
The 2003-2004 influenza season was memorable for most
emergency departments (EDs): large volumes of febrile children
and concerned parents. Although the majority of otherwise
healthy children who present with typical flu symptoms during an
influenza outbreak may be diagnosed clinically, there are certain
situations where confirmation
of the diagnosis may be benefi-
cial and also may limit unnec-
essary diagnostic testing and
reduce unnecessary use of
antibiotics. Central also to the
argument to not use routine
rapid flu testing during influen-
za outbreaks is the recommen-
dation from the Committee on
Infectious Diseases from the
American Academy of Pedi-
atrics (AAP) to not use antiviral therapy for uncomplicated
influenza in an otherwise healthy child. The author presents a
thorough discussion of the scientific evidence and controversies
surrounding the use and value of influenza testing, antiviral ther-
apy, and the influenza vaccine. With the media currently focused
on vaccine shortages, the emergency physician must be prepared
to rationally and scientifically explain diagnostic and therapeutic
approaches in children with influenza. The author prepares the
ED physician to confidently face the 2004-2005 influenza season.

— The Editor

Introduction
Influenza season will soon be upon us, and many patients

who experience acute fever, cough, and sore throat symptoms
typical of the flu will seek care in the nation’s EDs. The 2004-
2005 season may be particularly difficult for medical practition-

ers due to several topics relat-
ing to influenza that have been
front-page news during the last
12 months. Chief among them
are concerns about the large
number of deaths due to
influenza that were reported in
children last winter, news from
Southeast Asia of new influen-
za variants that may represent
the beginning of a long overdue
pandemic, and news releases

beginning in October 2004 regarding severe disruptions in the
influenza vaccine supply. Pediatric EPs can expect a high level of
anxiety in patients and their parents due to this widespread publicity. 

This article discusses all of these topics and reviews current
recommendations regarding the presentation, diagnosis, and
management of influenza in children. 

Background
Influenza is an infectious disease with a long history. Scholars

believe that a description of an epidemic in ancient Athens attrib-
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uted to Hippocrates represents the first report of influenza in
Western literature. Many other reports of influenza outbreaks are
recorded beginning about 1,000 years ago.1 The annual epi-
demics that characterize influenza in the present era probably
began in the last 500-1000 years, perhaps as a result of increased
travel between world population centers. The most deadly sin-
gle-season epidemic in recorded history occurred in 1918 when
Spanish Flu ravaged the world, killing 550,000 people in the
United States and at least 20 million people more around the
world.2 Subsequent pandemics occurred in 1957 and 1968, but
neither proved to be as deadly. A fascinating study reported in
the journal Nature in October 2004 indicates that the unparal-
leled severity of the 1918 epidemic appears to be due to a muta-
tion in the hemagglutinin gene that triggered a massive cytokine

release in the victims. The unusual degree of cytokine release led
to severe inflammation and lung damage that caused the victim’s
rapid demise.3

The yearly influenza epidemic period generally begins in the
United States between November and January (See Table 1).4

The winter of 2003-2004 was unusual; reports of widespread
influenza activity began in October and peaked by the first week
of December, much earlier than the average onset of the flu sea-
son recorded during the last 28 years. Influenza epidemics are
characterized by intense periods of activity with an abrupt onset
and an abrupt end. The entire epidemic period generally lasts for
8-12 weeks. The explosive nature of these epidemics probably is
due to a combination of the very short 1-4 day incubation period5

and the high rate of communicability. A consistent finding in sur-
veillance studies is that influenza epidemics generally begin
most intensely in children, then shift to the adult population as
the epidemic progresses. More than one-half of infections in the
early stages of the epidemic are in children from 5 to 19 years of
age.6 Therefore, increased school absence and visits to physi-
cians among children in this age group may be used to alert the
community to the onset of the annual flu epidemic.

Influenza has been responsible for an estimated 38,000 excess
deaths per year due to pneumonia and influenza (P&I) in the
United States during the past 20 years. Ninety percent of these
deaths occur in patients older than 65 years.7 These data are not
gathered by direct reports of influenza infection because it is not
a reportable disease. Instead, the Centers for Disease Control and
Prevention (CDC) in Atlanta monitors P&I activity throughout
the year in 122 cities across the country. Variations from the
baseline level of P&I mortality allow researchers to estimate the
relative impact of influenza. Figure 1 displays P&I mortality for
the past four years. The absence of peaks above the baseline in
the years 2001 and 2003 indicate that the epidemics during those
years were particularly mild.

The attack rate for influenza varies widely from year to year,8

from a low of 2-5% in a mild season to a high of 20% or more in
a severe season. The attack rate in children tends to be signifi-
cantly higher, with rates of 45% or more reported.9 These infec-
tions are responsible for an estimated 110,000 hospitalizations
per year in the United States.10 (See Table 2.)

The age distribution of hospitalizations is bimodal, with a
peak in the younger-than-5-years age group, a relatively low rate
between age 5 years and 49 years, and a second peak beginning
in the 50-64 year age group that rises sharply with each subse-
quent decade of life. The highest rates for influenza-associated
hospitalization are in children younger than 5 years and adults
older than 65 years. 

Influenza activity is monitored worldwide by the World
Health Organization (WHO) and in the United States through
both WHO USA and the CDC. Data for the United States are
collected by the CDC in part through the Sentinel Provider Net-
work, a group of approximately 900 primary care and EPs who
report weekly to the CDC. The principal information relayed by
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members of the Sentinel Provider Network is the proportion of
patients managed for influenza-like illness (ILI) during the pre-
ceding week. ILI is defined for this purpose as fever (tempera-
ture equal to or more than 100°F) and cough and/or sore throat
in the absence of a diagnostic test for a specific diagnosis. A rise
in the proportion of patient visits for ILI that represents more
than two standard deviations above the baseline is closely associ-
ated with increased influenza activity. Likewise, a sharp drop in
ILI generally heralds the end of the influenza epidemic period.
The curve for P&I mortality lags slightly behind the ILI curves
and also is useful for establishing both the duration of the
influenza epidemic period and the severity of the epidemic itself.
(See Figure 1.) 

There have been five significant pandemics in the past 120
years.2 (See Table 3.) The last major pandemic was in 1968 when
A(H3N2) subtype, known as “Hong Kong Flu,” initially appear-
ed on the world stage. A mild pandemic due to A(H1N1) occurr-
ed in 1977. Since 1977, all yearly epidemics due to influenza A
have been due to a combination of either H3N2 or H1N1 sub-
types. The 36-year interval from 1968 to the present represents
an unusually long period between severe pandemics, fueling
speculation that the world is overdue for another in the near
future. 

The Virus
Influenza is a respiratory pathogen classified as an orthomyx-

ovirus. Human influenza is divided into Type A and Type B.
Influenza Type C is of unclear significance in humans. Influenza
viruses are typed based on proteins that are found within the
interior of the virion, proteins that undergo no significant muta-
tion and appear to be well conserved between types. Influenza
viruses are divided further into subtypes based on two proteins
that appear on the surface of the virion: hemagglutinin (H) and
neuraminidase (N). Hemagglutinin is required for the virus to
attach itself to host cell membranes. Neuraminidase is an
enzyme that aids in viral penetration into the interior of the
infected cell and further release of replicated virions from the
cell. All human influenza epidemics and pandemics in the past
century have been caused by strains with one of three hemagglu-
tinins (H1, H2, or H3) and one of two neuraminidases (N1 or N2). 

A feature of influenza that distinguishes it from most other

respiratory viruses is its high rate of mutation to new strains.
These mutations occur in the hemagglutinin and neuraminidase
genes. It is because of this constant tendency to mutate that
influenza is an annual concern, even among people who have
had past influenza infections. Mutation of influenza virus comes
in two forms: antigenic drift and antigenic shift. 

Antigenic drift refers to subtle changes in the surface H and N
proteins. Drifted strains have the same H and N subtypes but are
different enough from the precursor subtype that immunity to the
precursor does not confer full immunity to the drifted strain. Due
to antigenic drift, influenza vaccine components must be updated
yearly. 

Antigenic shift refers to a major mutation resulting in a differ-
ent H or N subtype. As a result of a shift, completely novel virus-
es may appear. Each of the major pandemics of the last 100
years were due to a major shift in the viral surface proteins, leav-
ing the population with little to no existing immunity to the new
virus. For example, the Hong Kong flu epidemic of 1968 was
due to a shift from the H2N2 subtype that had been prevalent
since 1957 to the H3N2 subtype. The H3N2 subtype is still the
predominant circulating subtype today. 

Both Influenza A and Influenza B undergo antigenic drift, but
only Influenza A undergoes antigenic shift. For this reason, only
Influenza A is subtyped. The nomenclature for influenza viruses
has been standardized to allow for ease of communication
throughout the world. The letters and numbers on either side of
the backslashes provide a wealth of information about the virus,
including (in order) the type, the world location where the virus
was first isolated, the strain number, the year of isolation, and the
subtype. Therefore, the strain A/USSR/90/77 (H1N1) was an
influenza virus of Type A, subtype H1N1, isolated in the USSR
in 1977. 

Signs and Symptoms
Influenza is one of the few respiratory viruses that commonly

causes fever in both children and adults. Most of the other respi-
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Table 1. Month of Peak Influenza Activity 
in the United States, 1976-2002*

Figure 1. Pneumonia and Influenza Mortality
for 122 U.S. Cities (Week Ending 11/06/2004)

DEC   JAN    FEB   MAR  APR   MAY

Number of years in which
influenza activity peaked in 
indicated month

4 6 11 3 1 1

* Peak of activity defined as week with the greatest percentage of
respiratory specimens testing positive for influenza virus.

Adapted from Katz S. Preventing influenza: Vaccination guide-
lines. Infect Dis Children Feb 2004:8-9.

Source: CDC website, www.cdc.gov/flu/weekly/fluactivity.
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ratory viruses that circulate
throughout the year cause fever in
children but generally not in
adults. Non-influenza infections
are manifested in adults primarily
by non-specific upper respiratory
tract symptoms, such as cough
and nasal congestion.2 The sensi-
tivity of fever plus respiratory
symptoms such as cough, rhinor-
rhea, or sore throat for the diag-
nosis of influenza during an epi-
demic period is estimated to be
60-80% in adults.8,11,12 Positive
predictive values have been
reported from 40% to 86% and
can be expected to vary with the stage and severity of the epi-
demic. The sensitivity of clinical symptoms for the specific diag-
nosis of influenza in children is not well established but is proba-
bly lower than for adults due to co-circulation of other respirato-
ry viruses during the influenza season. 

Illness due to influenza typically has an abrupt onset, with
both fever and respiratory symptoms evident early. The incuba-
tion period is generally 1-4 days. Adults are infectious from one
day before to five days after the onset of overt symptoms, but
young children may be infectious from six days before to 10
days after the onset of illness.5

Influenza infection in adults is characterized by high fever,
myalgias, headache, malaise, cough that tends to be non-produc-
tive, sore throat, and rhinorrhea. These symptoms are also com-
mon in children, but in addition a significant number of children
also develop nausea and vomiting.5 Fever in uncomplicated
influenza may last up to 5-6 days, but fever persisting beyond
that point should prompt a search for another explanation. At
least 20% of children experience acute otitis media as a compli-
cation of influenza.13

One of the primary major complications of influenza is sec-
ondary bacterial pneumonia. Other major complications include
encephalopathy, transverse myelitis, myositis, and myocarditis.
In addition, febrile seizures have been reported in up to 20% of
children.14

Diagnosis
In the majority of otherwise healthy patients who present with

typical flu symptoms during the influenza season, the diagnosis
can be established on clinical grounds alone. However, there are
situations in which confirmation of the diagnosis may be helpful.
There are a number of methods available to confirm the diagno-
sis of influenza, including serology, viral culture, polymerase
chain reaction (PCR), direct fluorescent antibody (DFA) test, and
rapid tests based on enzyme-linked immunosorbent assays
(ELISA). 

Serology is the closest we have to a gold standard for the

diagnosis of flu. Serologic methods to diagnose any infectious
disease depend on an intact immune system that mounts a signif-
icant response to the invading organism. The response is meas-
ured by a rise in the level of antibody to the infectious agent. A
four-fold rise above the baseline IgG antibody level is accepted
as presumptive evidence for an infection. This requires a com-
parison between paired acute and convalescent titers and pro-
vides confirmation of the infection retrospectively, generally 2-4
weeks after the onset of symptoms. This also renders the assay
of limited value in the acute diagnosis and management of
influenza. Another problem with the use of serology for the diag-
nosis of influenza is that the assay must be changed each year to
account for drifted strains because the assay measures hemag-
glutination-inhibition (HI) antibody titers. Therefore, serology is
offered primarily in reference or research laboratories; it is not
available in most community hospitals or clinics. A single serum
sample is not sufficient to establish the diagnosis by serology. 

Assays based on the PCR have proliferated during the last 10
years and are generally quite sensitive for the detection of
influenza and other viruses. However, the technique is extremely
labor intensive and requires a high level of expertise. For both of
these reasons, PCR also is offered primarily in reference labs,
making it of little value in the acute care setting. 

Influenza grows quite well in viral culture media. Swabs from
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YEAR INFLUENZA SUBTYPE

1889 A(H3N2)
1918 A(H1N1)
1957 A(H2N2)
1968 A(H3N2)
1977 A(H1N1)

Adapted from Betts RF. Influenza. In: Mandel GL, ed. Principles
and Practice of Infectious Diseases. Philadelphia: Churchill Liv-
ingstone, Inc;2004:431:703-707.

Table 3. Major Influenza Epidemics 
Since 1889

Table 2. Age-Specific Annual Rates of Influenza-Associated 
Hospitalizations (per 100,000)

AGE GROUPS, YEARS

< 5 5-49 50-64 65-69 70-74 75-79 80-84 > 85

Pneumonia and 
influenza 
hospitalizatons

26.3 11.5 53.3 106.4 207.4 312.2 376.2 777.3

Respiratory and 
circulatory 
hospitalizations

113.9 28.3 111.3 229.7 491.9 498.4 829.1 1669.2

Adapted from Thomson WW, et al. Influenza-associated hospitalizations in the United States.
JAMA 2004;292:1333-1340.



the nasopharynx or throat during the acute stage of the infection
may detect the virus, but the yield decreases after the third day of
illness. The culture result generally is not available for at least 2-
3 days, rendering it of limited value in the diagnosis and man-
agement of influenza in the outpatient setting. It may be of
greater value in the inpatient setting, particularly to establish the
presence of a nosocomial infection. Cultures also are helpful to
monitor influenza activity in the community, both to detect the
beginning of an epidemic period and to identify the circulating
type, subtype, and strain. This information can be used to make
better decisions regarding specific antiviral therapy. 

Assays based on direct fluorescent antibody tests are highly
specific for influenza and may be performed within less than an
hour of the collection of the sample. However, the interpretation
of the DFA assay requires highly experienced laboratory techni-
cians. In addition, hospitals commonly batch samples for DFA
testing and perform the test only intermittently. For both these

reasons, it is not a practical test for most
clinics or EDs. 

Assays based on ELISA have the greatest
potential to aid in the diagnosis and manage-
ment of acute influenza because they can be
performed in as little as 15-20 minutes by
clinicians in the outpatient setting. There are
at least five rapid tests now available for this
purpose.15 (See Table 4.) Sensitivities range
from about 60-90%. Specificities are gener-
ally higher, in the range of 90-99%, although
reported specificity for the Flu OIA from
BioStar is substantially lower. The rapid test
with the best combination of sensitivity and
specificity is the Directigen Flu A + B from

Becton Dickinson; this assay also can distinguish influenza A
from influenza B; most of the other available assays detect
influenza A or influenza B but do not distinguish between the
two.15

A limited number of studies have been performed on the utili-
ty of the influenza rapid test in children.16-19 Two have been per-
formed specifically in an ED setting. Noyola et al reported
reduced antibiotic use in both inpatients and outpatients whose
diagnosis was confirmed by the rapid test.16 However, antibiotics
were prescribed to 53% of febrile children in the control group
who were discharged from the ED. It is not clear why the rate of
antibiotic use was so high in a population with typical symptoms
of influenza. 

Bonner et al reported significant reductions in orders for
blood cultures, CBCs, urine cultures, chest radiographs, and
antibiotics prescribed among children whose ED physician knew
that their rapid test for flu was positive.19 However, the data in
this study were analyzed by comparing the management of
patients who had a positive test with the management of those
who had a negative test. This analysis is relevant for patients
with a known positive test, but it is not relevant for determining
the overall value of performing the assay itself.  If the data are
analyzed more appropriately by comparing the management of
those patients who had a known test result (test performed) with
that of those who did not (test not performed), no statistically
significant difference can be shown in any of the above cate-
gories, except antibiotic use (author’s own unpublished analysis).
Furthermore, close inspection of the data presented in Bonner’s
report shows a clear trend toward more tests ordered if the
patient had a known negative rapid flu test. 

In a recent review article, the clinical usefulness of rapid tests
for influenza in children managed in the ED has been ques-
tioned.15 Rapid tests for flu may be of value in alerting physi-
cians to the presence of influenza in their community, and for
tracking the activity of influenza A versus influenza B. This may
be particularly important in deciding which antiviral medication
to prescribe. However, the routine use of rapid tests in otherwise
healthy children with symptoms compatible with uncomplicated
flu does not appear to be warranted. 
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Table 4. Rapid Diagnostic Tests for Influenza

TEST NAME MANUFACTURER       DETECTS        SENSITIVITY      SPECIFICITY

Directigen Flu A Becton Dickinson Flu A 91% 95%

Directigen Flu A+B Becton Dickinson A and B 86% (A)
81% (B)

91% (A)
100% (B)

Flu OIA BioStar A or B 62-88% 52-80%

Quick Vue Quidel A or B 73-81% 96-99%

ZstatFlu ZymeTx A or B 62% 99%

Adapted from Wilde JA. Rapid diagnosis of respiratory agents. Clin Ped Emerg Med
2002;3:181-190.

•   Persons aged 65 years and older
•   Residents of nursing homes, chronic-care facilities
•   Persons with chronic pulmonary disorders
•   Persons with chronic cardiovascular disorders
•   Persons receiving medical care in the preceding year for any

of the following chronic conditions:
- Metabolic diseases (e.g., diabetes)
- Renal dysfunction
- Hemoglobinopathies
- Immunosuppression

•   Children and adolescents receiving long-term aspirin 
therapy (risk for Reye Syndrome)

•   Women who will be pregnant during the influenza season
•   Children age 6-23 months
•   Health care workers involved in direct patient care
•   Out-of-home caregivers and household contacts of children 

age < 6 months

Adapted from Centers for Disease Control.MMWR, Oct 8 2004.

Table 5. Persons Recommended to Receive
Influenza Vaccine: Interim Recommendations



Therapy
The Committee on Infectious Diseases of the AAP does not

recommend antiviral therapy for uncomplicated influenza in oth-
erwise healthy children.20 This recommendation from the AAP is
central to the argument against the routine use of rapid tests for
the diagnosis of influenza in the ED. If specific antiviral therapy
is not warranted, in most cases a diagnostic test is not required;
the diagnosis can be made on clinical grounds alone. The Com-
mittee on Infectious Diseases does suggest the use of antiviral
therapy for several categories of patients: children at high risk of
complications from acute influenza (Table 5); healthy children
with severe illness; and patients with special environmental, fam-
ily, or social situations in whom a shortened illness would be
helpful (i.e., important school examination, sports event). In
these patients, the use of a rapid test may help to guide therapeu-
tic decisions, although considering that the sensitivities of the
rapid tests are less than 100%, a better strategy may be to treat
empirically with antiviral therapy based on symptoms and local
influenza activity. 

There are two classes of antiviral medications available for
the treatment of influenza. None of these medications have been
studied extensively in children, although limited data are avail-
able.13,21-24 Treatment must be begun within 48 hours of symptom
onset for significant benefit. The Food and Drug Administration
(FDA) has not approved the use of any of these medications for
children younger than 1 year. Clinicians also should be aware
that studies on the effectiveness of antiviral medications largely
have been conducted in healthy patients with uncomplicated flu.
According to the CDC, “Data are limited and inconclusive con-
cerning the effectiveness of amantadine, rimantadine, zanamivir,
and oseltamivir for treatment of influenza among persons at high
risk for serious complications of influenza”.7

Amantadine and rimantadine are closely
related tricyclic amines that inhibit the repli-
cation of the influenza A virus. They have no
effect on influenza B. They are useful for
treatment of active disease and for prophy-
laxis. Amantadine is approved for both treat-
ment and prophylaxis in children older than
1 year, whereas rimantadine is approved only
for prophylaxis in this age group. Treatment
with rimantadine is approved for children
older than 13 years. Limited data show that
treatment with either medication will reduce
the duration of uncomplicated influenza ill-
ness by approximately one day. The principal
side effect of these drugs is a reversible neu-
rotoxicity that is seen most commonly with
amantadine. Another concern about the use
of these agents is that rapid emergence of
resistance has been well documented with
both. Studies have shown that up to 30% of
isolates are resistant by the third to fifth day

of therapy.24,25 Several case reports have demonstrated transmis-
sion of resistant viruses, but the frequency of this is unclear.5,26

There is no evidence to indicate that the resistant viruses are
more virulent. 

Zanamivir and oseltamivir are neuraminidase inhibitors that
are active against both influenza A and influenza B. Zanamivir is
rarely used in children or adults primarily due to bronchospasm
induced after its administration by inhalation. Oseltamivir is
approved for treatment of influenza in children older than 1 year,
and for prophylaxis in children older than 13 years. Side effects
with oseltamivir are less severe than with the tricyclic amines
and relate mostly to gastrointestinal symptoms. Resistance has
been reported but is much less common than with amantadine or
rimantadine. Limited data indicate that treatment with
oseltamivir may reduce the duration of symptoms of flu in chil-
dren by up to 1.25 days.13,27 Treatment with oseltamivir also may
reduce the incidence of concomitant acute otitis media by up to
44%.13

Control of Influenza Through Vaccination
Influenza vaccine has been available for decades and has been

shown to be of varying degrees of benefit in all age groups,
including children older than 6 months. Vaccine efficacy for pre-
venting influenza respiratory illness in children ranges from 50-
95%, depending on the closeness of match between the vaccine
strain and the circulating wild strain.20 In general, influenza vac-
cines are less effective in children than in adults in preventing
ILI because of the higher frequency of ILI caused by other respi-
ratory pathogens in children. Influenza vaccine is not approved
for children younger than 6 months.

Currently, there are two types of vaccine products available
for prevention of influenza: inactivated vaccine and live, attenu-
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Figure 2. Weekly Assessment of Influenza Activity by State 
and Territorial Epidemiologists, 2003-2004
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ated influenza vaccine (LAIV). The inactivated vaccines have a
long history of use, while the LAIV was licensed for use in
2003. The inactivated vaccines are trivalent, and carry proteins
specific for three strains of influenza, including two strains of
influenza A and one strain of influenza B. Because the compo-
nents are inactivated, they cannot cause flu upon administration,
although transient side effects such as fever and myalgia may
mimic some of the symptoms of influenza infection. Inactivated
influenza vaccine is administered as an intramuscular injection.
Children younger than 9 years require two doses if they have not
been vaccinated previously. 

The LAIV product is also trivalent but is administered as an
intranasal spray. The vaccine strains contained in LAIV are cold
adapted so that they replicate easily in the nasopharynx but are
unable to replicate efficiently in the warmer environment of the
lower respiratory tract. Studies have shown that although the
vaccine contains live virus that replicates in the nasopharynx,
transmission can be demonstrated in less than 1% of patients.28 A
recent study showed vaccine efficacy of 86% among children 26
to 85 months of age, even during an epidemic caused by a vari-
ant strain not contained in the vaccine.29

There are two products containing inactivated influenza virus
in the United States: Fluzone from Aventis Pasteur and Fluvirin
from Chiron Corp. Fluvirin is not approved for children younger
than 4 years. The sole LAIV product on the market is FluMist
from Medimmune, which is approved only for healthy persons
from 5 years to 49 years of age. Fluzone, therefore, is the only
influenza vaccine of any kind that is available and approved for
children younger than 4 years. 

The Advisory Committee on Immunization Practices (ACIP)
recommends influenza vaccine for persons who are at increased
risk for complications from the flu. Vaccine also is recommend-
ed for other groups such as health care providers involved in

direct patient care.7 As of 2000, more than 73 million
persons in the United States were included in one of
the ACIP high-risk target groups. In 2004, the AAP,
for the first time, recommended influenza vaccine for
children 6 months to 2 years of age, largely due to
data showing increased rates of hospitalization and
morbidity in this age group relative to other chil-
dren.30 These children can receive only inactivated
influenza vaccine. 

On Oct. 5, 2004, the British government suspend-
ed Chiron’s license to manufacture Fluvirin in its Liv-
erpool factory for at least three months.31 This deci-
sion was made due to concerns about contamination.
The company also was unable to release any existing
vaccine, thereby reducing the availability of inactivat-
ed vaccine in the United States from approximately
100 million doses to 54 million doses; at the time of
the announcement, 30 million doses of Fluzone
already had been distributed. Only 1.1 million doses
of LAIV were prepared for the U.S. market this sea-

son. The CDC and ACIP quickly issued interim recommenda-
tions in an attempt to focus vaccine efforts and supply on those
most in need. (See Table 5.)

As a result of this interruption in the vaccine supply, the CDC
decided to direct the available vaccine to persons who need it the
most.32 Working collaboratively with Aventis Pasteur, it chose to
distribute the remaining 22.4 million doses of unshipped vaccine
to identified areas of need in the United States. In phase one,
14.2 million doses were allocated directly to high-priority
providers, including hospitals, long-term care facilities, nursing
homes, and private providers who care for young children. The
remaining 8.2 million doses are to be shipped to other high-need
areas after completion of phase one. On Oct. 5, 2004, the AAP
Executive Committee issued a statement recommending that
available vaccine should be used to vaccinate high-risk children
on a first-come, first-served basis; doses should not be held in
reserve to ensure that two doses will be available.33

Considering the number of doses of influenza vaccine avail-
able for the 2004-2005 influenza season and the number of per-
sons who are included in the priority list, many high-risk patients
will not receive vaccine. However, vaccination coverage has
never approached 100% in any of these groups. In 2001-2002,
vaccine coverage for adults older than 65 years was only 66%;
estimated vaccine coverage among adults with high-risk condi-
tions aged 18-49 years was 23%; and for those age 50-64 years,
it was 44%.6 Results from a 2001 study showed that in a clinic
using a computerized reminder system, only 32% of children
with asthma received influenza vaccination.34 In 2002, just 38%
of health care workers reported receiving influenza vaccine.7

The implications of the vaccine shortage for the 2004-2005
flu season are not entirely clear. There is no doubt that many
U.S. citizens who desire the vaccine will be unable to obtain it.
However, given the historically low rates of influenza vaccina-
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Figure 3. Summary of the 2003-2004 Influenza 
Season
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tion even within high-risk groups, the anxiety and publicity sur-
rounding the current vaccine shortage actually may increase the
rate of vaccination among high-risk patients. In addition, there
was a poor match between the strains contained in the 2003-
2004 vaccine and the circulating wild-type strains due to the late
emergence of a drifted strain. The vaccine contained A/Pana-
ma/2007/99 (H3N2), while 82% of all viruses collected by U.S.
laboratories were characterized as A/Fujian/411/2002 (H3N2).35

The vaccine for the 2004-2005 flu season does contain the
Fujian strain. Thus, despite the vaccine shortage, there may be a
paradoxical decrease in P&I mortality in the coming season due
to more focus on high-risk groups, a better vaccine match to the
circulating strain, and large numbers of people with natural
immunity to the Fujian strain because of infection last year. 

Synopsis of 2003-2004 Influenza Season
The first state to report widespread flu activity during the

2003-2004 influenza season was Texas on Oct. 18, 2003.35 The
weekly percentage of patient visits to sentinel physicians for ILI
exceeded the baseline from Nov. 15, 2003, until Jan. 10, 2004, a
total of 8 weeks. (See Figures 2 and 3.) The highest proportion
of ILI visits for the 2003-2004 flu season occurred during the
week ending Dec. 27, 2003, when 7.6% of patients who present-
ed to sentinel providers had symptoms. In contrast, the highest
proportion of ILI visits for any single week during the previous
four flu seasons ranged from 3.3% to 7.1%; peaks in those years
occurred during late January and early February.35

The proportion of all deaths in the United States attributed to
P&I exceeded the epidemic threshold for nine consecutive weeks
from Dec. 20, 2003, to Feb. 14, 2004. (See Figure 3.) The high-
est weekly proportion of deaths due to P&I during that period
was 10.3% between Jan. 10 and Jan. 17, 2004, compared with
peaks ranging from 8.1% to 11.2% during the previous four flu
seasons.35

According to the CDC, the 2003-2004 season was “moderate-
ly severe in terms of its impact on mortality.”35 This conclusion
may come as a surprise to physicians and many in the general
public who believe that last season was a very severe one. There
are two primary reasons for this misperception: Last season’s
vaccine shortage and mismatch, and the widely disseminated
reports in medical and popular forums about an alarming num-
ber of pediatric deaths due to flu. 

The appearance of the drifted Fujian strain of influenza was
detected before the beginning of the 2003-2004 season but too
late for inclusion in that season’s influenza vaccine. Due to evi-
dence from prior epidemics that seasons dominated by A
(H3N2) viruses are associated with high levels of severe illness
and death, public health authorities began to warn the public
about the potential for a severe epidemic well before the peak of
the flu season.36 Partly as a result of these warnings, by the first
week of December 2003, the manufacturers had sold all 83 mil-
lion doses of the available inactivated vaccine. In response, at
least 28 states redistributed influenza vaccine from providers and

public health clinics with excess supplies to those that needed
vaccine.37 These shortages and redistribution efforts received
widespread coverage in print and broadcast media. 

In addition to the vaccine shortage and mismatch, there also
were early reports of severe illness and deaths in the pediatric
population,37 including deaths in previously healthy children due
to secondary pneumonia caused by community-acquired methi-
cillin-resistant Staphylococcus aureus (CA-MRSA).38,39 Howev-
er, a proper frame of reference on these pediatric deaths was dif-
ficult to obtain because neither the CDC nor any other public
health agency had any definitive statistics on the number of pedi-
atric deaths in previous epidemics. The case fatality rate in chil-
dren had been estimated to be 3.8 per 100,000 in a publication
from 1982.6 Another study that modeled influenza-related deaths
estimated that an average of 92 deaths per year occurred among
children younger than 5 years during the 1990s.36

As of June 2004, a total of 152 laboratory-confirmed pediatric
deaths had been reported voluntarily to the CDC from the 2003-
2004 season.40 A particularly disturbing finding is that 40% of
those deaths occurred in previously healthy children. (See Table
6.) Only 27% of deaths were among children with ACIP high-
risk conditions. Shortly before the beginning of the 2004-2005
influenza season, the Council of State and Territorial Epidemiol-
ogists (CSTE) approved an initiative to add pediatric influenza-
associated deaths to the list of nationally notifiable conditions in
the United States, permitting better recognition of excess mortal-
ity in children in future flu epidemics. 

Avian Influenza 
The last major influenza pandemic was in 1968. In that year,

influenza A isolates first identified in Hong Kong demonstrated
an antigenic shift to the H3N2 subtype. For the past 27 years,
this subtype has co-circulated with an H1N1 subtype that re-
emerged in 1977. The world has not experienced another major
pandemic since the Hong Kong flu of 1968, but speculation
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Table 6. Pediatric Influenza Mortality, 
2003-2004

Children < 18 years 152

< 6 months old 11%

6-23 months old 30%

2-5 years old 22%

> 5 years old 37%

ACIP high-risk condition 27%

Other underlying medical condition 31%

Previously healthy 40%

Adapted from Bhat N. Preliminary Update: Influenza-associated
deaths and encephalopathy among children < 18 years -- United
States, 2003-04 influenza season. Oral presentation. Meeting of
the Advisory Committee on Immunization Practices; 2004 June
23-24; Atlanta, GA.



abounds about when the next one will occur. As one author put
it, “There is no reason to believe there will not be another one.”41

For a number of reasons, public health officials have focused
their surveillance efforts in Southeast Asia, where many experts
expect the next pandemic strain to emerge. 

The natural reservoirs for all known influenza subtypes are
birds and waterfowl, including poultry. Fifteen hemagglutinin
(H1-H15) and nine neuraminidase (N1-N9) subtypes have been
identified thus far, but only H1, H2, H3 and N1, N2 are known to
be established firmly in humans.42 Due to the close association
between humans and poultry, the potential exists for subtypes to
cross the species barrier from poultry to humans through genetic
re-assortment. This re-assortment may occur if two different
viruses infect the same cell simultaneously. Because influenza
has a segmented genome, the two viral strains replicating within
the infected cell can exchange genetic material between each
other, resulting in a novel virus and subtype.43 Conditions for this
cross-species transfer are greatest in Southeast Asia, where dense
human populations live in close contact with farm animals, par-
ticularly chickens and ducks. 

In 1997, an outbreak of influenza A (H5N1) in humans was
reported in Hong Kong.44 Between May and December, a total of
18 cases and six deaths were confirmed for a case-fatality rate of
33%. Half of the cases occurred in children 10 years of age or
younger. Avian flu is a strain of influenza that had been known to
infect birds, but it had not been reported previously in humans.
Cohort studies suggested that human-to-human transmission
might have occurred through close physical contact with infected
patients (i.e., within households), but there was no evidence that
social exposure was associated with any of the infections.45

Another cohort study of medical personnel documented seropos-
itivity to the virus in 3.7% of exposed health care workers and
0.7% of non-exposed health care workers, again indicating a low
rate of transmission between humans.46

The source of the outbreak was identified as poultry; up to
20% of the chickens in the Hong Kong market were discovered
to be infected. In a vigorous response, the government slaugh-
tered all the poultry in farms and markets in Hong Kong. Mil-
lions of chickens were destroyed to contain the spread of the
virus. In addition, import of live poultry from mainland China
was halted temporarily. These efforts appeared to stop the further
spread of the virus, and the local outbreak came to an end for
several years. In May 2001, a cluster of chicken deaths due to the
H5N1 subtype again was identified. A second territory-wide
slaughter of poultry was undertaken in response, and once again
it appeared that the virus was contained. No human infections
were reported during the 2001 outbreak. 

In December 2003, the outbreak became more widespread.
Eight Asian countries from Thailand and Indonesia to Japan and
Korea reported widespread H5N1 activity in the largest outbreak
of avian influenza in poultry ever reported. At least 100 million
domestic poultry died or were culled in an effort to contain the
epidemic. Although widespread infection in humans was not

found, 34 confirmed cases were reported in Vietnam and Thai-
land in 2004. The case fatality rate was 68%.43,47,48 As of 2004,
H5N1 strains have been resistant to amantadine and rimantadine
but are susceptible to oseltamivir.43

Efforts to contain influenza A (H5N1) have been fairly suc-
cessful; a feared pandemic has not occurred to date. These
efforts have been aided because this strain of avian influenza
appears to have a very low rate of transmissibility between
humans; most cases resulted from close, intense exposure to
infected poultry. However, an ominous point was raised about
these outbreaks in a recent publication: Two of the three key cri-
teria that characterized the pandemic of 1918-1919 have already
been fulfilled in the current epidemic: 1) the ability of the virus
to infect humans resulting in high mortality, and 2) a global
immunologically naïve human population. The third criterion,
efficient human-to-human transmission, thus far, has not been
observed.48

So far, all of the genes involved in the strains producing avian
flu have been of avian origin. No genetic re-assortment with
human influenza viruses has occurred. If it does occur, human-
to-human transmission may be facilitated, which could usher in
the long-awaited next pandemic. If mortality rates reach the level
seen during the 1918 pandemic, more than 100 million people
could perish worldwide. 

Conclusions
Influenza exacts a heavy toll on the United States and the rest

of the world. Billions of dollars are spent each year for office and
ED visits for flu symptoms, and billions more are spent for hos-
pitalizations. Vaccination remains the main line of defense
against the disease, but doses for the coming season already are
being rationed due to an interruption in the supply. As a result,
both antiviral medications and influenza rapid tests may play a
larger role in the coming epidemic than they have in the past.
Although the rapid tests for influenza may be valuable for alert-
ing physicians to the presence of influenza in the community and
for distinguishing influenza A from B, in the majority of other-
wise healthy children who present with typical flu symptoms
during the influenza season, the diagnosis may be established on
clinical grounds alone. Once diagnosed, antiviral therapy for
uncomplicated influenza in a healthy child is not recommended. 

EPs and primary care physicians will be on the front lines of
the battle once again. It is important for these physicians to keep
themselves informed about influenza and new recommendations
as the season progresses. It is also important for these physicians
to protect themselves and their patients by rolling up their
sleeves for the influenza vaccine as soon as possible. Further
information may be obtained by telephone by calling the CDC
Voice Information System at 888-232-3228 or by visiting the
CDC web site at www.cdc.gov/flu/weekly/fluactivity. 
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CME Questions

111. Which of the following statements is true regarding the epidemiology

of influenza?

A. Ninety percent of the deaths occur in patients older than 65

years.

B. The attack rate of influenza is higher in adults than children.

C. The highest rates for influenza-associated hospitalizations are

among patients between 5 and 64 years of age.

D. Influenza does not account for a significant number of 

hospitalizations.

112. Which of the following statements is true regarding the influenza

virus?

A. It is a respiratory pathogen classified as an orthomyxovirus.

B. Influenza viruses are typed based on proteins that are found

within the interior of the virion.

C. Neuraminidase is an enzyme that aids in viral penetration into

the interior of the infected cell and further release of replicated

virions from the cell.

D. All of the above statements are true.

113. Which of the following statements is true regarding the ability of

influenza to mutate to new strains?

A. The mutations never occur in the hemagglutinin and neu-

raminidase genes.

B.  The inability of influenza to mutate is the reason influenza is an

annual concern.

C.  Mutation of the influenza virus comes in two forms: antigenic

drift and antigenic shift.

D. Because of antigenic drift, influenza vaccine components do not

require annual updates.

114. Which of the following statements is true regarding the presentation

of patients with influenza?

A. Fever is a classic finding only in pediatric patients, not adults.

B. Fever, respiratory symptoms during an epidemic period of

influenza has a sensitivity of 60-80% in adults for influenza.

C. The sensitivity for clinical symptoms for the specific diagnosis

of influenza is well-established in children.

D. Influenza typically has a gradual onset with non-specific 

gastrointestinal symptoms.

115. Regarding fever in patients with influenza:

A. It only occurs in children, not adults.

B. Fever may last up to 5-6 days.

C. Fever indicates that the patient is infectious.

D. All of the above statements are correct.

116. Which of the following diseases are potential complications of
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CME Objectives
The CME objectives for Pediatric Emergency Medicine Reports

are to help physicians:
a.) Quickly recognize or increase index of suspicion for specific

conditions;
b.) Understand the epidemiology, etiology, pathophysiology,

historical and physical examination findings associated with the
entity discussed;

c.) Be educated about how to correctly formulate a differential
diagnosis and perform necessary diagnostic tests;

d.) Apply state-of-the-art therapeutic techniques (including the
implications of pharmacologic therapy discussed) to patients with
the particular medical problems discussed;

e.) Provide patients with any necessary discharge instructions.

CME Instructions

Physicians participate in this continuing medical education pro-
gram by reading the article, using the provided references for fur-
ther research, and studying the questions at the end of the article.
Participants should select what they believe to be the correct
answers, then refer to the list of correct answers to test their
knowledge. 

To clarify confusion surrounding any questions answered incor-
rectly, please consult the source material. After completing this
activity, you must complete the evaluation form that will be pro-
vided at the end of the semester and return it in the reply envelope
provided to receive a certificate of completion. When your evalua-
tion is received, a certificate will be mailed to you.



influenza?

A. Secondary bacterial pneumonia

B. Otitis media

C. Transverse myelitis

D. Myositis

E. All of the above

117. Which of the following rapid influenza tests distinguishes between

influenza A and B?

A. Directigen  Flu A

B. Quick Vue

C. ZsattFlu

D. Directigen Flu A + B

118. Which of the following statements is true regarding the utility of the

influenza rapid test in children?

A. Limited testing has been performed.

B. Reduced antibiotic use in both inpatients and outpatients whose

diagnosis was confirmed by the rapid test has been reported.

C. One study reported significant reductions in orders for blood

cultures, CBCs, urine cultures and chest radiographs.

D. All of the above

119. Which of the following statements is true regarding zanamivar?

A. It is not a neuraminidase inhibitor.

B. It is active only against influenza A.

C. It is rarely used because of bronchospasm in patients following

inhalational administration.

D. All of the above.

120. Which of the following statements is not true regarding the influenza

vaccine?

A. The vaccine has been shown to have varying degrees of benefit

in all age groups.

B. The vaccine efficacy for preventing influenza respiratory illness

ranges from 50-95%.

C. In general, influenza vaccines are more effective in children than

adults.

D. None of the above.

Answers:
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Prepare your hospital for a 
very unusual flu season

Vaccine shortages may wreak havoc with hospital
EDs, absenteeism

With the unprecedented shortage of influenza vaccine this flu
season, hospitals are scrambling to prepare for what may be a
record number of flu patients presenting to their already over-
crowded emergency departments (EDs) and for staff shortages due
to record absenteeism. After almost half of the U.S.'s planned vac-
cine supply was contaminated, high-risk candidates -- including the
very young, the elderly, those with chronic illnesses, pregnant
women, the immunocompromised, and health care workers with
direct patient care -- have been identified as those to receive the
vaccine. 

In response to the national shortage of vaccine, Thomson Amer-
ican Health Consultants has developed an influenza sourcebook to
ensure you and your hospital are prepared for what you may face
this flu season. Hospital Influenza Crisis Management will provide
you with the information you need to deal with ED overcrowding,
potential liability risks, staff shortages, and infection control impli-
cations for staff and patients.

This sourcebook will address the real threat of a potential pan-
demic and the proposed response and preparedness efforts that
should be taken in case of such an event. Major guidelines and rec-
ommendations for influenza immunization and treatment are
included, along with recommendations for health care worker vac-
cination and the efficacy of and criteria for using the live attenuated
influenza vaccine. 

Don't miss out on this valuable resource in preparing your hos-
pital for this most unusual flu season. Hospital Influenza Crisis
Management will also offer readers continuing education credits.
For information, or to reserve your copy at the pre-publication
price of $149 (a $50 discount off the regular price), call our cus-
tomer service department at (800) 688-2421. Please reference code
64462.

Binders Available

Pediatric Emergency Medicine Reports has sturdy plastic
binders available if you would like to store back issues of the
newsletters. To request a binder, please e-mail ahc.binders@thom-
son.com. Please be sure to include the name of the newsletter, the
subscriber number and your full address.

If you need copies of past issues or prefer online, searchable
access to past issues, you may get that at
http://www.ahcpub.com/online.html.

If you have questions or a problem, please call a customer serv-
ice representative at 1-800-688-2421.
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Month of Peak Influenza Activity 
in the United States, 1976-2002*

DEC   JAN    FEB   MAR  APR   MAY

Number of years in which
influenza activity peaked in 
indicated month

4 6 11 3 1 1

* Peak of activity defined as week with the greatest percentage of
respiratory specimens testing positive for influenza virus.

Adapted from Katz S. Preventing influenza: Vaccination guidelines.
Infect Dis Children Feb 2004:8-9.

Age-Specific Annual Rates of    
Influenza-Associated Hospitalizations 
(per 100,000)

AGE GROUPS, YEARS

< 5 5-49 50-64 65-69 70-74 75-79 80-84 > 85

Pneumonia and 
influenza 
hospitalizatons

26.3 11.5 53.3 106.4 207.4 312.2 376.2 777.3

Respiratory and 
circulatory 
hospitalizations

113.9 28.3 111.3 229.7 491.9 498.4 829.1 1669.2

Adapted from Thomson WW, et al. Influenza-associated hospitalizations in the United States.
JAMA 2004;292:1333-1340.

Major Influenza Epidemics Since 1889

YEAR INFLUENZA SUBTYPE

1889 A(H3N2)
1918 A(H1N1)
1957 A(H2N2)
1968 A(H3N2)
1977 A(H1N1)

Adapted from Betts RF. Influenza. In: Mandel GL, ed.
Principles and Practice of Infectious Diseases. Philadelphia:
Churchill Livingstone, Inc;2004:431:703-707.

Rapid Diagnostic Tests for Influenza

TEST NAME MANUFACTURER       DETECTS        SENSITIVITY      SPECIFICITY

Directigen Flu A Becton Dickinson Flu A 91% 95%

Directigen Flu A+B Becton Dickinson A and B 86% (A)
81% (B)

91% (A)
100% (B)

Flu OIA BioStar A or B 62-88% 52-80%

Quick Vue Quidel A or B 73-81% 96-99%

ZstatFlu ZymeTx A or B 62% 99%

Adapted from Wilde JA. Rapid diagnosis of respiratory agents. Clin Ped Emerg Med
2002;3:181-190.

Persons Recommended to Receive 
Influenza Vaccine: Interim 
Recommendations

•   Persons aged 65 years·and older
•   Residents of nursing homes, chronic-care facilities
•   Persons with chronic pulmonary disorders
•   Persons with chronic cardiovascular disorders
•   Persons receiving medical care in the preceding year for
any of the following chronic conditions:

- Metabolic diseases (e.g. diabetes)
- Renal dysfunction
- Hemoglobinopathies
- Immunosuppression

•   Children and adolescents receiving long-term aspirin 
therapy (risk for Reye Syndrome)

•   Women who will be pregnant during the influenza season
•   Children age 6-23 months
•   Health care workers involved in direct patient care
•   Out-of-home caregivers and household contacts of children 

age < 6 months

Adapted from Centers for Disease Control.MMWR, Oct 8
2004.

Pediatric Influenza Mortality, 
2003- 2004

Children < 18 years 152

< 6 months old 11%

6-23 months old 30%

2-5 years old 22%

> 5 years old 37%

ACIP high-risk condition 27%

Other underlying medical condition 31%

Previously healthy 40%

Adapted from Bhat N. Preliminary Update: Influenza-associated
deaths and encephalopathy among children < 18 years -- United
States, 2003-04 influenza season. Oral presentation. Meeting of
the Advisory Committee on Immunization Practices; 2004 June
23-24; Atlanta, GA.
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Pneumonia and Influenza Mortality 
for 122 U.S. Cities (Week Ending  
11/06/2004)

Weekly Assessment of Influenza 
Activity by State Territorial 
Epidemiologists, 2003-2004

Summary of the 2003-2004 Influenza 
Season

Source: CDC website, www.cdc.gov/flu/weekly/fluactivity.

%
 o

f a
ll 

de
at

hs
 d

ue
 to

 P
&I

Epidemic Threshold

Seasonal Baseline

2001 2002 2003 2004

10      20      30      40      50      10      20     30      40      50     10      20      30      40      50      10      20      30      40 

Weeks

12

10

8

6

4

%
vi

si
ts

 f
or

 I
L

I 
an

d 
%

 P
&

I 
de

at
hs

%
po

s.
 is

ol
at

es
 a

nd
 %

 r
eg

/w
id

e

Week
Key: ILI = influenza-like illness. P&I = pneumonia and influenza. reg/wide = regional/wide-
spread.

Source: www.cdc.gov/flu/weekly/fluactivity.

#reg/wide/local

% P&I deaths

% pos. 
isolates

% visits for ILI

40      42      44     46      48      50     52      2      4      6      8      10      12      14      16      18

10

9

8

7

6

5

4

3

2

1

0

50

45

40

35

30

25

20

15

10

5

0

N
um

be
r 

of
 C

as
es

Week

%
 v

is
its

 fo
r I

LI
 a

nd
 %

 P
&I

 d
ea

th
s

Week
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