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Abstract

Objective—To estimate the burden of pregnancy-related mortality resulting from influenza A 

(H1N1) pdm09 virus infection during the 2009–2010 pandemic influenza season.

Methods—Data from the Centers for Disease Control and Prevention's Pregnancy Mortality 

Surveillance System were used to identify women whose death during or shortly after pregnancy 

was attributed or likely attributed to the influenza A (H1N1)pdm09 virus from April 15, 2009, 

through June 30, 2010. We report the characteristics of these women and enumerate cases 

resulting in death as the pandemic began, peaked, and resolved.

Results—During the pandemic season, we identified 915 pregnancy-related deaths and 

4,911,297 live births. Seventy-five (8.2%) women died as a result of confirmed influenza A 

(H1N1) pdm09 infection deaths and 34 (3.7%) women as a result of possible influenza A 

(H1N1)pdm09 infection deaths. The pregnancy-related mortality ratio for confirmed and possible 

(combined) influenza A (H1N1) pdm09 infection deaths was 2.2 per 100,000 live births. Most 

deaths occurred during the 2009 calendar year with the peak of the distribution of deaths over time 

occurring in October 2009.

Conclusion—Twelve percent of pregnancy-related deaths were attributed to confirmed or 

possible influenza A (H1N1) pdm09 infection during the 2009–2010 pandemic season. Because 

prediction of pandemics is difficult, planning for prevention of influenza and care for those 

women affected are critical for preventing associated severe maternal morbidity and mortality.

In April of 2009, a novel strain of influenza of swine origin was first detected in the United 

States and characterized as influenza A (H1N1) pdm09 virus.1 By the end of April, the 

Centers for Disease Control and Prevention's (CDC) Emergency Operations Center was 

activated and a nationwide public health emergency was declared as a result of the outbreak 

of this pandemic strain.2 The second reported death from influenza A (H1N1)pdm09 virus 

infection occurred in an otherwise healthy pregnant woman.3,4 It subsequently became 

apparent that pregnant women were disproportionately affected by severe influenza disease 
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resulting in significant morbidity and mortality.5–7 Surveillance data for influenza A 

(H1N1)pdm09 virus infection among pregnant women admitted to intensive care units 

reported to the CDC between April 2009 and December 31, 2009, identified 280 intensive 

care unit admissions, 56 of whom died.8

The CDC's Pregnancy Mortality Surveillance System has been providing nationwide 

information on pregnancy-related deaths since 1986. In light of the burden of influenza A 

(H1N1)pdm09 virus infection for pregnant and postpartum women previously reported,9 we 

used Pregnancy Mortality Surveillance System data to assess the contribution of the 

pandemic to pregnancy-related mortality. This report summarizes the information about 

influenza A (H1N1)pdm09 virus infection deaths during and shortly after pregnancy during 

the 2009-2010 influenza pandemic season using the most comprehensive data about 

pregnancy-related mortality in the United States.

Materials and Methods

Details of the Pregnancy Mortality Surveillance System have been described elsewhere.10–12 

Briefly, the Pregnancy Mortality Surveillance System attempts to find all deaths to women 

who die during or within 1 year of pregnancy from any cause related to or aggravated by the 

pregnancy or its management. Information found on deidentified vital records represents the 

core data for this surveillance system. The CDC's Division of Reproductive Health asks 

Divisions of Vital Statistics in 52 reporting areas (ie, 50 states, New York City, and 

Washington, DC) to send copies of death certificates for all deaths occurring during or 

within 1 year of pregnancy, regardless of the cause of death or the duration of pregnancy, as 

well as matching birth and fetal death certificates when they are available. All information is 

reviewed by clinically trained epidemiologists and causes of death are determined and 

placed into one of 10 general categories. Descriptive data are published periodically for the 

purpose of reporting temporal trends in pregnancy-related deaths, broad categorical causes 

of death, and characteristics of women who die.10,12 In this system, influenza as a cause of 

death is embedded in the general category of “infections.” Although deaths from influenza 

during or within 3 months of the end of pregnancy are considered pregnancy-related and 

categorized as deaths resulting from “infection,” information regarding influenza infection 

as the contributing cause of death from “infection” is also retained and coded in the 

database. For this analysis we considered two groups of influenza deaths. The first group 

had influenza or “H1N1” denoted as the underlying cause of death on the death certificate 

and were considered confirmed influenza A (H1N1) pdm09 virus infection cases. The 

second group had acute respiratory distress syndrome or pneumonia listed as the underlying 

cause of death with no other associated conditions denoted on the death certificate or linked 

birth or fetal death certificate (eg, postpartum hemorrhage, preeclampsia) or causative 

organisms denoted; this second group of deaths was designated as possible influenza A 

(H1N1)pdm09 virus infection deaths. Deaths initially identified as resulting from confirmed 

or possible influenza A (H1N1)pdm09 were independently reviewed by two authors 

(W.M.C. and A.A.C.) and any discrepancies were resolved by discussion. Women who died 

with an indication of influenza A (H1N1)pdm09 virus infection within 3 months of the end 

of the pregnancy or who had evidence of becoming ill with influenza within 3 months of the 
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end of pregnancy and who died beyond 3 months were considered to have a pregnancy-

related death.

Cases of influenza A (H1N1)pdm09 virus infection were first reported in the United States 

in April 2009. The U.S. Public Health Emergency for the pandemic expired on June 23, 

2010.13 Hence, we considered all confirmed and possible influenza deaths from April 15, 

2009, through June 30, 2010, as deaths that occurred during the pandemic season. The 

cause-specific pregnancy mortality ratio (deaths/100,000 live births) was calculated using 

live births identified from U.S. natality files for the pandemic season as the denominator. 

Cause-specific proportionate mortality (percentage of all pregnancy-related deaths resulting 

from influenza A [H1N1] pdm09 virus infection) was calculated using all pregnancy-related 

deaths in the Pregnancy Mortality Surveillance System for the pandemic season as the 

denominator. Basic characteristics of women who died were obtained from the demographic 

and obstetric data available on birth and death certificates. Characteristics of women who 

died from confirmed and possible influenza A (H1N1)pdm09 virus infection were compared 

using Fisher's exact or χ2 tests.

The data are derived from death certificates and hence fall outside the definition of human 

subjects. Therefore, analyses involving Pregnancy Mortality Surveillance System data are 

not subject to institutional review.

Results

Between April 15, 2009, and June 30, 2010, 915 pregnancy-related deaths were identified 

and there were 4,911,297 live births. Of the pregnancy-related deaths, 75 were classified as 

confirmed influenza A (H1N1)pdm09 virus infection deaths and 34 were classified as 

possible influenza A (H1N1)pdm09 virus infection deaths. Correspondingly, confirmed 

influenza A (H1N1)pdm09 virus infection deaths represented 8.2% and possible influenza A 

(H1N1)pdm09 virus infection deaths accounted for 3.7% of all pregnancy-related deaths. 

The pregnancy-related mortality ratio for confirmed and possible (combined measure) 

influenza A (H1N1)pdm09 virus infection deaths was 2.2 per 100,000 live births.

Among the 55 women who had live births and who died as a result of confirmed influenza A 

(H1N1)pdm09 virus infection, 50 had documentation of gestational age; 19 births occurred 

at less than 32 weeks of gestation and 12 between 32 and 36 weeks of gestation (62% 

preterm birth rate). Among the 24 women who had live births and who died from possible 

influenza A (H1N1)pdm09 virus infection, 22 had documentation of gestational age; four 

births occurred less than 32 weeks of gestation and six between 32 and 36 weeks of 

gestation (45% preterm birth rate).

There were no differences in demographic characteristics or pregnancy outcomes between 

women who died from confirmed or possible influenza A (H1N1)pdm09 virus infection. 

More than one third of women who died from influenza A (H1N1)pdm09 virus infection 

(using the combined measure) were 35 years old or older. Nearly one third of women who 

died were Hispanic. Although almost three fourths of women died after having a live birth, 
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12% died undelivered. Most deaths occurred during or within 6 weeks of the end of 

pregnancy (Table 1).

During the pandemic season, most deaths occurred during the 2009 calendar year with the 

peak of the distribution occurring in October and a distinct fall off beginning in December 

2009 and continuing through the winter months of 2010 (Fig. 1). The small number of 

deaths that occurred after February 2010 (n58) were all classified as possible cases.

Discussion

The 2009–2010 influenza A (H1N1)pdm09 virus pandemic resulted in a significant burden 

of morbidity and mortality on pregnant women. The 109 deaths during that influenza season 

were more than 20 times greater than the mean number (five) of annual possible influenza 

deaths reported in a 1998–2005 cohort of pregnancy-related deaths resulting from seasonal 

influenza.14 Moreover, the 1998–2005 analysis was done during the pandemic in an effort to 

understand the background risk of death from influenza in non-pandemic seasons. As such, a 

very inclusive definition of potential seasonal influenza mortality was used to avoid 

underestimation in a time of widespread publicity about pandemic influenza. For the current 

analysis, we included only deaths in which influenza was explicitly stated on the death 

certificate and included a category of possible influenza only when the death was certified as 

resulting from a severe pulmonary cause with no mention of other organisms or acute 

respiratory distress syndrome without mention of contributing factors to be more certain 

about the attributing cause. Confirmed and possible deaths resulting from influenza A 

(H1N1)pdm09 virus infection constituted one in eight pregnancy-related deaths during the 

pandemic influenza season and represented the leading cause of pregnancy-related deaths 

during the 15 months considered here (12% of all pregnancy-related deaths). Information 

concerning the circumstances surrounding birth is limited in vital records, but the high 

preterm birth rate suggests that intervention may have occurred for fetal reasons, maternal 

reasons, or both.

The effects of the pandemic strain on pregnant women have been documented in previous 

pandemics including the 1918 (Spanish) influenza and the 1957 (Asian) influenza.15–19 In 

addition, our findings are consistent with early reports of morbidity and mortality among 

pregnant and postpartum women during the 2009–2010 pandemic season.3,5–7 Deaths 

among pregnant women resulting from influenza were reported retrospectively to the CDC 

by state and local health departments for the period from April through August 2009 and 

both retrospectively and in real time between October and December 2009 through the CDC 

Pregnancy Flu Line. Fifty-six such deaths occurred from April through December 2009.8

The reduction in influenza deaths beginning most strikingly in December 2009 suggests that 

vaccine availability and the educational campaigns by the CDC, public health agencies, and 

the American College of Obstetricians and Gynecologists may have had a substantial effect. 

Before the pandemic, in 2008, the CDC convened a meeting of experts and key partners to 

consider clinical management and public health actions for pregnant women during an 

influenza pandemic.20 The summary of this meeting was published approximately 6 months 

into the pandemic and informed the guidance published by the CDC highlighting the risk to 
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pregnant women. This guidance recommended early empiric treatment with antiviral 

medication and reemphasized the importance of immunization.21 In addition, the American 

College of Obstetricians and Gynecologists used the power of their web site, e-mail, and 

snail mail communications and partnered with the CDC and other clinical groups to send 

“Dear Colleague” letters that advocated for immunization and prompt treatment of suspected 

cases. Data gathered through the Pregnancy Risk Assessment Monitoring System 

subsequently demonstrated substantially higher vaccination rates for pregnant women during 

the 2009 influenza pandemic compared with previous influenza seasons and that the uptake 

of vaccination was associated with recommendations for immunization from health care 

providers.22 In addition, cases in the general population peaked in late 2009 and fell off 

dramatically in early 2010.23

Misclassification of deaths resulting from 2009 H1N1 influenza may have occurred. The 

Pregnancy Mortality Surveillance System uses death certificates and, in most circumstances, 

linked birth and fetal death certificates to ascertain the temporal and causal relationships of 

death to pregnancy. However, information on vital records is rarely as precise or as 

clinically nuanced as information found in medical records. Hence, it is possible that some 

cases we classified as possible influenza A (H1N1)pdm09 deaths were the result of another 

cause. On the other hand, it is possible that deaths occurred and were not diagnosed as 

influenza or that some deaths resulting from influenza A (H1N1)pdm09 virus infection were 

missed because they were not appropriately attributed to pregnant or postpartum women.

The 2009–2010 influenza pandemic severely affected pregnant and postpartum women and 

serves as a clarion call to reinforce the efforts of public health and professional 

organizations to provide immunization and prompt treatment to this vulnerable group. 

Although influenza pandemics are not the norm, pregnant women are still at risk of 

morbidity and mortality from seasonal influenza; we cannot predict when the next pandemic 

strain will emerge. Therefore, regular annual planning for care during outbreaks of seasonal 

influenza is a critical strategy for ongoing prevention and preparation for subsequent 

pandemics.
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Fig. 1. 
Confirmed and possible pregnancy-related deaths resulting from influenza A (H1N1)pdm09 

virus infection by month, April 15, 2009, through June 30, 2010.
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Table 1
Characteristics of Women Who Died as a Result of Confirmed and Possible Influenza A 
(H1N1) pdm09 Virus Infection, United States, April 15, 2009, Through June 30, 2010

Influenza A (H1N1)pdm09 Virus Infection

Characteristic Confirmed (n=75) Possible (n=34) P

Combined Total Influenza A 
(H1N1)pdm09 Virus Infection 

(N=109)

Age (y)

 20–24 2 (2.7) 1 (2.9) .941 3 (2.8)

 25–29 23 (30.7) 12 (35.3) 35 (32.1)

 30–34 23 (30.7) 9 (26.5) 32 (29.4)

 35 or older 27 (36) 12 (35.3) 39 (35.8)

Race–ethnicity

 Non-Hispanic white 28 (37.3) 17 (50.0) .287 45 (41.3)

 Non-Hispanic black 17 (22.7) 5 (14.7) 22 (20.2)

 Hispanic 26 (34.7) 8 (23.7) 34 (31.2)

 Non-Hispanic other 4 (5.3) 4 (11.8) 8 (7.3)

Nativity

 U.S.-born 58 (77.3) 26 (76.5) .825 84 (77.1)

 Foreign-born 16 (21.3) 8 (23.5) 24 (22.0)

 Unknown 1 (1.3) 0 (0) 1 (0.9)

Education (y)

 Less than 12 16 (21.3) 8 (23.5) .947 24 (22.0)

 12 31 (41.3) 13 (38.2) 44 (40.4)

 More than 12 23 (30.7) 10 (29.4) 33 (30.3)

 Unknown 5 (6.7) 3 (8.8) 8 (7.3)

Marital status

 Married 30 (40.0) 20 (58.8) .077 50 (45.9)

 Unmarried 44 (58.7) 14 (41.2) 58 (53.1)

 Unknown 1 (1.3) 0 (0) 1 (0.9)

Pregnancy outcome

 Undelivered 9 (12.0) 4 (11.7) .733 13 (11.9)

 Abortion 0 (0) 1 (2.9) 1 (0.9)

 Live birth 55 (73.3) 24 (70.6) 79 (72.5)

 Stillbirth 2 (2.7) 1 (2.9) 3 (2.8)

 Ectopic 1 (1.3) 0 (0) 1 (0.9)

 Unknown 8 (10.7) 4 (11.8) 12 (11.0)

Interval between end of pregnancy and death 
(d)

 0–6 23 (30.7) 12 (35.3) .305 35 (32.1)

 7–41 32 (42.7) 16 (47.1) 48 (44.0)

 42 or greater 13 (17.3) 2 (5.9) 15 (13.8)

 Unknown 7 (9.3) 4 (11.8) 11 (10.1)
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Data are n (%) unless otherwise specified.
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