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ABSTRACT

BACKGROUND
Like previous epidemic and pandemic diseases, 2009 pandemic influenza A (H1N1)
may pose an increased risk of severe illness in pregnant women.

METHODS

Statewide surveillance for patients who were hospitalized with or died from 2009
H1N1 influenza was initiated by the California Department of Public Health. We
reviewed demographic and clinical data reported from April 23 through August 11,
2009, for all H1N1-infected, reproductive-age women who were hospitalized or died
— nonpregnant women, pregnant women, and postpartum women (those who had
delivered <2 weeks previously).

RESULTS

Data were reported for 94 pregnant women, 8 postpartum women, and 137 non-
pregnant women of reproductive age who were hospitalized with 2009 HIN1 influ-
enza. Rapid antigen tests were falsely negative in 38% of the patients tested (58 of 153).
Most pregnant patients (89 of 94 [95%)]) were in the second or third trimester, and
approximately one third (32 of 93 [34%)]) had established risk factors for complica-
tions from influenza other than pregnancy. As compared with early antiviral treat-
ment (administered <2 days after symptom onset) in pregnant women, later treat-
ment was associated with admission to an intensive care unit (ICU) or death (relative
risk, 4.3). In all, 18 pregnant women and 4 postpartum women (total, 22 of 102 [22%])
required intensive care, and 8 (8%) died. Six deliveries occurred in the ICU, includ-
ing four emergency cesarean deliveries. The 2009 HIN1 influenza—specific mater-
nal mortality ratio (the number of maternal deaths per 100,000 live births) was 4.3.

CONCLUSIONS
2009 H1N1 influenza can cause severe illness and death in pregnant and postpartum
women; regardless of the results of rapid antigen testing, prompt evaluation and anti-
viral treatment of influenza-like illness should be considered in such women. The
high cause-specific maternal mortality rate suggests that 2009 HIN1 influenza may
increase the 2009 maternal mortality ratio in the United States.
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S IN PREVIOUS INFLUENZA EPIDEMICS

and pandemics, pregnant women with

2009 pandemic influenza A (H1N1) appear
to have an increased risk of severe disease.*” From
April 23 to August 11, 2009, a total of 10% of the
1088 patients who were hospitalized with or died
from 2009 H1IN1 influenza, as reported to the
California Department of Public Health (CDPH),
were pregnant.® A recent report from the first
month of the outbreak noted that the rate of hos-
pitalization among pregnant women was approx-
imately four times the rate in the general popula-
tion.> This report describes the clinical course of
the disease and characteristics of hospitalized
pregnant, postpartum, and nonpregnant repro-
ductive-age women with 2009 H1N1 influenza
for whom data were reported to the CDPH in the
first 4 months of the pandemic.

METHODS

From April 23 through August 11, 2009, the CDPH
and 61 local health jurisdictions performed en-
hanced surveillance of cases of 2009 HIN1 influ-
enza that required hospitalization and those that
were fatal. A case patient was defined as a person
who was hospitalized for 24 hours or more and
had influenza-like symptoms with laboratory re-
sults indicative of 2009 H1N1 influenza. Specifi-
cally, cases of infection were classified as “prob-
able” or “confirmed.” Probable cases were defined
as those with a positive result on the real-time
reverse-transcriptase—polymerase-chain-reaction
(RT-PCR) assay for influenza A that could not be
subtyped as H1 or H3. Confirmed cases were de-
fined as those with a positive result on a real-time
RT-PCR assay that was specific for 2009 HIN1 in-
fluenza. A fatal case was defined as influenza-like
symptoms and probable or confirmed 2009 HIN1
influenza in a patient who died and for whom the
medical record or death certificate listed 2009
H1N1 influenza as a contributing or underlying
cause of death.

Cases were reported by providers and hospitals
to local health jurisdictions. The mechanisms used
to capture cases differed among the local health
jurisdictions and included active surveillance con-
ducted by hospital infection-control practitioners,
case identification through laboratory surveil-
lance, and passive reporting by clinicians. For
each case, demographic, clinical, laboratory, and
radiographic data, as well as information on the
hospital course, were reported on a standardized
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case-history form and submitted to the CDPH;
additional medical-chart abstractions were per-
formed by staff at the local health jurisdiction or
the CDPH.

A review of all pregnant, postpartum, and non-
pregnant case patients of reproductive age (15 to
44 years of age) was performed. Pregnant patients
were those who were pregnant at the time of on-
set of influenza symptoms. Postpartum patients
were those with an onset of influenza symptoms
during the first 2 weeks after delivery. For preg-
nant and postpartum patients who were admitted
to an intensive care unit (ICU) while ill, an ob-
stetrician—gynecologist from the research team
contacted health care providers when possible to
obtain additional detailed information about com-
plications during delivery and the course of the
maternal illness.

We estimated the maternal mortality ratio (the
number of deaths from 2009 HIN1 influenza in
pregnant and postpartum women per 100,000 live
births) for California for the period defined by the
dates of symptom onset in all patients included
in this analysis: April 3 through August 5, 2009.
The number of live births in this population in
2009 was estimated on the basis of the number
of live births in this population during the same
period in 2008 (obtained from the CDPH Center
for Health Statistics, Office of Health Informa-
tion and Research).

This investigation was reviewed by the Califor-
nia Committee for the Protection of Human Sub-
jects. The investigation was determined to be part
of the public health response to the 2009 HIN1
influenza pandemic and therefore did not require
approval by an institutional review board or in-
formed consent of participants.

RESULTS

From April 23 through August 11, 2009, data were
reported for 94 pregnant women, 8 postpartum
women, and 137 nonpregnant women of reproduc-
tive age who were hospitalized with or died from
2009 HIN1 influenza, for a total of 239 women
in this age group. Dates of symptom onset ranged
from April 3 to August 5, 2009 (Fig. 1). In all, 41
local health jurisdictions accounting for 96% of
the population of California reported cases to the
CDPH: 19 jurisdictions accounting for 79% of the
population reported pregnant and postpartum
cases, and 27 jurisdictions accounting for 86% of
the population reported nonpregnant cases.
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Figure 1. Numbers of Women Who Were Hospitalized with or Died from 2009 H1N1 Influenza, as Reported to the California Department
of Public Health, during the Period from April 23 to August 11, 2009, According to Pregnancy Status and Date of Symptom Onset.

All women in the study were women of reproductive age (15 to 44 years of age). Some patients died outside the hospital. Data are miss-
ing for eight pregnant women and two nonpregnant women, because their date of symptom onset is unknown.

Of the 94 pregnant patients, 5 (5%) were in the
first trimester, 35 (37%) were in the second tri-
mester, and 54 (57%) were in the third trimester.
There were two spontaneous abortions and 35
deliveries: 3 in the second trimester (range, 25 to
28 weeks’ gestation) and 32 in the third trimester.
Two women delivered twins.

Pregnant and postpartum patients were, on
average, younger than the nonpregnant women
of reproductive age (Table 1). Of the 78 pregnant
women whose race or ethnic group was known,
15 (19%) were non-Hispanic whites and 43 (55%)
were Hispanic. An increased number of Hispanics
might have been tested early in the surveillance
period because of initial CDPH guidance recom-
mending testing of persons traveling from Mex-
ico. The overall distribution of races and ethnic
groups did not differ significantly between preg-
nant and nonpregnant patients. In 79% of preg-
nant patients and 77% of nonpregnant patients,
the onset of symptoms occurred between June 10
and July 25, 2009 (Fig. 1). Statewide laboratory
surveillance during the same period showed per-
sistently high levels of circulation of 2009 HIN1
influenza; from June 14 through July 31, 2009, the
virus accounted for approximately 50% of cases
of influenza-like illness tested and 92 to 100% of
influenza viruses identified.

A total of 32 of the 93 pregnant women for
whom data were available (34%), 2 of the 8 post-
partum women (25%), and 82 of the 137 non-
pregnant women (60%) had underlying conditions
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besides pregnancy that placed them at increased
risk for complications from influenza; the most
common condition was asthma, affecting 16% of
pregnant women and 28% of nonpregnant women
(Table 1). The most commonly reported symp-
toms among pregnant patients were cough (93%),
fever (91%), sore throat (41%), shortness of breath
(41%), muscle aches (41%), and nausea or vom-
iting (33%) (Table 2). Shortness of breath, muscle
aches, and diarrhea were significantly more com-
mon among nonpregnant patients than among
pregnant patients.

Of the 61 pregnant women who underwent
chest radiography or chest computed tomography,
36 (59%) had abnormalities suggestive of pneu-
monia or the acute respiratory distress syndrome
(ARDS), a proportion that was similar to that in
the nonpregnant group (78 of 125 patients [62%]).
Nineteen percent of pregnant patients (18 of 94)
were admitted to an ICU, as were 50% of post-
partum patients (4 of 8) and 30% of nonpregnant
patients (41 of 137). Rapid influenza tests were
falsely negative in 58 of the 153 patients who were
tested (38%). Of these 58 patients, 28 were preg-
nant; only 7 of the 25 pregnant women with false
negative results for whom information was avail-
able received early antiviral treatment (within 48
hours after symptom onset).

Among the patients for whom data were avail-
able, 81% of both pregnant women (71 of 88) and
nonpregnant women (97 of 120) received anti-
viral treatment; however only 50% of pregnant
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women (30 of 60) and 34% of nonpregnant women
(28 of 82) received early antiviral treatment. The
percentage of pregnant patients who received early
antiviral treatment remained relatively constant
throughout the surveillance period. Six pregnant
patients and one postpartum patient received osel-
tamivir for more than 5 days at a dose (150 mg
every 12 hours) that was twice the current recom-
mended dose. Forty-five percent of pregnant wom-
en (42 of 94) and 58% of nonpregnant women
(80 of 137) were treated with antibiotics.

Of the 22 patients (18 who were pregnant and
4 who were postpartum) requiring intensive care,
8 (36%) were otherwise healthy and had had un-
eventful pregnancies. The time from symptom
onset until initial presentation for health care was
5 days or more for 6 of the 22 patients (27%). The
time from initial presentation until initiation of
antiviral agents was 4 days or more in seven pa-

tients (32%). Sixteen patients (73%) required me-
chanical ventilation, including two who were in-
tubated within 1 hour after assessment in the
emergency room and two additional patients who
were intubated on the day of hospital admission.
One pregnant patient and one postpartum patient
had microbiologic evidence of a coinfection with
methicillin-resistant Staphylococcus aureus, identified
by means of culture of a bronchoalveolar-lavage
specimen and a lung-tissue autopsy specimen, re-
spectively. Thirteen patients also received a diag-
nosis of ARDS and required prolonged mechan-
ical ventilation (9 days to 6 weeks, or until death).
Twenty-one of the 22 patients requiring intensive
care were treated with oseltamivir, including 4 in
whom oseltamivir therapy was initiated within
48 hours after symptom onset.

Six of the 18 pregnant patients requiring in-
tensive care were discharged from the hospital

Table 1. Characteristics of Women Who Were Hospitalized with or Died from 2009 H1N1 Influenza, as Reported to the
California Department of Public Health during the Period from April 23 to August 11, 2009, According to Pregnancy Status.*
Pregnant Postpartum Nonpregnant
Characteristic (N=94) (N=8) (N=137) P Value
Age — no. (%) <0.0017
15-19 yr 14 (15) 0 24 (18)
20-24 yr 29 (31) 1(12) 24 (18)
25-29 yr 29 (31) 5 (62) 26 (19)
30-34yr 16 (17) 2 (25) 22 (16)
35-39 yr 4(4) 0 26 (19)
40-44 yr 2(2) 0 15 (11)
Median age (range) — yr 26 (16-42) 28 (22-33) 28 (15-44) 0.02:%
Race or ethnic group — no./total no. (%)§ 0.247
Hispanic 43/78 (55) 3/8 (38) 47/116 (41)
Non-Hispanic white 15/78 (19) 2/8 (25) 32/116 (28)
Asian or Pacific Islander 9/78 (12) 2/8 (25) 15/116 (13)
Non-Hispanic black 6/78 (8) 1/8 (12) 18/116 (16)
Other 5/78 (6) 0 4/116 (3)
Chronic coexisting illness — no./total no. (%) 9 32/93 (34) 2/8 (25) 82/137 (60) <0.0017
Chronic lung disease 16/93 (17) 0 45/135 (33) 0.007
Asthma 15/93 (16) 0 38/135 (28) 0.0471
Others+ 2/93 (2) 0 14/135 (10) 0.02]
Metabolic disease 14/90 (16) 1/8 (12) 29/130 (22) 0.217
Diabetes mellitus 2/90 (2) 0 19/130 (15) 0.002|
Gestational diabetes 8/90 (9) 1/8 (12) NA
Renal disease 3/90 (3) 0 8/130 (6) 0.53
Other{+ 1/90 (1) 0 2/130 (2) 1.00|
10.1056/NEJM030910444 NEJM.ORG

Downloaded from www.nejm.org by SIG GIUSEPPE MICHIELI on December 23, 2009 .
Copyright © 2009 Massachusetts Medical Society. All rights reserved.



PREGNANCY AND SEVERE 2009 HIN1 INFLUENZA

Table 1. (Continued.)
Pregnant Postpartum Nonpregnant
Characteristic (N=94) (N=8) (N=137) P Value
Immunosuppressive disorder 4/91 (4) 0 25/136 (18) 0.002|
Cancer or transplantation-related 3/91 (3) 0 20/136 (15) 0.006|
HIV or AIDS 1/91 (1) 0 2/136 (1) 1.00]
Otheri 0 8/136 (6) 0.02]
Chronic cardiac disease{§ 3/92 (3) 0 14/133 (11) 0.07|
Neurologic disorderqq 1/91 (1) 1/8 (12) 13/131 (10) 0.009
Other chronic coexisting illness 6/89 (7) 1/8 (12) 34/134 (25) <0.0017
Hypertension 5/94 (5) 1/8 (12) 23/137 (17) 0.009t
Hyperlipidemia 0 4/137 (3) 0.15]
Gastrointestinal disease | 2/85 (2) 0 17/123 (14) 0.006|

*  All women in the study were of reproductive age (15 to 44 years). P values are for the comparison of pregnant women
and nonpregnant women; data for postpartum women and missing data were excluded. AIDS denotes acquired im-
munodeficiency syndrome, HIV human immunodeficiency virus, and NA not applicable.

The P value was calculated with the use of a two-sided chi-square test.
The P value was calculated with the use of a Wilcoxon rank-sum test.

Race or ethnic group was self-reported.

|

I

§

9§ Patients could have more than one chronic coexisting illness.

| The P value was calculated with the use of a two-sided Fisher’s exact test because of the small number of patients

(in one or both groups).

* Other chronic lung diseases included cystic fibrosis (in two patients), bronchiectasis (in two), chronic lung disease of

prematurity (in two), pulmonary hypertension (in two), obstructive sleep apnea (in one), chronic obstructive pulmo-
nary disease (in one), allergic bronchopulmonary aspergillosis (in one), pulmonary tuberculosis (in one), recurrent
pneumonia (in one), pulmonary embolus (in one), restrictive lung disease (in one), and chronic bronchitis (in one).

| (in one).

Other chronic metabolic diseases included thyroid disorders (in two patients), and cystic fibrosis—related diabetes

Other chronic immunosuppressive disorders included systemic lupus erythematosus (in four patients), asplenia (in

two), adrenal disorder (in one), and primary T-cell immunodeficiency (in one).

§§ Chronic cardiac diseases included congestive heart failure (in eight patients), congenital heart disease (in six), coro-
nary artery disease (in two), and valvular heart disease (in two).

99 Neurologic disorders included seizure disorder (in 11 patients), developmental delay (in 9), migraines (in 2), spas-
tic quadriplegia (in 2), muscular dystrophy (in 1), hydrocephalus (in 1), cavernous hemangioma (in 1), and micro-

cephaly (in 1).

|| Other chronic gastrointestinal illnesses included gastroesophageal reflux disease (in nine patients), disorders result-
ing in gastrostomy-tube dependence (in four), autoimmune hepatitis (in one), liver disease not otherwise specified
(in one), irritable bowel syndrome (in one), gastrointestinal cancer not otherwise specified (in one), laparoscopic
cholecystectomy (in one), pancreatic insufficiency (in one), and cirrhosis (in one).

while they were still pregnant; the remaining 12
delivered 13 infants (including one pair of twins).
One normal, spontaneous vaginal delivery oc-
curred in the labor and delivery unit, and five ce-
sarean deliveries were performed in an operating
room. In the ICU, there was one vaginal delivery
of twins, one planned cesarean delivery, and four
emergency cesarean deliveries. Two of the emer-
gency cesarean deliveries were performed because
of fetal bradycardia; in the other two cases, the
aim was to improve maternal oxygenation. Elev-
en of the 13 infants were delivered prematurely (at
26 to 36 weeks’ gestation), including the twins,
who were delivered at 30 weeks’ gestation. All 11
premature infants for whom data were available

10.1056/NEJM0a0910444

were admitted to the neonatal ICU, primarily for
management of complications of prematurity (e.g.,
respiratory distress or difficulty with feeding) and
observation. Neither of the term infants required
neonatal intensive care. All 13 infants survived,
and none had evidence of influenza.

Eight patients in this series died; symptoms
developed in six of the eight patients during preg-
nancy and in two after delivery (on day 1 and on
day 8). Six of the patients who died had underly-
ing medical conditions in addition to pregnancy,
including hypothyroidism (in two patients), asth-
ma (in two), gestational diabetes (in one), and a
history of Hodgkin’s lymphoma (in one). All eight
patients required intensive care. None of the eight
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Table 2. Signs, Symptoms, and Clinical Course, According to Pregnancy Status.*

— days

Pregnant
Characteristic (N=94)
Reported signs and symptoms — no. (%)
Fever 86 (91)
Cough 87 (93)
Shortness of breath 39 (41)
Sore throat 39 (41)
Muscle aches 39 (41)
Nausea or vomiting 31(33)
Headache 23 (24)
Rhinorrhea 18 (19)
Diarrhea 9 (10)
Infiltrates on chest radiography or computed tomography 36/61 (59)
— no./total no. (%)
Positive rapid test — no./total no. (%) 38/66 (58)
Admission to ICU — no. (%) 18 (19)
Mechanical ventilation — no./total no. (%) 13/91 (14)
Secondary bacterial or fungal infection — no. (%) 1(1)
Antiviral treatment — no./total no. (%)
At any time during course of illness 71/88 (81)
<48 hr after symptom onset 30/60 (50)
Antibiotic treatment — no./total no. (%) 42/94 (45)
Median time from symptom onset to hospitalization 2 (0-11)
(range) — days
Median hospital stay (range) — days 3 (1-76)
Death — no. 6
Median time from symptom onset to death (range) 20 (14-49)

Postpartum Nonpregnant
(N=8) (N=137) P Value
7 (88) 127 (93) 0.74
6 (75) 124 (91) 0.59
6 (75) 88 (64) <0.001
3 (38) 59 (43) 0.81
2 (25) 78 (57) 0.02
1(12) 59 (43) 0.12
2 (25) 44 (32) 0.21
1(13) 30 (22) 0.61
2 (25) 27 (20) 0.04
6/7 (86) 78/125 (62) 0.66
3/6 (50) 54/81 (67) 0.26
4 (50) 41 (30) 0.07
3/8 (38) 36/122 (30) 0.009
1(12) 9(7) 0.05
7/8 (88) 97/120 (81) 0.98
3/7 (43) 28/82 (34) 0.06
7/8 (88) 80/137 (58) 0.04
6 (1-7) 3 (0-20) 0.12§
6 (1-36) 4 (1-41) 0.03§
2 17
30 (26-33) 10 (3-22) 0.01§

* All women in the study were of reproductive age (15 to 44 years). P values are for the comparison of pregnant women and nonpregnant
women; data for postpartum women and missing data were excluded. ICU denotes intensive care unit.

T Secondary bacterial or fungal infection was defined as the isolation of bacteria or fungus from a sterile site or the isolation of bacteria or
fungus from a lower-respiratory-tract specimen in conjunction with a new infiltrate on chest radiography or chest computed tomography.
Two women (one pregnant and one postpartum) with secondary bacterial or fungal infection had infection with methicillin-resistant
Staphylococcus aureus. Of the nonpregnant women with infection, two had infection with methicillin-resistant S. aureus, one with methicillin-
sensitive S. aureus, three with Streptococcus pneumoniae, one with Pseudomonas aeruginosa, one with Candida albicans, and one with aspergil-
lus species. The P value for secondary bacterial or fungal infection was calculated with the use of a two-sided Fisher’s exact test because of

the small number of patients (in one or both groups).

I Antiviral treatment consisted of therapy with oseltamivir alone (in 150 patients), oseltamivir and zanamivir (in 6), oseltamivir and rimanta-

dine (in 5), oseltamivir and amantadine (in 11), and zanamivir alone (in 3).

§ The P value was calculated with the use of the Wilcoxon rank-sum test.

received antiviral agents within 48 hours after
symptom onset; the median time from symptom
onset to receipt of antiviral agents was 6.5 days
(range, 3 to 36). In six cases, rapid influenza test-
ing was negative. Among 60 pregnant women for
whom the timing of antiviral treatment was
known, those who received antiviral treatment

more than 48 hours after symptom onset were
more likely to be admitted to the ICU or to die (13
of 30 patients) than were pregnant women who
received antiviral agents earlier (3 of 30 patients)
(relative risk, 4.3; 95% confidence interval [CI], 1.4
to 13.7).

There were an estimated 188,383 births in the
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state of California from April 3 through August 5,
2009 (on the basis of actual birth data from the
same period in 2008). The eight deaths due to
2009 HIN1 influenza during this time resulted
in a cause-specific maternal mortality ratio of 4.3
(95% CI, 1.8 to 8.4).

DISCUSSION

In this large series of pregnant and postpartum
patients who were hospitalized with or died from
2009 HIN1 influenza, 95% of the pregnant pa-
tients were infected in the second or third tri-
mester, and almost one fifth required intensive
care. One third of the pregnant patients had med-
ical conditions besides pregnancy that are recog-
nized risk factors for complications from influ-
enza. Eight patients who were hospitalized had
an onset of symptoms within 2 weeks post par-
tum; half required intensive care and two died,
highlighting the continued high risk immedi-
ately after pregnancy. The pregnant women were
less likely to have underlying medical conditions
than the nonpregnant women hospitalized with
2009 HIN1 influenza. Although pregnant wom-
en frequently presented with mild or moderate
symptoms, many had a rapid clinical progression
and deterioration.

Over the 4-month study period, the cause-spe-
cific maternal mortality ratio for 2009 HIN1 in-
fluenza was estimated at 4.3 in California. The
maternal mortality ratio for death from any cause
was 19.3 in California in 2005° and 13.3 in the
United States in 2006.° More than two thirds
of maternal deaths in the United States each year
are directly related to obstetrical factors, and
maternal deaths due to influenza have been
rare.** The high 2009 HIN1 influenza—specific
maternal mortality suggests that this pandemic
has the potential to notably increase overall ma-
ternal mortality in the United States in 2009.

The severity of influenza seen in this case se-
ries is consistent with the increased risk of severe
disease among pregnant women that has been
documented for seasonal influenza and previous
pandemics.>*%1112 Consistent with the excess
number of influenza-associated deaths among
pregnant women observed during previous pan-
demics is the disproportionate number of preg-
nant women, as compared with their prevalence
in the overall population, among all patients who

10.1056/NEJM0a0910444

have died and all critically ill patients, as was re-
cently reported in the United States® and other
countries'>** during the current pandemic. Al-
though an association between severe illness and
pregnancy is well documented for seasonal influ-
enza, the rapid clinical deterioration observed in
some of our patients appears to be qualitatively
different from the course of seasonal influenza
observed previously.***2 One quarter of the wom-
en requiring mechanical ventilation in our series
were severely ill at the time of presentation and
required intubation on the day of admission. Six
deliveries occurred in an ICU, including four emer-
gency cesarean deliveries, which is a relatively rare
obstetrical occurrence and suggests that the con-
dition of the patients was too unstable at the time
of delivery for them to be transferred to an ap-
propriate labor and delivery unit.*> Furthermore,
although the data are limited, deaths among preg-
nant women due to seasonal influenza appear to
be uncommon. In a study of more than 4000
women enrolled in the Tennessee Medicaid pro-
gram between 1974 and 1993 who had a cardio-
pulmonary event during the influenza season,*
none of the 104 maternal deaths that occurred
were likely to have been due to influenza.

The Centers for Disease Control and Preven-
tion (CDC) recommends prompt antiviral treat-
ment of pregnant women with suspected or con-
firmed 2009 H1N1 influenza, ideally within 48
hours after symptom onset.1® In our series, preg-
nant women who received treatment after 48 hours
had a risk of admission to the ICU or death that
was about 4 times the risk among those who
received earlier treatment. Delay in treatment
was often multifactorial in cause; in some cases,
pregnant women did not promptly seek medical
care after symptom onset, whereas in other
cases, there were delays by health care provid-
ers in initiating antiviral treatment. The recog-
nition and diagnosis of influenza-like illness may
be complicated during pregnancy, when women
and their health care providers may attribute cer-
tain signs and symptoms (e.g., myalgia or short-
ness of breath) to pregnancy rather than influenza.
Furthermore, pregnant women or their health care
providers may want to avoid antiviral treatment
during pregnancy because of concerns about the
fetus.® Although rapid influenza tests are wide-
ly available and can be completed within 15 min-
utes, reliance on rapid test results might have
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contributed to treatment delays. In this series, 38%
of patients who underwent testing had false nega-
tive results; less than 30% of the pregnant women
with false negative results received antiviral treat-
ment within 48 hours after symptom onset, and
five of the patients who died had false negative
results. Recently, the CDC issued a health advisory
alerting clinicians about the poor sensitivity of
rapid test results and stating that clinical deci-
sions about the treatment of influenza should not
be guided or delayed by negative results on rapid
testing.17-1°

The fact that eight of the cases of influenza in
our study involved a postpartum onset of symp-
toms, with severe disease and death in some of
these cases, highlights the continued high risk im-
mediately after pregnancy. A variety of cardiac,
respiratory, hormonal, and immunologic changes
that occur during pregnancy may contribute to
the increased risk of influenza-related morbidity
and mortality among pregnant women.2° Although
it is unknown how long after delivery these chang-
es persist, some of them (i.e., immunologic altera-
tions) might persist longer than others (e.g., de-
creased lung capacity due to uterine compression).
Although some studies of seasonal influenza have
not shown an increased period of risk during the
postpartum period,** the immediate postpartum
period probably represents a transitional period
during which the risk of severe disease is returning
to, but has not yet reached, the baseline level. In
light of these emerging data, the CDC recently
issued revised guidelines, recommending prompt
initiation of antiviral treatment in patients with
suspected or confirmed influenza up to 2 weeks
after delivery.t°

The limitations of our study should be noted.
Although enhanced surveillance efforts were ini-
tiated, case ascertainment relied on passive report-
ing by clinicians, and underascertainment prob-
ably occurred because of both underrecognition of
influenza cases and underreporting by clinicians
to the CDPH. In addition, recommendations for
testing were based on the severity of clinical ill-
ness, but despite these guidelines, clinicians may
have been more inclined to test pregnant women
than nonpregnant women, and pregnant women
may have been hospitalized more readily or with
less serious coexisting illness. Finally, the medi-
cal records of pregnant and postpartum women
who required intensive care underwent additional

10.1056/NEJM0a0910444

review, with the provision of key missing data by
clinicians; the records of nonpregnant women who
required intensive care did not undergo the same
level of scrutiny in the study, owing to time and
resource limitations.

As the current pandemic unfolds, pregnant and
postpartum women should be counseled about the
importance of vaccination.?23 Pregnant women
are a top-priority group for immunization against
2009 HIN1 influenza. Since the 2009 HIN1 mon-
ovalent vaccine is manufactured according to the
same processes that are used for the seasonal in-
fluenza vaccine, its safety profile among pregnant
women is expected to be similar to that of the
seasonal influenza vaccine, which has consistently
been shown to be safe during pregnancy.2* Pre-
liminary results from a trial of 2009 HIN1 mon-
ovalent vaccine have shown a robust immune re-
sponse in pregnant women, similar to the response
in nonpregnant adults, and no safety concerns
have been identified.?> Maternal vaccination may
also provide a benefit to the newborn infant, with
a decreased risk of respiratory infections related
to influenza in both the mother and infant dur-
ing the first 6 months after delivery.2? Regard-
less of the results of rapid antigen tests, women
with suspected or confirmed influenza who are
pregnant or who have delivered within the pre-
vious 2 weeks should receive aggressive antiviral
treatment and undergo close monitoring. Finally,
because pregnant women and their fetuses require
specialized care and monitoring, early consider-
ation should be given to the transfer of critically
ill pregnant and postpartum women hospitalized
in non—tertiary care facilities to facilities that pro-
vide a higher level of care, including neonatal in-
tensive care for premature infants.
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