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This Journal feature begins with a case vignette highlighting a common clinical problem.  
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,  

when they exist. The article ends with the author’s clinical recommendations. 
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In February 2007, fever developed in a previously healthy 15-year-old girl, with a peak 
temperature of 102°F (38.9°C) and mild upper respiratory congestion. The next day 
she was seen by her primary care physician. A rapid screening test for group A strepto-
coccus was negative, and oseltamivir was prescribed. After two doses, she continued 
to have fever and also had nausea and emesis, malaise, and restlessness but could not 
get out of bed. Two days later, she was taken to the local emergency room, where she 
was found to be hypotensive. Despite intensive resuscitative efforts, she died 12 hours 
later; the postmortem examination showed necrotizing pneumonia and extensive 
alveolar hemorrhage. A viral culture confirmed an influenza A (H1N1) infection, and 
methicillin-resistant Staphylococcus aureus was isolated from a tracheal aspirate. Could 
this death have been prevented?

The Clinic a l Problem

This girl was one of 12 children who were reported to have died in Texas during the 
2006–2007 influenza season. Most were healthy school-age children who were un-
vaccinated. The major influenza virus that was prevalent during that season was 
influenza A/New Caledonia (H1N1), a strain that was included in the available vac-
cine.1 The total number of deaths of children and adolescents reported to the Cen-
ters for Disease Control and Prevention (CDC) for the 2006–2007 influenza season 
was 76. This number is likely to be a substantial underestimate. The passive reporting 
system used for reporting cases of influenza to the CDC requires confirmation by 
laboratory tests; however, viral testing may not be performed in some cases or the 
virus may no longer be detectable in persons in whom death results from secondary 
bacterial infection. Furthermore, studies have shown that there is substantial under-
recognition of the diagnosis of influenza even in laboratory-confirmed cases.2

During the 2006–2007 season, the number of deaths from pneumonia or influen
za reported weekly by 122 U.S. cities did not exceed the epidemic threshold. How-
ever, even in relatively mild epidemic years, influenza is — for all age groups — the 
most important cause of acute respiratory illness that results in medical consulta-
tion.3 Each year, children have high attack rates of acute respiratory illness that 
requires medical attention, regardless of the type (or types) of influenza virus circu-
lating. During the influenza epidemics between 1997 and 2001, the rates of illness 
among unvaccinated children ranged from 58 to 90 cases per 100 children for 
those younger than 5 years of age, 23 to 52 per 100 for those 5 to 11 years of age, 
and 13 to 27 per 100 for those 12 to 17 years of age.4,5

Between 1990 and 1999, the average annual number of deaths from any cause 
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that were attributable to influenza was 51,000,6 
and the number of hospitalizations for respiratory 
and circulatory diagnoses attributable to influen
za was 365,000.7 From 1996 to 2000, the average 
annual number of hospitalizations rose to 517,319 
for four consecutive severe epidemics caused by 
the influenza A (H3N2) virus. It is estimated that 
the average annual cost of direct medical care as-
sociated with influenza A is $10 billion, and the 
total annual economic burden is $87 billion.8

Rates of hospitalization due to influenza in-
creased steadily in the United States from 1979 
to 20017; almost two thirds of these hospitali
zations were among persons 65 years of age or 
older. This increase, as well as an increase over 
time in deaths from any cause attributed to in
fluenza,6 occurred despite the fact that the per-
centage of persons in this age group who received 
the influenza vaccine increased from 32% to 67% 
between 1989 and 1997.9

S tr ategies a nd E v idence

Priorities for Vaccination

As is evident from the information presented 
above, the standard risk-based strategy, according 
to which the priority for influenza vaccination is 
given to persons who are at the highest risk for 
death (e.g., elderly persons and those with chron-
ic heart or lung conditions), does not control in-
fluenza epidemics and does not effectively prevent 
serious illness and death.6,7 One reason is that 
many older persons and persons with debilitating 
chronic conditions have a reduced ability to re-
spond immunologically to the currently available 
influenza vaccines.10-12 To counter the suboptimal 
immune responsiveness of vulnerable patients, an-
nual influenza vaccination has been recommend
ed since 1985 for caretakers and household con-
tacts of high-risk persons. However, compliance 
with this recommendation has been low, even 
among health care workers.9 During the 2003–
2004 season, only 43% of health care workers and 
21% of healthy adult household contacts of high-
risk persons were vaccinated against influenza.

According to the Advisory Committee on Im-
munization Practices (ACIP),13 influenza vaccina-
tion is currently recommended for all persons 
50 years of age or older, all children between  
6 months and 18 years of age, and persons 19 
to 49 years of age who have underlying medical 
conditions, are pregnant, are employed as health 
care workers, or are household contacts of high-

risk persons (a group that includes all children in 
the household who are younger than 5 years of 
age). Infants younger than 6 months of age, who 
have the highest hospitalization rates, although 
ineligible for vaccination, can be protected by im-
munization of their mothers during pregnancy.14 
These categories encompass at least 85% of the 
total U.S. population, or about 250 million per-
sons. Persons at increased risk for complications 
from influenza virus infection may benefit most 
by having the healthy persons around them vac-
cinated. The province of Ontario, Canada, has 
provided influenza vaccination for all eligible citi
zens for the past 7 years and has attained higher 
coverage rates for all high-risk groups, as well as 
for healthy persons, than those achieved in the 
United States.15 Recently, it was reported that 
Ontario has lower rates of death, hospitalizations, 
emergency room visits, and visits to doctors’ of-
fices than those in other Canadian provinces, a 
finding that may be attributable to universal in-
fluenza vaccination.16

Composition and Distribution of Influenza 
Vaccine

The formula for the influenza vaccine is updated 
every year on the basis of worldwide surveillance 
by the collaborating centers of the World Heath 
Organization (WHO).13 Advisory committees of 
the CDC and of the Food and Drug Administra-
tion review the information and select for inclu-
sion those variants of the three prevalent viruses 
in the human population that are most likely to 
cause outbreaks in the upcoming season. The 
strains included in the vaccine for the 2008–2009 
season are listed in Table 1.13

The current production system requires that 
the viruses used for vaccine production be select
ed in February and March of each year,17 and it 
is not unusual for new variants to appear in the 
southern hemisphere after the vaccine formula 
for the northern hemisphere has been set and 
production has begun. In the past 5 years, a new 
variant that was not contained in the vaccine has 
been the major virus involved in 80% of the epi-
demics.18 Cross-protection by the unmatched 
vaccine strain varies, but in the 2003–2004 and 
2007–2008 seasons, the influenza A (H3N2) com-
ponent of the vaccine provided suboptimal pro
tection.19-21 Since 2002, influenza B has been 
represented in the United States by two lineages.21 
These lineages are antigenically distinct, but only 
one is included in the annual vaccine, and on 
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several occasions, the influenza B epidemic has 
been due to the lineage that was not included.

Although the vaccine supply was limited in 
some past seasons, the quantity of vaccine cur-
rently available is more than adequate to meet 
demand and will expand if the demand increases 
in the future. Table 1 lists the six influenza vac-
cines that are licensed to be distributed in the 
United States for the 2008–2009 season.13 Deliv-
ery of the vaccines to clinics began in August 
2008, to allow time for planning and distribu-
tion. For maximum effectiveness, the vaccine 
should be administered before influenza viruses 
begin to spread; structured programs for the de-
livery of the vaccine are needed.22 The 2008–2009 
ACIP recommendations for extending universal 
coverage to schoolchildren are a challenge for pri-
mary care providers. Walk-in vaccination clinics 
should be open at times that are convenient for 
families and that will not conflict with atten-
dance at work and school. To increase the num-
bers of people who receive vaccinations, clinicians 
can work cooperatively with community organi-
zations to promote delivery of the vaccine in non
traditional settings. A sustainable solution may 
be the establishment of clinics based in schools 
and workplaces for the rapid distribution of the 
vaccine to large numbers of healthy, susceptible 
persons who would otherwise have high rates of 
infection and might be responsible for the dis-
semination of influenza in the community.22 
Immunizing schoolchildren has been reported to 
confer herd protection against influenza in sev-
eral settings, and these reports provide models 
for the development of sustainable programs.22

Efficacy of the Vaccine

The efficacy of influenza vaccines in healthy 
schoolchildren and adults in the workforce ranges 
from 70 to 90% in years in which a good match 
is attained between the vaccine antigen and the 
epidemic virus.13 (In a year in which there is a 
bad match between the vaccine antigen and the 
epidemic virus, the efficacy of the vaccine can 
range from 0 to 50%.) Both the trivalent inacti-
vated vaccine and the live attenuated influenza 
vaccine are well tolerated; the most common side 
effects are tenderness at the site of injection in 
the case of the trivalent inactivated vaccine and 
transient sore throat or nasal stuffiness in the 
case of the live attenuated influenza vaccine. Both 
vaccines are contraindicated for persons who are 
allergic to eggs. The efficacy of the live attenu-
ated influenza vaccine is superior to that of the 
trivalent inactivated vaccine for preschool and 
elementary-school children.3,4,20,23,24 In random-
ized trials directly comparing the two vaccines, 
the live attenuated influenza vaccine has been 
shown to provide 30 to 50% better protection than 
the trivalent inactivated vaccine. Live attenuated 
influenza vaccine has the advantage of adminis-
tration by nasal spray, initiating a limited infec-
tion that stimulates mucosal as well as humoral 
immunity, and often results in better cross-pro-
tection against new variant viruses than does the 
trivalent inactivated vaccine,20,25,26 although this 
is not always the case.27

Case Management

An essential component of good case manage-
ment is real-time regional or community surveil-

Table 1. Influenza Vaccines Available in the United States, 2008–2009.*

Vaccine
Trade 
Name Manufacturer Approved Age Mercury Content Route

μg per 0.5 ml

LAIV FluMist MedImmune 2–49 yr (healthy persons) 0 Intranasal

TIV Fluzone Sanofi Pasteur ≥6 mo 25 (multidose vial); 0 (single-dose 
prefilled syringe)

Intramuscular

TIV Fluvirin Novartis Vaccines ≥4 yr 25.4 (multidose vial); 0 (single-dose 
prefilled syringe)

Intramuscular

TIV Fluarix GlaxoSmithKline ≥18 yr <1.0 (single-dose prefilled syringe) Intramuscular

TIV FluLaval GlaxoSmithKline ≥18 yr 25 (multidose vial) Intramuscular

TIV Afluria CSL Biotherapies ≥18 yr 25 (multidose vial); 0 (single-dose 
prefilled syringe)

Intramuscular

* All of these vaccines contain A/Brisbane/59/2007(H1N1), A/Brisbane/10/2007(H3N2), and B/Florida/4/2006. LAIV de-
notes live attenuated influenza vaccine, and TIV trivalent inactivated vaccine.
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lance of influenza virus activity. Surveillance is 
best accomplished by prospective investigation, 
with the use of rapid-detection methods and viral 
culture, of cases of febrile acute respiratory ill-
ness in sentinel clinics that serve patients who 
are representative of the community population.5 
Obtaining cultures is important in order to pro-
vide a sample of viruses that can be characterized 
for both antigenic properties and sensitivity to 
antiviral drugs.13 All clinicians should receive 
frequent reports from a sentinel laboratory (at a 
public health agency or a hospital) that note the 
type and subtype of viruses circulating in the 
community and their sensitivity to antiviral treat-
ments and that include information from the CDC 
and WHO about the expected antigenic match 
between the available vaccine and the epidemic 
strains.

Rapid point-of-service tests are useful tools 
that help clinicians make decisions regarding the 
use of antiviral therapy. Several rapid tests are 
available. The sensitivity of these tests varies ac-
cording to the type of test and the properties of 
the circulating viruses, and typically ranges from 
60 to 80%; the specificity of these tests is about 
90%.13 However, confirmation of the diagnosis 
of influenza by means of a rapid test is not an 
essential prerequisite for antiviral treatment if it 
is known that influenza viruses are prevalent in 
the community. Under those circumstances, the 
clinical diagnosis that is based on symptoms of 
fever and cough at presentation is as accurate as 
most point-of-care rapid detection tests for per-
sons older than 5 years of age.28,29

Who Should Be Treated?

Antiviral treatment is most effective when it is 
initiated within 48 hours after the onset of ill-
ness. Recommendations state that anyone who 
may have a serious outcome should be treated13,30; 
applying this recommendation is complicated by 
the difficulty of predicting the outcome early in 
the course of the disease. Data from randomized 
trials involving healthy, young volunteers who 
are expected to have a self-limited illness show 
that antiviral therapies reduce the duration of ill-
ness by 1 day, on average, and also significantly 
reduce nasal shedding of the virus; newer data 
suggest that reductions in the rates of serious 
illness and death are possible with prompt treat-
ment.31 Because viral neuraminidase may have a 
role in promoting bacterial superinfection, treat-

ment with neuraminidase inhibitors may also re-
duce the risk of secondary bacterial infections.32 
Equally important is the opportunity to reduce 
the risk of viral spread to contacts.33,34 Although 
the effectiveness of treatment is greater the ear-
lier the treatment is initiated, treatment is indi-
cated for patients who are hospitalized with in-
fluenza virus even if the duration of illness is 
more than 48 hours,13 since treatment may not 
only benefit the patients but may also reduce the 
risk of nosocomial spread of infection.

Short-term prophylaxis is indicated for house-
hold contacts of infected persons, especially if 
they are at high risk for complications. As recom-
mended in the ACIP guidelines, persons who are 
vaccinated with the trivalent inactivated vaccine 
after influenza viruses have started circulating in 
the community should receive antiviral prophy-
laxis for 14 days, the time necessary for a serum 
antibody response to develop.13 Prophylaxis is not 
necessary for those who receive live attenuated 
influenza vaccine,19 since experimental studies35,36 
and clinical experience19,37,38 show that this vac-
cine confers almost immediate protection. Health 
care workers who have been exposed to the virus 
should receive prophylaxis if they have not been 
immunized.

Antiviral Treatments

The mutability of influenza viruses complicates 
the recommendations for treatment. Table 2 lists 
the available antiviral drugs. The older adaman-
tanes, amantadine and rimantadine, are current-
ly not recommended for use in the United States 
because almost all influenza A (H3N2) viruses 
are resistant to them,13 and they are not effective 
against influenza B viruses. When influenza A 
(H1N1) viruses predominate, however, these drugs 
may still be useful if they are used in combina-
tion with a neuraminidase inhibitor. An increas-
ing proportion of influenza A (H1N1) viruses are 
resistant to oseltamivir, the oral neuraminidase 
inhibitor, but not to zanamivir.13 Zanamivir is a 
neuraminidase inhibitor that is administered by 
active inhalation, a method that may not be prac-
tical for debilitated patients or for children young-
er than 7 years of age, and is contraindicated for 
those with reactive airway disease. Influenza B 
viruses have decreasing sensitivity to both of these 
neuraminidase inhibitors in Japan, where oselta-
mivir is used extensively.39 The use of combina-
tion therapy may be considered.40 Ribavirin, a 
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broad-spectrum antiviral drug delivered in aero-
sol form, which is licensed for use against respi-
ratory syncytial virus infection, has been effective 
in clinical trials involving young adults with influ-
enza A or B infection,41-43 although it is not cur-
rently approved for this indication. The use of 
ribavirin in combination with appropriate ada-
mantanes or neuraminidase inhibitors has been 
proposed in immunocompromised patients with 
influenza,13,30,44 although this therapy has not 
been tested in controlled clinical trials.45

A r e a s of Uncerta in t y

Orthomyxoviruses are mutable by nature, and 
changes involving these viruses occur often, in-
cluding changes in the timing and severity of 
epidemics (related to increasing population den-
sity and more rapid spread of new viral variants 
due to increasing air travel), changes in antigenic 
properties that may nullify the effectiveness of 
a vaccine, and rapid development of resistance to 
antiviral treatments. Constant worldwide surveil-
lance is necessary to update vaccines and moni-
tor antiviral resistance. Better vaccines and anti-
viral drugs are being developed, but the process 
should be expedited. The emergence of a new 
pandemic strain is the greatest threat; the devel-
opment of the necessary infrastructure to control 
seasonal influenza is the best preparation for the 
next pandemic.46

Guidelines 

Guidelines are available from the ACIP,13 the 
American Academy of Pediatrics, the American 
Academy of Family Physicians, and the American 
College of Obstetricians and Gynecologists. These 
organizations specify priorities for vaccine admin-
istration that currently encompass about 85% of 
the total population. The recommendations I pro-
vide differ in that they support universal vaccina-
tion on the basis of the recognized community 
benefits from routine vaccination of healthy per-
sons and the fact that there is currently an ade-
quate vaccine supply to support this approach.

Conclusions a nd 
R ecommendations

Influenza vaccination is currently recommended 
not only for high-risk persons (including children Ta
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and pregnant women) but also for healthy adults 
who are likely to come into contact with those at 
risk. Given strong evidence that immunization of 
healthy persons benefits the community,22 I would 
extend this recommendation to include universal 
vaccination, although I recognize the need for an 
improved infrastructure in order to achieve this 
goal. The vaccine supply for this influenza season 
is the largest ever, and the vaccine contains three 
new antigens for the prevalent influenza viruses.47 
In the case of persons in whom influenza none-
theless develops, antiviral treatment is routinely 
recommended for all those who are hospitalized 
and for those presenting to ambulatory facilities 

in the early phase of illness who are considered 
to be at high risk for serious consequences. Cases 
like the one in the vignette may be prevented by 
effective vaccination strategies; the use of anti-
viral therapy early in the course of the disease may 
also reduce the risk of complications or death 
from influenza, although it remains difficult to 
predict the eventual outcomes in the early stages 
of the disease.
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An audio version of this article is available at www.nejm.org.
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