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Pregnant women and their fetuses are at high risk of infection with the novel
HIN1 influenza A virus. Obstetric providers need to be prepared to provide
the care necessary to address the increased morbidity, mortality, and pregnancy-
related complications (including spontaneous miscarriage and preterm birth)
faced by pregnant women during an influenza pandemic. This article reviews
the epidemiology, pathogenesis, clinical manifestations, diagnosis, treatment,
and prevention strategies for the current HIN1 influenza pandemic.
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merly called swine flu) was first identified in April 2009."* The outbreak

H uman infection with the novel HIN1 strain of the influenza A virus (for-

has since reached pandemic status. Pregnant women are at especially high
risk for the development of complications of HIN1 influenza A.>® During
pregnancy, healthy women have a 4- to 5-fold increased rate of serious illness
and hospitalization with influenza.® For this reason, it is critical that all obstetric
care providers be familiar with the symptoms, treatment, and prevention of HIN1

infection in pregnant women.
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H1N1 Influenza in Pregnancy continued

Background

Influenza Viruses

Influenza viruses are a group of RNA
viruses belonging to the family Or-
thomyxoviridae (Figure 1). They are
classified into 3 distinct genera: in-
fluenza A, B, and C. Influenza A can
be divided further into a number of
subtypes according to the expression
pattern of 2 viral antigens: hemagglu-
tinin (which mediates viral attach-
ment) and neuraminidase (which me-
diates viral release). There are 16
hemagglutinin and 9 neuraminidase
variants. Thus, HIN1 (Hemagglutinin-
I, Neuraminidase-1) designates a
specific subtype of influenza A.
Influenza B and C are not divided into
subtypes. Both influenza A and B
strains cause seasonal infections of
viral influenza (flu) and the dominant
strains are included in each year’s
influenza vaccination. Influenza C
typically causes only a mild respira-
tory illness.”

Epidemiology

Historical Perspective

The 1918 pandemic known as the
Spanish flu left one-third of the
world’s population ill and carried a
fatality rate of greater than 2.5%
(compared with 0.1% for a typical flu
outbreak), resulting in over 100 million

Figure 1. Influenza virus.
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deaths worldwide.”™ Although the
exact strain of influenza A responsi-
ble for this pandemic is unknown,
there is evidence to suggest that it
was an avian-like HIN1.” After the
H2N2 Asian flu pandemic of 1957,
swine HIN1 strains (so named be-
cause they originated mainly in pigs)
largely disappeared from human cir-
culation. The exception occurred in
1976, when an outbreak of swine
HIN1 influenza occurred among
soldiers at Fort Dix, New Jersey, re-
sulting in 230 confirmed cases and 1
death. This outbreak provided the
impetus for mass vaccinations against
influenza in the United States. Unfor-
tunately, in the early stages of flu
vaccine development, over 500 vacci-
nated subjects developed Guillain-
Barré syndrome (acute inflammatory
demyelinating polyneuropathy). In
1977, genetic isolates similar to the
early HIN1 outbreaks reemerged,
possibly due to laboratory contami-
nation, and began to circulate with
H3N2 subtypes, but the HIN1 strains
rarely predominated.”™'? A separate
pandemic in 1968, the Hong Kong

influenza, was not related to HIN1,
but rather was a human/avian reas-
sortment H3N2 virus.”

The Current HIN1 (Swine)

Influenza Pandemic

In early April 2009, reports began
surfacing in Mexico of a severe pneu-
monia-like illness affecting mostly
young, healthy people. The infection
was subsequently identified as in-
fluenza A (novel HIN1 subtype). By
mid-April, the Mexican Ministry of
Health had issued an alert ordering
that all suspected cases be reported.
By April 21, there were 5 confirmed
cases of novel HIN1 in the United
States (all in California and Mexico).
On April 27, the World Health Organi-
zation (WHO) raised the worldwide
alert to pandemic level 4, indicating
confirmed human-to-human trans-
mission able to cause community-
level outbreaks. Two days later, they
raised the alert level to pandemic
level 5, signaling that a worldwide
pandemic was probably imminent
(Figure 2). By this point, 2 deaths
had occurred in the United States—an

Figure 2. The World Health Organization (WHO) phases of a worldwide pandemic are shown. Phase 1 is when viruses
in animals do not cause infections in humans. Phase 2 is when animal viruses are known to cause infection in hu-
mans, but this is a rare event. Phase 3 is when animal viruses cause sporadic cases in humans, but where there is
very limited or no subsequent human-to-human transmission. Phase 4 is when human-to-human transmission has
been verified and is able to cause community-level outbreaks; this level indicates a significant increase in risk of a
pandemic. Phase 5 refers to human-to-human transmission documented in at least 2 countries in 1 WHO region; this
level represents a strong signal that a pandemic is imminent. Phase 6 refers documented human-to-human trans-
mission and community-level outbreaks in at least 2 countries in different WHO regions; this level indicates a global
pandemic. The post-peak phase refers to a decrease in disease levels, but uncertainty as to whether additional waves
of disease will occur; previous pandemics have been characterized by several waves of activity over a period of
months. The post-pandemic phase refers to return of disease levels to those seen under normal conditions.
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H1N1 Influenza in Pregnancy

infant and a woman with “chronic
underlying health conditions.””-113-1¢

On May 20, the Centers for Disease
Control and Prevention (CDC) in the
United States released a report docu-
menting severe complications of
HIN1 influenza A in pregnant
women, including 20 confirmed cases
and 1 death. Pregnant women were
more likely to report shortness of
breath, but otherwise reported similar

in all 50 American states. The United
States federal government awarded a
$90 million contract to MedImmune,
a biotechnology firm based in
Gaithersburg, Maryland, to develop a
live attenuated vaccine against novel
H1N1. On June 6, the WHO declared a
level 6 pandemic—the highest possible
level and the first such declaration in
41 years—indicating community-level
outbreaks in at least 2 different WHO

On May 20, the Centers for Disease Control and Prevention in the United
States released a report documenting severe complications of HINI in-
fluenza A in pregnant women, including 20 confirmed cases and 1 death.

symptoms to those described by the
nonpregnant population, including
fever, cough, sore throat, rhinorrhea,
headache, myalgias, vomiting, and
diarrhea.”® The death occurred in an
otherwise healthy patient presenting
at 35 weeks of gestation with acute-
onset severe respiratory distress re-
quiring intubation. She underwent an
emergency cesarean delivery because
of respiratory failure and was started
on oseltamivir 8 days after her initial
presentation, but she died 11 days
later. That same day, the number of
confirmed HIN1 cases worldwide hit
10,000.”

By June 16, there were a total of 45
reported deaths from HI1N1-related
complications, of which 6 (13%) were
pregnant women: 1 in the first
trimester, 1 in the second trimester,
and 4 in the third trimester. With the
exception of asthma and obesity, all 6
women were healthy prior to their in-
fluenza illness. None had evidence of
secondary bacterial pneumonia, and
each had received treatment with the
antiviral neuraminidase inhibitor os-
eltamivir. Five of the 6 women had
viable pregnancies and underwent ce-
sarean delivery; none of the infants
had evidence of influenza infection.”

June 2009 also began with the news
that cases of novel HIN1 had appeared

regions. As of July 6, over 94,500
confirmed cases of novel HIN1 infec-
tion had been reported in more than
100 countries around the world."

As of July 24, the CDC had reported
43,771 confirmed cases of novel
H1N1 infection in the United States,
with 302 confirmed deaths.'” At the
time of writing this article, 610 cases
of confirmed novel HIN1 influenza A
had presented to Yale-New Haven
Hospital in New Haven, Connecticut,
with the majority (80%) occurring in
children and about 15% requiring
admission. Of the 98 patients requir-
ing hospital admissions for confirmed
novel HIN1 influenza A infection,
only 5 were pregnant. Four of these
had a relatively benign course
characterized by mild respiratory
distress; 1 patient with a history of
asthma required intubation at 33
weeks of gestation due to worsening
respiratory failure, but was subse-
quently extubated, discharged home
on hospital day 9, and delivered at
term.

Pathogenesis

The worldwide pandemic of 2009 is
the result of infection with an in-
fluenza A virus (H1N1 strain) that had
not been previously recognized in
either pigs or humans.'*'*!* The CDC

therefore chose to refer to the 2009
pandemic as novel HIN1 influenza A
infection, a term that reflects the
unique genetic makeup of the virus: a
reassortment of several swine strains,
a human strain, and an avian strain.
In contrast to genetic drift, which oc-
curs when mutations create new anti-
gen variants that are reasonably sim-
ilar to the old strains, reassortment (or
genetic shift) creates completely new
antigens, thereby limiting the ability
of the immune system to recognize
and destroy the new virus. Seasonal
flu and smaller epidemics are proba-
bly a result of genetic drift, whereas
pandemics likely result from genetic
shift."”

The novel HIN1 virus carries sev-
eral gene segments that are descen-
dents from the 1918 Spanish flu in-
fluenza A virus. Older individuals
who may have been exposed to prior
HIN1 strains would therefore be ex-
pected to carry some degree of immu-
nity to the current strain.' This may
explain, at least in part, the observa-
tion that most of the confirmed cases
and deaths at the onset of the 2009
pandemic occurred in seemingly
healthy, younger adults.'® Indeed,
from March to April 2009, 87% of
novel H1N1-related deaths in Mexico
occurred in patients between the ages
of 5 and 59 years, which stands in
stark contrast to past flu epidemics
where only 17% of deaths occurred in
this population.'® Moreover, exposure
of the novel HIN1 virus to serum
collected from patients born prior to
1918 (and therefore alive during the
Spanish flu pandemic) resulted in
neutralization of the virus,' suggest-
ing the continued presence of specific
anti-H1N1 antibodies. A similar study
looking at the presence of antibodies
against pandemic HIN1 influenza A
in stored serum showed that 33% of
individuals over age 60 years had
high titers of neutralizing antibody
compared with only 9% of individuals
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H1N1 Influenza in Pregnancy continued

aged 18 to 64 years.” The observed
shift in age distribution is reminiscent
of prior newly emergent pandemic in-
fluenza strains with severe infection
occurring disproportionately in indi-
viduals who are not at the extremes
of age. In contrast, this pattern is un-
usual for seasonal flu, which typically
causes severe disease in infants,
young children, and the elderly.'?

Although limited immunity likely
contributed to the development of the
novel HIN1 pandemic, research also
suggests that swine HIN1 replicates
more efficiently than human strains,
leading to more severe pathologic le-
sions in the lungs, including diffuse
alveolar damage.”®* This provides an
additional explanation as to why so
many patients infected with the novel
HIN1 viral strain are seemingly
healthy, without underlying medical
conditions.

Clinical Manifestations

Patients with novel HIN1 typically
present with symptoms of an acute
respiratory illness, including cough,
sore throat, rhinorrhea, and fever.
Other complaints may include
headache, fatigue, body aches, vomit-
ing, and diarrhea. Their clinical pre-
sentation can be complicated by de-
velopment of a secondary bacterial
infection (such as pneumonia). Symp-
toms commonly develop within 1
week of exposure, and patients are
contagious for approximately 8 days
thereafter.! Most pregnant women
will have an uncomplicated course,
but there have been reports of adverse
pregnancy outcome, including mater-
nal death.

The risk of morbidity from seasonal
influenza is higher among pregnant
women.”®!22223 This phenomenon
was also observed during the current
outbreak, as pregnant women have
had a higher rate of hospital admis-
sion than the general population. In
keeping with previous influenza
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pandemics, mortality also appears to
be higher in pregnant women, espe-
cially if infection occurs in the third
trimester.>**?* In a case series of 1350
pregnant women infected during the
1918 pandemic, approximately 50%
developed pneumonia, with a fatality
rate of 27%. Most of the women who
died were in the third trimester.?* The
pandemic of 1957 was associated
with an even higher mortality rate. In

CDC defines a confirmed case of novel
HIN1 influenza A as an individual
with an influenza-like illness and lab-
oratory-confirmed HIN1 influenza A
either by RT-PCR or culture. A proba-
ble case is defined as an individual
with an influenza-like illness who is
positive for influenza A by RT-PCR,
but in whom the strain of infection
has not been determined.>*?® How-
ever, for patients with suspected

During the current pandemic, low-risk nonpregnant women with mild ill-
ness do not need to be tested or treated. However, all pregnant women should
be regarded as high risk and should be treated because the potential benefit
outweighs the theoretical risk to the fetus.

Minnesota, for example, 50% of all
deaths in women of reproductive age
occurred among pregnant women.”®

Pregnancy-related complications of
novel HIN1 infection include nonre-
assuring fetal testing (most com-
monly fetal tachycardia) and febrile
morbidity. Hyperthermia in early
pregnancy has been associated with
neural tube defects and other congen-
ital anomalies, and fever during labor
and birth is a risk factor for neonatal
seizures, newborn encephalopathy,
cerebral palsy, and death.’®* In a se-
ries of 5 pregnant women recently
hospitalized for pandemic HIN1, the
CDC reported that 2 women devel-
oped complications including sponta-
neous abortion (at 13 weeks) and pre-
mature rupture of membranes (at 35
weeks).2

Diagnosis and Treatment

Testing

If influenza is suspected in a pregnant
patient, she should undergo immedi-
ate testing for novel HIN1. A rapid
influenza antigen test is commonly
used in patients suspected of having
influenza, which should be confirmed
by reverse transcription polymerase
chain reaction (RT-PCR), the recom-
mended test in the United States. The
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novel HIN1 infection, treatment
should not be delayed pending the
laboratory results.>?%*

Antiviral Medication

During the current pandemic, low-
risk nonpregnant women with mild
illness do not need to be tested or
treated. However, all pregnant women
should be regarded as high risk and
should be treated because the poten-
tial benefit outweighs the theoretical
risk to the fetus (Figure 3).> A recent
analysis in The Lancet reported no
delay in diagnosis among pregnant
women, but a significant delay in the
initiation of treatment during preg-
nancy likely due to concerns about
the safety of antiviral medications on
the developing fetus by both the pa-
tient and provider.

Novel HIN1 influenza A is resistant
to adamantanes, such as amantadine
and rimantadine.?**° The treatment of
choice in both pregnant and nonpreg-
nant populations—and the CDC rec-
ommendation for pregnant women—is
oseltamivir (75 mg twice daily for
5 days) or zanamivir (2 5-mg in-
halations twice daily for 5 days).
Oseltamivir and zanamivir are both
pregnancy category C drugs, but no
adverse events have been reported to
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Suspected Influenza A Infection

¢ Place a facemask on the mother
¢ Place the mother in an isolated room with droplet precaution

e Order a direct immunofluorescent antibody (ask the laboratory to
determine the strain if influenza A is identified)

¢ Consider starting empiric oseltamivir therapy (75 mg twice daily x 5 days)

H1N1 Positive

H1N1 Negative

e Initiate droplet and contact
precautions

e Use goggles if aerosolization is
likely

* No need to place the patient in
a negative-pressure room

¢ Continue oseltamivir therapy

Exposure
confirmed

e Continue

Isolate mother from infant
immediately after delivery

chemoprophylaxis
(oseltamivir 75 mg
daily x 5 days)

No confirmed
exposure

¢ Discontinue
oseltamivir
therapy

¢ No further
treatment
needed

Figure 3. Management of influenza A (HIN1) viral infection in pregnancy.

date among women who received
these agents during pregnancy.” One
study using an ex vivo human pla-
cental model showed that oseltamivir
is extensively metabolized by the pla-
centa with minimal accumulation on
the fetal side.*” In 2 case series of
women exposed to oseltamivir during
pregnancy, the incidence of major
congenital malformations was similar
to that reported for the general popu-
lation.”®?*33* There are fewer data
available on zanamivir. In 1 report, 3
women were exposed to zanamivir
during pregnancy: 1 suffered a mis-
carriage, 1 had an elective pregnancy
termination, and 1 delivered a healthy
baby.*

Treatment should ideally be started
as soon as possible after the onset of
symptoms because the benefit of an-
tiviral medications is greatest if

started within 48 hours of symptom
onset. However, studies on antiviral
use in seasonal flu have shown some
benefit for hospitalized patients even
if started after 48 hours.” In addition
to specific antiviral medications, ac-
etaminophen should be given if the
patient is febrile.

Isolation

Patients with suspected pandemic
H1N1 should wear a facemask and be
placed in an isolated room away from

aerosolization of droplets is possible
(eg, while the patient is receiving a
nebulizer treatment or being intu-
bated), goggles should be worn.
Symptomatic patients should be
placed on droplet precautions (includ-
ing gowns, gloves, and N95 respira-
tors), although most hospitals will
only require droplet precautions for
confirmed cases of novel HIN1. Due
to the pandemic nature of the disease,
patients do not need to be placed in
negative-pressure rooms.>*

If a pregnant patient delivers while infected with HIN1, she should be sep-
arated from her infant immediately after delivery.

providers and other hospitalized pa-
tients. If pandemic HIN1 infection is
confirmed, contact precautions (gown
and gloves) should be added. If
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If a pregnant patient delivers while
infected with H1N1, she should be
separated from her infant immedi-
ately after delivery. She should avoid
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close contact with her infant until she
has been on antiviral medications for
at least 48 hours, her fevers have re-
solved, and she can control her
coughing and secretions. After this
initial period of isolation, she should
continue to practice good hand hy-
giene and cough etiquette, and wear a
facemask for the next 7 days.**

Prophylaxis

Postexposure prophylaxis should be
considered for pregnant women with
close contacts who have suspected or
confirmed HIN1. Two regimens are
recommended: zanamivir (10 mg in-
haled daily) or oseltamivir (75 mg
daily by mouth). Although zanamivir
may be the drug of choice due to its
limited systemic absorption, an in-
haled route of administration may not
be tolerated, especially in women
with underlying respiratory disease
such as asthma or chronic obstructive
pulmonary disease. In this setting, os-
eltamivir is a reasonable alternative.
Chemoprophylaxis should probably
be continued for 10 days after the last
known exposure, but may need to be
extended at the discretion of the ob-
stetric care provider in settings where
multiple exposures are likely to
occur (such as within households).
Close monitoring for symptoms of
influenza is recommended.’

Breastfeeding
The risk of transmission of novel
HIN1 through breast milk is un-
known. However, since reports of
viremia with seasonal flu are rare, it
seems highly unlikely that the HIN1
virus will cross into breast milk. On
the other hand, breastfeeding is
known to strengthen the neonatal
immune response, and infants who
are not breast fed may actually be
more vulnerable to viral infection.?
Use of antiviral medication for
HIN1 treatment or chemoprophylaxis
is not a contraindication to breast-
feeding. The concentration of both
oseltamivir and zanamivir in breast
milk has been estimated to be less
than the pediatric dose of each.??%3’
If the infant needs to be isolated from
its infected mother, healthy adults
should provide bottle feedings of ex-
pressed breast milk until the mother
and child can be reunited. If no assis-
tance is available, the mother should
be allowed to breastfeed her child, but
she should use a facemask and prac-
tice strict hand hygiene and cough
etiquette.>*

Prevention

Recommendations for the prevention
of pandemic H1N1 infection in preg-
nant women are similar to those for
seasonal flu.>* Patients should be

advised to cover their cough, practice
good hand hygiene, and minimize
sick contacts. They should be encour-
aged to stay home if sick. In the
office or hospital setting, sick or
potentially infected patients should
be separated from the healthy preg-
nant population.

Vaccination

In May 2009, the CDC distributed
H1N1 influenza A seed stocks to vac-
cine manufacturers for use in devel-
oping a novel HI1N1 vaccine. The vac-
cine is expected to be available in
October 2009. It is highly unlikely
that there will be sufficient vaccine
initially to immunize the entire popu-
lation. For this reason, the WHO rec-
ommends that priority for the vaccine
be given, in stepwise fashion, to health
care workers, pregnant women, indi-
viduals with certain chronic medical
conditions, healthy individuals be-
tween 15 and 49 years of age, healthy
children, and finally to healthy indi-
viduals between 50 and 64 years of
age.’® A seasonal influenza vaccine
will be available as usual, and should
be offered to all pregnant women
during flu season (November-March).
Such vaccinations are low-cost inter-
ventions that have been shown to
have substantial benefits for both
mother and baby.*

Main Points

e Pregnant women are at especially high risk for the development of complications of HIN1 influenza A.

e Patients with novel HIN1 typically present with symptoms of an acute respiratory illness, including cough, sore throat, rhinor-
rhea, and fever. Other complaints may include headache, fatigue, body aches, vomiting, and diarrhea. Symptoms commonly
develop within 1 week of exposure, and patients are contagious for approximately 8 days thereafter.

e Pregnancy-related complications of novel HIN1 infection include nonreassuring fetal testing (most commonly fetal tachycardia)
and febrile morbidity. Hyperthermia in early pregnancy has been associated with neural tube defects and other congenital anom-
alies, and fever during labor and birth is a risk factor for neonatal seizures, newborn encephalopathy, cerebral palsy, and death.

e Treatment should ideally be started as soon as possible after the onset of symptoms because the benefit of antiviral medications
is greatest if started within 48 hours of symptom onset.

e The risk of transmission of novel HIN1 through breast milk is unknown. However, since reports of viremia with seasonal flu are
rare, it seems highly unlikely that the HIN1 virus will cross into breast milk. Breastfeeding is known to strengthen the neonatal
immune response, and infants who are not breast fed may actually be more vulnerable to viral infection.
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Conclusion

The United States is in the midst of an
influenza pandemic. Pregnant women
and their fetuses are at high risk of
infection with the novel HINI1 in-
fluenza A virus. Obstetric providers
need to be prepared to provide the
care necessary to address the in-
creased morbidity, mortality, and
pregnancy-related complications (in-
cluding spontaneous miscarriage and
preterm birth) faced by pregnant
women during such an influenza
pandemic. [ ]
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