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ABSTRACT
During the 2009 influenza A (H1N1) pandemic, many pregnant women experienced severe illness and some

gave birth while ill with suspected or confirmed pandemic (H1N1) 2009 influenza. Because of concerns about
possible transmission of this novel virus to immunologically naı̈ve newborns, and the absence of definitive stud-
ies regarding this risk, the Centers for Disease Control and Prevention (CDC) reviewed relevant literature to un-
derstand the potential burden of disease and routes of transmission affecting newborns. This report describes
the issues considered during the 2009 H1N1 pandemic as CDC developed guidance to protect newborns in hos-
pital settings. Also presented is a framework of protection efforts to prevent novel influenza infection in fetuses/
newborns before birth and in hospital settings. Although developed specifically for the pandemic, the framework
may be useful during future novel influenza outbreaks.

(Disaster Med Public Health Preparedness. 2012;6:97-103)
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The Department of Health and Human Services
issued a national public health emergency dec-
laration on April 26, 2009, in response to the

pandemic (H1N1) 2009 influenza (pH1N1). First iden-
tified in Mexico and the United States in the spring of
2009, the pandemic rapidly spread to become the first
global influenza pandemic since 1968.1 It was found that
pregnant women were more likely to have severe ill-
ness and die than other population groups, and some
were giving birth while they themselves were ill with
suspected or confirmed pH1N1.2-7 Infection with se-
vere disease and death was also reported in early post-
partum women.5 Subsequently, there were concerns
about possible transmission of pH1N1 to immunologi-
cally naı̈ve newborns (infants aged �28 days), as trans-
mission appeared to occur from person-to-person through
close contact via large-particle respiratory droplets from
coughing or sneezing, contact with an infectious per-
son or surface that was contaminated with secretions,
and by aerosolized small-particle droplets.1,8 Also, viral
shedding by an infected person was thought to begin
one day before onset of illness and persist for five to seven
days or more.9-12

To develop comprehensive plans for prevention and con-
trol of pH1N1 infection in newborns in hospital set-
tings during this public health emergency, it was im-
portant to understand the potential burden of disease
and routes of transmission affecting this vulnerable popu-
lation. This report describes the issues considered and

relevant literature reviewed during the 2009 H1N1 pan-
demic to support development of the Centers for Dis-
ease Control and Prevention (CDC) guidance on the
management of maternal infection in intrapartum and
postpartum hospital settings to protect newborns. Also
included is a framework of protection efforts to pre-
vent infection in fetuses/newborns that was used dur-
ing the pandemic, which may be valuable as well dur-
ing future novel influenza outbreaks.

POTENTIAL BURDEN OF DISEASE
During the pandemic, prevention of pH1N1 infection
in newborns was particularly important for several rea-
sons. First, the immune system of a newborn is imma-
ture, deriving most of its serum immunoglobulins from
the transfer of maternal immunoglobulin G across the
placenta during the third trimester of pregnancy.13 In
the case of pH1N1, transplacental transmission of pro-
tective antibodies against the novel virus could only oc-
cur if the mother had been vaccinated against pH1N1
or had been infected with the virus. Second, neonates
are very susceptible to viral infections, having reduced
cell-mediated immunity against influenza and other re-
spiratory viruses.14,15 Third, chemoprophylaxis and treat-
ment options for pH1N1 infection in newborns were
limited, as neither oseltamivir nor zanamivir were li-
censed by the US Food and Drug Administration (FDA)
for use in infants younger than age one year16; how-
ever, an emergency use authorization for oseltamivir for
pH1N1 treatment and prevention for such infants was
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issued in April 2009 for the duration of the pandemic.17 Last,
similar to seasonal influenza vaccines, the monovalent pH1N1
vaccine available during the pandemic was not approved for
use in children younger than age six months.

Little had been published about pH1N1 infection in new-
borns, even though infants, including those younger than age
six months, had been at increased risk for hospitalization and
death in prior seasonal influenza seasons.18-24 During the 2009-
2010 influenza season in which pH1N1 was the predominant
circulating influenza virus, the rate for newborns was not re-
ported separately, although preliminary data from a US popu-
lation-based surveillance network found young children (aged
0-4 years) had the highest laboratory-confirmed rate of influenza-
associated hospitalization.25 Data from Argentina and the Neth-
erlands also documented greater disease burden of laboratory-
confirmed pH1N1 in young children, and similarly did not report
data on newborns separate from older infants and children.26,27

In Argentina, where data were broken down into narrower pe-
diatric age categories, results from a retrospective case series of
251 children (aged �18 years) hospitalized with laboratory-
confirmed pH1N1 found that 60% of admitted children were
infants younger than one year of age.26 Moreover, rates of hos-
pitalization were highest for younger infants; whereas the over-
all pediatric hospitalization rate was 20.9 per 100 000 chil-
dren, the rate for infants younger than age six months was 200
per 100 000 children.26

Although newborn-specific data were not available, evidence sug-
gested that overall attack rates in the pediatric population were
greater than those observed with seasonal influenza. For ex-
ample, the data from Argentina showed that the pediatric hos-
pitalization rate associated with pH1N1 was twice that for the
2008 seasonal influenza season in the same population, and the
rate of death was 10 times the rate associated with seasonal in-
fluenza for the same population in 2007.26 However, the ob-
served higher rates of hospitalization and death associated with
pH1N1 may have been due in part to increased testing and re-
porting as a result of heightened awareness of the pandemic.

POTENTIAL ROUTES OF TRANSMISSION
The two major routes of transmission of pH1N1 to fetuses/
newborns during the peripartum period considered during the
pandemic were (1) transplacental transmission from an in-
fected mother or (2) transmission during or after birth through
contact with respiratory droplets from an infected individual
(eg, mother, other family member, visitor, other newborn, health
care personnel).

Transplacental Transmission
Although viremia and transplacental transmission appear to be
rare with human influenza,28-32 the probability of virus reach-
ing the uterus and placenta might be greater for highly patho-
genic strains of influenza or in cases of severe maternal illness.
For example, evidence of transplacental transmission of avian
influenza A (H5N1), as well as several other strains of influ-

enza A virus, has been reported.29,31,32 Limited reports of trans-
placental transmission may be due, in part, to the challenges
in obtaining relevant specimens and appropriate documenta-
tion of emerging infections in placental and fetal tissues.33

During the pandemic, one report described possible placental
transmission of pH1N1 to a newborn from a mother who
became ill seven days before delivery.34 The newborn was de-
livered by emergency cesarean section at 31 weeks’ gestation
after the mother experienced cardiopulmonary failure. Real-
time reverse transcription polymerase chain reaction of the new-
born’s throat swab specimen collected after birth (timing not
otherwise reported) confirmed infection with the novel virus.
As the mother required intensive cardiopulmonary support at
the time of delivery and was not otherwise in contact with her
newborn, the authors concluded that the newborn was in-
fected in utero. Although possible, transmission through respi-
ratory droplets cannot be definitely ruled out, because the au-
thors did not report how soon after birth the positive specimen
was collected nor whether the newborn was exposed to other
infected individuals (eg, health care worker).

Transmission During or After Birth via Contact
with Infected Respiratory Droplets
Transmission of pH1N1 via exposure to infected respiratory se-
cretions from a mother with intrapartum infection posed a po-
tential serious risk to the newborn, given the close contact that
occurs between mother and child immediately after birth and
during the postpartum period. Although mother-to-child trans-
mission of influenza during the intrapartum or early postpar-
tum period had not been systematically examined, there were
reports of newborn influenza infection that was thought to have
been transmitted via an ill mother after birth. One study ex-
amined the risk of influenza during the first year of life among
209 infants enrolled at birth; one death occurred in an 11-day-
old newborn with influenza A (H3N2) and pneumonitis.35 The
mother of the newborn had become ill with the influenza vi-
rus six days postpartum; the infant did not have any detectable
antibody to the virus in cord serum obtained at birth. In an-
other report, a preterm infant who developed severe respira-
tory distress at age 17 days tested positive for influenza B in-
fection and died at age 33 days.36 Although the source of infection
was not definitely determined, the newborn’s mother experi-
enced symptoms of an influenza-like illness when the new-
born was aged 14 days. At the time of the pandemic, only one
report, conducted in Australia and New Zealand, had de-
scribed findings from pH1N1 testing of neonates born to moth-
ers admitted to an intensive care unit during pregnancy or the
early postpartum period for pH1N1 illness.7 In that report, 2
(10%) of 20 newborns of critically ill mothers tested for pH1N1
had documented infection with the novel virus. Unfortu-
nately, no other information on the infected newborns was avail-
able, including degree of exposure to their ill mothers, timing
of testing, presentation of symptoms, or course of illness.
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In addition, no reports, to our knowledge, systematically quan-
tified the rate of influenza transmission to newborns from other
infected persons such as family members or health care person-
nel. One case report described influenza B-associated death in
a preterm newborn who was thought to have acquired infec-
tion from his ill father who visited the neonatal intensive care
unit (NICU) while experiencing influenza-like illness.37 There
is also one report of pH1N1 infection in a 20-month-old on-
cology patient admitted to the hospital for induction chemo-
therapy who developed influenza symptoms and tested posi-
tive for pH1N1 after being in the hospital for one week.38 As a
contact investigation revealed that none of the patient’s fam-
ily members or visitors had been in recent or close contact with
anyone experiencing influenza-like illness, and because health
care personnel caring for the patient had also cared for pH1N1
patients, the authors concluded that transmission likely oc-
curred through health care personnel. Any ill caregiver in close
contact with newborns should be considered a potential source
of infection.

Similarly, an infected newborn in a nursery may theoretically
pose an infection risk to other newborns. It is estimated that
1% of infants requiring care in the NICU acquire a viral in-
fection after admission to the NICU.39 Most health care-
associated viral infections that occur in the NICU are thought
to be transmitted through respiratory droplets, contact with the
contaminated hands of health care personnel or other adults,
and contaminated medical equipment or supplies.40 Specific to
influenza virus, there have been several reports of health care-
associated influenza virus type A respiratory infection out-
breaks in NICUs.41-43 Although the NICU patients affected in
these outbreaks had underlying conditions and required pro-

longed hospitalizations and were not likely comparable to healthy
newborns not requiring NICU care, novel virus strains for which
there is no neonatal passive immunity may impact healthy new-
borns more readily than other strains. During the pandemic,
there were no published reports on the rate of health care-
associated infections with influenza viruses among healthy
newborns.

PREVENTION STRATEGIES
During the 2009 H1N1 pandemic, the CDC developed a frame-
work to prevent pH1N1 infection in fetuses/newborns before
birth and in hospital settings, based on the considerations and
available literature described. This framework outlines protec-
tion efforts, including immunization, provision of breast milk
to the newborn, infection control practices, and treatment of
illness, that could be implemented by or prevent infection in
potential close contacts of newborns (Table). Developed dur-
ing the H1N1 pandemic, this framework may also be useful
to protect fetuses/newborns against future novel influenza
viruses.

Immunization
Perhaps the most important strategy to protect fetuses/
newborns from novel influenza infections, including pH1N1,
is vaccination of pregnant women, household contacts of in-
fants and pregnant women, and other individuals who will come
into close contact with or care for newborns, including health
care personnel. For pH1N1, the Advisory Committee on Im-
munization Practices identified pregnant women, persons who
live with or provide care for infants younger than age six months,
and health care personnel as three of five initial target groups
for pH1N1 vaccination efforts.44 Nevertheless, data collected

TABLE
Framework to Prevent Novel Influenza Infections, Including pH1N1, in Newborns Before Birth and in Hospital Settings

Protection Efforts Potential Contact

Mothers Health Care Personnel Family Members Other Newborns

Immunization Vaccination of mothers before
or during pregnancy

Vaccination of mothers
postpartum before hospital
discharge

Vaccination of health care
personnel caring for newborns

Vaccination of family members and
caregivers of infants aged �6 mo

Provision of breast milk Breastfeeding or expression/
collection of breast milk

Provide feeding assistance if
mother is ill

Provide lactation support

Provide feeding assistance if
mother is ill

Infection control Respiratory hygiene and cough
etiquette, hand hygiene

Isolation/cohorting

Respiratory hygiene and cough
etiquette, hand hygiene

Work restrictions when ill

Respiratory hygiene and cough
etiquette, hand hygiene

Restriction on visitors
Screening visitors for respiratory

illness

Isolation/cohorting

Treatment of infection Neuraminidase inhibitor Neuraminidase inhibitor Neuraminidase inhibitor Consideration of
oseltamivir use, as
clinically indicated,
under FDA emergency
use authorizationa

Abbreviation: FDA, US Food and Drug Administration.
aNot authorized in preterm infants during the pandemic.
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during the pandemic found low vaccination coverage rates
among these target groups: 38.0% for pregnant women, 22.3%
for health care personnel, and 13.9% for adults who live with
or provide care for infants aged younger than six months.45 For
pregnant women, low influenza vaccination rates may be due
in part to provider barriers, as findings from one survey of ob-
stetrician-gynecologists found that although the majority would
recommend influenza vaccination for a healthy pregnant woman,
over one-third did not offer it in their practices.46 Inactivated
influenza vaccines have been shown to be safe and effective when
administered during pregnancy.47

Vaccinating pregnant women not only reduces the likelihood
of severe maternal illness and death but also may provide some
protection against infection in newborns as a result of mater-
nal antibodies passively transferred via the placenta.15 One study
conducted in Bangladesh randomized receipt of inactivated sea-
sonal influenza vaccine among 340 women in the third trimes-
ter of pregnancy during the 2004-2005 influenza season. Find-
ings showed fewer cases of laboratory-confirmed influenza among
infants of mothers who received the influenza vaccine than
among infants of mothers who did not.48 In the United States,
a nonrandomized, controlled, observational study was con-
ducted during three influenza seasons during 2002-2005. Ma-
ternal influenza vaccination during pregnancy was found to be
significantly associated with reduced risk of infant influenza vi-
rus infection and hospitalization for an influenza-like illness up
to six months of age.49 To improve vaccination rates among preg-
nant women, all health care providers are urged to provide in-
fluenza vaccine to pregnant women who present for care. Be-
fore hospital discharge, previously unvaccinated mothers should
be vaccinated, and vaccine should be offered to family mem-
bers and other potential close contacts of the newborn, within
hospital constraints.

Provision of Breast Milk
Providing breast milk to newborns may reduce transmission of
novel influenza viruses, including pH1N1, to newborns, as breast
milk offers many important health benefits including protec-
tion against respiratory pathogens.50-55 In fact, the risk of hos-
pitalization for lower respiratory tract disease is more than 250%
higher among babies who are fed formula than in those who
are exclusively breastfed.52 Because of the many benefits of breast
milk, efforts to provide it to newborns are vital. Depending on
the mother’s severity of illness and the hospital’s configura-
tion and implementation of infection-control procedures, some
newborns of mothers with intrapartum pH1N1 infection may
be initially separated from their mothers and not fed directly
at the breast. Ill mothers who are separated from their infants
will need assistance to adequately establish lactation and ex-
press and collect their milk. Assistance should be coupled with
support and encouragement from hospital staff, and staff should
ensure that expressed milk is appropriately handled and stored.
When possible, while the newborn is separated from the mother,
all feedings should be provided by a healthy caregiver. Breast
milk from an infected mother is not considered infectious,56 and

use of antiviral medication by the mother is not a contraindi-
cation to breastfeeding.57 When the risk of maternal-to-child
transmission of infection via respiratory secretions is reduced,
the mother should be supported and encouraged to initiate and
continue direct breastfeeding. The American Academy of Pe-
diatrics, the World Health Organization, the American Col-
lege of Obstetricians and Gynecologists, and the US Preven-
tive Services Task Force recommend exclusive breastfeeding
for about the first six months of age.58-60

Infection Control Practices
Another important strategy to protect newborns from infection
with novel influenza viruses, including pH1N1, is implementa-
tion of hospital infection-control practices. Newborn exposure
to infected secretions can be reduced through adherence to re-
spiratory hygiene and cough etiquette (ie, use of facemasks or tis-
sues to cover nose and mouth when coughing or sneezing), and
hand hygiene performed by mothers, family members, health care
personnel, and visitors. To improve adherence, facilities should
ensure availability of supplies necessary to perform hand and re-
spiratory hygiene as well as cough etiquette.

Implementing isolation/cohorting strategies as well as engineer-
ing controls (eg, physical barrier partitions), instituted by hos-
pital policy, is also critical. In the three reports of health care-
associated outbreaks of influenza A virus among NICU infants
mentioned, cohorting of infected infants in a separate room42,43

or separating infected infants from healthy infants using an acrylic
wall41 were important infection-control measures. In the event
of maternal infection with pH1N1 during hospitalization for de-
livery, determining the best option for postpartum and new-
born patient management will require careful consideration of
the hospital’s physical configuration, availability of isolation rooms,
and number of patients in need of isolation. Recent trends in de-
sign and staffing of labor, delivery, recovery, postpartum, and new-
born care units in the United States to accommodate family-
centered care may create challenges to isolation of large numbers
of ill mothers from their healthy newborns in a pandemic sce-
nario. Therefore, having healthy newborns room with their in-
fected mothers in a postpartum unit may be employed. To re-
duce transmission risk in this situation, separation of an infected
mother from her healthy infant may require modifications to the
room (eg, use of a physical barrier, keeping the newborn �6 feet
from the ill mother). In addition, precautions should be taken
to reduce the risk of inadvertent transmission of infection from
an ill mother to other unexposed individuals that she might come
into contact with during the hospital stay, such as other mater-
nity patients, healthy term infants, and preterm or critically ill
newborns in designated newborn nurseries, special care nurser-
ies, or intensive care units.

Other infection-control measures that will provide newborns
protection from novel influenza viruses in hospital settings in-
clude work restrictions for ill health care personnel and imple-
menting hospital visitor policy restrictions. As ill health care
personnel are a potential source of infection to patients, facili-
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ties should develop sick leave policies for health care person-
nel that are nonpunitive, flexible, and consistent with public
health guidance to allow and encourage those with suspected
or confirmed influenza to stay home. It is also important to en-
sure that health care personnel, including staff who are not di-
rectly employed by the health care facility but who provide es-
sential daily services (eg, environmental cleaning), are aware
of sick leave policies. Health care personnel who return to work
following illness should be reminded that adherence to hand
hygiene, respiratory hygiene, and cough etiquette after return-
ing to work remains important, as viral shedding may occur for
several days following an acute respiratory illness. Unneces-
sary visitors to mothers and newborns during the hospital stay
should be limited, and visitors should be screened for symp-
toms of acute respiratory illness before being allowed to visit
the postpartum mother or newborn.

Treatment of Infection
Another strategy to reduce novel influenza infection in new-
borns is rapid identification of infection and treatment of
pregnant women and other close contacts with appropriate
antiviral medications (ie, oseltamavir or zanamavir). Studies
have shown that treatment with these drugs decreases viral
loads and reduces the risk of severe disease and death if
started within 48 hours of symptom onset.5,11,61 Treatment
will likely reduce morbidity and mortality even if started
more than 48 hours after illness onset, although early treat-
ment is most effective. For pregnant women, early identifica-
tion of infection and treatment might also benefit the
unborn fetus by preventing preterm delivery as a conse-
quence of severe maternal illness. With respect to newborns
themselves, although emergency use of oseltamivir, as clini-
cally indicated, was authorized by the FDA for term infants
younger than age one year for pH1N1 treatment during the
pandemic,17 data are limited on the safety and dosing of
oseltamivir for this age group and offer no specific guidance
for use among preterm infants (�37 weeks’ gestation or cor-
rected postmenstrual age). Moreover, chemoprophylaxis
with oseltamivir is not recommended in infants younger
than three months of age, unless the exposure is significant
and the infant is considered at high risk of severe illness.17

CONCLUSIONS
Due to immune system immaturity, susceptibility to viral
infections, limited antiviral treatment options, and lack of
appropriate vaccine, newborns are vulnerable to novel influ-
enza viruses, including pH1N1. After examining the poten-
tial burden of pH1N1 and routes of transmission affecting
newborns during the pandemic, we developed a framework
to prevent infection in fetuses/newborns that focused on pro-
tection efforts to be implemented by or prevent infection in
mothers, health care personnel, family members, and other
newborns. Perhaps the most important of these protection
efforts included immunization; other protection efforts
included provision of breast milk to newborns, implementa-
tion of infection control practices, and rapid identification

and treatment of infection. Further research is needed to sys-
tematically ascertain the risks of novel influenza virus trans-
mission to newborns, including from mother to child during
the intrapartum period, in hospital settings. Information
included in this report was used as the scientific foundation
to develop the CDC clinical guidance on the management
of maternal infection with pH1N1 in intrapartum and post-
partum hospital settings,62 and may also be a useful resource
during future novel influenza outbreaks to assist in the devel-
opment of comprehensive infection control plans.
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