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The case: A 16-year-old pregnant
teenager (gravida 1, para 0) presented
at 32 weeks’ gestation to a local emer-
gency department in late December
2006 with a 5-day history of increasing
dyspnea, low-grade fever, nausea and
vomiting. She had taken amoxicillin for
3 days based on a presumptive diagno-
sis of pneumonia, but without any clin-
ical benefit. Her past medical history
included mild asthma. She was in
acute respiratory distress (respiratory
rate 44 breaths/min; oxygen saturation
54% on room air) and required imme-
diate intubation and transfer to the
intensive care unit. Despite empiric
intravenous therapy with ceftriaxone
(1 g/d), azithromycin (250 mg/d), be-
tamethasone and heparin, she re-
mained hypoxic. Chest radiography re-
vealed bilateral, lower lobe, dense
consolidation, and computed tomog-
raphy was negative for pulmonary em-
bolus. When her condition failed to
improve, the patient was transferred to
a tertiary care centre, mechanical ven-
tilation with high-frequency oscillation
was begun, the ceftriaxone dose was
increased (2 g every 12 hours intrave-
nously), and treatment was extended
to include levofloxacin (500 mg/d in-
travenously), vancomycin (1 g every 12
hours intravenously) and oseltamivir
(75 mg twice daily via oral gastric
tube). At 58 hours after presentation,
extracorporeal membrane oxygenation
was started because of progressive
hypoxia and increasing respiratory
acidosis that was unresponsive to con-
ventional treatment. An ineffective
extracorporeal membrane oxygenation
flow rate resulting from uterine com-
pression prompted an emergency
cesarean section, with delivery of a
1300-g infant (cord blood pH 6.84).
The extracorporeal membrane oxy-
genation flow rate subsequently
reached normal levels.

Multiple investigations were under-
taken to identify the cause of the acute
respiratory failure. No bacterial patho-
gens were detected in blood cultures or
endotracheal aspirates. Results of sero-
logic testing for HIV and hepatitis A, B
and C antibodies were negative. Respi-
ratory samples, obtained with naso-
pharyngeal swabs and bronchoalveolar
lavage, and a serum sample collected
at admission were positive for influenza
A (subtype H1) by means of nucleic acid
testing. Multiple attempts to culture

the virus for complete strain characteri-
zation were unsuccessful. Serologic
testing of samples obtained during the
acute and convalescent stages of the
patient’s illness was conducted at the
National Microbiology Laboratory and
showed a significant rise in titre (from
4 to 128) of influenza A/New Caledonia/
20/99 (H1N1). This strain had been in-
cluded in the 2006 trivalent inactivated
influenza vaccine. During the patient’s
routine prenatal care, she had not re-
ceived influenza vaccine, even though
vaccination is publicly funded and was
available in the patient’s health region.

After 71 days in hospital — includ-
ing 36 days in the intensive care unit,
during which extracorporeal mem-
brane oxygenation was performed for
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Box 1: Recommended recipients of influenza vaccine 

People at high risk of influenza-related complications 

• All adults and children with chronic illnesses, including 

– cardiac disease 

– pulmonary disease (e.g., asthma, cystic fibrosis, bronchopulmonary dysplasia) 

– diabetes mellitus and other metabolic diseases 

– cancer, immune suppression or immunodeficiency 

– renal disease 

– anemia and hemoglobinopathy 

• People at high risk of aspiration 

• Children taking acetylsalicylic acid 

• Residents of chronic care facilities 

• Oldest (≥ 65 years) and youngest (6–23 months) age groups 

• Pregnant women (both healthy women and those with high-risk medical conditions) 

People capable of transmitting influenza to those at high risk of  
influenza-related complications 

• Health care workers 

• Household contacts of people with chronic medical conditions requiring 
influenza vaccination, including infants < 6 months 

• People providing child care to children 6–23 months 

• People providing services within closed settings to people at high risk 
(e.g., crews on ships) 

Others 

• People providing essential community services 

• People responsible for culling poultry infected with avian influenza  

• Healthy people 2–64 years of age should be encouraged to receive the vaccine, 
even if they are not in recognized high-risk groups 

Source: National Advisory Committee on Immunization. Statement on influenza vaccination for the 
2007–2008 season.1 Public Health Agency of Canada. Reproduced with permission of the Minister of 
Public Works and Government Services Canada, 2007. 
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13 days — the patient was discharged
home. Her course of treatment in hos-
pital was compounded by numerous
medical complications, including a
mild anoxic brain injury requiring neu-
rocognitive rehabilitation, acute respi-
ratory distress syndrome, acute renal
failure requiring renal replacement
therapy, multiple nosocomial infec-
tions, stress-induced gastrointestinal
bleeding, pancreatitis and critical ill-
ness polyneuropathy. The infant re-
quired support in the neonatal inten-
sive care unit for 27 days and has a
number of conditions related to pre-
maturity, including hyaline membrane
disease, apnea and bradycardia, ane-
mia, retinopathy and right-sided hy-
drocele. The infant has required read-
mission to hospital many times since
discharge.

Influenza epidemics occur every year
in North America, usually between
November and March. Depending on
the specific strain of influenza, 5%–
20% of the population may be af-
fected. Although the incidence and
severity of disease varies markedly
from season to season, certain popu-
lations are known to be at high risk
for influenza-related morbidity and
death (Box 1).1 Vaccination is an ef-
fective way to prevent serious in-
fluenza-related complications. In
the PRISMA study,2 vaccination de-
creased the requirement for admis-
sion to hospital by 87% among those
less than 65 years old with high-risk
factors and by 48% among those
aged 65 and older. Vaccination also
reduced mortality, resulting in 78%
fewer deaths among those less than
65 years old and 50% fewer deaths
among those 65 and older. In a new
2007/08 statement on influenza vac-
cination, the National Advisory Com-
mittee on Immunization included
pregnancy as a high-risk condition
for influenza-related complications
and recommended routine vaccina-
tion of all pregnant women.1 Before
2007, the committee recommended
vaccination of pregnant women who
had comorbidities, as well as those
who did not have comorbidities in
their third trimester if they were ex-

pected to deliver during the influenza
season, since they would then be the
household contacts for infants less
than 6 months old, a group recog-
nized to be at high risk for influenza-
related complications.3

For many years, pregnant women
have been recognized as being at in-
creased risk of complications and
death associated with pandemic in-
fluenza. During the 1918/19 and 1957
influenza pandemics, the mortality
among pregnant women with in-
fluenza exceeded 50%.4 Maternal in-
fluenza infection has also been associ-
ated with fetal loss and neonatal
deaths.5 During prepandemic periods
of influenza infection, increased rates
of admission to hospital and use of
health resources by pregnant women
are associated with influenza.6,7 Re-
cently, Dodds and colleagues6 de-
scribed a significant increase in the
rate of hospital admissions because of
respiratory illness among women who
were pregnant during the influenza
season relative to the year before con-
ception (relative risk 5.1). Among
those with medical comorbidities, the
increase was greater (relative risk 7.9).
This is further evidence that pregnancy
acts independently as a risk factor for
serious influenza infection.

Data specifically supporting mater-
nal influenza vaccination as a means of
preventing maternal influenza-related
morbidity and mortality are still lack-
ing and must be inferred from other
populations in which the vaccine’s effi-
cacy is well established.2 There is sig-
nificant evidence of infant benefit from
maternal vaccination. Infants are at in-
creased risk for complications and
death from influenza, but they are not
candidates for influenza vaccine until
they are more than 6 months old. Dur-
ing an influenza epidemic, one-third
of newborn infants may become in-
fected during their first 6 months of
life, a period during which maternal
antibodies may still confer protection.8

Prospective studies have demonstrated
higher levels of influenza A antibodies
in umbilical cord blood samples from
infants born to mothers who had been
vaccinated during the pregnancy rela-
tive to those whose mothers had not
been vaccinated, as well as a delay in

the onset and severity of influenza ill-
ness in babies born with higher anti-
body levels.9

The safety of inactivated influenza
vaccine has been well documented for
all stages of pregnancy.10 During 7
years of follow-up, no significant in-
crease in adverse reactions among
mothers or infants was documented
for 2291 doses of inactivated influenza
vaccine administered to pregnant pa-
tients.11 Conversely, the role of anti-
viral therapy in pregnancy-related in-
fluenza is unknown. The safety of
oseltamivir in pregnancy has yet to be
determined in human studies (it is cur-
rently classified as a pregnancy cate-
gory C drug by the US Food and Drug
Administration).12 Certainly a strategy
of disease avoidance in pregnancy
through the use of a vaccine with a
proven safety record is preferable to
using antiviral therapies with un-
known consequences.

Despite convincing evidence of
both safety and potential value of in-
fluenza vaccination in reducing mater-
nal and fetal morbidity, influenza vac-
cination rates among pregnant women
remain below 10%.6,13 Furthermore,
women with underlying chronic med-
ical conditions are no more likely to be
vaccinated than women without co-
morbidities. Based on the National Ad-
visory Committee on Immunization
guidelines, the patient we have de-
scribed would have been a candidate
for influenza vaccination on the basis
of her asthma, irrespective of her preg-
nancy status.3 Data suggest that a sig-
nificant lack of knowledge and com-
fort regarding the safety and efficacy of
influenza vaccine among both primary
care providers and obstetricians con-
tributes to the poor vaccine compli-
ance during pregnancy.13

Maternal vaccination with inacti-
vated influenza trivalent vaccine has the
potential to reduce the significant ma-
ternal, fetal and infant morbidity and
mortality associated with influenza in-
fection. Although the case we have de-
scribed represents an extreme presen-
tation of severe influenza illness, we
hope that it highlights the importance
of ensuring that this simple and safe
preventive intervention is offered to all
eligible patients.
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