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Abstract

Background—Following the H1N1 influenza pandemic in 2009, pregnant women were 

recommended to receive both seasonal (TIV) and H1N1 influenza vaccines. This study presents 

incidence of adverse birth and pregnancy outcomes among a population of pregnant women 

immunized with TIV and H1N1 vaccines at Kaiser Permanente Northern California during 2009–

2010.

Methods—We telephone surveyed pregnant Kaiser Permanente Northern California members to 

assess non-medically-attended reactions following H1N1, TIV or both vaccines during 2009–2010 

(n = 5365) in a separate study. Here we assessed preterm birth (<37 weeks), very preterm birth 

(<32 weeks), low birth weight (<2500 g, LBW), very low birth weight (<1500 g), small for 

gestational age, spontaneous abortions, stillbirths and congenital anomalies among this cohort by 

comparing incidence and 95% confidence intervals between the following immunization groups: 

TIV only, H1N1 only, H1N1 prior to TIV immunization, TIV prior to H1N1 and both 

immunizations given at the same time.

Results—Results did not vary significantly between groups. Comparing H1N1 with TIV, 

incidence were similar for preterm births (6.37 vs 6.28/100 births), very preterm births (5.30 vs 

8.29/1000 births), LBW (4.19 vs 2.90/100 births), very LBW (4.54 vs 5.52/1000 births), small for 

gestational age (9.99 vs 9.24/1000 births), spontaneous abortion (7.10 vs 6.83/1000 pregnancies), 

stillbirths (7.10 vs 4.57/1000 pregnancies), and congenital anomalies (2.67 vs 2.43/100 births).

Conclusions—Although constrained by small sample size, complex vaccine groups, and 

differential vaccine availability during 2009–2010, this study found no difference in adverse birth 

outcomes between H1N1 vaccine and TIV.
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1. Introduction

During the 2009–2010 influenza season, the Centers for Disease Control and Prevention 

(CDC) and the Advisory Committee on Immunization Practice (ACIP) recommended that 

pregnant women receive the novel pandemic monovalent H1N1 influenza vaccine, along 

with the seasonal trivalent influenza vaccine (TIV, which included an A/Brisbane/

59/2007(H1N1)-like virus, an A/Brisbane/10/2007(H3N2) like virus, and a B/Brisbane/

60/2008-like virus), due to reports of increased adverse outcomes among pregnant women 

infected with H1N1 influenza. At the time, little was known about H1N1 vaccine safety in 

this population, including potential adverse birth outcomes.

Since then, several studies have compared pregnant women vaccinated with H1N1 with 

unvaccinated pregnant women and generally found no increase in adverse pregnancy 

outcomes between the groups [1–5]. Most of these studies, however, focused mainly on 

women immunized in the latter half of their pregnancy.

The aim of this study was to assess the safety of H1N1 vaccine compared with TIV vaccine 

administered during all three trimesters by evaluating birth outcomes following 

immunization of pregnant women during 2009–2010 within Kaiser Permanente Northern 

California (KPNC).

2. Methods

2.1. Setting

KPNC is an integrated healthcare delivery system which provides comprehensive health care 

for its 3.7 million members in more than 15 counties. KPNC employs over 7000 physicians, 

and operates 51 outpatient clinics and 22 hospitals distributed throughout the greater San 

Francisco Bay and Sacramento metropolitan areas. KPNC members receive nearly all their 

care at KPNC facilities. KPNC utilizes a unique medical record number for each member 

throughout all administrative and clinical databases, linking information for the same 

individual over time and across all services, including hospitalizations, emergency 

department, and outpatient visits. KPNC clinical databases include, but are not limited to, 

pharmacy, laboratory, procedures, radiology, authorized outside medical services, health 

plan membership and demographic information. KPNC maintains an immunization database 

which routinely captures all vaccines administered. KPNC has an annual birth cohort of 

approximately 34,000 (and an Infant Cohort Registry which collects birth information) and 

excellent retention of members KPNC (which includes Medi-Cal members) is generally 

representative of the age and ethnic background found in the state of California. 

Immunizations are provided without charge, and with outreach to improve coverage. KPNC 

has a strong annual influenza vaccine outreach program strongly encourages everyone, 

including pregnant women, to receive the influenza vaccine.
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2.2. Study population

We originally identified subjects as part of a telephone interview study of pregnant women 

in 2009. The overall purposes of this telephone study were (1) to learn about non-medically 

attended adverse events and reactions in pregnant women following vaccination with H1N1 

and TIV vaccines; and (2) to assess attitudes, knowledge, and information sources of 

pregnant women regarding these vaccines. For the original survey, we included women aged 

≥18 years who were pregnant during October 2009 through December 2009 and who 

received at least one influenza vaccine during their pregnancy. We identified pregnant 

women in real time using a combination of electronic medical record data, including 

estimated date of delivery, presence of prenatal labs and pregnancy result tests. The original 

design was to distribute the trimester of immunization (as determined using their expected 

date of delivery in the electronic medical record) evenly throughout the population. Data on 

maternal age was also collected in order to ensure that bias would not arise from a large 

difference in maternal age between comparison groups. We completed all telephone 

interviews by March 30, 2010. This current study focused only on the birth outcomes of 

those women who participated in the original telephone interview survey study and whose 

results were presented in a fall 2012 report to the CDC.

2.3. Sample size

We originally planned to survey a total of 4500 pregnant women distributed among the 

following vaccination groups: 1. H1N1 only (n = 1500); 2. TIV only (n = 1500); 3. H1N1 

and TIV on same date (n = 750); and 4. H1N1 and TIV on separate dates (n = 750). We 

designed our sampling scheme to collect an even distribution of women vaccinated in the 

first, second or third trimester of pregnancy. As the main study effort was to determine 

immediate adverse reactions to the immunization, we based the sample size on an expected 

fever rate of 5% in one group in order to have 80% power to detect a difference between the 

5% fever rate and a 7.5% fever rate using a 2 tailed test (α = 0.05).

2.4. Outcomes

We assessed the following birth outcomes using the electronic medical record: preterm birth 

(<37 weeks), very preterm birth (<32 weeks), low birth weight (LBW, <2500 g), very LBW 

(<1500 g) [6], small for gestational age (SGA) [7], spontaneous abortions, stillbirths and 

congenital anomalies through aged 3 years. The term incidence in this study is used to mean 

cumulative incidence (or incidence proportion) as a measure of risk. We identified stillbirths 

and spontaneous abortions as described in Appendix A and congenital anomalies in 

Appendix B.

2.5. Analyses

We categorized all study subjects into one of the following five vaccine groups: TIV only 

(“TIV only”), H1N1 vaccine only (“H1N1 only”), H1N1 vaccine prior to TIV vaccine (“H 
before T”), TIV vaccine prior to H1N1 vaccine (“T before H”), and both TIV and H1N1 

vaccines given on the same day (“Simultaneous”). We also created a combined H1N1 

vaccine group (“Any H1N1”) which included all subjects who received an H1N1 vaccine 
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regardless of timing (i.e., all subjects in the “H1N1 only”, “H before T”, “T before H” and 

“Simultaneous” groups).

For preterm birth and LBW, as is commonly done, multiple births were excluded as these 

birth weights and gestational ages would be outliers in the data. For certain analyses, we 

only included women immunized prior to the time when an outcome could occur (e.g. 

analyses of preterm births only included mothers immunized prior to 37 weeks; analyses of 

very preterm birth only included mothers immunized prior to 32 weeks). We included all 

births (i.e., singleton and multiple births) when assessing rates of congenital anomalies.

Because these analyses only evaluated the study population of those who participated in the 

original telephone survey, the number of observations in each of the vaccine groups and the 

size of the ‘TIV only’ group was too small to fit regression models. We therefore calculated 

incidence (cumulative incidence or proportional incidence) and 95% confidence intervals 

(CIs) for birth outcomes and examined them to see if the CIs were mutually exclusive 

between vaccine groups. We also compared the “H1N1 only” women with “TIV only” 

women to determine whether H1N1 immunization was associated with increased incidence 

of negative birth outcomes. To assess for any potential excess risk following H1N1 vaccine, 

we compared “TIV only” recipients with women who received “Any H1N1” vaccine. At this 

time, the CDC recommended routine influenza vaccination for all women who are or will be 

pregnant during the influenza season as no study to date demonstrated an increased risk of 

either maternal complications or adverse fetal outcomes associated with inactivated 

influenza vaccination [8].

3. Results

From December 2009 to March 2010, we telephoned 7975 pregnant women and enrolled 

5365 who completed the interview. Of these, we identified 38 (0.7%) who subsequently had 

a spontaneous abortion, 37 (0.7%) who had a stillbirth, 22 (0.4%) who had other pregnancy 

outcomes (e.g. therapeutic abortion, ectopic pregnancy and blighted ovum; Appendix A), 

and 232 (4%) for which pregnancy outcomes were not available in the electronic medical 

record (e.g., gave birth at non-KPNC hospitals or home births), for a final study population 

of 5036 women who had 5160 live births (Fig. 1). The singleton births population was 4936 

women, the potential preterm birth population was 4808 (immunized prior to 37 weeks), and 

the potential very preterm population was 4324 (immunized prior to 32 weeks gestation). 

Overall, 40.7% of women were immunized in the first trimester, 33.1% in the second 

trimester and 26.2% in the third trimester (Table 1).

Incidence of preterm births, low birth weight, and congenital anomalies did not differ 

between vaccine groups (Table 2). A sub-analysis among women immunized in the first 

trimester did not detect an association between first trimester H1N1 immunization and 

congenital anomalies, with similar congenital anomalies incidence after TIV Only [3.11 per 

100 births (95% CI 2.34–4.04) and after Any H1N1 [3.16 per 100 births (95% CI 2.87–

3.47)]. A further sub-analysis among singleton births only did not find an association 

between H1N1 immunization and congenital anomalies: after TIV only [2.49 per 100 births 

(95% CI 2.05–3.01)] and after Any H1N1 [2.63 per 100 births (95% CI 2.48–2.79)]. The 

Eaton et al. Page 4

Vaccine. Author manuscript; available in PMC 2019 August 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



incidence of preterm births was similar between vaccine groups and ranged from 5.88 to 

6.74 per 100 births, with the exception of the “H before T” group (2.40 per 100 births, 95% 

CI 0.49–7.01). Similarly, comparing “TIV only” with combined “Any H1N1” did not detect 

any difference in preterm births, low birth weight or congenital anomalies, based on lack of 

mutually exclusive CIs between the groups (Fig. 2). Incidence for babies born very preterm, 

with very low birth weight or SGA, as well as spontaneous abortions and stillbirths did not 

differ between vaccine groups, based on lack of mutually exclusive CIs between the groups. 

Incidence ranged from 0.00 to 8.29 per 1000 births for very preterm births, from 0.00 to 6.73 

per 1000 births for very low birth weight, and from 6.77 to 23.62 per 1000 births for SGA 

infants. Incidence of spontaneous abortions ranged from 4.63 to 13.70 per 1000 pregnancies 

and incidence of stillbirths ranged from 1.55 to 13.66 per 1000 pregnancies (Tables 2 and 3). 

A further comparison using Fisher’s exact test found no significant differences among 

mothers vaccinated with any H1N1 compared with mothers vaccinated with TIV for 

spontaneous abortion (p = 0.23) nor for still births (p = 0.27). Comparing “TIV only” with 

the combined “Any H1N1” group also did not detect any difference in incidence of very 

preterm birth, very low birth weight, SGA, spontaneous abortions and stillbirths, based on 

lack of mutually exclusive CIs between the groups (Fig. 3).

4. Discussion

This study compared adverse pregnancy and birth outcomes following immunization of 

pregnant women with pandemic H1N1 vaccine, TIV alone, and different combinations of 

H1N1 and TIV vaccines. Because most outcomes examined in our study were relatively 

rare, we looked for overlap between the 95% confidence intervals around outcome incidence 

and found incidence for the two groups contained in the ranges of confidence intervals for 

each incidence indicating no significant difference in adverse pregnancy outcomes for H1N1 

immunization during pregnancy compared to TIV. If the point estimates for the incidence in 

each group are contained in the CI of the incidence for the other group, then no 2-tailed test 

would produce a significant p-value. Comparing H1N1 with TIV vaccines, we also assessed 

for potential excess risk of adverse pregnancy and birth outcomes and did not detect an 

excess risk associated with H1N1 versus TIV vaccines. Overall, this study did not detect any 

new safety concerns among pregnant women vaccinated with H1N1 vaccine alone or those 

vaccinated with both H1N1 and TIV vaccines.

Differential influenza vaccine availability at Kaiser Permanente throughout the 2009–2010 

influenza season posed substantial challenges regarding our ability to assess H1N1 vaccine 

risk. H1N1 vaccine was available early in the influenza season and TIV was not. TIV was 

available later in 2009, during which time there was overlap in availability of both vaccines. 

This period was then followed by shortages of H1N1 vaccine early in 2010, although it was 

again available later in the influenza season. Although such variability in influenza vaccine 

availability is not uncommon because the influenza virus types typically change from year to 

year, manufacturers, along with the CDC, must work to predict the influenza virus strain and 

incorporate these changes into the vaccine on an annual basis rather than simply 

manufacturing the same vaccine as the prior year. During the 2009–2010 influenza season, 

these influenza vaccine production and distribution challenges were further exacerbated 
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because both H1N1 and TIV vaccines needed to be rapidly produced and distributed, which 

led to the differential vaccine availability we observed in this study.

Since 2004, the American College of Obstetrics and Gynecology and the ACIP have 

recommended inactivated influenza vaccine for all pregnant women [8–10]. In our study, we 

specifically compared pregnancy and birth outcomes following any H1N1 vaccine 

(regardless of TIV receipt) with recommended seasonal TIV alone in order to detect whether 

H1N1 was associated with an excess risk of adverse pregnancy and birth outcomes.

Our findings are consistent with other studies which evaluated adverse pregnancy and birth 

outcomes following immunization with H1N1 vaccine. KPNC’s incidence for preterm, low 

birth weight, very preterm and very low birth weight outcomes were well below the reported 

incidence for United States singleton births [11]. Studies comparing pregnant women 

vaccinated with H1N1 vaccine with unvaccinated pregnant women have reported no increase 

in adverse pregnancy outcomes following H1N1 vaccination [12–17]. Another study found 

no difference in adverse pregnancy outcomes among pregnant women immunized with TIV 

during 2008–2009 influenza season compared with pregnant women who received H1N1 

vaccine during 2009–2010 influenza season [18], while another found no excess adverse 

birth outcomes associated with H1N1 vaccine when compared with TIV [19]. A review of 

reports to the Vaccine Adverse Event Reporting System [20] similarly found no concerning 

patterns of fetal outcomes during the 2009–2010 influenza season [21]. Finally, case-control 

studies from a birth defects registry [22] and from live births in Taiwan found no indication 

that H1N1 immunization was associated with adverse birth outcomes [23]. Our study 

provides further evidence that H1N1 vaccine administered during pregnancy was not 

associated with excess adverse birth and pregnancy outcomes by comparing outcomes 

associated with any H1N1 immunization during the 2009/2010 flu season to outcomes 

associated with seasonal influenza immunization alone during the same flu season.

Strengths of our study include our selection of pregnant women who received H1N1 vaccine 

during all three trimesters of pregnancy. While prior studies focused primarily on 

vaccinations during the second and third trimesters, 40% of the pregnant women in our study 

were immunized in their first trimester of pregnancy, which is a higher proportion vaccinated 

in the first trimester than has been reported in other studies of seasonal influenza vaccination 

during pregnancy [24]. Several recently published studies have found no increase in adverse 

birth and pregnancy outcomes associated with influenza immunization during the first 

[25,26]. In particular Baum et al. conducted a sub-analyses of women vaccinated with 

adjuvanted influenza vaccine (our study examined non adjuvanted influenza vaccine) among 

mothers in their first trimester and concluded that this exposure did not show any adverse 

impact on perinatal survival and health which is similar to our findings [27]. An additional 

strength was our ability to capitalize on KPNC’s comprehensive electronic medical record 

and near complete capture of all birth outcomes, which provided us with confidence that we 

missed minimal birth outcome data for our study population and allowed us to look at 

multiple outcomes. Historically there has been hesitancy among pregnant women to receive 

influenza immunization during the first trimester [28]. Given the potential for pregnancy-

related complications of H1N1 in early pregnancy the findings in this study can be used to 
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support women in their first trimester of pregnancy in a decision to receive influenza vaccine 

that contains H1N1 [29].

This study had limitations. The primary limitation was the small number of adverse 

outcomes in each vaccine group, which precluded performing regression models. However, 

our comparison of incidence and 95% CI across the different vaccine groups potentially 

provides a reasonable and sensitive alternative approach. Another limitation was that while 

we had intended to enroll an equal distribution of women immunized during each trimester 

of pregnancy, the differential availability of the influenza vaccines during the 2009–2010 

influenza season limited our ability to create a balanced sample across trimesters and across 

vaccine groups. Although 232 participants did not have pregnancy outcomes recorded in the 

EMR, this should not affect the generalizability of the study as the majority of these missing 

outcomes were due to a change in health care coverage prior to the end of the pregnancy, 

with a few additional missing outcomes due to home births.

In conclusion, this study found no excess risk for adverse birth outcomes following H1N1 

immunization when compared with TIV immunization and provides further support for the 

safety of H1N1 vaccine administered to pregnant women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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References

[1]. Jamieson DJ, Honein MA, Rasmussen SA, Williams JL, Swerdlow DL, Biggerstaff MS. H1N1 
2009 influenza virus infection during pregnancy in the USA. Lancet 2009;374:451–8. [PubMed: 
19643469] 

[2]. Louie JK, Acosta M, Jamieson DJ, Honein MA. Severe 2009 H1N1 influenza in pregnant and 
postpartum women in California. New England J Med 2010;362:27–35. [PubMed: 20032319] 

[3]. McMillan M, Porritt K, Kralik D, Costi L, Marshall H. Influenza vaccination during pregnancy: a 
systematic review of fetal death, spontaneous abortion, and congenital malformation safety 
outcomes. Vaccine 2015;33:2108–17. [PubMed: 25758932] 

[4]. Mosby LG, Rasmussen SA, Jamieson DJ. 2009 pandemic influenza A (H1N1) in pregnancy: a 
systematic review of the literature. Am J Obstet Gynecol 2011;205:10–8. [PubMed: 21345415] 

[5]. Pierce M, Kurinczuk JJ, Spark P, Brocklehurst P, Knight J. Perinatal outcomes after maternal 
2009/H1N1 infection: national cohort study. BMJ 2011;342: d3214. [PubMed: 21672992] 

[6]. National Vital Statistics Reports 2015:64(12)

[7]. Brenner WE, Edelman DA, et al. A standard of fetal growth for the United States of America. Am 
J Obstet Gynecol 1976;126(5):555–64. [PubMed: 984126] 

[8]. Tamma PD, Ault KA, del Rio C, Steinhoff MC, Halsey NA, Omer SB. Safety of influenza 
vaccination during pregnancy. Am J Obstet Gynecol 2009;201 (6):547–52. [PubMed: 19850275] 

[9]. ACOG Committee Opinion No. 305 Influenza vaccination and treatment during pregnancy. 
American College of Obstetrics and Gynecology. Obstetrics and Gynecology 2004:104;1125–6. 
[PubMed: 15516422] 

[10]. Mak TK, Mangtani JL, Watson JM, Pfeifer D. Influenza vaccination in pregnancy: current 
evidence and selected national policies. Lancet Infect Dis 2008;8:44–52. [PubMed: 18156088] 

[11]. op cit National Vital Statistics; 2015.

[12]. Keller-Stanislawski B, Englund JA, Kang G, Mangtani P, Neuzil K, Nohynek H, Pless R, 
Lambach P, Zuber P. Safety of immunization during pregnancy: a review of the evidence of 
selected inactivated and live attenuated vaccines. Vaccine 2014;32:7057–64. [PubMed: 
25285883] 

[13]. Beau AB, Hurault-Delarue C, Vidal S, Guitard C, Vayssiere C, Petiot D, Montastruc JL, Damase-
Michel C, Lacroix I. Pademic A/H1N1 influenza vaccination during pregnancy: a comparative 
study using the EFEMERIS database. Vaccine 2014;32:1254–8. [PubMed: 24486369] 

[14]. Chambers CD, Johnson D, Ronghui X, Luo Y, Luik C, Mitchell A, Schatz M, Jones K. Risks and 
safety of pandemic h1n1 influenza vaccine in pregnancy: birth defects, spontaneous abortion, 
preterm delivery, and small for gestational age infants. Vaccine 2013;31:5026–32. [PubMed: 
24016809] 

[15]. Haberg SE, Trogstad L, Gunnes N, Wilcox AJ, Gjessing HK, Samuelson SO, Skrondal A, 
Cappelen I, Engleland A, Aavitsland P, Madsen S, Buajordet I, Furu K, Nafstad P, Vollset SE, 
Feiring B, Nokleby H, Magnus P, Stoltenbery C. Risk of fetal death after pandemic virus or 
vaccination. New England J Med 2013;368:333–40. [PubMed: 23323868] 

[16]. Lin T, Lin S, Lin C, Lin R, Lin H Chiu T, Cheng P, Lee C. AdimFlu-S influenza A (H1N1) 
vaccine during pregnancy: The Taiwanese pharmacovigilance survey. Vaccine 2012;30:2671–5. 
[PubMed: 22342546] 

[17]. Louik C, Ahren K, Kerr S, Pyo J, Chambers C, Jones KL, Schatz M, Mitchell AA. Risk and 
safety of pandemic H1N1 influenza vaccine in pregnancy: exposure prevalence, preterm delivery, 
and specific birth defects. Vaccine 2013;31:5033–40. [PubMed: 24016804] 

[18]. Richards JL, Hansen C, Bredfeldt C, Bednarczyk RA, Steinhoff MC, AdjayeGbewonyo D, Ault 
K, Gallagher M, Orenstein W, Omer RL, Davis SB. Neonatal outcomes after antenatal influenza 
immunization during the 2009 H1N1 influenza pandemic: impact on preterm birth, birth weight, 
and small for gestational age birth. Clin Infect Dis 2013;56(9):1216–22. [PubMed: 23378281] 

Eaton et al. Page 8

Vaccine. Author manuscript; available in PMC 2019 August 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[19]. Conlin AMS, Bukowinski AT, Sevick CJ, DeScisciolo C, Crum-Cianflone NF. Safety of the 
pandemic H1N1 influenza vaccine among pregnant U.S. military women and their newborns. 
Obstet Gynecol 2013;121(3):511–8. [PubMed: 23635612] 

[20]. Nordin J, Kharbanda EO, Vazquex-Benitez G, Lipkind H, Lee GM, Naleway AL. Monovalent 
H1N1 influenza vaccine safety in pregnant women, risks for acute adverse events. Vaccine 
2014;32:4985–92. [PubMed: 25045808] 

[21]. Moro PL, Broder K, Zheteyeva Y, Walton K, Rohan P, Sutherland A, et al. Adverse events 
following administration to pregnant women of influenza A (H1N1) 2009 monovalent vaccine 
report to the Vaccine Adverse Event Reporting System. Am J Obstet Gynecol 2011:204(2);
146.e1–7. 10.1015/j.agof.2010.08.050. [PubMed: 20965490] 

[22]. Moro PL, Broder K, Zheteyeva Y, Revzina N, Tepper N, Kissin D, Barash F, Arana J, Brantly 
MD, Ding H, Singleton JA, Walton K, Haber P, Lewis P, Yue X, DeStefano F, Louik C, Ahrens 
K, Kerr S, Pyo J, Chambers C, Jones KL, Schatz M, Mitchell AA. Risks and safety of pandemic 
H1n1 influenza vaccine in pregnancy: exposure prevalence, preterm delivery, and specific birth 
defects. Vaccine 2013:5033–40. [PubMed: 24016804] 

[23]. Huang W, Tany R, Yang S, Chih Y, Chuant J. Safety of inactivated monovalent pandemic (H1N1) 
2009 vaccination during pregnancy: a population-based study in Taiwan. Vaccine 2014;32:6463–
8. [PubMed: 25285884] 

[24]. Vica L, Verma A, Buckeridge D. A populations analysis of predictors of influenza vaccination 
uptake in pregnant women: the effect of gestational and calendar time. Prev Med 2017;99:111–7. 
[PubMed: 28216380] 

[25]. McHugh L, Andrews R, Lambert S, Viney K, Wood N, Perrett K, Marshall H, Richmond P, 
O’Grady K. Birth outcomes for Austrailian mother-infant pairs who received an influenza 
vaccine during pregnancy, 2012–2014. FluMum Study 2017;35:1403–9.

[26]. Wortman A, Casey B, McIntire D, Sheffield J. Association of influenza vaccination on decreased 
still birth rate. Am J Perinatol 2015;32(6):571–6. [PubMed: 25607230] 

[27]. Baum U, Leino T, Gissler M, Kilpi T, Jakinen J. Perinatal survival and health after maternal 
influenza A(H1N1) pdn09n vaccination: a cohort study of pregnancies stratified by trimester of 
vaccination. Vaccine 2015;33:4850–7. [PubMed: 26238723] 

[28]. Henniger M, Crane B, Naleway A. Trends in influenza vaccine coverage in pregnant women, 
2008–2012. Permanente J 2013;17(2):31–3.

[29]. Carlson A, Thung S, Norwitz E. H1N1 Influenza in pregnancy: what all obstetric care providers 
ought to know. Obstet Gynecol 2009;2(3):129–45.

Eaton et al. Page 9

Vaccine. Author manuscript; available in PMC 2019 August 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Original study population.
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Fig. 2. 
Incidence (with 95% confidence intervals) of preterm birth, low birth weight and congenital 

anomalies of babies born to mothers immunized by TIV only or any H1N1 among the study 

population of vaccinated pregnant women, October 2009–March 2010.
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Fig. 3. 
Incidence (with 95% confidence intervals of very preterm birth, very low birth weight, 

spontaneous abortion, stillbirth and small for gestational age following immunization by 

TIV only or any H1N1 among the study population of vaccinated pregnant women, October 

2009–March 2010. * Incidence are per 100 births with the exception of spontaneous 

abortion and stillbirths, which are per 1000 pregnancies
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