79,  95%  CI  0.26–2.42).  The  HR  for  spontaneous  abortion
was not  elevated  (adjusted  HR  0.92,  95% CI  0.31–2.72).  Adjusted  HRs  for  preterm  delivery  were  elevated
for exposure  anytime  in  pregnancy  (3.28,  95%  CI 1.25–8.63),  specifically  with  exposure  in the  1st  or 2nd

trimester.  However,  the  mean  decrease  in  gestational  age  in  the  exposed  pregnancies  was  approximately
three days.  Adjusted  RRs  for small  for  gestational  age  infants  on weight  and  length  approximated  1.0.
Conclusions:  For  the  2009–12  influenza  seasons  combined,  we  found  no  meaningful  evidence  of  increased
RR or  HR  for  major  birth  defects,  spontaneous  abortion,  or  small  for gestational  age  infants.  There  was
some evidence  of  an  increased  HR  for  preterm  delivery  following  pH1N1-influenza  vaccine  exposure;
however  the  decrease  in  gestational  age  on  average  was  approximately  three  days.
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. Introduction

The potential serious consequences of maternal influenza infec-
ion in pregnancy have long been recognized; pregnant women  are
t increased risk for influenza-associated morbidity and mortal-
ty [1,2]. As reviewed recently [3,4], there are limited data on the
afety of influenza vaccine in pregnancy; however, to date, there
as been no indication that seasonal influenza vaccines containing

nactivated virus pose a risk to the mother or the fetus. This has led
o the current recommendation that all pregnant women be vacci-
ated with the seasonal influenza vaccine regardless of trimester
5,6].

Despite these recommendations, vaccination rates remain less
han optimal in the U.S. [7]. Surveys have demonstrated that moth-
rs’ concerns about safety contribute to poor compliance with
accine recommendations [8–13]. This situation was escalated dur-
ng the 2009–10 H1N1 pandemic season, when lack of safety data
bout the pandemic H1N1 (pH1N1) monovalent vaccine was cou-
led with intensive public health messaging that emphasized the
eed for all pregnant women to be vaccinated [14].

Since 2009, a number of reports have been published on
regnancy outcomes following exposure to influenza vaccines.
our communications reported on seasonal vaccines not con-
aining the pH1N1 strain [15–18], four were pharmacovigilance
tudies [15,19,20,34], and 13 reported on pH1N1 vaccines (six
ocused on adjuvanted vaccines that were not administered in the
.S.) [21–34]. Most reports addressing pH1N1 vaccine exposure

nvolved fewer than 100 first-trimester exposed pregnancies or did
ot distinguish gestational timing of exposure at all. Overall, pub-

ished data have been reassuring with findings that show either
o association or a protective effect of influenza vaccination for

etal loss, preterm delivery, fetal growth restriction and congenital
nomalies. However, there is a need for additional safety infor-
ation on pH1N1-containing vaccines when used in pregnancy,

specially in the first trimester [4].
The purpose of our study was to evaluate the fetal risk and

elative safety of the pH1N1 influenza vaccine using data from
he Vaccines and Medications in Pregnancy Surveillance System
VAMPSS), a research program developed specifically to eval-
ate medications and vaccines used by pregnant women [35].
he VAMPSS program is composed of two complementary study
esigns, a prospective cohort study and case–control surveillance,
ach of which is conducted in parallel with coordination provided
y the American Academy of Allergy, Asthma & Immunology. In
009, VAMPSS initiated a study of the pH1N1 vaccine in pregnancy.
his report presents results of the cohort arm of VAMPSS; results
f the case–control arm are described separately [36].

. Methods

.1. Design and setting

The Organization of Teratology Information Specialists (OTIS)
esearch Group has been conducting collaborative prospective
regnancy cohort studies across the U.S. and Canada using a single
tudy Research Center since 1998. The objectives of OTIS studies
re to evaluate a range of adverse pregnancy outcomes follow-
ng exposure to a medication or vaccine among women who  are
nrolled while pregnant and before they have knowledge regard-
ng an adverse outcome of that pregnancy. The methods of the
TIS Research Group have been described previously [37,38]. In
rief, OTIS services, located in academic institutions or hospitals

hroughout the U.S. and Canada, provide counseling to ∼70,000
allers annually who present with questions about the risks of
xposures in pregnancy. From this pool of pregnant callers, women
ho meet the criteria for a study (women who are exposed to the
 31 (2013) 5026– 5032 5027

agent of interest or women who are unexposed and qualify as com-
parison women) are referred to the OTIS Research Center at the
University of California San Diego where they are confirmed eligi-
ble, consented and enrolled into the study. Additional methods of
recruitment are also employed, including physician referrals and
direct to consumer marketing.

2.2. Participants

The sample available for the current analysis was enrolled in
the pH1N1 vaccine study starting in October, 2009 and continu-
ing through April, 2012 and thus was  exposed or not exposed to
either the monovalent (2009–10 season) or trivalent (2009–12 sea-
sons) pH1N1 vaccine in one of three influenza seasons. This study
was  approved by the institutional review board of the University
of California San Diego.

The target sample size for the study was  1100 pregnancies with
approximately 300 exposed to pH1N1 vaccine in each of the three
trimesters of pregnancy for a total of 900 exposed, and a com-
parison group of 200 women unexposed to any influenza vaccine.
Women  met  the inclusion criteria if they had received a pH1N1-
containing vaccine at any time in pregnancy from the first day
of the last menstrual period (LMP) to the end of pregnancy and
were currently pregnant. Women  were excluded who had prena-
tal diagnosis prior to first contact with the study staff indicating
that the fetus had a major birth defect, as this constituted a ret-
rospective report of anticipated pregnancy outcome. Women  met
the inclusion criteria for the comparison group if they had received
no influenza vaccine in pregnancy and were currently pregnant.
Women  were excluded who  reported exposure to a known human
teratogen, or who  had prenatal diagnosis prior to first contact with
study staff indicating they were carrying a fetus with a major birth
defect.

2.3. Maternal interviews

Women  in both the exposed and unexposed cohorts com-
pleted one to three telephone interviews during pregnancy and
one interview at the completion of pregnancy. These were admin-
istered by trained study staff in English or Spanish. The first
interview obtained information on demographic, pregnancy and
family medical history, tobacco, alcohol and caffeine consumption,
and illicit drug use, as well as infections, fever, any diagnosis of
influenza, and prenatal tests. Data regarding dosages and dates of
exposure were collected on all vaccines and medications (prescrip-
tion, over-the-counter, vitamins/minerals, and herbal products)
used/administered from LMP  through the date of the interview.
Subsequent maternal interviews elicited information on additional
exposures or events since the last interview. To the extent medi-
cations were recorded in the medical record, maternal report was
validated. The Slone Epidemiology Center’s Drug Dictionary was
used to code exposures [39].

Questions were added to the standard OTIS pregnancy inter-
views specifically for this study regarding the vaccine received,
the date, and the medical setting in which it was given. Methods
that were used for verifying vaccine exposure and for obtaining
brand, lot number and single syringe vs. multi-dose vial have been
described previously [40]. Briefly, the interviewers first asked the
study participant to verify information from their personal vaccine
record. If this was  not available, permission to contact the partici-
pant’s provider was  obtained and the vaccine record obtained from

the provider. Finally, in situations where the vaccine was given in
a non-traditional setting, an attempt was  made to determine the
specific product that was  being administered on the date and the
location where the participant received the vaccine.
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Table 1
Selected maternal characteristics of women exposed during pregnancy to pandemic
H1N1-containing monovalent or trivalent influenza vaccine and pregnant women
not exposed to any influenza vaccine 2009–2012.

Characteristic Exposed,
N = 841, n (%)

Unexposed,
N = 191, n (%)

Maternal age – years
<25 47 (5.6) 13 (6.8)
25–29 221 (26.3) 42 (22.2)
30–34 270 (32.1) 70 (36.6)
>34 302 (36.0) 66 (34.6)

Maternal race/ethnicity
White non-Hispanic 683 (81.2) 148 (77.5)
Black non-Hispanic 20 (2.4) 10 (5.2)
Hispanic 97 (11.5) 15 (7.9)
Asian 35 (4.2) 13 (6.8)
Other 6 (0.7) 5 (2.6)

Maternal education – years
<12 32 (3.8) 6 (3.1)
12–15 205 (24.4) 51 (26.7)
>15 604 (71.8) 134 (70.2)

Family SESa

1 349 (41.9) 77 (40.5)
2 313 (37.6) 72 (37.9)
3 90 (10.8) 25 (13.2)
4 55 (6.6) 11 (5.8)
5 26 (3.1) 5 (2.6)

Country of residence
U.S. 750 (89.2) 127 (66.5)
Canada 91 (10.8) 64 (33.5)

Gravidity >1 526 (62.5) 119 (62.3)
Parity >0 411 (48.9) 88 (46.1)
Previous spontaneous

abortion (any)
211 (25.1) 62 (32.5)

Previous elective
termination (any)

60 (7.1) 16 (8.5)

Pre-pregnancy body mass index
<18.5 26 (3.1) 7 (3.7)
18.5–24.9 473 (56.9) 121 (63.7)
25–29.9 190 (22.9) 42 (22.1)
≥30 142 (17.1) 20 (10.5)

Alcohol – any 209 (24.9) 45 (23.6)
Tobacco – any 21 (2.5) 2 (1.0)
Folic acid containing supplements

Started prior to
conception

580 (69.0) 138 (72.3)

Post-conception only 256 (30.4) 52 (27.2)
Not at all 5 (0.6) 1 (0.5)

Hypertension 72 (8.9) 7 (3.9)
Pre-eclampsia 43 (5.3) 6 (3.3)
Any influenza-like

symptom
148 (17.6) 31 (16.2)

Gestational age at enrollment – weeks
<13 111 (13.2) 56 (29.3)
13-26 372 (44.2) 82 (42.9)
>26 358 (42.6) 53 (27.7)

Gestational age at H1N1 vaccine exposure
<13 348 (41.4) –
13–26 332 (39.5)
>26 161 (19.1)

Also received seasonal
vaccine not
containing pandemic
H1N1 2009–10

232 (27.6) –
028 C.D. Chambers et al. / V

.4. Exposure definitions

We  classified women exposed to a pH1N1 vaccine into one of
our categories by timing of exposure: (1) the two  weeks between
MP  and date of conception, (2) conception to 13 weeks’ gesta-
ion, (3) >13–26 weeks’ gestation, or (4) >26 weeks’ gestation. In
ases where the date of vaccination was uncertain, we assigned the
xposure based on the midpoint of possible dates. In the 2009–10
eason, some women received the 2009–10 seasonal vaccine (not
ontaining the pH1N1 strain) prior to the pH1N1 monovalent vac-
ine becoming available, and were subsequently vaccinated with
he monovalent pH1N1 vaccine. These women were classified as
H1N1 vaccine exposed; however, previous receipt of the non-
andemic vaccine was considered a covariate. The comparison
roup consisted of women who received no influenza vaccine of
ny type throughout pregnancy.

.5. Outcomes

Outcomes were collected by maternal interview and by medical
ecords obtained from the obstetrician, pediatrician, and delivery
ospital as well as pathology reports if relevant. Data were col-

ected on outcome status of each pregnancy (live birth, stillbirth,
pontaneous abortion, and elective termination), gestational age at
utcome, maternal weight gain, mode of delivery, sex and num-
er of infants, birth weight, length, and head circumference and
he presence or absence of major birth defects. Maternal report of

ajor birth defects was confirmed by medical record review.
Major structural defects were classified using the Metropolitan

tlanta Congenital Defects Program coding system [41]. Sponta-
eous abortion was defined as spontaneous pregnancy loss at <20
estational weeks. Preterm delivery was defined as delivery at <37
ompleted gestational weeks. Ultrasound dating was used to cor-
ect gestational weeks, as necessary, using a standard algorithm, or
f the LMP  was unknown. Small for gestational age was defined as
10th centile for sex and gestational age in live born infants using
tandard U.S. growth charts for full and preterm infants [42–44].

.6. Statistical methods

All statistical comparisons were performed between the group
f women exposed to a pH1N1-containing vaccine in the rele-
ant gestational time period and the women with no exposure
o any influenza vaccine in pregnancy. Exact methods were used
o calculate relative risks (RRs) and their 95% confidence intervals
CIs) for major birth defects overall and for small for gestational
ge crude comparisons. First trimester exposure to pH1N1 vaccine
as considered the relevant exposure window for major structural
efects. Because the inclusionary/exclusionary criteria for the study
llowed for women to enroll who had already undergone prenatal
iagnosis (e.g., ultrasound scan for fetal structure, amniocentesis or
horionic villous sampling) with a normal result, while women  who
ad already received an abnormal result were excluded, we  further
tratified the analysis for major structural defects based on whether
renatal diagnosis had been performed prior to enrollment.

For spontaneous abortion, the subset of those women  who
nrolled prior to 20 weeks’ gestation (and therefore still at risk) was
sed for the analysis. Survival analysis methods, i.e., Kaplan–Meier
KM) estimates at 20 weeks of gestation, were used to estimate
he probability of spontaneous abortion accounting for left trunca-
ion due to varying gestational timing of enrollment, and data were
ensored at 20 weeks’ gestation [45]. As demonstrated in previous

ork [45], for time-to-event endpoints such as spontaneous abor-

ion, in order to avoid selection bias it is also crucial to account for
he fact that women  may  receive vaccination after enrollment in
he study. Therefore, Cox proportional hazards modeling with time
a Calculated using Hollingshead categories [47] based on maternal and paternal
education and occupation; 1, highest; 5, lowest.

varying exposure to vaccine was used to estimate HRs and 95% CIs.
Similar methods were used for preterm delivery, where the sample
was  restricted to live births among women  who enrolled prior to 37
weeks’ gestation, and data were censored at 37 weeks’ gestation.
Twins were excluded due to high preterm birth risk in multiple

gestations.

Control for confounding was conducted where numbers per-
mitted. All covariates including maternal age, race/ethnicity,
socioeconomic status, tobacco, alcohol, pre-pregnancy body mass
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ndex, use of vitamin supplements, pregnancy history, previous
reterm delivery, infection, fever, asthma, depression, autoimmune
isease, hypertension, and seasonal vaccine not containing the
H1N1 strain were considered as possible confounders. Using a
riterion of ≥10% change in the estimate of the RR or the HR
f pH1N1-containing vaccine exposure with the addition of each
ovariate in a model containing exposure and outcome, potential
onfounders were selected for each outcome. Due to the small num-
er of events in each analysis, if more than two confounders were

dentified for a particular outcome, a propensity score was cre-
ted [46]. The outcome of spontaneous abortion met this criterion
f more than two confounders. Propensity scores were computed
sing Cox regression taking time to exposure as the outcome, and
ll confounders as covariates. Propensity score-adjusted HRs were
hen computed using Cox regression. As some covariates, such as
eceipt of seasonal vaccine not containing the pH1N1 strain, could
ot be balanced between exposure groups, these covariates were
ot considered for the propensity score and direct adjustment was
tilized. For major birth defects and small for gestational age infants
n weight, length and head circumference, adjusted odds ratios
ere used to approximate the RRs for these outcomes. All analyses
ere conducted using R open-source statistical software.

. Results

There were 1032 subjects available for analysis: 841 exposed to
 pH1N1-containing vaccine, and 191 unexposed to any influenza
accine at anytime in pregnancy. A total of 23 subjects (<3%) were
ost-to-follow-up (Table 2). Women  in the exposed cohort were

ore likely to enroll in the study later in gestation, to have comor-
idities such as hypertension and less likely to reside in Canada
Table 1).

The proportion of live births, stillbirths or elective terminations
id not differ between exposed and unexposed (Table 2). Nine

nfants of 328 (2.7%) who had first-trimester pH1N1 vaccine expo-
ure were diagnosed with major birth defects compared to 6/188
3.2%) in unexposed (adjusted RR 0.79, 95% CI 0.26–2.42). Among
he 226 pregnancies with no prenatal diagnosis prior to enrollment,
here were 7 (3.1%) with major birth defects (adjusted RR 0.77, 95%
I 0.21–2.85) and among the 102 pregnancies with prior prenatal
esting with normal results, 2 (2.0%) had major defects (adjusted
R 0.35, 95% CI 0.03–3.95).

The defects reported in first-trimester pH1N1 exposed infants
ncluded two cases of hypertrophic pyloric stenosis, and single
ases of unilateral renal agenesis, pulmonic stenosis, proximal
emoral deficiency, ventricular septal defect with peripheral pul-

onary artery stenosis, unilateral undescended testis requiring
urgery, bilateral club foot and Down Syndrome.

The HRs for spontaneous abortion (Table 3) did not vary by expo-
ure status, with the point estimate of the HR approximating 1.0
adjusted HR 0.92, 95% CI 0.31–2.72).

The overall adjusted HR for preterm delivery with exposure at
nytime in pregnancy compared to unexposed was  3.28, 95% CI
.25–8.63. The elevated risk was highest in the subsets of women
ith preconception exposure (crude HR 11.33, 95% CI 2.83–45.50),
ith first trimester exposure (adjusted HR 2.22, 95% CI 0.70–7.02)

nd second trimester exposure (adjusted HR 4.12, 95% CI 1.21–14.1)
Table 4). However, the mean difference in gestational age in
xposed vs. unexposed was approximately three days (data not
hown). Due to small numbers (8 exposed, 3 preterm births), no
ultivariate analysis was performed for the preconception expo-

ure group.

For preterm delivery, we conducted further analyses stratifying

n pH1N1 vaccination season (2009–10 vs. 2010–11 and 2011–12
ombined) and found some evidence of differences between these
wo groups, although CIs were wide and overlapping (2009–10 Ta
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Table 3
Estimated probabilities of spontaneous abortion for those enrolled and exposed prior to 20 weeks’ gestation to pandemic H1N1 vaccine compared to women enrolled prior
to  20 weeks’ gestation and not exposed to any influenza vaccine 2009–2012.

Pandemic H1N1 vaccine exposure Number of subjects Number of spontaneous abortions KM estimate (95% CI) Crude HR (95% CI) Adjusted HRa (95% CI)

Unexposed 116 9 25.1 (12.7–45.8) Reference Reference
LMP-DOCb 8 1 20.0 (3.1–79.6) 1.26 (0.16–10.0) –
1st  trimester 184 7 15.6 (6.5–34.6) 0.76 (0.28–2.06) 0.84 (0.27–2.64)
Prior  to 20 weeks’ gestation 248 8 13.9 (6.0–30.1) 0.89 (0.34–2.35) 0.92 (0.31–2.72)
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a Adjusted for propensity score comprised of race, previous elective termination,
b LMP-DOC defined as exposure between 1st day of last menstrual period and est

eason: adjusted HR 3.32, 95% CI 1.20–9.18; 2010–12 seasons:
djusted HR 2.25, 95% CI 0.88–5.75). Further stratification of
omen in the 2009–10 season who received only the trivalent

easonal vaccine not containing the pH1N1 strain vs. those who
eceived the monovalent pH1N1 vaccine (or both) was not possible
s only 16 women were enrolled in that season who  did not receive
he pH1N1 vaccine.

Point estimates of the adjusted RR for small for gestational age
n birth weight and length were close to unity for exposure in each
rimester, and in all cases the 95% CIs included 1.0. Risks were ele-
ated for small for gestational age on head circumference; however,
ead circumference measurement was not available for one third
f the subjects in the sample (Table 5).

. Discussion

We  found no association between pregnancy exposure to
H1N1-containing vaccine and the risk of major structural defects
verall, spontaneous abortion, or small for gestational age infants
n birth weight or length in comparison to unexposed pregnan-
ies. These findings are consistent with previous studies that have
een published on pH1N1-containing vaccines [29–33] and con-
istent with previous findings on seasonal vaccine not containing
he pandemic strain [3,15–18]. The finding of no increased risk for

ajor structural defects overall is also consistent with the analysis
f specific defects in the case–control surveillance arm of VAMPSS
36].

For preterm delivery, the overall adjusted HR was  elevated with
oint estimates above 2 following first and second trimester expo-
ures to pH1N1 vaccine compared to unexposed, after adjustment
or important confounders including previous preterm delivery.
ue to small numbers in the pre-conception exposure period, it
as not possible to adjust for confounding in that window of expo-

ure. Our findings are somewhat consistent with the observation by
ouik et al. who noted an increase in preterm delivery following 1st
rimester vaccine exposure in the 2009–10 season [36]; however,
levated HRs in our study were not restricted to the 2009–10 sea-

on nor to first trimester exposure. This is in contrast with previous
eports that indicated either a reduced risk of preterm delivery or no
ssociation at all [22,24,29,30,33]. Among these previous reports,
nly two studies differentiated exposure by trimester, both were

able 4
stimated probabilities of preterm delivery in women enrolled and exposed prior to 37 w
7  weeks’ gestation and not exposed to any influenza vaccine 2009–12.

Pandemic H1N1 vaccine exposure Number of subjects Number of preterm deliv

Unexposed 157 6 

LMP-DOCb 8 3 

1st  trimester 304 34 

2nd  trimester 297 24 

3rd  trimester 127 8 

Anytime in pregnancy 736 69 

a Adjusted for maternal race/ethnicity, previous preterm delivery, autoimmune disease
b LMP-DOC defined as exposure between 1st day of last menstrual period and estimate
ion and directly adjusted for autoimmune disease.
d date of conception.

focused entirely on a single brand of adjuvanted vaccine and only
the 2009–10 season [24,33]. It is possible that our findings are due
to unmeasured confounding and/or chance. Furthermore, taken in
context, the clinical relevance of a three-day shortening of gesta-
tional age is questionable.

Our findings regarding fetal growth, similar to previous studies,
are reassuring. With respect to head circumference, the relatively
high proportion of missing values for this measure raises the pos-
sibility that these values are not missing at random, and therefore
measurements that were reported could have been biased.

VAMPSS has proposed criteria to guide the identification of risk
and safety signals [35]; these include “no evidence of risk” when a
RR or HR approximates 1.0 with an upper 95% CI ≤4.0 and “evidence
of relative safety” when a RR or HR approximates 1.0 with an upper
95% CI ≤2.0. Applying these guidelines, we found that major birth
defects overall, spontaneous abortion, and small for gestational age
on weight and length outcomes in this study met  the criteria of “no
evidence of risk”.

Our study has several strengths and some limitations. We
recruited women  during pregnancy before the outcome was known
and evaluated pregnancies for a range of endpoints. We  were able
to determine trimester of exposure with precision, and the study
sample included over 300 first trimester pH1N1 vaccine-exposed
pregnancies. In addition, we experienced very low lost-to-follow-
up rates.

We collected information on vaccination exposure directly from
the woman  during pregnancy which allowed us to identify expo-
sures that might not be recorded in medical or claims records.
Although it is possible that some women  were misclassified as
unexposed if they failed to report being vaccinated, the direct
method of questioning during the maternal interviews regarding
vaccination suggests this would be unlikely to occur. Our study
involved a volunteer sample that was  not population-based; how-
ever, we concurrently recruited comparison women using the same
methods supporting the internal validity of conclusions. Our ability
to identify risks for specific birth defects is limited in a cohort study
of this size; however, the complementary nature of the VAMPSS
system allows both study designs to test hypotheses using different

methods. Specifically, the cohort arm of VAMPSS addresses major
birth defects overall and risk of preterm delivery using a prospec-
tive design; while in parallel, the case–control arm of VAMPSS
evaluates specific major birth defects and preterm delivery using

eeks’ gestation to pandemic H1N1 vaccine compared to women enrolled prior to

eries KM estimate (95% CI) Crude HR (95% CI) Adjusted HRa (95% CI)

5.1 (1.8–8.6) Reference Reference
37.5 (13.9–77.1) 11.33 (2.83–45.5) –
11.8 (8.6–16.2) 3.02 (1.27–7.18) 2.22 (0.70–7.02)

9.0 (6.1–13.2) 2.26 (0.92–5.53) 4.12 (1.21–14.1)
7.0 (3.5–13.4) 2.09 (0.72–6.06) 1.47 (0.22–9.84)

10.4 (8.2–13.1) 2.93 (1.27–6.76) 3.28 (1.25–8.63)

, and seasonal vaccine not containing pandemic H1N1 strain.
d date of conception.
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Table 5
Small for gestational age infantsa at birth among infants live born to women exposed to pandemic H1N1 vaccine compared to women not exposed to any influenza vaccine
2009–2012.

Pandemic H1N1 vaccine exposure Number of subjectsb Number SGA on weight (%) Crude RR (95% CI) Adjusted RRc (95% CI)

Unexposed 175 9 (5.1) Reference Reference
LMP-DOCd 9 0 – –
1st  trimester 313 15 (4.8) 0.93 (0.42–2.09) 1.23 (0.47–3.24)
2nd  trimester 321 19 (5.9) 1.15 (0.53–2.49) 0.73 (0.25–2.17)
3rd  trimester 159 9 (5.7) 1.10 (0.45–2.70 1.27 (0.39–4.10)
Anytime in pregnancy 802 43 (5.4) 1.26 (0.56–2.87) 1.08 (0.46–2.54)

Pandemic H1N1 vaccine exposure Number of subjectsb Number SGA on length (%) Crude RR (95% CI) Adjusted RR (95% CI)

Unexposed 162 5 (3.1) Reference Reference
LMP-DOC 9 1 (11.1) 3.60 (0.47–27.7) –
1st  trimester 304 8 (2.6) 0.85 (0.28–2.56) 0.65 (0.18–2.42)
2nd  trimester 305 14 (4.6) 1.49 (0.55–4.06) 0.89 (0.27–2.98)
3rd  trimester 154 2 (1.3) 0.42 (0.08–2.14) 0.54 (0.10–3.10)
Anytime in pregnancy 772 25 (3.2) 0.98 (0.37–2.62) 0.82 (0.28–2.34)

Pandemic H1N1 vaccine exposure Number of subjectsb Number SGA on head circumference (%) Crude RR (95% CI) Adjusted RR (95% CI)

Unexposed 104 9 (8.7) Reference Reference
LMP-DOC 4 0 – –
1st  trimester 213 34 (16.0) 1.84 (0.92–3.70) 2.54 (1.08–5.97)
2nd  trimester 212 29 (13.7) 1.58 (0.78–3.22) 1.88 (0.74–4.81)
3rd  trimester 111 15 (13.5) 1.56 (0.71–3.41) 2.33 (0.86–6.36)
Anytime in pregnancy 540 78 (14.4) 1.99 (0.93–4.26) 2.24 (1.02–4.94)

a Small for gestational age (SGA) defined as <10th centile for sex and gestational age using NCHS 2000 growth curves or Lubchenko [35–37].
b Numbers of subjects vary for each outcome measure due to missing values.
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c For weight, adjusted for maternal age and autoimmune disease; for length, adjus
djusted for autoimmune disease and seasonal vaccine not containing pandemic H
d LMP-DOC defined as exposure between 1st day of last menstrual period and es

 retrospective design. The overall lack of evidence of an increased
isk of birth defects in both studies provides evidence supporting
he relative safety of first trimester pH1N1-containing vaccination.

In conclusion, our findings related to preterm delivery are not
onsistent with previous reports, could be due to chance or unmea-
ured confounding, but require further study. Importantly, the
agnitude of reduction in gestational age (three days) noted in

his study is unlikely to be clinically meaningful. For the other out-
omes evaluated, we found no evidence of increased risks. Taken
ogether with the known risks of maternal influenza infection for
oth mother and infant, this study adds to the overall reassuring
ody of evidence about influenza vaccine in pregnancy.
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