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a b s t r a c t

Background: Live attenuated influenza vaccine (LAIV) and inactivated influenza vaccine (IIV) are both
licensed for administration to nursing mothers. Little is known about the potential for transmission of
LAIV viruses from the mother to the infant and the comparative breast milk antibody responses to
LAIV and IIV.
Methods: We performed a randomized, double-blind study comparing the immunogenicity of LAIV to IIV
when administered to nursing mothers. The safety of LAIV to IIV in women and their infants was also
compared. Women received LAIV + intramuscular placebo, or IIV + intranasal placebo on Day 0. Breast
milk and nasal swabs (from women and infants) were collected on Days 0, 2, and 8 for detection of
LAIV. Breast milk and serum antibody responses were measured at Days 0 and 28. The primary hypoth-
esis was that LAIV would provide superior induction of breast milk IgA responses to influenza as com-
pared to IIV when administered to nursing mothers.
Results: Breast milk IgG, breast milk IgA (H1N1 only), serum hemagglutination inhibition (HAI), and
serum IgG responses were significantly higher following administration of IIV compared to LAIV.
Receipt of either LAIV or IIV was safe in women and their infants. One (1%) LAIV recipient transmitted
vaccine virus to her infant who remained well. No influenza virus was detected in breast milk.
Conclusions: Breast milk and serum antibody responses were higher for IIV compared to LAIV. LAIV and
IIV were safe for nursing women but there was one (1%) possible transmission of LAIV to an infant. This
study suggests that IIV may be the preferred vaccine for nursing mothers.

� 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Influenza is an important cause of respiratory illness among
young infants. Among infants < 3 months old in the United States,
influenza has been associated with an annual average of 3000 hos-
pitalizations [1]. A recent prospective surveillance study reported
average annual rates of hospitalization attributable to influenza

to be 0.27% for those <6 months of age [2]. Influenza vaccines are
not licensed for administration to infants <6 months [3]. Maternal
influenza vaccination has the potential to protect the young infant
from influenza by placental transport of maternal antibodies and
by preventing serious influenza in the mother [4]. Therefore, preg-
nant women are recommended to receive inactivated influenza
vaccine (IIV) during any trimester of pregnancy.

Either IIV or live attenuated influenza vaccine (LAIV) is licensed
to be administered postpartum to breastfeeding women [5,6]. Lit-
tle information is available to guide decisions regarding this immu-
nization choice [7]. In addition to maternal serum antibody
transferred through the umbilical cord, there may be a potential
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protective effect from the oral transfer of maternal antibodies
through breast milk when women are vaccinated during preg-
nancy and their infants consume milk from immunized women
[8,9]. However, the amount of vaccine-specific antibodies present
in breast milk when women are immunized postpartum with LAIV
versus IIV is not known [7], nor is the amount of maternal nasal
shedding and the potential for transmission of vaccine virus to
the infant [10,11]. Further, it is not known if vaccine virus is
excreted in breast milk after LAIV administration. Experience with
other live virus vaccines with respect to virus excretion in human
milk is variable. While there are no data on excretion of either vari-
cella [12] or measles vaccine viruses [10], rubella vaccine virus
[13–15] may be excreted in human milk and cause infection with-
out clinical disease in the infant. It is assumed that if infection with
a live vaccine occurs, it will be well-tolerated because the vaccine
virus is attenuated [16]. On the other hand, both yellow fever virus
[17–19] and smallpox vaccines [16] should be avoided during
breastfeeding because of the risks for transmission from mother
to infant and the potential for vaccine-associated complications
in the infant. To address these questions, we conducted a random-
ized, double-blind clinical trial comparing LAIV versus IIV adminis-
tration in breastfeeding women. The primary hypothesis was that
LAIV would provide superior induction of breast milk IgA antibody
responses to influenza as compared to IIV when administered to
nursing women.

2. Materials and methods

2.1. Subjects

Healthy lactating women 18–49 years who had not previously
received current season influenza vaccine, and who delivered a
healthy infant at �36 weeks gestation, within 28–120 days before
enrollment were recruited at 5 US sites before the 2011–12 or
2012–13 influenza season. No women were enrolled in both sea-
sons. Women were excluded if they were not eligible to receive
seasonal influenza immunization, had any chronic medical condi-
tions, or had any known immunocompromised family member/
household contact. Women must also have successfully provided
breast milk for at least the two days prior to enrollment. Infants
were excluded if they had any chronic medical conditions or were
not receiving at least half of their feeding from breast milk.

The protocol and consent forms were approved by the institu-
tional review board at each participating site. Women provided
written, informed consent for themselves and their infants.

2.2. Study design

We conducted a randomized, double-blind clinical trial. Women
were randomized 1:1 to receive either LAIV + intramuscular pla-
cebo, or IIV + intranasal placebo. On the day of immunization,
women were given memory aids to record solicited and unsolicited
adverse events (AEs) for themselves and their infants.

Women recorded the maximum intensity of solicited and unso-
licited AEs for themselves and their infants and scored the AEs on a
scale of 0–3 (0 = absent, 1 = easily tolerated, 2 = interferes with
normal activity, and 3 = prevents normal activity).

Women recorded injection site symptoms [pain, tenderness,
erythema, and induration], and the presence of nasal congestion,
runny nose, cough, sore throat, and nasal bleeding for 7 days
post-immunization. Erythema and induration were scored on a
scale of 0–3 (0 = absent, 1 = <20mm, 2 = 2–50mm, and 3 > 50mm).
They also recorded solicited systemic AEs, including fever,
feverishness, fatigue, myalgia, headache, nausea, weakness, and
chills for 7 days after immunization. Fever was scored on a scale

of 0–3 (0 = not present, 1 = �37.8 �C to <38 �C, 2 = >38 �C to
< 39 �C, and 3 = �39 �C).

During the 10-day post-immunization period, women recorded
solicited AEs experienced by their infants, including fever, diffi-
culty breathing, nasal congestion, runny nose, cough, irritability/
fussiness, drowsiness, and loss of appetite. Fever was scored on
the same scale used for maternal fever. Unsolicited AEs occurring
in women and infants from baseline until 28 days after immuniza-
tion also were recorded. Women were contacted by telephone
6 weeks and 6 months after immunization to inquire about the
occurrence of serious adverse events (SAEs) for themselves and
their infants.

The mother and infant were requested to return for evaluation
within 72 h of symptom onset if either experienced an influenza-
like illness (ILI) [20] between baseline and 28 days after maternal
immunization. Examination(s) were performed on the ill individ-
ual(s) and nasal swabs were collected from both to test for the
presence of influenza viruses.

Women submitted expressed milk and serum specimens, both
for antibody assays, at baseline and 28 days post-immunization.
Expressed milk (women) and nasal swabs (women and infants)
were collected at baseline, 2 and 8 days after influenza immuniza-
tion to assess influenza virus presence by polymerase chain reac-
tion (PCR) and cell culture. Days 2 and 8 were chosen because
the highest proportion of healthy adult LAIV vaccinees shed one
or more vaccine strains on days 2–3 post-vaccination and few shed
past day 7 [11].

2.3. Immunizations

Licensed IIV (Fluzone�, Sanofi Pasteur, Swiftwater, PA) and LAIV
(FluMist�, MedImmune, Gaithersburg, MD) were used as
recommended each year. For the 2011–12 season [21], IIV
contained 15 mg hemagglutinin (HA) of the A/California/07/2009
(H1N1)-like virus, A/Perth/16/2009 (H3N2)-like virus, and
B/Brisbane/60/2008-like virus. FluMist� [11,21] contained
106.5-7.5 FFU (fluorescent focus units) of live attenuated influenza
virus reassortants of each of the three strains found in IIV.

For the 2012–13 season [22], IIV contained 15 mg HA of the
A/California/07/2009 NYMC X-179A (H1N1)-like virus, A/Victoria/
361/2011 IVR-165 (H3N2)-like virus, and B/Texas/6/2011
(a B/Wisconsin/1/2010-like virus). FluMist� [11,22] contained
106.5-7.5 FFU of live attenuated influenza virus reassortants of each
of the strains: A/California/07/2009 (H1N1)-like virus, A/Victoria/
361/2011 (H3N2)-like virus, and B/Wisconsin/1/2010-like virus.
The intranasal placebo was sucrose phosphate buffer and the
intramuscular placebo was sterile saline.

2.4. Antibody assays

Breast milk and serum were stored at � -65 �C until time of
performance of the antibody assays at the Laboratory for Special-
ized Clinical Studies (LSCS) at Cincinnati Children’s Hospital Medi-
cal Center (CCHMC). The pre- and post-vaccination samples were
run on the same day in the same assay and on the same plate to
allow direct comparisons. Enzyme-Linked Immunosorbent Assay
(ELISA) to detect hemagglutinin (HA)-specific Immunoglobulin A
and G (IgA and IgG) in human milk and serum samples was per-
formed as described by Schlaudecker, et al. [8]. A reference stan-
dard was used for each assay and assigned an arbitrary value.
The amount of HA-specific antibody in the samples was derived
by extrapolation from a standard curve assayed simultaneously
using the reference standard and expressed as units per mL. The
lower limit of detection was 5.82 units/mL for IgA and 2.56 units/
mL for IgG. Titers below the limit of detection were reported as
one-half the limit of detection.
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