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Abstract: Influenza poses unique risks to pregnant women, who are particularly susceptible
to morbidity and mortality. Historically, pregnant women have been overrepresented among
patients with severe illness and complications from influenza, and have been more likely to
require hospitalization and intensive care unit admission. An increased risk of adverse outcomes
is also present for fetuses/neonates born to women affected by influenza during pregnancy.
These risks to mothers and babies have been observed during both nonpandemic and pandemic
influenza seasons. During the H1N1 influenza pandemic of 2009–2010, pregnant women were
more likely to be hospitalized or admitted to intensive care units, and were at higher risk of
death compared to nonpregnant adults. Vaccination remains the most effective intervention to
prevent severe illness, and antiviral medications are an important adjunct to ameliorate disease
when it occurs. Unfortunately, despite national guidelines recommending universal vaccination
for women who are pregnant during influenza season, actual vaccination rates do not achieve
desired targets among pregnant women. Pregnant women are also sometimes reluctant to use
antiviral medications during pregnancy. Some of the barriers to use of vaccines and medications during pregnancy are a lack of knowledge of recommendations and of safety data. By
improving knowledge and understanding of influenza and vaccination recommendations, vaccine acceptance rates among pregnant women can be improved. Currently, the appropriate use
of vaccination and antiviral medications is the best line of defense against influenza and its
sequelae among pregnant women, and strategies to increase acceptance are crucial. This article
will review the importance of influenza in pregnancy, and discuss vaccination and antiviral
medications for pregnant women.
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Influenza is a potentially serious infectious disease that causes yearly outbreaks of
respiratory illness. These outbreaks occur in all corners of the world in people of any
age and are most commonly seen during the winter months. Significant morbidity
and mortality can result, especially in certain populations. Persons aged 65 years or
greater, young children, and persons of any age with underlying conditions, including
pregnancy, are at higher risks for complications, including hospitalization or death.1
In most influenza seasons, seasonal strains are the most prevalent, although pandemic
strains can occasionally emerge, such as H1N1 influenza in 2009–2010. The combined use of vaccination and antiviral medications when appropriate can decrease the
risks of influenza in pregnancy by reducing the likelihood of acquiring infection and
ameliorating its effects in women who are infected. The objective of this paper is to
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present data on the risk management of influenza in pregnant
women, including safety and efficacy data for vaccination
and antiviral medications.

Risk of influenza in pregnancy
Risks of influenza in pregnancy
to the pregnant woman
Pregnant women have consistently been found to be at a
higher risk for morbidity and mortality from both seasonal
and pandemic influenza compared to nonpregnant adults.2–18
Changes in physiology and immune function in pregnancy
include: increased heart rate, stroke volume, and oxygen
consumption; a decrease in lung capacity; and alterations
in cell-mediated immunity. These physiologic and immune
changes may lead pregnant women to be predisposed to
more severe disease and/or worse outcomes from influenza
infections relative to nonpregnant individuals.
In a surveillance study of 19 seasonal influenza seasons,
pregnant women had a significantly higher rate of hospitalization due to an acute cardiopulmonary event during influenza
season than women during the postpartum period.2 In a
study comparing hospital admissions for pregnant women
during influenza season to the year before they were pregnant, pregnant women were up to five-times more likely to
be admitted for a respiratory illness.3 In a Canadian study
of national hospital admission records for pregnant women
admitted with a respiratory illness during influenza season
from 1994 to 2000, admission rates were 150/100,000.4 In
an American series, the admission rate was 250/100,000 for
pregnant women during the third trimester.2 These rates are
equivalent to those estimated for Canadian adults aged 65–69
years and 75–79 years, respectively.5 In general, all pregnant
women (regardless of the presence of comorbidities) are at a
higher risk for hospital admission related to influenza compared to nonpregnant women with comparable age and health,
with the magnitude of increased risk ranging from four- to
18-fold.3,5 The degree of risk has also been demonstrated to
rise with advancing gestational age and in the presence of
any comorbidities.2,3,6
Just as pregnant women have a higher risk for complications and admission to hospital with seasonal influenza, data
during pandemics have also documented similar risks. In the
1918 H1N1 influenza pandemic, half of all pregnant patients
in one study had pneumonia and there was a 27% case fatality
rate among pregnant women.7 In the H2N2 influenza pandemic in 1957–1958, one half of women of reproductive age
who died from pandemic influenza were pregnant.8
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More recently, pregnant women were again overrepresented
among cases of illness and death in the 2009 global H1N1
influenza pandemic. Although only roughly 1% of the
population is pregnant at any given time, in a systematic
review of 120 studies reporting on 3,110 pregnant women
from 29 countries with H1N1 influenza, pregnant women
accounted for approximately 6% of individuals who were
hospitalized, were admitted to the intensive care unit (ICU),
and died as a result of H1N1.9
In a case series from Canada, there were 78 pregnant
women among a group of 1,479 patients admitted to
hospitals over a 6-month period (April to September) in 2009
with laboratory-confirmed pandemic H1N1 influenza. The
78 pregnant women were more likely to require admission
to the ICU (2.59 versus 0.33 per 100,000) or die (0.80 versus
0.05 per 100,000) compared to nonpregnant women of childbearing age.10 In another Canadian series from Manitoba,
18 out of 30 pregnant women with pandemic H1N1 influenza
were admitted to hospital and six required ICU admission.11
Of those six, four were in their third trimester and two died.
In a national surveillance study, the greatest number of
hospital and ICU admissions and deaths occurred among
pregnant women in the third trimester relative to earlier in
pregnancy.12
In the United States, pregnant women accounted for
approximately 5% of all deaths related to H1N1 in 2009.13
One of the earliest published series from the epidemic was
published in the spring of 2009 and reported on 20 pregnant
women with novel H1N1 influenza.14 Three of these women
were admitted to hospital (two in the third trimester) and
one died. A second series was then published with 34 pregnant women. Eleven of these required admission to hospital
with six dying (one in the first trimester, one in the second
trimester, and four in the third trimester). In this series,
pregnant women had a greater than fourfold likelihood of
hospitalization compared to nonpregnant adults (relative
risk 4.3; 95% confidence interval [CI], 2.3–7.8).15 Similarly,
in a report from New York City, the rate of hospitalization
was significantly higher in pregnancy (55.3 compared with
7.7 per 100,000 population).16 Finally, among 94 hospitalized pregnant women in California in 2009, 95% were in
the second or third trimesters. In this series, 18 women
were admitted to the ICU with many requiring mechanical
ventilation. Of these 18 women with more severe disease,
12 went into labor and gave birth while admitted to the ICU,
and eleven of these had preterm labor. Six pregnant women
in this published report died.17
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Published data from Australia also showed that pregnant
women had an increased risk for morbidity and mortality
compared to the general population. From May to July 2009,
43 pregnant women were sufficiently ill to need hospital
admission, and eight were admitted to the ICU.18 About one
third of women hospitalized delivered while admitted, and
roughly 50% had no risk factor for severe disease apart from
pregnancy.

Risk of influenza in pregnancy
to the fetus/newborn infant
Just as respiratory disorders and influenza lead to morbidity
for pregnant women, so too are they linked with an increased
rate of adverse pregnancy outcomes. The available evidence
suggests that viremia is infrequent and, therefore, that transplacental transmission is rare.19,20 However, many studies
have documented pregnancy loss and adverse fetal effects
among women with both seasonal and pandemic influenza
during pregnancy.
A Canadian population-based cohort study found that
infants born to women who were hospitalized for a respiratory illness during influenza season over 13 years had a
significantly increased risk of being born small for their
gestational age (adjusted relative risk 1.66) and having a
lower mean birthweight.21 In a case series from the 1918
H1N1 pandemic, one quarter of women with uncomplicated
influenza and more than half of those with pneumonia had
a pregnancy loss.7 A documented decline in the birth rate in
the spring of 1919 (after the end of the pandemic) has been
postulated to be a result of first trimester pregnancy losses in
one out of ten women during the peak of the pandemic.22
In pregnancies not affected by early loss, there has been
an excess of adverse outcomes in women with influenza. In
a Norwegian national registry study, there was an increased
rate of fetal death among pregnancies complicated by 2009
H1N1 influenza.23 In a United Kingdom series of 256 women
with 2009 H1N1 influenza, there was an increased perinatal
mortality rate (39 per 1000 births compared to 7 per 1000
in women without influenza), stillbirth rate, and a fourfold
increased likelihood of preterm birth.24 The highest risk for
preterm labor occurred in women with infection in the third
trimester, ICU admission, and pneumonia. Other studies of
women from the United States and Canada with pandemic
influenza have also found increased rates of preterm birth
and low birth weight.11,25–27 In addition, in one study, infants
born to mothers with severe influenza had an increased
risk of admission to neonatal ICU and lower 5-minute
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Apgar scores, whether they were delivered during the
maternal hospital stay or after discharge.25

Vaccination for influenza
during pregnancy
Vaccination for influenza is still the most effective strategy
to prevent severe infection and its sequelae, and pregnant
women are considered a priority population for vaccination
due to their increased vulnerability. Influenza vaccination
has been recommended by national organizations in Canada
since 2007 and in the United States since 2004 for all women
who are pregnant during the influenza season, irrespective
of gestational age.1,28 Immunization during pregnancy is
important because of the proven benefits for both mothers
and infants in terms of decreasing disease burden.

Seasonal influenza vaccine
immunogenicity and efficacy
for reducing disease burden among
pregnant women and infants
Studies assessing immunogenicity have consistently shown
that pregnant women mount a protective antibody response
after vaccination, although many of these were nonrandomized or cohort studies. Two studies from 1976 showed that
pregnant women had similar mean antibody titers when compared with nonpregnant women who were immunized,29,30 and
later studies of both seasonal and H1N1 vaccines have also
found protective antibody levels among pregnant women who
were vaccinated.31–34 Some studies have demonstrated that
actual geometric mean titers are lower in pregnant compared
to nonpregnant vaccine recipients, although antibody levels
were still in the protective range. In one study, 29 pregnant
women vaccinated at all stages of pregnancy had lower mean
titers postvaccination compared to 22 nonpregnant women,
although the overall percentage of women who seroconverted
was greater than 90% in both groups.35 In another study of
239 pregnant women, seroconversion rates were lower among
women vaccinated in the first trimester compared with later in
pregnancy, and lower among women with a higher body mass
index.36 The Mother’s Gift Project was a large randomized
trial performed in 2004–2005 in Bangladesh and published
in 2008.37 Pregnant women were randomized to receive either
the influenza (n=172) or pneumococcal vaccine (n=168).
This trial differed from previous efficacy studies in that its
main maternal outcome was clinical benefit of vaccination
rather than immunogenicity. The results showed that pregnant
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women who received the influenza vaccine were 36% less
likely to develop a respiratory illness and fever compared
to those women who received the pneumococcal vaccine.37
Another trial that assessed clinical outcomes instead of
immunogenicity was a case-control study showing that vaccination during pregnancy reduced the risk of acute respiratory illness associated with laboratory-confirmed influenza
by about 50%.38
Just as there is good data to document efficacy of maternal
vaccination for preventing disease in pregnant women, so too
have there been many studies37,39–41 proving that infants of
women who received the influenza vaccine while pregnant
have a lower risk of illness and infection after birth. In the
Mother’s Gift Project, among infants up to 6 months old whose
mothers received influenza vaccination during pregnancy,
there was a 63% reduction in the likelihood of a positive influenza test and a 29% decrease in febrile illnesses.37 In a cohort
study of 1,169 mother–infant pairs on Navajo and Apache
Indian reservations, infants born to pregnant women who were
vaccinated over three influenza seasons had a 41% reduction in
the risk of laboratory-confirmed influenza (relative risk 0.59)
and a 39% reduction in the risk of hospitalization (relative risk
0.61).39 In a 2000–2009 case-control study from Connecticut
of infants less than 6 months of age who were hospitalized for
influenza, 2.2% of 91 infected infants had mothers who were
vaccinated in pregnancy compared to 19.9% of 156 control
infants whose mothers were not vaccinated, resulting in a
91.5% effectiveness of maternal vaccination for preventing
infant hospitalization.40 An American surveillance study from
three states documented that 12% of mothers whose infants
tested positive for influenza and 20% of mothers whose
infants tested negative had received a vaccine in pregnancy,
with a resulting 45%–48% decrease in infant hospitalization
due to influenza.41
In addition to the data showing lower infection rates, there
is also evidence of decreased adverse fetal outcomes among
infants of vaccinated women. In a large Canadian database
study of 9,781 pregnant women, the adjusted odds ratio for
small for gestational age was 0.80 (95% CI, 0.65–0.95),
and for low birth rate was 0.74 (95% CI, 0.58–0.95), among
children born to women who received the vaccine during
pregnancy compared to women who were not vaccinated.42
Rates of preterm birth and other adverse neonatal outcomes
were also lower among vaccinated women, although not
statistically significant. Other studies have documented
decreases in preterm birth rates and the likelihood of smallfor-gestational-age neonates among women given the vaccine
during periods of influenza activity.43,44
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Pandemic H1N1 influenza vaccine
immunogenicity and efficacy
Immunogenicity and efficacy data from the 2009–2010 influenza A (H1N1) pandemic were very similar among pregnant
women when compared to seasonal influenza vaccination.
Seroprotective titers were observed in populations of both
HIV-negative and HIV-positive women who were vaccinated
during pregnancy.45,46 In a cohort of 120 women, 89% also
had seroprotective titers in cord blood at delivery, confirming
transplacental transfer of antibody.45 In a retrospective cohort
study of 1,125 women who were vaccinated against H1N1
influenza during pregnancy compared to 2,202 women who
did not receive the vaccine, infants of vaccinated women
were significantly less likely to be born preterm (adjusted
odds ratio, 0.63; 95% CI, 0.47–0.84) and had heavier birth
weights.47 In a recent Canadian study, infant outcomes among
23,340 pregnant women given the adjuvanted pandemic
A/H1N1 vaccine were compared to 32,230 women who
did not get vaccinated. The immunized mothers had lower
chances of having a small-for-gestational-age infant (risk
ratio, 0.90; 95% CI, 0.85–0.96), preterm birth <32 weeks
(risk ratio, 0.73; 95% CI, 0.53–0.91), or fetal death (risk
ratio, 0.66; 95% CI, 0.47–0.91).48

Seasonal influenza vaccine safety
Despite decades of use of influenza vaccines in pregnancy,
no study has demonstrated any harmful consequences of the
vaccine among pregnant women or their infants. Historic
data from the 1960s showed that, among 2,291 pregnant
women who received trivalent inactivated vaccine, there
was no increase in the rates of adverse events in mothers
or the offspring.49 In studies from the 1970s and 1980s,
there were no serious side effects from influenza vaccine
administration in pregnant women and no fetal, perinatal,
or infant complications.29–31 In the Mother’s Gift Project,
no serious adverse events were reported in the mothers
receiving vaccine, and there was no increase in pregnancy
complications or adverse birth or neonatal events.37 In a
database study comparing 3,719 vaccinated women and
45,866 controls, there were no serious maternal adverse
events and no difference in rates of cesarean section or
preterm birth between the groups.50 Reports from the
Vaccine Adverse Event Reporting System (VAERS)
provide safety data on large numbers of women who
received influenza vaccines during pregnancy. Reports
from 1990–2009 (over 11 million vaccinated women) and
2000–2003 (approximately 2 million vaccinated women)
conclude that vaccination during pregnancy does not result
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in an increased risk of adverse pregnancy outcomes when
compared to background population rates.51,52

Pandemic H1N1 influenza vaccine safety
Because pregnant women were quickly identified as a priority
population for vaccination during the influenza A (H1N1)
pandemic that began in 2009, thousands were vaccinated
worldwide and were part of clinical trials to evaluate safety
and efficacy. Published reports from many different countries
reinforced that this vaccine was safe in pregnancy, although
the exact formulations, dosages, and presence or absence of
adjuvant differed. Studies of over 1000 women from Italy,
France, Scotland, and the United Kingdom reported no serious adverse events among pregnant women or their neonates,
with no significant differences in adverse birth outcomes and
congenital anomaly rates compared with the background rates
in the general population.53–56 A published review of reports
to VAERS also concluded that there was no concerning pattern of maternal or fetal outcomes among women who were
vaccinated during pregnancy or their children.57
In Canada and in many European countries, the pandemic
vaccine was formulated with an adjuvant. Adjuvants are used
in vaccines to boost the immune response and provide broader
protection. They can allow for the use of lower doses of antigen, resulting in more available doses of vaccine, which may
be useful in times of high demand such as during pandemics.
Aluminum-based adjuvants are commonly used in some vaccines (such as hepatitis A and B, diphtheria, tetanus, and pertussis) and many pregnant women have been vaccinated with
such vaccines without an increased risk of adverse outcomes.58
Pandemic H1N1 vaccines were formulated with newer adjuvants such as ASO3 and MF59. Several studies showed that
pregnant women vaccinated with adjuvant-containing vaccines had no increased risk of adverse events compared to
those who received vaccines without adjuvants.53,56,59

Vaccine uptake among pregnant women
It is unfortunate that actual vaccination rates among pregnant women remain low, even with the existence of national
guidelines that advocate universal influenza vaccination.
In one study from 2000, only 39% of surveyed American
obstetricians administered the vaccine to pregnant women,
even though almost 90% agreed that the risk of morbidity and
mortality from influenza increases as pregnancy progresses.60
A second survey from 2004 revealed that the likelihood of
offering the vaccine was gestational-age dependent, with
only 52% of obstetricians recommending it in the first
trimester and 95% recommending it in the second and third
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trimesters.61 In two different Canadian studies, less than 10%
of pregnant women with comorbidities actually received the
vaccine, and only 19% were even offered it.3,62 More recently,
actual vaccination rates have been better, and this may be as
a result of increased publicity and awareness associated with
H1N1 influenza during the 2009–2010 pandemic. In different
series, between 42% and 81% of pregnant women reported
receiving the H1N1 influenza vaccine.63–65 Estimated vaccine
coverage in the United States among pregnant women was
50% in the 2009–2010 influenza season, and these rates were
sustained the following year (2010–2011 season).66,67
There are myriad potential reasons why vaccination rates
are suboptimal among pregnant women, despite clear guidelines
that advocate vaccine administration. Both patient and provider
barriers exist that can influence the likelihood of receiving a
vaccine. Firstly, doctors need to believe that it is their responsibility to encourage vaccination. In North American surveys
of prenatal care providers, obstetricians were significantly less
likely than family doctors to believe that it was their responsibility to discuss, recommend, or actually administer influenza
vaccines. They were also more likely to endorse that it was the
responsibility of others (family doctors or the local public health
unit) to vaccinate pregnant women.68,69 Nonphysician prenatal
office staff can also be influential, with only two thirds of
respondents in one study stating that they would recommend the
seasonal influenza vaccine.70 Many studies have documented
that women are more likely to actually get vaccinated if it is
strongly recommended by their prenatal care provider or health
team.67,68,71 In one survey study, pregnant women who were
offered the vaccine by their doctor were five-times as likely to
be vaccinated as those not offered vaccination.67 In a study of
1,325 postpartum women, provider recommendation was the
most strongly associated factor with vaccine acceptance (odds
ratio, 19.4; 95% CI, 12.7–31.1).71
Perhaps even more important than the attitude of the provider is the willingness of the patient to receive the vaccine.
If women are skeptical or unwilling to consider vaccination,
this can be very challenging to address. In many studies, being
less willing to receive the vaccine was correlated with a lack
of vaccine and/or influenza knowledge. Factual knowledge
of influenza and the safety of the vaccine during pregnancy
and breastfeeding, and understanding the recommendations
for influenza vaccination for pregnant women, is poor among
women during pregnancy. Surveys of pregnant women reveal
that a significant proportion believe that the influenza vaccine
can increase the risk of miscarriage, birth defects, and fever,
and may be harmful during pregnancy or breastfeeding.62,71,72
Women with these beliefs are less likely to accept vaccination
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during pregnancy, while women who believe that influenza
in pregnancy poses a significant risk to either themselves or
the pregnancy, and women who believe the vaccine is safe,
are more likely to be vaccinated.63–65,71,73–75 Interventions to
increase knowledge (such as patient education) have been
shown to increase vaccination rates,76 and newer technologies
such as text messaging may show promise in promoting women
to consider the vaccine.77 Interventions to increase vaccination
rates should be the focus of our time, effort, and new research
in order to accomplish a significant change in the acceptance
rates of vaccination among our pregnant patients.

Antiviral medications for
influenza during pregnancy
The antiviral medications most widely used during pregnancy
are the neuraminidase inhibitors oseltamivir and zanamivir.
These agents are effective against both influenza A and B.
Zanamivir is an inhaled drug and has little systemic absorption, while oseltamivir is an oral medication that is absorbed
systemically. The recommended treatment and prophylaxis
doses are presented in Table 1.
Antiviral agents should not be considered a substitution
for vaccination, and administration of the influenza vaccine
is still considered the first line of defense against infection.1,28
However, these drugs act as an important adjunct to
immunization. They work most effectively early in the course
of illness (within 12 hours), and should ideally be started
within 24–48 hours of the onset of symptoms. These agents
are not routinely recommended for people at low risk of
complications from seasonal influenza as it is unclear if there
is a benefit in this population. However, in cases of moderate
or severe disease, and in high risk populations (including
pregnant women), antivirals are recommended.78,79

Efficacy and safety of antiviral
medications in pregnancy
Antiviral medications were not routinely recommended
for treatment or prophylaxis in pregnant women before the

Table 1 Oseltamivir and zanamivir treatment and prophylaxis
regimens for pregnant women
Medication

Treatment (5 days)

Chemoprophylaxis
(10 days)

Oseltamivir

75 mg twice daily

75 mg once daily

Zanamivir

10 mg (two 5 mg
inhalations) twice daily

10 mg (two 5 mg
inhalations) once daily

Note: Data from Aoki et al,78 and the CDC.79
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2009–2010 H1N1 influenza pandemic. Prior to that time, it
was believed that the safety of these agents during pregnancy
had not been sufficiently proven, and, therefore, that they
should only be used if the potential benefit outweighed the
potential risks.1
In controlled trials and a meta-analysis, it has been shown
that antiviral medications reduce the duration, severity, and
risk of complications in uncomplicated laboratory-confirmed
influenza in healthy children and adults, as well as in higher
risk populations including pregnant women. 78,80–82 Some
authorities recommend oseltamivir over zanamivir for pregnant women because it is systemically absorbed, although
national guidelines in North America recommend either.78,79
The pharmacokinetics of oseltamivir do not change significantly in the different trimesters of pregnancy;83 however,
one study did demonstrate lower systemic levels of the
active drug metabolite in pregnant compared to nonpregnant
women.84 Nonetheless, current dosing in pregnancy is the
same as for nonpregnant women.78,79
The neuraminidase inhibitors are all Food and Drug
Administration Pregnancy Category C drugs because there
have been no clinical trials specifically performed to evaluate
their safety during pregnancy. However, limited data do exist
suggesting that these agents are not teratogenic in humans.85
In a Japanese teratogen information database, there was only
one malformation (1.1%), a ventricular septal defect, among
90 women who received therapeutic doses of oseltamivir in
the first trimester.85 The rate of pregnancy loss in this series
was 3.3%, which is less than that of the general population.
For both oseltamivir and zanamivir, the breast milk concentrations are lower than doses used in children.85 In addition
to this data, studies from before the recent H1N1 pandemic,
and many since, have confirmed that there is no increased risk
for congenital anomalies or adverse birth outcomes among
children exposed to antiviral medications while in utero.
Series include 81 women from Sweden, 239 women from
the United States, 669 women from Japan, and a database
study of 1,237 women from Canada.86–89 In these studies,
there was no association between antiviral use in pregnancy
and congenital anomalies, preterm birth, premature rupture
of membranes, low birth weight, low Apgar scores, neonatal
seizures, stillbirth, or neonatal death.86–89

Summary and conclusion
Influenza continues to be an important cause of morbidity
and mortality for women during pregnancy. The cornerstones for prevention and management are vaccination of all
women who are pregnant during influenza season, and the
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use of antiviral medications to ameliorate disease. However,
vaccination rates remain unacceptably low, and pregnant
women’s knowledge of the threat posed by influenza and of
recommendations for vaccination in pregnancy is poor. In
order to improve knowledge, patient education must become
a priority in prenatal care settings. By educating women
regarding the importance of vaccination and the appropriate use of antiviral medications as strategies to decrease the
burden of influenza, we may be able to decrease rates of and
complications from influenza in pregnancy. Providers must
also realize that one of the most compelling reasons that
pregnant women accept the vaccine is provider endorsement.
More work is required evaluating the use and barriers to
receipt of vaccines and antiviral medications among pregnant women. Research efforts must now focus on innovative
strategies to improve knowledge and awareness among both
patients and providers.

Disclosure
The author reports no conflicts of interest in this work.

References

1. Harper SA1, Fukuda K, Uyeki TM, Cox NJ, Bridges CB; Centers for
Disease Control and Prevention (CDC) Advisory Committee on Immunization Practices (ACIP). Prevention and control of influenza: recommendations of the Advisory Committee on Immunization Practices
(ACIP). MMWR Recomm Rep. 2004;53(RR-6):1–40.
2. Neuzil K, Reed G, Mitchel E, Simonsen L, Griffin MR. Impact of
influenza on acute cardiopulmonary hospitalizations in pregnant women.
Am J Epidemiol. 1998;148:1094–1102.
3. Dodds L, McNeil SA, Fell DB, et al. Impact of influenza exposure on
rates of hospital admissions and physician visits because of respiratory
illness among pregnant women. CMAJ. 2007;176(4):463–468.
4. Schanzer DL, Langley JM, Tam TW. Influenza-attributed hospitalization
rates among pregnant women in Canada 1994–2000. J Obstet Gynaecol
Can. 2007;29:622–629.
5. Schanzer DL, Langley JM, Tam TW. Modelling the impact of influenza
in Canada: a baseline for pandemic planning. Poster presented at: Second
North American Congress of Epidemiology; June 23, 2006; Seattle, WA.
6. Cox S, Posner SF, McPheeters M, Jamieson DJ, Kourtis AP, Meikle S.
Hospitalizations with respiratory illness among pregnant women during
influenza season. Obstet Gynecol. 2006;107:1315–1322.
7. Harris JW. Influenza occurring in pregnant women: a statistical study
of thirteen hundred and fifty cases. JAMA. 1919;72:978–980.
8. Freeman DW, Barno A. Deaths from Asian influenza associated with
pregnancy. Am J Obstet Gynecol. 1959;78:1172–1175.
9. Mosby LG, Rasmussen SA, Jamieson DJ. 2009 pandemic influenza A
(H1N1) in pregnancy: a systematic review of the literature. Am J Obstet
Gynecol. 2011;205:10–18.
10. Campbell A, Rodin R, Kropp R, et al. Risk of severe outcomes among
patients admitted to hospital with pandemic (H1N1) influenza. CMAJ.
2010;182(4):349–355.
11. Oluyomi-Obi T, Avery L, Schneider C, et al. Perinatal and maternal
outcomes in critically ill obstetrics patients with pandemic H1N1
influenza A. J Obstet Gynaecol Can. 2010;32(5):443–447.
12. Rolland-Harris E, Vachon J, Kropp R, et al. Hospitalization of pregnant
women with pandemic A(H1N1) 2009 influenza in Canada. Epidemiol
Infect. 2012;140:1316–1327.

International Journal of Women’s Health 2014:6

Influenza risk during pregnancy
13. Siston AM, Rasmussen SA, Honein MA, et al. Pandemic 2009 influenza
A (H1N1) virus illness among pregnant women in the United States.
JAMA. 2010;303:1517–1525.
14. Centers for Disease Control and Prevention (CDC). Novel influenza
A (H1N1) virus infections in three pregnant women – United States,
April–May 2009. MMWR Morb Mortal Wkly Rep. 2009;58(18):
497–500.
15. Jamieson DJ, Honein MA, Rasmussen SA, et al. H1N1 2009 influenza virus infection during pregnancy in the USA. Lancet. 2009;374:
451–458.
16. Creanga AA, Johnson TF, Graitcer SB, et al. Severity of 2009 pandemic
influenza A (H1N1) virus infection in pregnant women. Obstet Gynecol.
2010;115(4):717–726.
17. Louie JK, Acosta M, Jamieson DJ, Honein MA. Severe 2009 H1N1
influenza in pregnant and postpartum women in California. N Engl J
Med. 2010;362(1):27–35.
18. Hewagama S, Walker SP, Stuart RL, et al. 2009 H1N1 influenza
A and pregnancy outcomes in Victoria, Australia. Clin Infect Dis.
2010;50:686–690.
19. Zou S. Potential impact of pandemic influenza on blood safety and
availability. Transfus Med Rev. 2006;20:181–189.
20. Irving WL, James DK, Stephenson T, et al. Influenza virus infection
in the second and third trimesters of pregnancy: a clinical and seroepidemiological study. BJOG. 2000;107:1282–1289.
21. McNeil SA, Dodds LA, Fell DB, et al. Effect of respiratory hospitalization during pregnancy on infant outcomes. Am J Obstet Gynecol.
2011;204(Suppl):S54–S57.
22. Bloom-Feshbach K, Simonsen L, Viboud C, et al. Natality decline and
miscarriages associated with the 1918 influenza pandemic: the Scandinavian
and United States experiences. J Infect Dis. 2011;204:1157–1164.
23. Haberg SE, Trogstad L, Gunnes N, et al. Risk of fetal death after
pandemic influenza virus infection or vaccination. N Engl J Med.
2013;368(4):333–340.
24. Pierce M, Kurinczuk JJ, Spark P, Brocklehurst P, Knight M. Perinatal
outcomes after maternal 2009/H1N1 infection: national cohort study.
BMJ. 2011;342:d3214.
25. Centers for Disease Control and Prevention (CDC). Maternal and infant
outcomes among serverely ill pregnant and postpartum women with
2009 pandemic influenza A (H1N1)-United States, April 2009–August
2010. MMWR Morb Mortal Wkly Rep. 2011;60:1193–1196.
26. Yates L, Pierce M, Stephens S, et al. Influenza A/H1N1v in pregnancy:
an investigation of the characteristics and management of affected
women and the relationship to pregnancy outcomes for mother and
infant. Health Technol Assess. 2010;14:109–182.
27. Mendez-Figueroa H, Raker C, Anderson BL. Neonatal characteristics and
outcomes of pregnancies complicated by influenza infection during the
2009 pandemic. Am J Obstet Gynecol. 2011;204(Suppl):S58–S63.
28. Public Health Agency of Canada. National Advisory Committee on
Immunization (NACI) statement on seasonal influenza vaccination for
2013–2014. CCDR. 2013;39(ACS-4):1–39.
29. Murray DL, Imagawa DT, Okada DM, St Geme JW Jr. Antibody
response to monovalent A/New Jersy/8/76 influenza vaccine in pregnant
women. J Clin Microbiol. 1979;10:184–187.
30. Sumaya CV, Gibbs RS. Immunization of pregnant women with influenza
A/New Jersey/76 virus vaccine: reactogenicity and immunogenicity in
mother and infant. J Infect Dis. 1979;140:141–146.
31. Englund JA, Mbawuike IN, Hammil H, Holleman MC, Baxter BC,
Glezen WP. Maternal immunization with influenza or tetanus toxoid
vaccine for passive antibody protection in young infants. J Infect Dis.
1993;168:647–656.
32. Steinhoff MC, Omer SB, Roy E, et al. Influenza immunization in
pregnancy-antibody responses in mothers and infants. N Engl J Med.
2010;362:1644–1646.
33. Tsatsaris V, Capitant C, Schmitz T, et al. Maternal immune response
and neonatal seroprotection from a single dose of a monovalent nonadjuvanted 2009 influenza A(H1N1) vaccine: a single-group trial. Ann
Intern Med. 2011;155:733–741.

submit your manuscript | www.dovepress.com

Dovepress

687

Dovepress

Yudin
34. Fisher BM, Van BJ, Hart J, et al. Pandemic influenza A H1N1 2009
infection versus vaccination: a cohort study comparing immune
responses in pregnancy. PLoS One. 2021;7:e33048.
35. Schlaudecker EP, McNeal MM, Dodd CN, Ranz JB, Steinhoff MC.
Pregnancy modifies the antibody response to trivalent influenza
immunization. J Infect Dis. 2012;206:1670–1673.
36. Sperling RS, Engel SM, Wallenstein S, et al. Immunogenicity of
trivalent inactivated influenza vaccination received during pregnancy
or postpartum. Obstet Gynecol. 2012;119(3):631–639.
37. Zaman K, Roy E, Arifeen SE, et al. Effectiveness of maternal influenza immunization in mothers and infants. N Engl J Med. 2008;359:
1555–1564.
38. Thompson MG, Li D, Shifflett P, et al. Effectiveness of seasonal trivalent
influenza vaccine for preventing influenza virus illness among pregnant
women: a population-based case-control study during the 2010–2011
and 2011–2012 influenza seasons. Clin Infect Dis. 2014;58:449–457.
39. Eick AA, Uyeki TM, Klimov A, et al. Maternal influenza vaccination
and effect on influenza virus infection in young infants. Arch Pediatr
Adolesc Med. 2011;165(2):104–111.
40. Benowitz I, Esposito DB, Gracey KD, Shapiro ED, Vázquez M.
Influenza vaccine given to pregnant women reduces hospitalization
due to influenza in their infants. Clin Infect Dis. 2010;51:1355–1361.
41. Poehling KA, Szilagyi PG, Staat MA, et al. Impact of maternal immunization on influenza hospitalizations in infants. Am J Obstet Gynecol.
2011;204:S141–S148.
42. Dodds L, MacDonald N, Scott J, Spencer A, Allen VM, McNeil S.
The association between influenza vaccine in pregnancy and adverse
neonatal outcomes. J Obstet Gynaecol Can. 2012;34(8):714–720.
43. Steinhoff MC, Omer SB, Roy E, et al. Neonatal outcomes after influenza
immunization during pregnancy: a randomized controlled trial. CMAJ.
2012;184:645–653.
44. Omer SB, Goodman D, Steinhoff MC, et al. Maternal influenza immunization and reduced likelihood of prematurity and small for gestational
age births: a retrospective cohort study. PLoS Med. 2011;8:e1000441.
45. Jackson LA, Patel SM, Swamy GK, et al. Immunogenicity of an inactivated monovalent 2009 H1N1 influenza vaccine in pregnant women.
J Infect Dis. 2011;204:854–863.
46. Abzug MJ, Nachman SA, Muresan P, et al. Safety and immunogenicity of 2009 pH1N1 vaccination in HIV-infected pregnant women. Clin
Infect Dis. 2013;56:1488–1497.
47. Richards JL, Hansen C, Bredfeldt C, et al. Neonatal outcomes after
antenatal influenza immunization during the 2009 H1N1 influenza pandemic: impact on preterm birth, birth weight, and small for gestational
age. Clin Infect Dis. 2013;56:1216–1222.
48. Fell DB, Sprague AE, Liu N, et al. H1N1 influenza vaccination during
pregnancy and fetal and neonatal outcomes. Am J Public Health.
2012;102:e33–e40.
49. Heinonen OP, Shapiro S, Monson RR, Hartz SC, Rosenberg L, Slone D.
Immunization during pregnancy against poliomyelitis and influenza in
relation to childhood malignancy. Int J Epidemiol. 1973;2:229–235.
50. Black SB, Shinefield HR, France EK, Fireman BH, Platt ST, Shay D.
Effectiveness of influenza vaccine during pregnancy in preventing
hospitalizations and outpatient visits for respiratory illness in pregnant
women and their infants. Am J Perinatol. 2004;21:333–339.
51. Pool V, Iskander J. Safety of influenza vaccination during pregnancy.
Am J Obstet Gynecol. 2006;194:1200.
52. Moro PL, Broder K, Zheteyeva Y, et al. Adverse events in pregnant
women following administration of trivalent inactivated vaccine and live
attenuated influenza vaccine in the Vaccine Adverse Event Reporting
System, 1990–2009. Am J Obstet Gynecol. 2010;204:146. e1–e7.
53. Zuccotti G, Pogliani L, Pariani E, Amendola A, Zanetti A.
Transplacental antibody transfer following maternal immunization
with a pandemic 2009 influenza A (H1N1) MF59-adjuvanted vaccine.
JAMA. 2010;304:2360–2361.
54. Omon E, Damase-Michel C, Hurault-Delarue C, et al. Non-adjuvanted
2009 influenza A(H1N1) vaccine in pregnant women: the results of a
French prospective descriptive study. Vaccine. 2011;29:9649–9654.

688

submit your manuscript | www.dovepress.com

Dovepress

55. Mackenzie IS, Macdonald TM, Shakir S, et al. Influenza H1N1 (swine
flu) vaccination: a safety surveillance feasibility study using selfreporting of serious adverse events and pregnancy outcomes. Br J Clin
Pharmacol. 2012;73:801–811.
56. Tavares F, Nazareth I, Monegal JS, Kolte I, Verstraeten T, Bauchau V.
Pregnancy and safety outcomes in women vaccinated with an AS03adjuvanted split virion H1N1 (2009) pandemic influenza vaccine
during pregnancy: a prospective cohort study. Vaccine. 2011;29:
6358–6365.
57. Moro PL, Broder K, Zheyeyeva Y, et al. Adverse events following
administration to pregnant women of influenza A (H1N1) 2009
monovalent vaccine reported to the Vaccine Adverse Event Reporting
System. Am J Obstet Gynecol. 2011;205:473. e1–e9.
58. Herberts C, Melgert B, Van Der Laan JW, Faas M. New adjuvanted
vaccines in pregnancy: what is known about their safety? Expert Rev
Vaccines. 2010;9:1411–1422.
59. Heikkinen T, Young J, van Beek E, et al. Safety of MF59-adjuvanted
A/H1N1 influenza vaccine in pregnancy: a comparative cohort study.
Am J Obstet Gynecol. 2012;207:177. e1–e8.
60. Gonik B, Jones T, Contreras D, Fasano N, Roberts C. The obstetriciangynecologist’s role in vaccine-preventable diseases and immunization.
Obstet Gynecol. 2000;96:81–84.
61. Centers for Disease Control and Prevention (CDC). Influenza vaccination in pregnancy: practices among obstetrician-gynecologists – United
States, 2003–04 influenza season. MMWR Morb Mortal Wkly Rep.
2005;54(41):1050–1052.
62. Yudin MH, Salaripour M, Sgro MD. Pregnant women’s knowledge
of influenza and the use and safety of the influenza vaccine during
pregnancy. J Obstet Gynaecol Can. 2009;31(2):120–125.
63. SteelFisher GK, Blendon RJ, Bekheit MM, et al. Novel pandemic A
(H1N1) influenza vaccination among pregnant women: motivators and
barriers. Am J Obstet Gynecol. 2011;204(6 Suppl 1):S116–S123.
64. Fisher BM, Scott J, Hart J, Winn VD, Gibbs RS, Lynch AM. Behaviors
and perceptions regarding seasonal and H1N1 influenza vaccination during pregnancy. Am J Obstet Gynecol. 2011;204(6 Suppl 1):
S107–S111.
65. Goldfarb I, Panda B, Wylie B, Riley L. Uptake of influenza vaccine
in pregnant women during the 2009 H1N1 influenza pandemic. Am J
Obstet Gynecol. 2011;204(6 Suppl 1):S112–S115.
66. Centers for Disease Control and Prevention (CDC). Seasonal influenza and 2009 H1N1 influenza vaccination coverage among pregnant
women-10 states, 2009–10 influenza season. MMWR Morb Mortal Wkly
Rep. 2010;59(47):1541–1545.
67. Centers for Disease Control and Prevention (CDC). Influenza vaccination coverage among pregnant women: United States, 2010–11 influenza
season. MMWR Morb Mortal Wkly Rep. 2011;60:1078–1082.
68. Tong A, Biringer A, Ofner-Agostini M, Upshur R, McGeer A.
A cross-sectional study of maternity care providers’ and women’s
knowledge, attitudes, and behaviours towards influenza vaccination
during pregnancy. J Obstet Gynaecol Can. 2008;30(5):404–410.
69. Schrag SJ, Fiore AE, Gonik B, et al. Vaccination and perinatal infection
prevention practices among obstetrician-gynecologists. Obstet Gynecol.
2003;101:704–710.
70. Broughton DE, Beigi RH, Switzer GE, Raker CA, Anderson BL.
Obstetric health care workers’ attitudes and beliefs regarding influenza
vaccination in pregnancy. Obstet Gynecol. 2009;114:981–987.
71. Dlugacz Y, Fleischer A, Torroella Carney M, et al. 2009 H1N1 vaccination by pregnant women during the 2009–10 H1N1 influenza pandemic.
Am J Obstet Gynecol. 2012;206:339. e1–e8.
72. Ahluwalia IB, Jamieson DJ, Rasmussen SA, D’Angelo D, Goodman D,
Kim H. Correlates of seasonal influenza vaccine coverage among pregnant women in Georgia and Rhode Island. Obstet Gynecol. 2010;116:
949–955.
73. Tucker Edmonds BM, Coleman J, Armstrong K, Shea JA. Risk
p erceptions, worry, or distrust: what drives pregnant women’s
decisions to accept the H1N1 vaccine? Matern Child Health J. 2011;15:
1203–1209.

International Journal of Women’s Health 2014:6

Dovepress
74. Fridman D, Steinberg E, Azhar E, Weedon J, Wilson TE, Minkoff H.
Predictors of H1N1 vaccination in pregnancy. Am J Obstet Gynecol.
2011;204(6 Suppl 1):S124–S127.
75. Henninger M, Naleway A, Crane B, Donahue J, Irving S. Predictors
of seasonal influenza vaccination during pregnancy. Obstet Gynecol.
2013;121:741–749.
76. Yudin MH, Salaripour M, Sgro MD. Impact of patient education on
knowledge of influenza and vaccine recommendations among pregnant
women. J Obstet Gynaecol Can. 2010;32(3):232–237.
77. Moniz MH, Hasley S, Meyn LA, Beigi RH. Improving influenza
vaccination rates in pregnancy through text messaging: a randomized
controlled trial. Obstet Gynecol. 2013;121:734–740.
78. Aoki FY, Allen UD, Stiver HG, Evans GA. The use of antiviral drugs
for influenza: guidance for practitioners 2012/2013. J Infect Dis Med
Microbiol. 2012;23(4):e79–e92.
79. Influenza antiviral medications: summary for clinicians (webpage on
the Internet). Atlanta: Centers for Disease Control and Prevention;
2012. Available from: http://www.cdc.gov/flu/professionals/antivirals/
summary-clinicians.htm. Accessed February 9, 2014.
80. Jefferson T, Jones M, Dosho P, et al. Neuraminidase inhibitors for
preventing and treating influenza in healthy adults: systematic review
and meta-analysis. BMJ. 2009;339:b5106.
81. Matheson NJ, Hamden AR, Perera R, Sheikh A, Symmonds-Abrahams M.
Neuraminidase inhibitors for preventing and treating influenza in
children. Cochrane Database Syst Rev. 2007;(1):CD002744.

Influenza risk during pregnancy
82. Falagas ME, Koletsi PK, Voulourmanon EK, et al. Effectiveness and
safety of neuraminidase inhibitors in reducing influenza complications:
a meta-analysis of randomized controlled trials. J Antimicrob
Chemother. 2010;65:1330–1346.
83. Greer LG, Leff RD, Rogers VL, et al. Pharmacokinetics of oseltamivir according to trimester of pregnancy. Am J Obstet Gynecol. 2011;
204(6 Suppl 1):S89–S93.
84. Beigi RH, Han K, Venkataramanan R, et al. Pharmacokinetics of oseltamivir among pregnant and nonpregnant women. Am J Obstet Gynecol.
2011;204(6 Suppl 1):S84–S88.
85. Tanaka T, Nakajima K, Murashima A, Garcia-Bournissen F, Koren G,
Ito S. Safety of neuraminidase inhibitors against novel influenza A (H1N1)
in pregnant and breastfeeding women. CMAJ. 2009;181(1–2):55–58.
86. Svensson T, Granath F, Stephansson O, Kieler H. Birth outcomes among
women exposed to neuraminidase inhibitors. Pharmacoepidemiol Drug
Saf. 2011;20:1030–1034.
87. Greer LG, Sheffield JS, Rogers VL, Roberts SW, McIntire DD, Wendel GD.
Maternal and neonatal outcomes after antepartum treatment of influenza
with antiviral medications. Obstet Gynecol. 2010;115(4):711–716.
88. Saito S, Minakami H, Nakai A, Unno N, Kubo T, Yoshimura Y.
Outcomes of infants exposed to oseltamivir or zanamivir in utero during
pandemic (H1N1) 2009. Am J Obstet Gynecol. 2013;209:130. e1–e9.
89. Xie H, Yasseen AS 3rd, Xie RH, et al. Infant outcomes among pregnant
women who used oseltamivir for treatment of influenza during the H1N1
epidemic. Am J Obstet Gynecol. 2013;208:293. e1–e7.

Dovepress

International Journal of Women’s Health

Publish your work in this journal
The International Journal of Women’s Health is an international, peerreviewed open-access journal publishing original research, reports,
editorials, reviews and commentaries on all aspects of women’s
healthcare including gynecology, obstetrics, and breast cancer. The
manuscript management system is completely online and includes

a very quick and fair peer-review system, which is all easy to use.
Visit http://www.dovepress.com/testimonials.php to read real quotes
from published authors.

Submit your manuscript here: http://www.dovepress.com/international-journal-of-womens-health-journal

International Journal of Women’s Health 2014:6

submit your manuscript | www.dovepress.com

Dovepress

689

