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ABSTRACT

The Advisory Committee on Immunization Practices of the Centers for
Disease Control and Prevention recommends influenza vaccination for women
who will be in the second or third trimester of pregnancy during the influenza
season. We analyzed hospital admissions with principal diagnoses of influenza or
pneumonia and influenza-like illness (ILI) outpatient visits to study the effective-
ness of influenza vaccine during pregnancy in protecting women and infants from
influenza-related morbidity. Estimates of influenza vaccine effectiveness across five
flu seasons (Fall 1997 to Spring 2002) were calculated using Cox proportional
hazards models for women and infant study populations in Kaiser Permanente
Northern California. Outpatient utilization outcomes included physician visits
with a diagnosis of upper respiratory infection, pharyngitis, otitis media, asthma,
bronchial asthma, viral infection, pneumonia, fever, cough, or wheezing associated
with respiratory illness. Inpatient outcomes included hospitalizations with princi-
pal diagnoses of influenza or pneumonia. Women who received influenza vaccine
during pregnancy had the same risk for ILI visits compared with unvaccinated
women, adjusting for women’s age and week of delivery. When asthma visits were
excluded from the outcome measure, we also found no difference in the risk of
outpatient visits for vaccinated and unvaccinated women. Hospital admissions for
influenza or pneumonia for women in the study population were quite rare and no
women died of respiratory illness during pregnancy. Infants born to women who
received influenza vaccination had the same risks for influenza or pneumonia
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admissions compared with infants born to unvaccinated women, adjusting for
infant’s gender, gestational age, week of birth, and birth facility. Maternal
influenza vaccination was also not a significant determinant of risk of ILI
(excluding otitis media) outpatient visits for infants, nor did it significantly affect
the risk of otitis media visits. Influenza vaccination during pregnancy did not
significantly affect the risk of cesarean section, adjusting for the woman’s age. It
also did not affect the risk of preterm delivery. Although the immunogenicity
of influenza vaccination in pregnancy in mother and infant has been well
documented, in this study, we were unable to demonstrate the effectiveness of
influenza vaccination with data for hospital admissions and physician visits. One
possible interpretation of these findings is that typical influenza surveillance
measures based on utilization data are not reliable in distinguishing influenza
from other respiratory illness. Hospitalizations for respiratory illness were un-

common in both vaccinees and nonvaccinees.
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The Centers for Disease Control and
Prevention Advisory Committee on Immunization
Practices recommends influenza vaccination for
women who will be in the second or third trimester
of pregnancy during the influenza season.' Preg-
nancy increases a woman'’s risk for influenza-related
complications through physiologic changes in the
cardiac, pulmonary, and immune systems. During
pregnancy, heart rate and stroke volume increase,
lung capacity decreases, and cell-mediated immu-
nity decreases.” Excess deaths from influenza asso-
ciated with pregnancy were documented during the
pandemics of influenza in 1918% and 1957.* A
recent study demonstrated that pregnancy also
increases the risk for influenza-related morbidity.
The relative risk for hospitalization for selected
cardiorespiratory  conditions among pregnant
women enrolled in Medicaid for at least 180 days
between 1974 and 1993 increased from 1.4 during
weeks 14 to 20 of gestation of 4.7 during weeks 37
to 42 in comparison with women who were 1 to
6 months postpartum.

We conducted this study to evaluate the
impact of influenza vaccination during pregnancy
on women and their risk of influenza illness as well

as its effect on the risk of influenza-like illness (ILI)
in infants born to women during the flu season in a
large health maintenance organization population
over a 5-year period.

METHODS
Study Populations

The first study population included all women
with live births in Kaiser Permanente Northern
California (KPNC) during the following time pe-
riods: November 1997 to February 1998, November
1998 to February 1999, November 1999 to February
2000, November 2000 to February 2001, and
November 2001 to February 2002 (n=49,585),
excluding cases lacking birth date information and
women who were discharged after the end of the flu
season. The second population included all live
births in Kaiser Permanente Northern California for
the same time periods (n =48,639), excluding cases
lacking gestational age or gender information and
infants discharged after the end of the flu season.
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Definition of the Influenza Season

KPNC maintains its own diagnostic virology labo-
ratories. The influenza season in a given study year
was determined by a review of the weekly influenza
isolate data. The influenza season was defined to
begin when two or more isolates were identified in
sequential weeks or three or more isolates were
identified in a single week; the season was said to
terminate when there were no isolates identified in
two or more sequential weeks unless this lapse was
followed by a large number of isolates (Robert B.
Belshe, personal communication, 2003).

Influenza Vaccination Coverage

The influenza vaccination status of women in the
cohort was determined through review of the Kaiser
Immunizaion Tracking System database. Immu-
nizations received by adults and children are routi-
nely entered into this database.

Utilization Outcomes

KPNC maintains administrative databases that
include laboratory, hospitalization, and outpatient
utilization information for its members. A hospital-
ization outcome was defined as at least one inpatient
stay during the same flu season as delivery or birth
with a principal (first) diagnosis of either influenza
or pneumonia. To identify these outcomes the
following International Classification of Diseases
(9th revision) codes were used to identify inpatients
cases: Influenza 487 and pneumonia 480, 481, 482,
483, 484, 485, and 486. For outpatient outcomes
the following diagnostic categories were reviewed:
upper respiratory infection (URI), pharyngitis, otitis
media, asthma, bronchial asthma, viral infection,
pneumonia, fever, cough, and wheezing associated
with respiratory illness. The start and end of each flu
season was defined as above. The outpatient visit
outcome measure was defined as at least one physi-
cian visit during the same flu season as delivery or
birth with one of the following diagnoses: URI,

pharyngitis, otitis media, asthma, bronchial asthma,
viral infection, pneumonia, fever, cough, or wheez-
ing associated with respiratory illness.

Safety Outcomes

The safety of the use of influenza vaccine during
pregnancy was evaluated using two adverse outcome
measures: cesarean section and preterm delivery.
There were no deaths in pregnant women due to
respiratory illness during the study years.

RESULTS
Influenza Vaccination Coverage

The rate of influenza vaccination coverage in preg-
nancy across the five flu seasons included in this
study was 7.5%. The rate improved steadily from
6.3% in 1997 to 1998 to a 5-year high of 11.9% in
1999 to 2000. In 2000 to 2001, the rate decreased to
4.7%, possibly due to delays in the delivery of the
2000 to 2001 influenza vaccine. The vaccination
rate increased again in 2001 to 2002 to 5.9%.

Utilization Outcomes

Hospital admission with a principal diagnosis of
influenza or pneumonia was an extremely rare event
for the women in the study population. Among the
49,585 women in the study population, nine were
admitted with a principal diagnosis of pneumonia
during the flu season in which she delivered for a
rate of 18.2 cases per 100,000 pregnancies. All nine
women recovered. Of the infants in the study popu-
lation, 0.35% (171 of 48,639) had at least one
inpatient admission for influenza or pneumonia.
The principal diagnosis in a majority of those
admissions (79.6%) was pneumonia.

Of the women in the study population, 4.7%
(2326 of 49,585) had at least one outpatient visit
with one of the specified diagnoses during the flu
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Table 1 Distribution of Outpatient Physician Visits for Influenza-Like lliness (ILI) for the Study Populations
during the Flu Season of Delivery or Birth

Women Infants
Diagnosis No. of ILI Visits % No. of ILI Visits %
Upper respiratory infection 1126 36.4 19,968 68.2
Otitis media 357 11.5 3824 13.1
Viral infection 284 9.2 2268 7.8
Fever 149 4.8 860 2.9
Pneumonia 60 1.9 627 2.1
Wheezing associated with respiratory illness 0 0 762 2.6
Asthma and bronchial asthma 431 13.9 527 1.8
Cough 139 4.5 291 1.0
Pharyngitis 549 17.8 142 0.5
Total 3095 100.0 29,269 100.0

season she delivered. Of the infants, 26.6%, (12,937
of 48,639) had at least one ILI (excluding otitis
media) outpatient visit during the flu season he or
she was born. About 4.6% (2238 of 48,639) of the
infants had at least one visit with an otitis media
diagnosis. Table 1 presents the data for the out-
patient visit outcomes for the study populations. Of
all the ILI visits, the most common diagnosis for

both populations was URI.

Influenza Vaccination in Pregnancy
and Effectiveness Outcomes for Women

Cox proportional hazards regression was used to
investigate the effectiveness of influenza vaccination
during pregnancy to protect women against respira-
tory illness, measured by ILI outpatient visits,
adjusting for women’s age and week of delivery
(Table 2). We found that the level of risk of
ILI visit for vaccinated women was not different
compared with that for unvaccinated women.
The hazard ratio for flu vaccination was 1.151
(p=0.088).

We also evaluated the risk of ILI visit when
asthma visits were excluded from the outcome
measure, because KPNC conducts annual influenza
outreach outreach to members with certain chronic
high-risk medical conditions, such as asthma.
Again, we found no difference in the risk of out-

patient visits excluding asthma visits between
vaccinated and unvaccinated women (Table 2).
The hazard ratio for flu vaccination when asthma
visits were excluded was 1.001 (p=0.988).

Maternal Influenza Vaccination
and Effectiveness Outcomes for Infants

Table 2 presents the utilization outcomes for infants
whose mothers received influenza vaccine during
pregnancy compared with those whose mothers
were unvaccinated. Cox proportional hazards
regression was used to investigate the effectiveness
of maternal influenza vaccination, adjusting for
infant’s gender, gestational age, week of birth,
and birth facility. We found that infants born to
vaccinated women had the same risk of hospitaliza-
tion for influenza or pneumonia as infants born to
unvaccinated women. We also found that maternal
influenza vaccination was not a significant determi-
nant of risk for either ILI (excluding otitis media)
outpatient visits or otitis media visits.

Safety Outcomes
The safety of the use of influenza vaccine during

pregnancy was evaluated using two adverse outcome
measures: cesarean section and preterm delivery.
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Table 2 Risk of Utilization Outcomes for the Study Populations during the Flu Season of Delivery or Birth

Women Infants
Risk of
Risk of ILI Pneumonia Risk of ILI
Risk of ILI Visit (excluding or Influenza Visit (excluding Risk of Otitis

Outcome Visit asthma visits)  Hospitalization otitis media) Media Visit
No. of women/mothers

Received flu vaccine 3707 3707 3652 3652 3652

Unvaccinated 45,878 45,878 44,987 44,987 44,987
Days of follow-up

Woman/mother received flu vaccine 365,355 366,932 223,123 193,178 219,997

Woman/mother was unvaccinated 4,831,731 4,838,488 3,303,105 2,748,947 3,234,819
Number who had a hospitalization

Mother received flu vaccine 9

Mother was unvaccinated 162
Number who had a visit

Woman/mother received flu vaccine 166 134 812 123

Woman/mother was unvaccinated 2160 2004 12125 2115
Rate (per 100,000)

Woman/mother received flu vaccine 45.43 36.52 4.03 420.33 55.91

Woman/mother was unvaccinated ~ 44.70 41.42 4.90 441.08 65.38
Unadjusted rate ratio 1.016 0.882 0.822 0.953 0.855
Adjusted hazard ratio 1.151* 1.001* 0.6251 0.956f 0.938f
95% hazard ratio Cl 0.979to 1.352 0.8381t0 1.196 0.302t0 1.293  0.889 to 1.029 0.777 t0 1.132
p 0.0884 0.9883 0.2048 0.2351 0.5062

ILI, Influenza-like iliness; Cl, Confidence interval.
*Adjusted for women'’s age and week of delivery.

tAdjusted for infant's gender, gestational age, week of birth, and birth facility.

The unadjusted risk of cesarean section was higher
for vaccinated women (21.2%) compared with un-
vaccinated (18.9%) women (p =0.0008). However,
after adjusting for women’s age, influenza vaccina-
tion did not significantly affect the risk of cesarean
section. The preterm delivery rate (percent of in-
fants whose gestational age was less than 37 weeks)
was not significantly different (»=0.136) for in-
fants whose mothers received influenza vaccine
during pregnancy (7.37%) compared with infants
whose mothers did not (6.72%).

DISCUSSION

Several studies have demonstrated that young in-
fants may be protected from influenza virus infec-
tion by transplacentally acquired antibody after

natural influenza infection in the mother. One study
reported a significant positive correlation between
level of neutralizing antibody titer in cord serum
and infant’s age at time of culture-documented
influenza A infection.® None of the infants with
antibody in cord blood of >1:8 became infected
when younger than 8 weeks of age. However, by
4 months of age, titers of antibody to influenza
A/Victoria virus were relatively low and no protec-
tive effect was apparent.

Reuman’ prospectively followed mother-
infant pairs through an influenza epidemic to deter-
mine the effect of passive antibody on the incidence
of influenza in infants. Infants born to mothers
with serum antibody to influenza A had higher
H1-specific passive antibody titers that correlated
with their mother’s antibody titers. The study also
suggested that passive maternal antibody may
delay the onset and decrease the mean duration of
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influenza disease in young infants but does not
lower the incidence of influenza infection in infants.
Sumaya® evaluated the advantages of influenza
vaccination in pregnancy for mother and infant. In
a study to investigate the immunogenicity of influ-
enza A/N]/76 vaccine in pregnancy, the antibody
response of pregnant women was similar to that of
nonpregnant adults in similar age groups. At time of
delivery, a titer of antibody to influenza A/N]/76
virus of > 20 was present in 54% of the cord serum
and 73% of the maternal serum specimens. Anti-
body titer rapidly declined after delivery. Sera from
only 12% of 3-month-old infants contained this
level of antibody. Englund’ studied women in the
last trimester of pregnancy who were given trivalent
inactivated influenza virus vaccine, and antibody
responses were determined by microneutralization
assay and enzyme-linked immunosorbent assay. T-
cell response was determined by lymphocyte pro-
liferation. All of the women who received influenza
vaccine had a four-fold or greater increase in serum
neutralizing antibody titer to at least one influenza
antigen. Maternal immunization also resulted in the
transfer of vaccine-specific immunoglobulin G
(IgG) antibody to their infants. However, the
study found no evidence of specific T-lymphocyte
responsiveness or the production of neonatal IgM
antibody.

In this study, the confidence intervals that we
report permit us to rule out benefits exceeding those
defined by the lower bounds of our confidence
intervals. Thus, we can rule out with 95% confi-
dence benefits greater than 2.1% for mothers’ ILI
visits, 69.8% for infants” hospitalizations due to flu
or pneumonia, and 11.1% for infants’ ILI visits. It is
important to note that power is limited in this study
because the absolute rates of hospitalization for
infants and mothers were very low. It is this very
low burden of disease in our population that not
only limits the statistical power of this study but also
limits the potential impact of an influenza vaccine
program in pregnant women. Although one might
argue that the apparent lack of vaccine efficacy could
be that women were vaccinated because they were at
higher risk of disease and that the two groups are

not comparable, the fact remains that the absolute
disease risk in either group was extremely low.
Therefore, although a larger study may demonstrate
effect, the absolute potential public health impact of
prenatal influenza immunization, on the basis of
disease burden in our population, is limited.
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