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Influenza is an acute infectious respiratory disease of viral cause that occurs annually
in outbreaks, epidemics, and occasionally pandemics of varying severity and attack
rates depending on the influenza virus subtype involved. Although most seasonal flu
cases do not produce long-term sequelae, influenza continues to cause substantial
morbidity and mortality despite multiple landmark discoveries in infectious diseases
during the previous century.1,2 In the past 2 decades, influenza mortality has even
risen, in large part because of an aging population.3 Worldwide, flu epidemics account
for an estimated 3 to 5 million cases leading to approximately 245,000 to 500,000
deaths annually.4 The Centers for Disease Control and Prevention (CDC) estimates
there are about 36,000 influenza-related deaths each year in the United States, and
between 1972 and 1992, influenza accounted for an estimated 426,000 deaths.1,5 In
Canada, the Laboratory Center for Disease Control estimates that 70,000 to 75,000
influenza-associated hospitalizations and 6000 to 7000 deaths occur from influenza
each year.6 In Europe, between 40,000 and 220,000 deaths are estimated to be
caused by influenza in a moderate flu season and during a severe epidemic
respectively.7

Influenza also imposes a huge financial burden on health care systems and society
overall. Data from the United States reveal that influenza accounts for more than
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226,000 hospitalizations, an estimated 3.1 million hospitalization days, with costs of
more than $5 billion annually.3,8 Costs related to influenza epidemics surpass $12
billion and cause millions of lost work hours each year.9

Timely diagnosis of influenza and early recognition of an influenza outbreak or
epidemic are key components in preventing influenza-related complications, hospital-
izations, and deaths. As the primary gateway to the health care system, emergency
departments (EDs) are the most frequent points of entry for patients with influenza
who seek medical attention. As a result, emergency physicians are well positioned
to play a pivotal role in promptly identifying and adequately managing influenza
community outbreaks and epidemics.
This article provides an updated overview of influenza to enhance the clinical judg-

ment of emergency physicians and facilitate accurate decision making and diagnosis
of seasonal influenza, thereby minimizing influenza’s potential morbidity and mortality.

EPIDEMIOLOGY
Seasonality of Influenza

The epidemiology of influenza differs globally. Influenza outbreaks can occur during
a specific season, referred to as seasonal influenza, or influenza activity can be
present throughout the year. In northern and southern hemisphere temperate zones,
influenza is highly seasonal and attacks predominantly occur during the winter
months. For northern hemisphere countries like the United States and Canada,
seasonal influenza usually starts in November, peaks from December to March, and
abates in May,10 whereas for southern hemisphere countries like Australia, the flu
starts in May, peaks in June to September, and ends in November. Substantial fluctu-
ations in influenza viral transmission patterns may occur with peaks occurring much
earlier or later than anticipated.11 In contrast, tropical regions lacking a distinct winter
season exhibit different patterns of activity, in which influenza viruses may be isolated
year round12 with biannual influenza outbreaks.13

Onset and Time Course of Influenza Outbreaks

Typical outbreaks usually begin suddenly, spread in the community peaking during
a period of 2 to 3 weeks, and continue for an average duration of 3 months.14 In terms
of clinical signs important for the emergency physician, the first indication of onset of
a flu outbreak in a community is a surge in pediatric febrile respiratory illnesses, fol-
lowed by increases in adult influenza-like illnesses (ILI).15

As the predominant front line of health care systems, EDs including emergency
physicians are well positioned to detect local outbreaks of the flu in their early stages
and notify appropriate public health authorities to take proper measures to contain the
outbreak. Similarly, emergency physicians can play a pivotal role in containing
emerging flu pandemics by keeping abreast of global influenza epidemics.

CLASSIFICATION AND DESCRIPTION OF INFLUENZA VIRUSES

Influenza viruses belong to the Orthomyxoviridae class of viruses and structurally
consist of an inner core and outer membrane. The core contains a nucleoprotein
antigen that determines the classification of the influenza virus into its 3 basic types:
A, B, or C.16 The outer membrane contains a coat of proteins including glycoproteins.
Influenza A viruses are categorized based on 2 immunologically important glycopro-
teins: hemagglutinin (H) with 16 different subtypes (H1–H16) and neuraminidase (N)
with 9 different subtypes (N1–N9).17 For instance, the influenza A (H1N1) virus respon-
sible for the 2009 flu pandemic expresses hemagglutinin 1 (H1) and neuraminidase 1
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(N1) subtypes, whereas influenza A (H2N2) virus, which caused the influenza
pandemic of 1957 to 1958, expresses hemagglutinin 2 (H2) and neuraminidase 2
(N2) subtypes. Influenza B and C viruses are not subcategorized.
Influenza A, B, and C viruses have similar structural and biologic characteristics but

differ antigenically with varying prevalence and virulence. Influenza A is the most pre-
valent of the 3, frequently causes seasonal outbreaks and epidemics in humans, and
infection with this subtype leads to more severe morbidity than influenza B and C. In
addition, influenza A is the only subtype that causes pandemics. Influenza A H1N1 and
H3N2 are currently the predominant virus subtypes causing influenza infection in
humans. Since 1977, these 2 flu viruses have been circulating, causing seasonal influ-
enza worldwide, whereas influenza A H2N2 subtype has not circulated in humans
since 1968.10

Influenza B viruses circulate less widely than influenza A, causing fewer seasonal
outbreaks and epidemics, whereas influenza C viruses cause only sporadic cases
or minor outbreaks but not epidemics. In both cases, humans develop antibodies
to these influenza viruses during childhood that provide some protection later
against severe disease.18 However, in children less than 6 years of age who have
not yet acquired antibodies to influenza C, this virus can cause serious respiratory
infections.19

Antigenic Drift and Antigenic Shift

Influenza A viruses, more than influenza B and C viruses, have a natural tendency to
periodically undergo hemagglutinin and neuraminidase antigenic changes. Small point
mutations in the RNA gene segments that code for these 2 glycoproteins lead to minor
hemagglutinin and neuraminidase antigenic changes called antigenic drifts that
result in localized outbreaks. Large mutations with viral gene reassortment that result
in major hemagglutinin and neuraminidase antigenic changes referred to as antigenic
shifts are associated with more widespread epidemics and pandemics. Influenza A,
because of their greater propensity for antigenic variation, is the only influenza virus
type able to undergo antigenic shifts, whereas all 3 virus types (influenza A, B, and
C) have the ability to undergo antigenic drifts.
PATHOGENESIS AND PATHOPHYSIOLOGY
Cellular Pathogenesis

Influenza viral infection starts with transfer of virus-laden respiratory secretions from
an infected person to an immunologically susceptible host. The virus initially attaches
to the epithelial cells of the upper respiratory tract and, if not neutralized by the host’s
immune system, the virus can continue to invade more and more cells as the virus
descends the respiratory tract. After adsorption and binding of viral hemagglutinin
to host cell sialic acid–conjugated glycoproteins, the virus enters the host cell. This
adsorption and binding is deemed necessary for virus cell entry,20 and is epidemiolo-
gically significant because the configuration of sialic acid–conjugated glycoproteins
differs from one species to another, which may exert a crucial role in limiting transfer
of influenza viruses across species.21 Once the virus has entered the host cell, it imme-
diately disrupts normal cell function and starts replicating and releasing its viral
progeny. Neuraminidase is essential for viral release and propagation.22 Viral replica-
tion leads to host cell degradation and death via several mechanisms that shut off
protein synthesis and release potent cytokines.23,24 Cytokines, such as type I inter-
ferons, interleukins, tumor necrosis factor, as well as other inflammatory mediators,
are thought to cause coughing and other systemic symptoms of flu.
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Virus replication starts within 4 to 6 hours of host cell infection, and continues until
about 24 hours before symptom onset.25 The duration between incubation period,
symptom onset, and virus shedding can range from 18 to 72 hours depending, in
part, on inoculum dose.26

Virus Shedding

The quantities of shed virus measured in specimens exhibit a distinct pattern and
temporally correlate with symptom onset and severity of illness. Virus shedding is
observed starting within 24 hours before the onset of symptoms, peaks in 1 to 2
days after the onset of symptoms develop, remains high for another 1 to 2 days corre-
lating with when the illness is most severe, and then rapidly declines, coming to an end
approximately 7 to 10 days after infection. However, in certain circumstances, virus
shedding can continue for weeks. Two key factors that influence the duration of viral
shedding are age and severity of illness.27–29 Young children, because of their relative
lack of immunity, can shed virus for 10 days or more.29,30 Patients with chronic
diseases and more severe, complicated influenza shed the virus for an average of 2
days longer than uncomplicated influenza.27,31,32 In elderly31 and immunocompro-
mised patients,33–37 viral shedding and potential infectivity can persist for weeks,
even months.

Pathophysiology

Multiple pathologic changes and pulmonary function abnormalities are observed
during active uncomplicated acute influenza infection. Bronchoscopy often shows
inflammation and edema of the bronchial mucosa, most notably in the lower respira-
tory tract, that lead to decreased forced flow rates and increased pulmonary resis-
tance, which may persist for weeks after clinical recovery. In patients with asthma
and chronic obstructive pulmonary disease, influenza can cause acute decreases in
forced expiratory vital capacity (FVC) and forced expiratory volume in 1 second
(FEV1).38,39 Virus infection can advance into the lung parenchyma either via inhalation
or contiguous spread from the upper respiratory tract causing primary viral pneu-
monia. Tracheitis, bronchitis, and bronchiolitis are seen, characterized by submucosal
hyperemia, edema, focal hemorrhage with bloody fluid, and loss of normal ciliated
epithelium.40

Disruption of the normal epithelial barrier to infection, and abnormalities in ciliary
clearance mechanisms, along with increased adherence of bacteria to virus-
infected epithelial cells, predispose to bacterial superinfection. The most common
pathogens responsible for bacterial infection are Staphylococcus aureus, Strepto-
coccus pneumoniae, and Haemophilus influenzae.
CLINICAL PRESENTATION
Clinical Signs and Symptoms

The signs and symptoms of seasonal influenza are variable in severity, and dependent
on the age of the patients. In adults, influenza is usually characterized by respiratory
symptoms with other constitutional symptoms such as fever, myalgia, malaise, and
headache. An abrupt onset is common, such that patients are often able to report
the time of onset. Respiratory symptoms and cough may initially be mild, but can pro-
gress causing dyspnea and pleuritic chest pain. Degree of fever is variable; fever in the
elderly is usually not as severe as in young patients. During the flu season, patients with
influenza-like symptoms and proven influenza infection weremore likely to have cough
(93% vs 80%), fever (68% vs 40%), cough and fever together (64% vs 33%), and/or
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nasal congestion (91% vs 81%) compared to thosewithout influenza.41 For decreasing
the likelihood of influenza, the absence of fever (likelihood ratio [LR], 0.40; 95% confi-
dence interval [CI], 0.25–0.66), cough (LR, 0.42; 95% CI, 0.31–0.57), or nasal conges-
tion (LR, 0.49; 95% CI, 0.42–0.59) were the only findings that had summary LRs less
than 0.5.42 Patients may also present with isolated gastrointestinal or central nervous
system (CNS) involvement.
Children with influenza often do not present with the classic symptoms. They often

cannot describe their symptoms, and tend to have more gastrointestinal symptoms.
Symptoms can mimic bacterial sepsis with high fevers, and children with influenza
may present with febrile seizures.43

In uncomplicated influenza, there are a few physical findings. There may be
evidence of hyperemia of the pharynx, even with severe sore throat complaints.
Mild cervical lymphadenopathy and otitis media may be present, especially in younger
patients. A dry cough is usually noted on chest examination with clear lungs or
rhonchi, unless complicated by pneumonia. If there are no complications, fever and
body aches can last 3 to 5 days, and the cough and lack of energy may last for 2 or
more weeks.44
Complications Contributing to Clinical Presentation (Symptomatology)

Pneumonia is the major complication of influenza and occurs especially in high-risk
patients:

� Children aged less than 5 years (especially those aged <2 years)
� Adults aged 65 years or more
� Persons with chronic diseases
� Persons with immunosuppression
� Women who are pregnant or postpartum (within 2 weeks after delivery)
� Persons aged 18 years or younger who are receiving long-term aspirin therapy
� First Nations/Alaska Natives
� Persons who are morbidly obese (ie, body mass index [BMI] greater than or equal
to 40)

� Residents of nursing homes and other chronic-care facilities.45

Pneumonia can either be of viral or secondary bacterial cause. Primary viral pneu-
monias are uncommon but tend to have increased symptom severity. However, during
influenza outbreaks, influenza virus types A and B are responsible for more than half of
all community-acquired viral pneumonia cases. Secondary bacterial pneumonia is
a significant complication of influenza, accounting for 25% of all influenza deaths.46

Children hospitalized with influenza-associated pneumonia have a higher risk for
intensive care admission, respiratory failure, and death compared to those hospital-
ized with influenza without pneumonia. Classically, influenza patients complicated
with pneumonia have an exacerbation of fever and respiratory symptoms after an
initial improvement. The most common bacterium is S pneumonia, accounting for
approximately 50% of cases. Staphylococcus aureus and Haemophilus influenza
are also important common organisms. During the 2006 to 2007 influenza season,
51 cases of community-acquired S aureus pneumonia were reported to the CDC.
Almost 50% of these cases had antecedent or concomitant viral illness, and just under
80% of the S aureus cultures were MRSA. The median age was 16 years, 44% had no
known pertinent medical history, and approximately half of patients, for whom final
disposition was known, died a median of 4 days after symptom onset. Despite the
selection bias in the cases reported, community-associated S aureus (CA-MRSA)
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pneumonia accounts for severe pneumonia with high mortality in young otherwise
healthy patients with influenza. Therefore, empiric therapy for severe community-
acquired pneumonia should include treatment against S aureus, including MRSA.47

Neurologic complications include encephalitis, transverse myelitis, and Guillain-
Barré syndrome. Reye syndrome has been reported in patients using aspirin after
influenza infections. Myositis is rare, but has been reportedmore commonly in children
than adults. It presents in early convalescence with acute onset of pain and tender-
ness in the lower leg muscles severe enough to limit walking. Serum creatine kinase
(CK) levels transiently increase, with complete recovery generally occurring in 3 to 4
days; renal failure is rare.48

Cardiovascular involvement occurs by directly affecting the myocardium or exacer-
bating existing cardiovascular conditions. The frequency of myocardial involvement in
influenza infection is variable, with rates of up to 10% having been reported in the liter-
ature, although this depends on the methods used to detect myocardial involvement.
Although many patients are asymptomatic, a significant proportion of these have elec-
trocardiogram changes. Fulminant myocarditis resulting in cardiogenic shock and
death may occur. When a patient’s condition deteriorates with hemodynamic compro-
mise, cardiac involvement should be considered. The mainstay of treatment of influ-
enza myocarditis is supportive. Cardiovascular deaths also increase during
influenza epidemics by increased deaths from coronary artery disease. These deaths
have been shown to be reduced by influenza vaccination, which should be offered to
all patients with cardiovascular disease.49

Other rare complications encountered include toxic shock syndrome in conjunction
with secondary S aureus infection and parotitis.50
ED EVALUATION

Influenza can be difficult to diagnose based on clinical symptoms alone because the
initial symptoms of influenza can be similar to those caused by other infectious agents
includingMycoplasma pneumoniae, adenovirus, respiratory syncytial virus, rhinovirus,
parainfluenza viruses, and Legionella.
It is important for the ED to develop clinical pathways to identify ILI so that conta-

gious patients can be segregated and treated effectively. The CDC defines ILI as
patients with temperature greater than 37.8�C (100�F) plus either cough or sore throat
in the absence of a known cause other than influenza. As described, patients with
influenza may have atypical presentations. Fever is not always present, especially in
premature infants, young infants, elderly patients, or immunosuppressed patients,
and patients may present with only myalgias, headache, fatigue, or other complica-
tions.51 The ED needs to consider the variability of clinical presentations and the prev-
alence of influenza in the community regarding investigation and treatment, and
infection control isolation protocol.
Patients with suspected influenza should have standard laboratory investigations

such as a complete blood count and electrolytes; the results are usually nonspecific,
but leukopenia is typical and thrombocytopenia may be present. Patients with phys-
ical signs that suggest meningitis should undergo a lumbar puncture. In patients with
hypoxemia, the elderly, or high-risk patients with pulmonary symptoms, a chest radio-
graph should be performed to exclude pneumonia. Dyspnea and chest pain are typi-
cally used as indicators for obtaining a chest radiograph. Shortness of breath may be
a useful indicator of pneumonia-complicating influenza.52 Radiological findings
include bilateral interstitial infiltrates, and focal infiltrates may indicate superimposed
bacterial pneumonia.
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Diagnostic Workup (Who to Test)

Diagnostic testing does not have to be performed on every patient who presents to
the ED with ILI, especially when there is a circulating influenza outbreak or epidemic.
Confirmation of influenza virus infection is not required for clinical decisions to
prescribe antiviral medication. The decision to administer influenza treatment or
chemoprophylaxis should be based on clinical illness and epidemiologic factors,
and the start of therapy should not be delayed pending results, especially during
an influenza outbreak.51 Influenza diagnostic testing is not clinically indicated when
test results will not alter a patient’s clinical care or influence clinical practice for other
patients (Fig. 1). A positive influenza test may be used to confirm influenza virus in
the community, which may affect clinical practice related to home care guidance,
hospital infection control practices, future testing practices, and so forth. Neither
the rapid influenza test nor clinical prediction rules were superior to clinical judgment
alone in the diagnosis of influenza. In one study of 258 patients with 21% confirmed
influenza, the overall clinical judgment had a sensitivity of 29% (95% CI, 18%–43%)
and specificity 92% (95% CI, 87%–95%), which improved to a sensitivity of 67%
(95% CI, 39%–86%) and specificity of 96% (95% CI, 81%–99%) when patients pre-
sented within 48 hours. Rapid influenza tests only had a sensitivity of 33% (95% CI,
22%–47%) and specificity of 98% (95% CI, 96%–99%), and a clinical prediction rule
showed a sensitivity of 40% (95% CI, 27%–54%) and specificity of 92% (95% CI,
87%–95%).53 Thus, in times of high disease prevalence such as during influenza
outbreaks or epidemics, most patients exhibiting ILI symptoms can be diagnosed
clinically as having influenza, without performing any diagnostic tests. Clinicians
should consult the CDC’s Global Flu Activity Update (http://www.cdc.gov/flu/
international/activity.htm) for the latest updates on the international flu situation,
and FluView (http://www.cdc.gov/flu/weekly/) for a summary of flu activity in the
United States.
Diagnostic testing is ideally indicated in 2 circumstances: (1) for sporadic cases of

ILI, during periods of low disease prevalence, and (2) for severely ill patients. Influenza
should be confirmed in sporadic cases of ILI to rule out another viral diagnosis, for
example severe acute respiratory syndrome (SARS) or coronavirus. Diagnostic testing
is recommended in severely ill patients because there is a greater urgency to make the
correct diagnosis to provide appropriate medical management. In these 2 cases, rapid
influenza diagnostic tests (RIDTs) and reverse transcriptase polymerase chain reac-
tion (RT-PCR) are appropriate.
The 2009 evidence-based clinical practice guidelines for the diagnosis, manage-

ment, and chemoprophylaxis of seasonal influenza developed by the Infectious
Diseases Society of America recommend that the following patient populations
undergo diagnostic testing for influenza if testing results will influence medical
management (Box 1).54
Types of Specimens and Detection of Influenza Virus

Influenza virus can be isolated from different types of specimens, including nasal,
throat, or nasopharyngeal swabs, aspirates or washes, and sputum samples. Naso-
pharyngeal specimens (swabs and aspirates) are more sensitive for detecting the virus
than throat swabs or sputum specimens54,55; in one comparison of 3 rapid assays and
immunofluorescence for influenza detection, sensitivity for all of these methods
increased by approximately 40% when nasopharyngeal swabs instead of throat
swabs were used.56 Acceptable specimens also vary depending on the specific diag-
nostic test (Table 1). The optimal time frame for collecting diagnostic specimens

http://www.cdc.gov/flu/international/activity.htm
http://www.cdc.gov/flu/international/activity.htm
http://www.cdc.gov/flu/weekly/


Fig. 1. Guide for considering influenza diagnostic testing (IDT) for patients presenting to the
ED with influenza-like illness symptoms when influenza activity is high in the community.1
1Confirmationof influenzavirus infectionbydiagnostic testing isnot required for clinicaldeci-
sions toprescribeantiviralmedications. Decisions toadminister antiviralmedications for influ-
enza treatment or chemoprophylaxis, if indicated, should be based upon clinical illness and
epidemiologic factors, and start of therapy should not be delayed pending testing results
(http://www.cdc.gov/flu/professionals/diagnosis/clinician_guidance_ridt.htm).Respiratory spec-
imensshouldbecollectedfroman illpatientasearlyaspossibleafteronsetof symptoms (ideally
<48–72 hours after onset) to help maximize influenza testing sensitivity. 2Influenza like-illness
(history of feverishness or documented feverwith either cough or sore throat), fever with other
respiratory symptoms, etc. Note that some persons may have atypical presentations (eg, elderly,
very young infants, immunosuppressed, and patients with certain chronic medical conditions).
Fever is not always present (eg, premature infants, young infants, elderly, immunosuppressed).
Other symptoms associated with influenza include myalgias, headache, and fatigue. Complica-
tions includeexacerbationofunderlyingchronicdisease, (eg, congestivecardiac failure,asthma),
pneumonia, bacterial co-infection, bronchiolitis, croup, encephalopathy, seizures, myositis, and
others. 3eg, Decisions on use of antibiotics or antiviral medications, on conducting further diag-
nostic tests, on recommendations for home care, or on recommendations for ill persons living
with persons with high-risk conditions. Consult Infectious Disease Society of America, American
Thoracic Society, Association of American Physicians, and Advisory Committee on Immunization
Practices for antibiotic guidance. 4Persons ‡65 years or <2 years; pregnantwomen; persons with
chronic lungdisease (includingasthma), heart disease, renal,metabolic, hematologic andneuro-
logic disease; immunosuppression; and morbid obesity. 5eg, Decisions on changing infection
controlpractices (suchas inhospitalizedpatients); ifapositive influenzatest result isusedforcon-
firming influenzavirus circulation in thecommunitywhichmight informclinical practices related
to home care guidance, hospital infection control practices, future testing practices, etc. RIDT,
rapid influenzadiagnostic testing. aInitiationofantiviral treatment, if clinically indicated, should
not bedelayedpending influenzadiagnostic test results. (Adapted from the Centers forDisease
Control and Prevention (CDC) website: Guidance for Clinicians on the Use of Rapid Influenza
Diagnostic Tests for the 2010-2011 Influenza Season. Available at: http://www.cdc.gov/flu/
professionals/diagnosis/clinician_guidance_ridt.htm. Accessed September 30, 2011.)

278 Afilalo et al

http://www.cdc.gov/flu/professionals/diagnosis/clinician_guidance_ridt.htm
http://www.cdc.gov/flu/professionals/diagnosis/clinician_guidance_ridt.htm
http://www.cdc.gov/flu/professionals/diagnosis/clinician_guidance_ridt.htm


Box 1

Indications for testing for influenza

During influenza season (testing should be done in the following persons if the result will
influence clinical management)

� Outpatient immunocompetent persons of any age at high risk of developing influenza
complications (eg, hospitalization or death) presenting with acute febrile respiratory
symptoms 5 days or less after illness onset (when virus is usually being shed)

� Outpatient immunocompromised persons of any age presenting with febrile respiratory
symptoms, irrespective of time since illness onset (because immunocompromised persons can
shed influenza viruses for weeks to months)

� Hospitalized persons of any age (immunocompetent or immunocompromised) with fever
and respiratory symptoms, including those with a diagnosis of community-acquired
pneumonia, irrespective of time since illness onset

� Elderly persons and infants presenting with suspected sepsis or fever of unknown origin,
irrespective of time since illness onset

� Children with fever and respiratory symptoms presenting for medical evaluation, irrespective
of time since illness onset

� Persons of any age who develop fever and respiratory symptoms after hospital admission,
irrespective of time since illness onset

� Immunocompetent persons with acute febrile respiratory symptoms who are not at high risk
of developing complications secondary to influenza infection may be tested for purposes of
obtaining local surveillance data

Throughout the year (testing should be done for the following persons)

� Health care personnel, residents, or visitors in an institution experiencing an influenza
outbreak who present with febrile respiratory symptoms within 5 days after illness onset

� Persons who are epidemiologically linked to an influenza outbreak (eg, household and close
contacts of persons with suspected influenza, returned travelers from countries where
influenza viruses may be circulating, participants in international mass gatherings, and cruise
ship passengers) who present within 5 days after illness onset

From Harper SA, Bradley JS, Englund JA, et al. Seasonal influenza in adults and children – diag-
nosis, treatment, chemoprophylaxis, and institutional outbreak management: clinical practice
guidelines of the Infectious Diseases Society of America. Clin Infect Dis 2009;48(8):1003–32;
with permission.
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largely depends on the amount of viral shedding at the time of testing. In immunocom-
petent children and adults, in whom viral shedding is brief, specimen samples yield the
best results during the first 1 to 5 days of illness.54,57 Low viral titers in the first 12 to
24 hours following onset of clinical illness have been suggested as a cause of false-
negative results in patients tested early58; similarly, specimens obtained after 5
days of illness have an increased likelihood of false-negative results because of
decreased virus shedding. Immunocompetent infants and young children spread virus
for longer (�1 week), which ideally permits the collection of specimens after 5 days of
illness.54 Irrespective of age, specimen collection in immunocompromised persons
can also exceed 5 days of illness because virus shedding in this patient population
can last for weeks, even months.54

In the ED, collection of serum specimens is not recommended for diagnostic
purposes because results are not readily available and therefore cannot guide clinical
decision making and management.54



Table 1
Laboratory diagnostic testing methods for influenza currently available in the United States

Diagnostic Testing
Method(s) Acceptable Specimens

Influenza Virus
Types Detected

Time to Final
Result

Immunofluorescence
microscopy

Direct fluorescent
antibody staining

Indirect fluorescent
antibody staining

1. NP swab/aspirate
2. Nasal swab/aspirate/wash
3. Throat swab

A and B z1–4 h

Viral culture
Conventional culture
Rapid shell vial culture

1. NP swab/aspirate
2. Nasal swab/aspirate/wash
3. Throat swab
4. Bronchioalveolar lavage

A and B Conventional
culture

z3–10 d
Rapid shell

vial culture
z1–3 d

RT-PCR 1. NP swab/aspirate
2. Nasal swab/aspirate/wash
3. Throat swab
4. Bronchioalveolar lavage
5. Sputum

A and B z1–6 h

RIDTs Depends on specific RIDT
(see Table 3)

A and Ba z10–15 min

Serologic testingb Paired acute and
convalescent
serum samplesc

A and B �2 wk

Abbreviation: NP, nasopharyngeal.
a Most RIDTs detect A and B, some detect A or B, others only A (see Table 3).
b Serologic testing is not recommended for routine patient diagnosis.
c A fourfold or greater increase in antibody titer from the acute (collected within the first week

of illness) to the convalescent phase (collected 2–4 weeks after the acute sample) indicates recent
infection.

Data from Refs.55,59,64

Table 2
Laboratory diagnostic testing methods for influenza currently available in Canada

Test Method
Influenza Virus
Types Detected Turnaround Timea

RT-PCR (nucleic acid testing) RNA detection A and B 24–96 h (6–8 h to
perform test)

Viral culture Virus isolation A and B 2–10 d

Direct immunofluorescence
tests

Indirect immunofluorescence
tests

Antigen detection A and B 2–4 h

Point-of-care tests Antigen detection A and B 0.5 h

a Length of time needed from specimen collection until results are available.
From Canadian Public Health Laboratory Network. Guidance for laboratory testing for detection

and characterization of human influenza virus for the 2010-2011 respiratory virus season. Available
at: http://www.cphln.ca/documents/EN_Influenza_Seasonal_Best_Practices_2010-2011.pdf. Accessed
September 30, 2011; with permission.
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Influenza Laboratory Testing Methods

Several different laboratory testing methods for detecting influenza virus are available
in the United States (Table 1) and Canada (Table 2). These methods include immuno-
fluorescence microscopy (direct or indirect antibody staining), viral culture (conven-
tional and rapid), RT-PCR, RIDTs, and serologic testing. Among these testing
methods, RIDTs with rapid processing yielding timely results that can influence clinical
decision making and patient management are most pertinent for the needs of the ED.
Based on which type(s) of influenza virus (A and/or B) can be detected, diagnostic

tests can be categorized into 3 types: (1) those that detect only influenza A; (2) those
that detect either influenza A or B, but cannot discriminate between the two; and (3)
tests that both detect and distinguish between influenza A or B viruses. Only RT-
PCR and viral culture can identify influenza strains.

RIDTs

RIDTs are rapid antigen point-of-care tests capable of identifying influenza A and B
viral types in respiratory specimens in approximately 10 to 15 minutes.59 RIDTs are
immunoassays that come in user-friendly, diagnostic kits with varying complexity
that either: (1) only detect influenza A virus, (2) detect but cannot distinguish between
influenza A and B viruses, or (3) both detect and distinguish between influenza A and B
viruses. Commercial RIDTs currently available in the United States and Canada are
listed in Table 3, and general RIDT characteristics, including advantages and disad-
vantages, are described in Box 2. RIDTs are valuable in the ED because they produce
results in a timely and clinically relevant manner that facilitate on-site point-of-care
diagnosis of influenza that, according to limited research, has led to a decrease in
demand for further diagnostic tests (eg, chest radiography, blood cultures) and the
use of antibiotics, thus resulting in decreased patient costs.61

Recommendations for the use of RIDTs were developed and promulgated by the
World Health Organization (WHO) (Box 3). The CDC has recently issued guidelines
for clinicians on the use of RIDTs for the 2010 to 2011 influenza season.59

A major drawback of RIDTs is their limited reliability in accurately detecting influenza
virus, which depends on awide variety of factors, including RIDT sensitivity, specificity,
positive and negative predictive values, type of specimen collected, and time of collec-
tion with respect to onset of symptoms. Although RIDTs exhibit high specificities
ranging between 90% and 95%, RIDTs have substantially lower sensitivities, ranging
from about 70% to 90% in children, decreasing even further to approximately 40% to
60% or lower in adults, compared with viral culture and RT-PCR.54,62,63 Thus, if RIDTs
are theonly diagnostic assayused in a center, positive results canbe trustedbut anega-
tive result cannot reliably exclude disease. Table 4 displays specifically selected
commercially available RIDTs and corresponding test sensitivities, specificities, and
positive and negative predictive values, which also vary according to the study.
Time of specimen collection also influences the accuracy of RIDT results: the closer

within the period of viral shedding and illness the specimen sample is obtained, the
more accurate the result.60,64 In an effort to minimize false interpretation of RIDTs,
the CDC has published the following guidance statements that emergency physicians
and other health care professionals must keep in mind when performing and interpre-
ting RIDTs59,65:

1. The reliability of a positive RIDT result increases in patients with clinical signs and
symptoms consistent with influenza.

2. Collection of specimens within 48 to 72 hours of illness onset increases the likeli-
hood of producing a positive RIDT result.



Table 3
Examples of commercial rapid influenza diagnostic tests (RIDTs) currently available in the United States and Canada

Rapid Influenza
Diagnostic Test
(RIDT) Name Manufacturer

Influenza
Virus Type
Detected

Distinguishes
Between
A and B?

Acceptable
Specimens

Time to
Final
Results

Approved
in the
United
States

Approved in
Canada

BinaxNOW� Flu A
and Flu B

Binax Inc.,
www.binax.com

A and B Yes NP swab
nasal wash/aspirate

15 min Yes Yes

BinaxNOW�

Influenza A and B
Binax Inc.,
www.binax.com

A and B Yes NP swab
nasal wash/aspirate/swab

15 min Yes Yes

BioSign� Flu A + B Princeton
BioMeditech Corp.

www.pbmc.com

A and B Yes NP swab/wash/aspirate 15 min Yes No

Clearview Exact�

Influenza A and B
Alere
www.alere.com

A and B Yes Nasal swab 15 min Yes No

Clearview Exact� II
Influenza A and B

Alere
www.alere.com

A and B Yes Nasal swab 15 min Yes No

Directigen�
EZ Flu A + B

Becton-Dickinson,
www.bd.com

A and B Yes NP swab/wash/aspirate
throat swab

15 min Yes No

Directigen� Flu A Becton-Dickinson,
www.bd.com

A Detects
A only

NP swab/wash/aspirate
pharyngeal swab

15 min Yes Yes

Directigen�
Flu A + B

Becton-Dickinson,
www.bd.com

A and B Yes NP swab/wash/aspirate
lower nasal swab,
throat swab,
bronchioalveolar lavage

15 min Yes Yes

Flu OIA Thermo Biostar, Inc.,
www.biostar.com

A and B No NP swab, throat swab
nasal aspirate, sputum

20 min Yes Yes

ImmunoCard
STAT! Flu A and B

Meridian Bioscience, Inc.,
www.meridianbioscience.com

A and B Yes NP swab/aspirate
nasal swab/wash

15–20 min Yes Yes

Influ-A Respi-Strip Coris BioConcept,
www.corisbio.com

A No NP swab 5–15 min No Yes

Influ-A and B
Respi-Strip

Coris BioConcept,
www.corisbio.com

A and B Yes NP swab/wash/aspirate 5–15 min No Yes

A
fila

lo
e
t
a
l

2
8
2

http://www.binax.com
http://www.binax.com
http://www.pbmc.com
http://www.alere.com
http://www.alere.com
http://www.bd.com
http://www.bd.com
http://www.bd.com
http://www.biostar.com
http://www.meridianbioscience.com
http://www.corisbio.com
http://www.corisbio.com


3M� Rapid
Detection

Flu A + B Test

3M
www.3m.com

A and B Yes NP swab/aspirate
nasal wash/aspirate

15 min Yes No

OSOM� Influenza
A and B

Genzyme
www.genzyme.com

A and B Yes Nasal swab 10 min Yes No

SAS� FluAlert A SA Scientific Inc.,
www.sascientific.com

A only No Nasal wash/aspirate 15 min Yes No

SAS� FluAlert B SA Scientific Inc.,
www.sascientific.com

B only No Nasal wash/aspirate 15 min Yes No

SAS� FluAlert
A and B

SA Scientific Inc.,
www.sascientific.com

A and B Yes Nasal wash/aspirate 15 min Yes No

QuickVue�

Influenza Test
Quidel Corporation
www.quidel.com

A or B No Nasal swab/wash/aspirate 10 min Yes No

QuickVue�

Influenza
A + B Test

Quidel Corporation
www.quidel.com

A and B Yes NP swab
nasal swab/wash/aspirate

10 min Yes Yes

Quick S-INFLU A/B
Seiken

Denka Seiken Co., Ltd.
www.denkaseiken.co.jp

A and B Yes Nasal swab/aspirate 25 min Yes Yes

TRU FLU� Meridian Bioscience Inc.,
www.meridianbioscience.com

A and B Yes NP swab/aspirate
nasal wash

15 min Yes No

XPECT� Flu A and B Remel Inc.,
www.remelinc.com
Thermofisher

A and B Yes Nasal swab/wash
throat swab, (sputum,
NP Swab, tracheal
aspirates,
bronchoalveolar wash)

15 min Yes Yes

ZstatFlu-II test Zyme Tx, Inc.,
www.zymetx.com

A and B No Throat swab 30 min Yes No

Abbreviation: NP, nasopharyngeal.
Adapted fromWorld Health Organization: WHO recommendations on the use of rapid testing for influenza diagnosis. July 2005. Available at: http://www.who.

int/influenza/resources/documents/rapid_testing/en/index.html. Accessed September 30, 2011; with permission, and Centers for Disease Control and Prevention
(CDC) website: Guidance for Clinicians on the Use of Rapid Influenza Diagnostic Tests for the 2010-2011 Influenza Season. Available at: http://www.cdc.gov/flu/
professionals/diagnosis/clinician_guidance_ridt.htm. Accessed September 30, 2011.
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Box 2

Advantages and disadvantages of RIDTs

Advantages

1. Simple to perform

2. Results available within 15 minutes

3. Produce results in a timely and clinically pertinent manner

4. Selective RIDTs are waived from CLIA requirements in the United States, permitting their use
in any medical facility (including doctor’s office)

Disadvantages

1. No uniformity in distinguishing between influenza A or B virus

2. Do not identify virus strains

3. Do not identity influenza A virus subtypes

4. Frequently yield false-negative results because of reduced test sensitivity (40%–70%),
particularly during increased influenza activity

5. False-positive results can be produced, particularly during months of low influenza activity

Abbreviation: CLIA, Clinical Laboratory Improvement Amendment of 1988.

Data from Centers for Disease Control and Prevention. Guidance for clinicians on the use of
rapid influenza diagnostic tests for the 2010-2011 influenza season. Available at: http://www.
cdc.gov/flu/professionals/diagnosis/clinician_guidance_ridt.htm. Accessed September 30, 2011.
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3. Different RIDTs have different acceptable specimens and test specifications. Accu-
racy of RIDT results depends on collecting a good quality, acceptable specimen;
following test procedures according to RIDT package instructions; and using
appropriate viral transport media, consistent with specifications (if testing is to
be performed at another location than the specimen collection).
Box 3

WHO recommendations on the use of RIDTs for influenza diagnosis in countries with influenza

surveillance

WHO RIDT recommendations

1. Influenza surveillance should be used to guide the optimal use of rapid tests.

2. At the beginning of the influenza season or an influenza outbreak, rapid tests may
influence clinical decisions and contribute to clinical awareness.

3. During periods of high influenza activity, it is impractical to test every individual meeting an
influenza case definition. Clinical judgment and local influenza surveillance data should be
used for case management in the first instance. Rapid tests are recommended to be used
only when they can influence timely patient management.

4. During periods of low influenza activity, if rapid tests are used, positive results must be
interpreted with caution and confirmed by immunofluorescence assay, viral culture, or
RT-PCR.

5. Because of the differing complexity of rapid tests, education of laboratory personnel about
methods and limitations before their use is essential.

Data from World Health Organization. WHO recommendations on the use of rapid testing for
influenza diagnosis. July 2005. Available at: http://www.who.int/influenza/resources/documents/
rapid_testing/en/index.html. Accessed September 30, 2011; with permission.

http://www.cdc.gov/flu/professionals/diagnosis/clinician_guidance_ridt.htm
http://www.cdc.gov/flu/professionals/diagnosis/clinician_guidance_ridt.htm
http://www.who.int/influenza/resources/documents/rapid_testing/en/index.html
http://www.who.int/influenza/resources/documents/rapid_testing/en/index.html
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4. Use RIDTs with high sensitivity and specificity (see Table 4):
a. RIDT sensitivities are generally low to moderate, ranging between 10% and

70% (most are approximately 50%–70%) compared with the gold standard viral
culture or RT-PCR. An RIDT with low sensitivity yields false-negative results.

b. RIDT specificities are generally high, approximately 90% to 95%, compared
with the gold standard viral culture or RT-PCR. An RIDT with high specificity
yields few false-positives.

5. Disease prevalence (level of influenza activity) in the community affects the accu-
racy of RIDT results:
a. During periods of high disease prevalence (high influenza activity) at the height

of the influenza season:
i. Likelihood of true-positive RIDT results increases (positive predictive value
[PPV] is high)

ii. Likelihood of false-negative RIDT results increases (negative predictive value
[NPV] is low)

b. During periods of low disease prevalence (low influenza activity) usually at the
start and end of the influenza season:
i. Likelihood of false-positive RIDT results increases (PPV is low)
ii. Likelihood of true-negative RIDT results increases (NPV is high).

RT-PCR

RT-PCR is replacing viral culture as a reference standard because it is currently the
most sensitive, specific, and versatile diagnostic test available for diagnosing influ-
enza.66 Based on nucleic acid amplification, RT-PCR can detect the influenza virus
but also differentiate between virus types, subtypes, and even determine viral strain,
all in approximately 4 to 6 hours. As a result, RT-PCR has become the recommended
test of choice for accurately diagnosing influenza in a timely fashion.54 During the
recent pandemic, the CDC released a method through theWHO for RT-PCR detection
of influenza A that allowed clinical and reference laboratories to standardize method-
ology and thus produce data that could be compared between laboratories.67

However, the major advantage of RT-PCR lies in its ability to more readily detect influ-
enza viruses in people with chronic lung diseases and immunosuppressed persons,
who may exhibit lower levels of the virus.68 In these susceptible patients, RT-PCR
can efficiently and accurately confirm the diagnosis of influenza to support therapeutic
and infection control decisions.

Immunofluorescence

Immunofluorescence yields timely results within 2 to 4 hours, and this can be used as
a screening test. However, immunofluorescence has several disadvantages, including
lower sensitivity (47%–93%)69,70 and specificity compared with viral culture, and is
labor intensive, requiring specially trained laboratory personnel who may not be avail-
able 24/7, even in large hospitals. In addition, test performance depends on an
adequate specimen sample that must include respiratory epithelium cells.54

Viral Culture

Influenza virus can be cultured either by isolation of virus in cell culture (conventional
tube culture), which provides results in 3 to 10 days, or by shell vial culture, which
offers the advantage of a faster turnaround time of 48 to 72 hours.54 Because of the
lengthy turnaround times of either method, viral culture is not a useful diagnostic
test in the ED for aiding initial clinical decision making and management. However,



Table 4
Ease of use, sensitivity, specificity, and positive and negative predictive values of selective RIDTs

RIDT
Name

General Ease
of Use

Ease of
Interpretation Sensitivitya Specificitya

Positive Predictive
Valuea

Negative Predictive
Valuea

BinaxNOW Flu A
and Flu B

Easy Easy (1) A, 78%–82%;
B, 58%–71%

(2) A, 52%; B, 54%
(3) A, 73%; B, 100%

(1) A, 92%–94%;
B, 58%–71%

(2) 93% combined
(3) A, 95%; B, 100%

(3) 93% combined (3) 89% combined

BinaxNOW
Influenza A and B

Easy Easy (1) A, 100%;
B, 92%–100%

(1) A, 92%–93%;
B, 94%–99%

— —

Directigen Flu A Moderate Easy (1) 67%–96%
(4–8) 75%–100%

(1) 88%–100%
(4–8) 92%–100%

(4–8) 92%–100% (4–8) 89%–100%

Directigen Flu A1B Moderate Easy (1) A, 96%; B, 88%
(3,11,14,16) A,

55%–100%;
B, 62%–88%

(3) 29%
(11–15) 55%–88%

(1) A, 99.6%; B, 96.8%
(3,11,14,15) A, 99%;
B, 93%–100%

(3,11–15) 93–100%

(1) A, 96%; B, 80%
(11–14) 74%–89%
(14,15) A, 81%;
B, 90%–100%

(3) 93% combined

(1) Flu A, 99.6%;
Flu B, 98%

(11–14) 93%–98%
(14,15) A, 99%; B, 97%
(3) 85% combined

Flu OIA Moderate Moderate (1,17) 62%–88%
(18,20,22) 46%–64%
(21) 48%–100%

(1,17) 52%–80%
(18–20,22) 74%–97%
(22) 93%–97%

(18–19) 73%–91% (18–19) 56%–77%

QuickVue Influenza
Test

Easy Easy (1) AB, 73%–81%
(13–14,24–28) AB,
55%–91%

(1) AB, 96%–99%
(13–14,24–28) AB,
83%–99%

(1) AB, 92%–96%
(13–14,24–25,28) AB,
55%–93%

(1) AB, 85%–93%
(13–14,25–25,28) AB,
77%–99%

QuickVue Influenza
A1B Test

Easy Easy (1) A,72%–77%;
B, 73%–82%

(1) A, 96%–99%;
B, 96%–99%

(1) A, 87%–91%;
B, 80%–90%

(1) A, 90%–96%;
B, 94%–97%

Influ AB Quick Easy Easy (1) A, 90%–93%;
B, 92%–93%

(15) A, 55%–58%;
B, 63%–67%

(1) A, 98%–99%;
B, 98%–99% (15)
A, 100%; B, 99.6%

(15) 91% (15) 98%
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Quick S-Influ A/B
Seiken

Easy Easy (1) A, 90%–93%;
B, 92%–93%

(29) A, 81%; B, 88%

(1) A, 98%–99%; B,
98%–99%

(29) A, 96%; B, 99%

— —

XPECT Flu A and B Moderate Easy (1) A, 89%–100%;
B, 93%–100%

(30) A, 92%–94%;
B, 98%

(1) A, 100%; B, 100%
(30) A, 100%; B, 100%

(28) A, 100%; B, 100% (30) A, 98%–99%;
B, 99.7%

Wampole
Clearview Flu A/B

— Easy (1) A, 92% B, 98% (1) A, 100%; B, 100% — —

ZstatFlu-II test Easy Easy (4–7,12,23,31–32)
65%–96%

A, 76%; B, 41%

(4–5,31–32) 77%–98% (4–5,31) 59%–76% (4–5,31) 90%–98%

Influ A Respi-Strip Easy Easy (1) A, 91% (1) A, 86% (1) A, 94% (1) A, 80%

Influ A and B
Respi-Strip

Easy Easy (1) A, 99% B, 72.2% (1) A, 88%; B, 100% (1) A, 78%; B, 100% (1) A, 99%; B, 98%

Espline Influenza
A and B-N

— — (33–34) A, 85%–100%;
B, 72%–91%

(33–34) A/B,
98%–100%

— —

Capila FluA,B Easy — (1) A,69%–94%;
B, 81%–96%

(35) A/B, 75%–82%

(1) A, 93%–95%;
B, 96%–99%

(35) A/B, 94%–100%

— —

RapidTesta FLU AB — — (36) A, 82%–83%;
B, 80%–83%

(36) A, 98%–99%;
B, 98%

— —

ImmunoCard
STAT! Flu A and B

Easy Easy (1) A, 83%; B, 100% (1) A, 98%; B, 100% — —

a See Appendix 1 for sensitivity, specificity, positive predictive value, and negative predictive value references.
Data from World Health Organization. WHO recommendations on the use of rapid testing for influenza diagnosis. July 2005. Available at: http://www.who.int/

influenza/resources/documents/rapid_testing/en/index.html. Accessed September 30, 2011; with permission.
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viral culture allows for subsequent analyses, including sensitivity testing and subtyping
performed by reference laboratories.
During the influenza season, viral culture is indicated primarily for confirming nega-

tive RIDT and immunofluorescence results, as well as for influenza virus surveillance
because it provides key information regarding influenza virus strains and subtypes.54

During the off-season, viral culture is indicated in patients who present to the EDwithin
5 days of symptom onset with suspected ILI, especially if the person is epidemiolo-
gically linked to an influenza outbreak.54

Serologic Testing

Serologic testing is not useful or recommended in the ED because results are not
readily available and therefore cannot facilitate clinical judgment, diagnosis, or
management of influenza.57 Serologic tests that include hemagglutinin inhibition,
neutralization, complement-fixation, and enzyme-linked immunosorbent assay (ELISA)
are mainly used to establish a diagnosis retrospectively and for research purposes.57

Because most individuals have previously been infected with influenza viruses, to re-
liably determine antibody titers, a single serum sample collected in the ED is inade-
quate, but paired specimen samples (acute and convalescent sera) are needed.

Interpretation of Laboratory Test Results

Whenever interpreting any influenza diagnostic test, the emergency physician or other
health care professional must keep in mind the limitations of these tests, especially for
RIDTs. In addition, the clinician should be aware of the disease prevalence in the
community at any given time, because the level of influenza activity is known to affect
the accuracy and reliability of test results. With respect to patient management, a posi-
tive influenza test result does not necessarily rule out any overlying coinfection by
additional pathogens, and in the case of initial negative influenza test results from
less sensitive diagnostic methods like RIDTs, the clinician should contemplate addi-
tional diagnostic testing (such as RT-PCR or culture) and decide whether antiviral
treatment should be initiated empirically.
ED MANAGEMENT
Antiviral Medications

Currently, 4 antiviral medications from 2 drug classes have been approved and are
available for the treatment and prevention of influenza in the United States, Canada,
and most other countries. These medications include amantadine and rimantadine,
which belong to the drug class adamantanes, and oseltamivir (Tamiflu; Roche) and
zanamivir (Relenza; GlaxoSmithKline), which belong to the class neuraminidase (NA)
inhibitors. Adamantanes are active only against influenza A virus, whereas NA inhibitors
are active against both influenza A and B viruses. Other antiviral pharmacologic pro-
perties are compared in Table 5. In the last several years, adamantines have become
less clinically useful because of their widespread resistance to influenza A (H3N2) and
2009 (H1N1) virus strains.71 As a result, amantadine and rimantadine are currently not
recommended for the treatment or chemoprophylaxis of influenza A virus.45

Guideline Indications for Antiviral Treatment

The goals of influenza pharmacotherapy are to decrease symptoms, prevent asso-
ciated complications, and reduce functional disability, hospitalizations, and mortality.
Treatment decisions on administering antiviral therapy should take into account factors
such as time since symptom onset, underlying conditions, and severity of disease.



Table 5
Comparison of antiviral medication pharmacologic properties

Amantadine Rimantadine Zanamivir Oseltamivir

Protein target M2 M2 Neuraminidase Neuraminidase

Activity A only A only A and B A and B

Side effects CNS (13%)
GI (3%)

GI (6%)
GI (3%)

? Bronchospasm GI (9%)

Metabolism None Multiple (hepatic) None Hepatic

Excretion Renal Renal and other Renal Renal (tubular secretion)

Drug interactions Antihistamines
Anticholinergics

None None Probenecid (increased levels
of oseltamivir)

Dose adjustments needed �65 y old
CCl <50 mL/min

�65 y old
CrCl <10 mL/min

None CrCl <30 mL/min
Severe liver dysfunction

Contraindications Acute-angle glaucoma Severe liver dysfunction Underlying airway disease None

FDA-approved Indications

Therapy Adults and children
�1 y of age

Adults only Adults and children
�7 y of age

Adults and children
�1 y of agea

Prophylaxis Yes Yes No Adults and children
�13 y of ageb

Abbreviations: CrCl, creatinine clearance; FDA, US Food and Drug Administration; GI, gastrointestinal.
a FDA has authorized treatment of S-OIV with oseltamivir in children greater than or equal to 3 months of age.
b FDA has authorized prophylaxis for S-OIV with oseltamivir in children greater than or equal to 1 year of age.
Data from Treanor J. Influenza viruses, including avian influenza and swine influenza. In: Mandell GL, Bennett JE, Dolin R, editors. Mandell, Douglas, and

Bennett’s principles and practice of infectious diseases. 7th edition. Philadelphia: Churchill Livingston Elsevier; 2010. p. 2265–88.
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According to the CDC45 and other published guidelines,54 antiviral treatment is
recommended for patients infected by the influenza virus who meet the following
criteria:

1. Patients with laboratory-confirmed or highly suspected influenza virus infection
considered high risk for developing influenza complications (Box 4). Treatment is
recommended irrespective of illness severity or vaccination status;
Box 4

Persons at high risk for influenza complications recommended for antiviral therapy

1. Infants aged less than 2 yearsa

2. Adults aged 65 years or more

3. Women who are pregnant or postpartum (within 2 weeks after delivery)

4. Persons with asthma or other chronic pulmonary diseases, such as cystic fibrosis in children
or chronic obstructive pulmonary disease in adults

5. Persons with hemodynamically significant cardiovascular disease (except hypertension
alone)

6. Persons with chronic renal dysfunction

7. Persons with hepatic disorders

8. Persons with hematological conditions (including sickle cell anemia and other
hemoglobinopathies)

9. Persons with chronic metabolic disease (including diabetes mellitus)

10. Persons with neurologic and neuromuscular disorders (including cerebral palsy, epilepsy
[seizure disorders], stroke, intellectual disability [mental retardation], muscular dystrophy,
and spinal cord injury)

11. Persons with immunosuppressive disorders (including those caused by immunosuppressive
therapy)

12. Persons with cancer

13. Persons with human immunodeficiency virus infection

14. Persons aged less than 19 years receiving long-term aspirin therapy (eg, for conditions such
as rheumatoid arthritis or Kawasaki disease)

15. American Indians/Alaska Natives

16. Persons morbidly obese (ie, BMI�40)

17. Residents of any age of nursing homes or other long-term care institutions

a Although all children aged less than 5 years are considered at higher risk for complications
from influenza, the highest risk is for those aged less than 2 years, with the highest hospitali-
zation and death rates among infants aged less than 6 months. Because many children with
mild febrile respiratory illness might have other viral infections (eg, respiratory syncytial virus,
rhinovirus, parainfluenza virus, or human metapneumovirus), knowledge about other respira-
tory viruses as well as influenza virus strains circulating in the community is important for treat-
ment decisions.

Data from Centers for Disease Control and Prevention. Antiviral agents for the treatment and
chemoprophylaxis of influenza - Recommendations of the Advisory Committee on Immuniza-
tion Practices (ACIP). MMWR Recomm Rep 2011;60(No. RR-1):1–28; and Harper SA, Bradley JS,
Englund JA, et al. Seasonal influenza in adults and children – diagnosis, treatment, chemopro-
phylaxis, and institutional outbreak management: clinical practice guidelines of the Infectious
Diseases Society of America. Clin Infect Dis 2009;48(8):1003–32.
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2. Patients with laboratory-confirmed or highly suspected influenza virus in-
fection requiring hospitalization, irrespective of underlying illness or vaccination
status;

3. Patients with laboratory-confirmed or highly suspected influenza virus infection
who have severe, complicated, or progressive illness;

Antiviral treatment should be considered for adults and children with influenza virus
infection who meet the following criteria:

1. Outpatients at high risk of complications (see Box 4) with illness that is not
improving and who have a positive influenza test result from a specimen obtained
more than 48 hours after onset of symptoms;

2. Outpatients with laboratory-confirmed or highly suspected influenza virus infection
who are not at increased risk of complications, whose onset of symptoms is less
than 48 hours before ED presentation, and who would like to shorten the duration
of illness and further reduce their risk of complications;

3. Outpatients with laboratory-confirmed or highly suspected influenza virus infection
who are in close contact with persons at high risk of complications secondary to
influenza infection;

4. Patients whose onset of symptoms occurred more than 48 hours before ED
presentation with persisting moderate to severe illness may also benefit from
treatment.

Benefits of Early Initiation Antiviral Treatment (�48 Hours After Symptom Onset)

Because viral titers rapidly decrease by day 3 to 4 of illness in untreated, previously
healthy persons, efficacy of antiviral therapy is directly related to time of treatment
initiation.72 Studies have found that early treatment, especially initiated within the first
6 hours of symptom onset, provides the greatest benefit in reducing symptoms.72

Antiviral treatment initiated within 48 hours of onset of influenza illness can lead to
shorter duration of symptoms and decreased illness severity. Studies adminis-
tering NA inhibitor antiviral medications in previously healthy patients with uncompli-
cated influenza resulted in a shorter duration of illness by 1 to 2 days.28,29,73–79 In
addition, research has shown that early initiation of treatment with antivirals can
also decrease the rate of serious influenza-related complications (eg, pneumonia,
respiratory failure, and death) in high risk patients.80 In contrast, slight or no
benefit has been observed in healthy people when antiviral treatment is started
more than 48 hours after the onset of uncomplicated influenza.45 As a result, influ-
enza antiviral treatment, when clinically indicated, should be initiated in a timely
fashion, preferably within 48 hours of symptom onset, and not after laboratory
confirmation of influenza.

Benefits of Antiviral Treatment Administered More Than 48 Hours After Symptom
Onset

In certain patient populations, antiviral treatment may still be beneficial even if given
more than 48 hours after symptom onset. These patients include pregnant women,
patients with severe or progressive illness requiring hospitalization, and patients at
high risk for suffering influenza complications. A study by Siston and colleagues81

found that, in pregnant women, treatment with antiviral medications decreased respi-
ratory complications and death even when initiated 3 to 4 days after symptom onset
compared with 5 days or more. Based on observational studies, oseltamivir decreases
severe clinical outcomes in hospitalized patients with influenza. In a multivariate
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analysis, treatment with oseltamivir led to a significantly decreased risk of death within
15 days of hospitalization (odds ratio [OR], 0.2; 95% CI, 0.1–0.8).82 Benefits were
detected even in patients whose treatment was initiated more than 48 hours after
the onset of symptoms. A study by Lee and colleagues83 found that among 99 hospi-
talized patients (median age, 70 years) with laboratory-confirmed influenza who
received oseltamivir, benefits were observed even when oseltamivir was started up
to 96 hours after illness onset.

Choice of Antiviral Medication

Influenza virus vulnerability to antiviral drugs is continuously evolving. As a result,
emergency physicians need to be familiar with the most recently updated information
available on antiviral resistance and recommendations on antiviral use. As of January
2011, the CDC recommends the following antiviral drugs for treatment and chemopro-
phylaxis of seasonal influenza (Table 6).45
ISOLATION AND PREVENTION OF NOSOCOMIAL SPREAD OF INFLUENZA

The most effective way to prevent and control seasonal influenza is through immu-
nization of both health care workers and patients.84 Procedures should be institu-
tionalized, which ensures that patients and visitors with respiratory infection
symptoms follow triage procedures in the ED that effectively isolate them as rapidly
as possible.
In hospital entrances and the ED triage, there should be clear signage with instruc-

tions regarding respiratory hygiene and cough etiquette. Face masks should be avail-
able to cover the nose and mouth when coughing or sneezing, and waste receptacles
are needed to dispose of contaminated tissues. There should also be instructions on
how and when to perform hand hygiene. Passive signage asks patients to self-identify;
the triage health care team should actively ask patients about possible symptoms
while maintaining a distance of at least 1 m from them. Waiting times should be mini-
mized and closely monitored, with staffing adjustments made accordingly. During
periods of increased influenza activity, facilities should consider setting up pretriage
stations that facilitate rapid screening of patients for symptoms of influenza to sepa-
rate those patients from others. Registration can identify the charts of patients with
potential influenza to expedite care. Waiting rooms should be segregated into 2 areas;
patients with and without respiratory symptoms. When possible, physical barriers
should separate the patients.
In the ED, patients should be evaluated in single treatment areas.85 The health care

worker should use personal protection equipment (PPE), including a surgical mask,
and a face-shield or mask with visor attachment, if there is a high chance of splash
or spray of respiratory secretions. Gloves and a long-sleeved gown should be worn
when entering the room of a patient with suspected or confirmed influenza.85 The
health care worker should remove all PPE just before leaving the patient’s room and
discard it in the hands-free waste and linen receptacle within the room. Hand hygiene
should be performed after removing gloves and gown, before removing mask and
protection, and again after leaving the room.86

If a patient with droplet precautions in the ED needs to be moved for investigation,
the patient should wear a face mask and continue to follow cough etiquette and hand
hygiene. There should be appropriate communication to other personnel about
patients with suspected or confirmed influenza before transferring them to other
departments (eg, radiology) and admitting units in the facility.
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Some procedures performed on patients with suspected or confirmed influenza
infection may be more likely to generate higher concentrations of infectious respira-
tory aerosols. These procedures include intubation and related procedures (eg,
manual ventilation, open endotracheal suctioning, cardiopulmonary resuscitation,
sputum induction, nebulized therapy, and noninvasive positive pressure ventilation
such as continuous positive airway pressure [CPAP] or biphasic positive airway pres-
sure [BiPAP]). Although there are limited data available on influenza transmission
related to such aerosols, many authorities recommend the additional precautions
to be used when such procedures are performed.87 The number of health care
workers present should be limited to only those essential for patient care and
support. Those present should have received influenza vaccine. There should be
a low threshold for intubation rather than using prolonged aerosol-generating proce-
dures such as BiPAP and CPAP. The health care worker should wear respiratory
protection including a fitted N95 respirator during aerosol–generating procedures.
N95 respirators should be used in the context of a comprehensive respiratory
protection program that includes fit testing and training as required under the respi-
ratory protection standard (29 CFR 1910.134) of the Occupational Safety and Health
Administration (OHSA).88 The procedures should be conducted in an airborne infec-
tion isolation room (AIIR), when feasible. AIIRs reduce the concentration of infectious
aerosols and prevent spread into adjacent areas using controlled air exchanges and
directional airflow. AIIR are negative-pressure rooms relative to the surrounding
areas, with a minimum of 6 air exchanges per hour. The air should be exhausted
directly to the outside or filtered through a high-efficiency particulate air (HEPA) filter
before recirculation. There should be environmental surface cleaning following the
procedure.
Visitors should not be present during aerosol-generating procedures. Visits to

patients with suspected or confirmed influenza should be controlled such that visitors
should be instructed to limit their movement within the facility. Facilities should provide
instruction before visitors enter a patient’s room on hand hygiene, limiting surfaces
touch, and use of PPE.89 Visitors should be advised to contact their health care
provider for information on influenza vaccination, if this has not been received; if
they are high-risk patients (as described earlier),45 chemoprophylaxis may be offered
if they are in close contact with the patient.
Health care workers in the ED presumably receive education and training programs

on preventing transmission of all infectious agents, including influenza. These
programs should be updated periodically and competency should be documented.
Health care workers who develop fever and respiratory symptoms should be
instructed not to report to work, or, if working, they should put on a face mask and
promptly notify their supervisor and/or infection control personnel. Health care
workers should be excluded from work for at least 24 hours after they no longer
have fever. Those with ongoing respiratory symptoms should be evaluated to deter-
mine appropriateness of contact with patients. Health care workers caring for immu-
nocompromised patients should be considered for temporary assignment or
exclusion from work for 7 days from symptom onset or until the resolution of symp-
toms, whichever is longer.85 Administration of antiviral treatment and chemoprophy-
laxis of health care workers should be considered when appropriate. Early treatment
with antiviral agents and vaccination are especially important for health care workers
at higher risk for influenza complications, including pregnant women and women up
to 2 weeks after giving birth; persons 65 years and older; and persons with chronic
diseases such as asthma, heart disease, diabetes, diseases that suppress the
immune system, and morbid obesity.45 Work reassignment should be considered



Table 6

Recommended dosage and schedule of influenza antiviral medicationsa for treatmentb and chemoprophylaxisc

Antiviral

Agent

Treatment/

Chemoprophylaxis

Age Groups (y)

1–6 7–9 10–12 13–64 ‡65

Zanamivir Treatment

Influenza A Not approved 10 mg twice a day 10 mg twice

a day

10 mg twice

a day

10 mg twice

a day

Influenza B Not approved 10 mg twice a day 10 mg twice

a day

10 mg twice

a day

10 mg twice

a day

Chemoprophylaxis

Influenza A Not approved for ages 1–4 y Children aged 5–9 y

— — 10 mg every day 10 mg

every day

10 mg

every day

10 mg

every day

Influenza B Not approved for ages 1–4 y Children aged 5–9 y — — —

— — 10 mg every day 10 mg

every day

10 mg

every day

10 mg

every day

Oseltamivird Treatment

Influenza A

Weight of Child (kg) �15 >15–23 >23–40 >40 �15 >15–23 >23–40 >40 �40 >40 75 mg

twice

a day

75 mg

twice

a day

Dose 30 mg

twice

a day

45 mg

twice

a day

60 mg

twice

a day

75 mg

twice

a day

30 mg

twice

a day

45 mg

twice

a day

60 mg

twice

a day

75 mg

twice

a day

Dose

variese
75 mg

twice

a day

Influenza B

Weight of Child (kg) �15 15–23 23–40 >40 � 15 15–23 23–40 >40 �40 >40 75 mg

twice

a day

75 mg

twice

a day

Dose 30 mg

twice

a day

45 mg

twice

a day

60 mg

twice

a day

75 mg

twice

a day

30 mg

twice

a day

45 mg

twice

a day

60 mg

twice

a day

75 mg

twice

a day

dose

variese
75 mg

A
fila
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9
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Chemoprophylaxis

Influenza A

Weight of Child (kg) �15 >15–23 >23–40 >40 �15 >15–23 >23–40 >40 �40 >40 75 mg

every day

75 mg

every dayDose 30 mg

every

day

45 mg

every day

60 mg

every day

75 mg

every day

30 mg

every day

45 mg

every day

60 mg

every day

75 mg

every day

dose

variese
75 mg

every

day

Influenza B

Weight of Child (kg) �15 >15–23 >23–40 >40 �15 >15–23 >23–40 >40 �40 >40 75 mg

every day

75 mg

every dayDose 30 mg

every

day

45 mg

every day

60 mg

every day

75 mg

every day

30 mg

every day

45 mg

every day

60 mg

every day

75 mg

every day

dose

variese
75 mg

every

day

a Zanamivir is manufactured by GlaxoSmithKline (Relenza, an inhaled powder). Zanamivir is approved for treatment of persons aged greater than or equal to 7 years and approved for

chemoprophylaxis of persons aged greater than or equal to 5 years. Zanamivir is administered through oral inhalation by using a plastic device included in themedication package. Patients

benefit from instruction and demonstration of the correct use of the device. Zanamivir is not recommended for those persons with underlying airway disease. Oseltamivir is manufactured

by Roche Pharmaceuticals (Tamiflu, a tablet). Oseltamivir is approved for treatment or chemoprophylaxis of persons aged greater than or equal to 1 year. Oseltamivir is available for oral

administration in 30 mg, 45 mg, and 75 mg capsules and liquid suspension. No antiviral medications are approved for treatment or chemoprophylaxis of influenza among children less than

1 year old. This information is based on data published by the FDA (Available at: http://www.fda.gov/Drugs/DrugSafety/informationbyDrugClass/ucm100228.htm).
b Recommended duration for antiviral treatment is 5 days. Longer treatment courses can be considered for patients who remain severely ill after 5 days of treatment.
c Recommended duration is 10 days when administered after a household exposure and 7 days after the most recent known exposure in other situations. For control of outbreaks in long-

term care facilities and hospitals, CDC recommends antiviral chemoprophylaxis for a minimum of 2 weeks and up to 1 week after the most recent case was identified.
d A reduction in the dose of oseltamivir is recommended for persons with creatinine clearance less than 30 mL/min.
e For the recommended treatment dose for oseltamivir for children aged 10 to 12 years who weigh 40 kg or less, please see weight of child and dose for age groups 7 to 9 years.

Data from Centers for Disease Control and Prevention. Antiviral agents for the treatment and chemoprophylaxis of influenza - recommendations of the Advisory Committee on Immu-

nization Practices (ACIP). MMWR 2011;60(No. RR-1):1–28.
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for those at higher risk to avoid potentially high-risk exposure such as performing or
assisting aerosol-generating procedures in patients with suspected or confirmed
influenza.
The ED should have adequate isolation facilities and clear protocols of rapid

admission to the wards to prevent boarding. Lastly, discharge instructions should
be developed and given to every patient with influenza discharged home from the
ED.
Discharge instructions for adult patients with suspected or confirmed influenza

The Emergency Department team feels that you have the seasonal flu or influenza and your
symptoms are mild enough to send you home for observation and recovery of your illness.

Influenza is contagious, and you should use proper precautions so that you do not pass your
infection on to others.

When you leave the Emergency Department, please wear a mask and keep it on until you arrive
home if you cannot keep a distance of 2 m from others. You may also wear it at home, as
necessary.

Do not use public transportation (bus, subway) to go home. Go straight home; do notmake any
stops on the way (eg, drug store, grocery store). If you were given a prescription, make
arrangements for a family member or friend to pick it up.

You should isolate yourself in your home until 7 days after the onset of illness or at least 24
hours after symptoms have resolved, whichever is longer. Do not go to work, school, or public
places. Do not share personal items, such as towels, drinking cups, cutlery, thermometers, and
toothbrushes.

Always use hygiene and prevention measures to avoid contamination:

� Wash your hands frequently.

� Cough or sneeze into the crook of your elbow rather than into your hands.

� Use tissues and dispose in waste basket.

� Keep your surroundings clean.

While at home, it is important that you monitor your own health to be sure that your illness
does not worsen. You should consult your doctor or return to the Emergency Department if you
develop one of these symptoms: shortness of breath, difficulty breathing, chest pain, recurrent
vomiting, or high fever 38.5�C (101.3�F).

Household contacts should:

� Pay attention to the onset of any illness

� Stay home if mild flulike symptoms occur

� Go to a doctor with a fever more than 38�C (100.4�F) and belong to a group at risk of
developing influenza complications (children less than 2 years of age, pregnant women,
person 65 years old and older, and persons with chronic diseases such as asthma, heart
disease, diabetes, and diseases that suppress the immune system)

� Go to a doctor with a fever more than 38�C (100.4�F) and one of these symptoms:

� Shortness of breath

� Difficulty breathing

� Chest pain

� Recurrent vomiting

� Child who is too quiet and less active than normal, or refuses to play, or is agitated
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SEASONAL VERSUS PANDEMIC INFLUENZA

The symptoms of an influenza pandemic can be similar to those of seasonal flu (ie,
fever, headache, myalgia, coryza, gastrointestinal symptoms, sore throat, or cough).
In the last century, 4 influenza pandemics were caused by novel influenza viruses.
The most significant was in 1918, when the so-called Spanish flu killed 40 to 50 million
people worldwide.90 In 2009, there was the emergence of a novel H1N1 virus, a genetic
combination of human and swine influenza viruses. Because many persons have little
or no immunity to a new pandemic virus, the disease can spread quickly. With the
H1N1 pandemic, the rate of infection was highest among young individuals; infections
were less common in persons older than 65 years, perhaps secondary to preexisting
immunity against antigenically similar viruses.91–93 There are several differences
between seasonal and pandemic influenza94:
Seasonal and pandemic influenza

Seasonal Influenza Pandemic Influenza

Seasonal flu happens every year An influenza pandemic happens only 2 or 3 times
a century

Seasonal flu is usually around from
November to April, and then stops

An influenza pandemic usually comes in 2 or even 3
waves several months apart. Each wave lasts about
2 months

About 10% of the population gets
ordinary seasonal flu each year

About 35% of the population may get the influenza
during the course of the full outbreak

Seasonal flu is hardest on people who
do not have a strong immune
system: the very young and old, and
those with certain chronic illnesses

People of any age may become seriously ill with
influenza during a pandemic. Often it affects
a younger population

In a normal flu season, a minority die
of complications from the flu, such
as pneumonia

During an influenza pandemic, many more persons
are infected and there may be many more deaths
(see FluAid 2.0 regarding estimates based on
attack rates)

Annual flu shots are protective from
seasonal flu

There is no existing vaccine for an influenza
pandemic. It takes 4 to 6 months after the
pandemic starts to develop a vaccine

Antivirals should help the seasonal flu Antivirals may help but the effectiveness is unknown
until the virus is identified

Adapted from Ontario Ministry of Health and Long-Term Care. What you should know about a flu
pandemic. http://www.healthgov.on.ca/en/public/programs/emu/pan_flu/#4. Accessed May 2011.
The WHO is responsible for monitoring the spread of influenza worldwide, declaring
a pandemic, and coordinating the global response. However, the local health care
systems need to develop surveillance to detect and monitor for a pandemic strain. It
is important for the emergency physician to be cognizant that patients presenting
with severe ILI, with epidemiologic links to southeast Asia, in particular China, with no
diagnosis within the first 72 hours of hospitalization may represent the patient with an
emerging respiratory infection.95 Patients with severe respiratory infections are those
with fever and new onset of cough or shortness of breath with radiographic evidence
of acute respiratory distress syndrome or other life-threatening complications such
as encephalitis. The emergency physician should enquire about the patient’s travel
history or any close contact with persons who have traveled (especially from southeast
Asia) or contact with any health care provider.95 Such patients require isolation and

http://www.healthgov.on.ca/en/public/programs/emu/pan_flu/%234
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consultation with the infection control team. During a pandemic, a comprehensive
screening process is needed at triage to limit the exposure to other patients and health
care workers. Further elaboration of pandemics is beyond the scope of this article.
REFERENCES

1. Simonsen L, Clarke MJ, Williamson GD, et al. The impact of influenza epidemics
on mortality: introducing a severity index. Am J Public Health 1997;87(12):
1944–50.

2. Simonsen L, Clarke MJ, Schonberger LB, et al. Pandemic versus epidemic influ-
enza mortality: a pattern of changing age distribution. J Infect Dis 1998;178(1):
53–60.

3. Thompson WW, Shay DK, Weintraub E, et al. Mortality associated with influ-
enza and respiratory syncytial virus in the United States. JAMA 2003;289(2):
179–86.

4. WorldHealthOrganization. Influenza.Available at: http://www.who.int/mediacentre/
factsheets/2003/fs211/en/.htm. Accessed September 30, 2011.

5. Centers for Disease Control and Prevention. Key facts about the flu. Available at:
http://www.cdc.gov/flu/keyfacts.htm. Accessed September 30, 2011.

6. Molinari NM, Ortega-Sanchez IR, Messonnier ML, et al. The annual impact of
seasonal influenza in the US: measuring disease burden and costs. Vaccine
2007;25(27):5086–96.

7. Neuzil KM, Reed GW, Mitchel EF, et al. Influenza-associated morbidity and
mortality in young and middle-aged women. JAMA 1999;281(10):901–7.

8. Canadian Consensus Conference on Influenza. Can Commun Dis Rep 1993;
19(17):136–42, 145–7.

9. Nichol KL, Margolis KL, Wuorenma J, et al. The efficacy and cost effectiveness of
vaccination against influenza among elderly persons living in the community.
N Engl J Med 1994;331:778–84.

10. Centers for Disease Control and Prevention. Recommendations of the Advisory
Committee on Immunization Practices (ACIP), 2006. MMWR Recomm Rep
2006;55(RR10):1–42.

11. Dowdle WR, Coleman MT, Gregg MB. Natural history of influenza type A in the
United States, 1957-1972. Prog Med Virol 1974;17:91–135.

12. Ng TP, Pwee KH, Niti M, et al. Influenza in Singapore: assessing the burden of
illness in the community. Ann Acad Med Singapore 2002;31:182–8.

13. Monto AS. Epidemiology of influenza. Vaccine 2008;26(Suppl 4):D45–8.
14. Glezen WP, Couch RB. Interpandemic influenza in the Houston area, 1974-76.

N Engl J Med 1978;298(11):587–92.
15. Dolin Raphael. Epidemiology of influenza. UpToDate; 2010. Available at: http://

www.uptodate.com/contents/epidemiology-ofinfluenza?source5search_result&
search5Epidemiology1of1Influenza&selectedTitle51%7E150. Accessed Sep-
tember 30, 2011.

16. Pons MW. Isolation of influenza virus ribonucleoprotein from infected cells.
Demonstration of the presence of negative-stranded RNA in viral RNP. Virology
1971;46(1):149–60.

17. Beigel JH. Influenza. Crit Care Med 2008;36(9):2660–6.
18. Homma M, Ohyama S, Katagiri S. Age distribution of the antibody to type C influ-

enza virus. Microbiol Immunol 1982;26:639–42.
19. Matsuzaki Y, Katsushima N, Nagai Y. Clinical features of influenza C virus infec-

tion in children. J Infect Dis 2006;193(9):1229–35.

http://www.who.int/mediacentre/factsheets/2003/fs211/en/.htm
http://www.who.int/mediacentre/factsheets/2003/fs211/en/.htm
http://www.cdc.gov/flu/keyfacts.htm
http://www.uptodate.com/contents/epidemiology-ofinfluenza?source=search_result&amp;search=Epidemiology&plus;of&plus;Influenza&amp;selectedTitle=1&percnt;7E150
http://www.uptodate.com/contents/epidemiology-ofinfluenza?source=search_result&amp;search=Epidemiology&plus;of&plus;Influenza&amp;selectedTitle=1&percnt;7E150
http://www.uptodate.com/contents/epidemiology-ofinfluenza?source=search_result&amp;search=Epidemiology&plus;of&plus;Influenza&amp;selectedTitle=1&percnt;7E150


Influenza in the Emergency Department 299
20. Springer GF, Schwick HG, Fletcher MA. The relationship of the influenza virus
inhibitory activity of glycoproteins to their molecular size and sialic acid content.
Proc Natl Acad Sci U S A 1969;64:634–41.

21. Suzuki Y, Ito T, Suzuki T, et al. Sialic acid species as a determinant of the host
range of influenza A viruses. J Virol 2000;74:11825–31.

22. Gottschalk A. The influenza virus neuraminidase. Nature 1958;181:377–8.
23. Adachi M, Matsukura S, Tokunaga H, et al. Expression of cytokines on human

bronchial epithelial cells induced by influenza virus A. Int Arch Allergy Immunol
1997;113:307–11.

24. Ottolini MG, Blanco JCG, Eichelberger MC, et al. The cotton rat provides a useful
small animal model for the study of influenza virus pathogenesis. J Gen Virol
2005;86:2823–30.

25. Couch RB, Douglas RG Jr, Fedson DS, et al. Correlated studies of a recombinant
influenza-virus vaccine. III. Protection against experimental influenza in man.
J Infect Dis 1971;124(5):473–80.

26. Jordan WS, Badger GF, Dingle JH. A study of illness in a group of Cleveland
families. XVI. The epidemiology of influenza 1948-1953. Am J Hyg 1958;68:
169–89.

27. Ison MG, Gnann JW Jr, Nagy-Agren S, et al. Safety and efficacy of nebulized za-
namivir in hospitalized patients with serious influenza. Antivir Ther 2003;8:
183–90.

28. Treanor JJ, Hayden FG, Vrooman PS, et al. Efficacy and safety of the oral neur-
aminidase inhibitor oseltamivir in treating acute influenza: a randomized
controlled trial. JAMA 2000;283(8):1016–24.

29. Whitley RJ, Hayden FG, Reisinger KS, et al. Oral oseltamivir treatment of influenza
in children. Pediatr Infect Dis J 2001;20(2):127–33.

30. Sato M, Hosoya M, Kato K, et al. Viral shedding in children with influenza virus
infections treated with neuraminidase inhibitors. Pediatr Infect Dis J 2005;
24(10):931–2.

31. Leekha S, Zitterkopf NL, Espy MJ, et al. Duration of influenza A virus shedding in
hospitalized patients and implications for infection control. Infect Control Hosp
Epidemiol 2007;28(9):1071–6.

32. Lee N, Chan PK, Hui DS, et al. Viral loads and duration of viral shedding in adult
patients hospitalized with influenza. J Infect Dis 2009;200(4):492–500.

33. Klimov A, Rocha E, Hayden FG, et al. Prolonged shedding of amantadine-
resistant influenzae A viruses by immunodeficient patients: detection by poly-
merase chain reaction-restriction analysis. J Infect Dis 1995;172(5):1352–5.

34. Englund JA, Champlin RE, Wyde PR, et al. Common emergence of amantadine-
and rimantadine-resistant influenza A viruses in symptomatic immunocompro-
mised adults. Clin Infect Dis 1998;26(6):1418–24.

35. Boivin G, Goyette N, Bernatchez H. Prolonged excretion of amantadine-resistant
influenza A virus quasi species after cessation of antiviral therapy in an immuno-
compromised patient. Clin Infect Dis 2002;34(5):e23–5.

36. Nichols WG, Guthrie KA, Corey L, et al. Influenza infections after hematopoietic
stem cell transplantation: risk factors, mortality, and the effect of antiviral therapy.
Clin Infect Dis 2004;39(9):1300–6.

37. Weinstock DM, Gubareva LV, Zuccotti G. Prolonged shedding of multidrug-
resistant influenza A virus in an immunocompromised patient. N Engl J Med
2003;348(9):867–8.

38. Kondo S, Abe K. The effects of influenza virus infection on FEV1 in asthmatic chil-
dren. The time-course study. Chest 1991;100(5):1235–8.



Afilalo et al300
39. Smith CB, Kanner RE, Goldern CA, et al. Effect of viral infections on pulmonary
function in patients with chronic obstructive pulmonary diseases. J Infect Dis
1980;141(3):271–80.

40. Louria DB, Blumenfeld HL, Ellis JT, et al. Studies on influenza in the pandemic of
1957-1958. II. Pulmonary complications of influenza. J Clin Invest 1959;38:
213–65.

41. Monto AS, Gravenstein S, Elliott M, et al. Clinical signs and symptoms predicting
influenza infection. Arch Intern Med 2000;160(21):3243–7.

42. Call SA, Vollenweider MA, Hornung CA, et al. Does this patient have influenza?
JAMA 2005;293(8):987–97.

43. Chiu SS, Tse CY, Lau YL, et al. Influenza A infection is an important cause of
febrile seizures. Pediatrics 2001;108(4):E63.

44. Influenza symptoms and laboratory diagnostic procedures. Centers for Disease
Control and Prevention; 2010. Available at: http://www.cdc.gov/flu/professionals/
diagnosis/labprocedures.htm. Accessed September 30, 2011.

45. Centers for Disease Control and Prevention. Antiviral agents for the treatment
and chemoprophylaxis of influenza - Recommendations of the Advisory
Committee on Immunization Practices (ACIP). MMWR Recomm Rep 2011;
60(No. RR-1):1–28.

46. Simonsen L. The global impact of influenza on morbidity and mortality. Vaccine
1999;17(Suppl 1):S3.

47. Kallen AJ, Brunkard J, Moore Z, et al. Staphylococcus aureus community-
acquired pneumonia during the 2006 to 2007 influenza season. Ann Emerg
Med 2009;53(3):358–65.

48. Cox NJ, Subbarao K. Influenza. Lancet 1999;354(9186):1277–82.
49. Mamas MA, Fraser D, Neyses L. Cardiovascular manifestations associated with

influenza virus infection. Int J Cardiol 2008;130(3):304–9.
50. British Infection Society, British Thoracic Society, Health Protection Agency.

Pandemic flu: clinical management of patients with an influenza-like illness during
an influenza pandemic. Provisional guidelines from the British Infection Society,
British Thoracic Society, and Health Protection Agency in collaboration with the
Department of Health. Thorax 2007;62(Suppl 1):1–46.

51. Influenza diagnostic testing algorithm. Centers for Disease Control and Preven-
tion; 2010. Available at: http://www.cdc.gov/flu/professionals/diagnosis/testing_
algorithm.htm. Accessed September 30, 2011.

52. Oliveira EC, Lee B, Colice GL. Influenza in the intensive care unit. J Intensive
Care Med 2003;18(2):80–91.

53. Stein J, Louie J, Flanders S, et al. Performance characteristics of clinical diagnosis,
a clinical decision rule, and a rapid influenza test in the detection of influenza infec-
tion in a community sample of adults. Ann Emerg Med 2005;46(5):412–9.

54. Harper SA, Bradley JS, Englund JA, et al. Seasonal influenza in adults and chil-
dren – diagnosis, treatment, chemoprophylaxis, and institutional outbreak manage-
ment: clinical practice guidelines of the Infectious Diseases Society of America.
Clin Infect Dis 2009;48(8):1003–32.

55. Centers for Disease Control and Prevention. Role of laboratory diagnosis of influ-
enza. Available at: http://www.cdc.gov/flu/professionals/diagnosis/labrole.htm.
Accessed September 30, 2011.

56. Smit M, Beynon KA, Murdoch DR, et al. Comparison of the NOW Influenza A & B,
NOW Flu A, NOW Flu B, and Directigen Flu A & B assays, and immunofluores-
cence with viral culture for the detection of influenza A and B viruses. Diagn Mi-
crobiol Infect Dis 2007;57(1):67–70.

http://www.cdc.gov/flu/professionals/diagnosis/labprocedures.htm
http://www.cdc.gov/flu/professionals/diagnosis/labprocedures.htm
http://www.cdc.gov/flu/professionals/diagnosis/testing_algorithm.htm
http://www.cdc.gov/flu/professionals/diagnosis/testing_algorithm.htm
http://www.cdc.gov/flu/professionals/diagnosis/labrole.htm


Influenza in the Emergency Department 301
57. Centers for Disease Control and Prevention. Influenza Symptoms and laboratory
diagnostic procedures. Available at: http://www.cdc.gov/flu/professionals/
diagnosis/labprocedures.htm. Accessed September 30, 2011.

58. Landry ML. Diagnostic tests for influenza infection. Curr Opin Pediatr 2011;23(1):
91–7.

59. Centers for Disease Control and Prevention. Guidance for clinicians on the use
of rapid influenza diagnostic tests for the 2010-2011 influenza season. Available
at: http://www.cdc.gov/flu/professionals/diagnosis/clinician_guidance_ridt.htm.
Accessed September 30, 2011.

60. WHO recommendations on the use of rapid testing for influenza diagnosis. World
Health Organization; 2005. Available at: http://www.who.int/influenza/resources/
documents/rapid_testing/en/index.html. Accessed September 30, 2011.

61. Bonner AB, Monroe KW, Talley LI, et al. Impact of the rapid diagnosis of influenza
on physician decision-making and patient management in the pediatric emer-
gency department: results of a randomized, prospective, controlled trial. Pediat-
rics 2003;112(2):363–7.

62. Hurt AC, Alexander R, Hibbert J, et al. Performance of six influenza rapid tests in
detecting human influenza in clinical specimens. J Clin Virol 2007;39(2):132–5.

63. Raphael D. Clinical manifestations of seasonal influenza in adults. UpToDate;
2010. Available at: http://www.uptodate.com/contents/clinical-manifestations-of-
seasonal-influenza-in-adults?view. Accessed September 30, 2011.

64. PetricM,Comanor L, Petti CA.Role of the laboratory in diagnosis of influenzaduring
seasonal epidemics and potential pandemics. J Infect Dis 2006;194(Suppl 2):
S98–110.

65. Centers for Disease Control and Prevention. Rapid Diagnostic testing for influ-
enza. Available at: http://www.cdc.gov/flu/professionals/diagnosis/rapidclin.htm.
Accessed September 30, 2011.

66. Cox NJ, Zeigler T. Influenza viruses. In: Murray PR, Benson EJ, Jorgemson H,
et al, editors. Manual of clinical microbiology. 8th edition. Washington, DC: Amer-
ican Society for Microbiology Press; 2003. p. 1360–7.

67. CDCprotocol of realtime RTPCR for influenzaA (H1N1).World HealthOrganization;
2009. Available at: http://www.who.int/csr/resources/publications/swineflu/CDC
RealtimeRTPCR_SwineH1Assay-2009_20090430.pdf. AccessedSeptember 30, 2011.

68. van Elden LJR, van Kraaij MGJ, Nijhuis M, et al. Polymerase chain reaction is
more sensitive than viral culture and antigen testing for the detection of respira-
tory viruses in adults with haematological cancer and pneumonia. Clin Infect Dis
2002;34(2):177–83.

69. Pollock NR, Duong S, Cheng A, et al. Ruling out novel H1N1 influenza virus infec-
tion with direct fluorescent antigen testing. Clin Infect Dis 2009;49:66–8.

70. Ginocchio CC, Zhang F, Manji R, et al. Evaluation of multiple test methods for the
detection of the novel 2009 influenza A (H1N1) during the New York City
outbreak. J Clin Virol 2009;45(3):191–5.

71. Centers for Disease Control and Prevention. FluView: 2009-2010 influenza season
week 20 ending May 22, 2010. Available at: http://www.cdc.gov/flu/weekly/
weeklyarchives2009-2010/weekly20.htm. Accessed September 30, 2011.

72. Aoki FY, Macleod MD, Paggiaro P, et al. Early administration of oral oseltamivir
increases the benefits of influenza treatment. J Antimicrob Chemother 2003;
51(1):123–9.

73. Hayden FG, Osterhaus AD, Treanor JJ, et al. Efficacy and safety of the neuramin-
idase inhibitor zanamivir in the treatment of influenza virus infections. GG167
Influenza Study Group. N Engl J Med 1997;337(13):874–80.

http://www.cdc.gov/flu/professionals/diagnosis/labprocedures.htm
http://www.cdc.gov/flu/professionals/diagnosis/labprocedures.htm
http://www.cdc.gov/flu/professionals/diagnosis/clinician_guidance_ridt.htm
http://www.who.int/influenza/resources/documents/rapid_testing/en/index.html
http://www.who.int/influenza/resources/documents/rapid_testing/en/index.html
http://www.uptodate.com/contents/clinical-manifestations-of-seasonal-influenza-in-adults?view
http://www.uptodate.com/contents/clinical-manifestations-of-seasonal-influenza-in-adults?view
http://www.cdc.gov/flu/professionals/diagnosis/rapidclin.htm
http://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
http://www.who.int/csr/resources/publications/swineflu/CDCRealtimeRTPCR_SwineH1Assay-2009_20090430.pdf
http://www.cdc.gov/flu/weekly/weeklyarchives2009-2010/weekly20.htm
http://www.cdc.gov/flu/weekly/weeklyarchives2009-2010/weekly20.htm


Afilalo et al302
74. Monto AS, Fleming DM, Henry D, et al. Efficacy and safety of the neuraminidase
inhibitor zanamivir in the treatment of influenza A and B virus infections. J Infect
Dis 1999;180(2):254–61.

75. Nicholson KG, Aoki FY, Osterhaus AD, et al. Efficacy and safety of oseltamivir in
treatment of acute influenza: a randomized controlled trial. Neuraminidase Inhib-
itor Flu Treatment Investigator Group. Lancet 2000;355(9218):1845–50.

76. Hedrick JA, Barzilai A, Behre U, et al. Zanamivir for treatment of symptomatic
influenza A and B infection in children five to twelve years of age: a randomized
controlled trial. Pediatr Infect Dis J 2000;19(5):410–7.

77. Lalezari J, Campion K, Keene O, et al. Zanamivir for the treatment of influenza A
and B infection in high-risk patients: a pooled analysis of randomized controlled
trials. Arch Intern Med 2001;161(2):212–7.

78. Monto AS, Webster A, Keene O. Randomized, placebo-controlled studies of
inhaled zanamivir in the treatment of influenza A and B: pooled efficacy analysis.
J Antimicrob Chemother 1999;44(Suppl 2):23–9.

79. The MIST (Management of Influenza in the Southern Hemisphere Trialists) Study
Group. Randomized trial of efficacy and safety of inhaled zanamivir in treatment
of influenza A and B virus infections. Lancet 1998;352(9144):1877–81.

80. Piedra PA, Schulman KL, Blumentals WA. Effects of oseltamivir on influenza-
related complications in children with chronic medical conditions. Pediatrics
2009;124(1):170–8.

81. Siston AM, Rasmussen SA, Honein MA, et al. Pandemic 2009 influenza A (H1N1)
virus illness among pregnant women in the United States. JAMA 2010;303(15):
1517–25.

82. McGeer A, Green KA, Plevneshi A, et al. Antiviral therapy and outcomes of influ-
enza requiring hospitalization in Ontario, Canada. Clin Infect Dis 2007;45(12):
1568–75.

83. Lee N, Cockram CS, Chan PKS, et al. Antiviral treatment for patients hospitalized
with severe influenza infection may affect clinical outcomes. Clin Infect Dis 2008;
46(8):1323–4.

84. Public Health Agency of Canada. National Advisory Committee on Immunization
Statement on Seasonal Trivalent Inactivated Influenza vaccine (TIV) for 2010-
2011. An Advisory Committee Statement (ACS). Canadian Communicable
Disease Report 2010;36:ACS-6.

85. Siegel JD, Rhinehart E, Jackson M, et al, and the Healthcare Infection Control
Practices Advisory Committee. 2007 Guideline for isolation precautions: prevent-
ing transmission of infectious agents in healthcare settings. Available at: http://
www.cdc.gov/hicpac/pdf/isolation/Isolation2007.pdf. Accessed September 30,
2011.

86. Public Health Agency of Canada. Guidance: infection prevention and control
measures for healthcare workers in acute care and long-term care settings —
seasonal influenza. Available at: http://www.phac-aspc.gc.ca/nois-sinp/guide/
ac-sa-eng.php. Accessed September 30, 2011.

87. Epidemic- and pandemic-prone acute respiratory diseases: infection prevention
and control in health care. Epidemic and pandemic alert and response. World
Health Organization; 2008. Available at: http://www.who.int/csr/resources/
publications/EPR_AM3_E3.pdf. Accessed September 30, 2011.

88. United States Department of Labor, Occupational Safety and Health Administra-
tion (OSHA). Respiratory Protection 1910.134. Personal protective equipment.
Available at: http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_
table5STANDARDS&p_id512716. Accessed September 30, 2011.

http://www.cdc.gov/hicpac/pdf/isolation/Isolation2007.pdf
http://www.cdc.gov/hicpac/pdf/isolation/Isolation2007.pdf
http://www.phac-aspc.gc.ca/nois-sinp/guide/ac-sa-eng.php
http://www.phac-aspc.gc.ca/nois-sinp/guide/ac-sa-eng.php
http://www.who.int/csr/resources/publications/EPR_AM3_E3.pdf
http://www.who.int/csr/resources/publications/EPR_AM3_E3.pdf
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&amp;p_id=12716
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&amp;p_id=12716


Influenza in the Emergency Department 303
89. Centers for Disease Control and Prevention. Guidelines and recommendations
prevention strategies for seasonal influenza in healthcare settings. Available
at: http://www.cdc.gov/flu/professionals/infectioncontrol/healthcaresettings.htm.
Accessed September 30, 2011.

90. TheOntario health plan for an influenzapandemic in brief. OntarioMinistry of Health
and Long-Term Care; 2009. Available at: http://www.health.gov.on.ca/english/
providers/program/emu/pan_flu/ohpip2/brief_08.pdf. Accessed September 30,
2011.

91. Novel Swine-Origin Influenza A (H1N1) Virus Investigation Team. Emergence of
a novel swine-origin influenza A (H1N1) virus in humans. N Engl J Med 2009;
360(25):2605–15.

92. Belshe RB. Implications of the emergence of a novel H1 influenza virus. N Engl J
Med 2009;360(25):2667–8.

93. Fisman DN, Savage R, Gubbay J, et al. Older age and a reduced likelihood of
2009 H1N1 virus infection. N Engl J Med 2009;361(20):2000–1.

94. Ontario Ministry of Health and Long-Term Care. What you should know about
a flu pandemic. What is the difference between the ordinary/seasonal
influenza – or “flu” – and an influenza pandemic? Available at: http://www.
health.gov.on.ca/en/public/programs/emu/pan_flu/#4. Accessed September 30,
2011.

95. Early detection of severe emerging or re-emerging respiratory infections through
severe respiratory illness (SRI) surveillance. Public Health Agency of Canada;
2006. Available at: http://www.phac-aspc.gc.ca/eri-ire/pdf/02-SRI-Surveillance-
Protocol_e.pdf. Accessed September 30, 2011.
APPENDIX 1: REFERENCES FOR TABLE 4 (SENSITIVITY, SPECIFICITY, PPV, AND NPV OF
SELECTIVE RIDTS)

1. Manufacturer’s product information or product insert.
2. Landry ML, Cohen S, Ferguson D. Comparison of Binax NOW and Directigen for

rapid detection of influenza A and B. J Clin Virol 2004;31:113–5.
3. Weinberg A, Walker M. Evaluation of three immunoassay kits for rapid detection

of influenza A and B. Clin Diagn Lab Immunol 2005;12:367–70.
4. Dominguez EA, Taber LH, Couch RB. Comparison of rapid diagnostic techniques

for respiratory syncytial virus and influenza A virus respiratory infections in young
children. J Clin Microbiol 1993;31:2286–90.

5. Noyla DE, Clark B, O’Donnell FT, et al. Comparison of a new neuraminidase
detection assay with an enzyme immunoassay, immunofluorescence, and culture
for rapid detection of influenza A and B viruses in nasal wash specimens. J Clin
Microbiol 2000;38:1161–5.

6. Ryan-Poirier KA, Katz JM, Webster RG, et al. Application of Directigen FLU-A for
the detection of influenza A virus in human and nonhuman specimens. J Clin Mi-
crobiol 1992;30:1072–5.

7. Waner JL, Todd SJ, Shalaby H, et al. Comparison of Directigen FLU-A with viral
isolation and direct immunofluorescence for the rapid detection and identification
of influenza A virus. J Clin Microbiol 1991;29:479–82.

8. Leonardi GP, Leib H, Birkhead GS, et al. Comparison of rapid detection methods
for influenza A and their value in health care management of institutionalized geri-
atric patients. J Clin Microbiol 1994;32:70–4.

9. Johnston SL, Bloy H. Evaluation of a rapid enzyme immunoassay for detection of
influenza A virus. J Clin Microbiol 1993;31:142–3.

http://www.cdc.gov/flu/professionals/infectioncontrol/healthcaresettings.htm
http://www.health.gov.on.ca/english/providers/program/emu/pan_flu/ohpip2/brief_08.pdf
http://www.health.gov.on.ca/english/providers/program/emu/pan_flu/ohpip2/brief_08.pdf
http://www.health.gov.on.ca/en/public/programs/emu/pan_flu/%234
http://www.health.gov.on.ca/en/public/programs/emu/pan_flu/%234
http://www.phac-aspc.gc.ca/eri-ire/pdf/02-SRI-Surveillance-Protocol_e.pdf
http://www.phac-aspc.gc.ca/eri-ire/pdf/02-SRI-Surveillance-Protocol_e.pdf


Afilalo et al304
10. Yuen KY, Chan PK, Peiris M, et al. Clinical features and rapid viral diagnosis of
human disease associated with avian influenza A H5N1 virus. Lancet 1998;351:
467–71.

11. Chan KH, Maildis N, Pope W, et al. Evaluation of the Directigen FluA1B test for
rapid diagnosis of influenza virus type A and B infections. J Clin Microbiol
2002;40:1675–80.

12. Hamilton MS, Abel DM, Ballam YJ, et al. Clinical evaluation of the ZstatFlu-II test:
a chemiluminescence rapid diagnostic test for influenza virus. J Clin Microbiol
2002;40:2331–4.

13. Ruest A, Michaud S, Deslandes S, et al. Comparison of the Directigen Flu A1B
test, the QuickVue Influenza test, and clinical case definition to viral culture and
reverse transcription-PCR for rapid diagnosis of influenza virus infection. J Clin
Microbiol 2003;41:3487–93.

14. Cazacu AC, Greer J, Taherivand M, et al. Comparison of lateral-flow immuno-
assay and enzyme immunoassay with viral culture for rapid detection of influ-
enza virus in nasal wash specimens from children. J Clin Microbiol 2003;
41:2132–4.

15. Dunn JD, Gordon GL, Kelley C, et al. Comparison of the Denka Seiken INFLU A-B
Quick and BD Directigen Flu A1B kits with fluorescent-antibody staining and shell
vial culture methods for rapid detection of influenza viruses. J Clin Microbiol
2003;41:2180–3.

16. Landry ML, Ferguson D. Suboptimal detection of influenza virus in adults by the
Directigen Flu A1B enzyme immunoassay and correlation of results with the
number of antigen-positive cells detected by cytospin immunofluorescence.
J Clin Microbiol 2003;41:3407–9.

17. Covalciuc KA, Webb KH, Carlson CA. Comparison of four clinical specimen types
for detection of influenza A and B viruses by optical immunoassay (FLU OIA test)
and cell culture methods. J Clin Microbiol 1999;37:3971–4.

18. Boivin G, Hardy I, Kress A. Evaluation of a rapid optical immunoassay for influenza
viruses (FLU OIA test) in comparison with cell culture and reverse transcription-
PCR. J Clin Microbiol 2001;39:730–2.

19. Hindiyeh M, Goulding C, Morgan H, et al. Evaluation of Biostar FLU OIA assay for
rapid detection of influenza A and B viruses in respiratory specimens. J Clin Virol
2000;17:119–26.

20. Schultze D, Thomas Y, Wunderli W. Evaluation of an optical immunoassay for the
rapid detection of influenza A and B viral antigens. Eur J Clin Microbiol Infect Dis
2001;20:280–3.

21. Tucker SP, Cox C, Steaffens J. A flu optical immunoassay (ThermoBioStar’s FLU
OIA): a diagnostic tool for improved influenza management. Philos Trans R Soc
London B Biol Sci 2001;356:1915–24.

22. Herrmann B, Larsson C, Zweygberg BW. Simultaneous detection and typing of
influenza viruses A and B by a nested reverse transcription-PCR: comparison to
virus isolation and antigen detection by immunofluorescence and optical immuno-
assay (FLU OIA). J Clin Microbiol 2001;39:134–8.

23. Rodriguez WJ, Schwartz RH, Thorne MM. Evaluation of diagnostic tests for influ-
enza in a pediatric practice. Pediatr Infect Dis J 2002;21:193–6.

24. Bellei N, Benfica D, Perosa AH, et al. Evaluation of a rapid test (QuickVue)
compared with the shell vial assay for detection of influenza virus clearance after
antiviral treatment. J Virol Methods 2003;109:85–8.

25. Pregliasco F, Puzelli S, Mensi C, et al. Influenza virological surveillance in children:
the use of the QuickVue rapid diagnostic test. J Med Virol 2004;73:269–73.



Influenza in the Emergency Department 305
26. Quach C, Newby D, Daoust G, et al. QuickVue influenza test for rapid detection of
influenza A and B viruses in a pediatric population. Clin Diagn Lab Immunol
2002;9:925–6.

27. Yamazaki M, Mitamura K, Kimura K, et al. Clinical evaluation of an immunochro-
matography test for rapid diagnosis of influenza. Kansenshogaku Zasshi
2001;75:1047–53.

28. Kawakami C, Shimizu H, Watanabe S, et al. Evaluation of immunochromatog-
raphy method for rapid detection of influenza A and B viruses. Kansenshogaku
Zasshi 2001;75:792–9.

29. Fujieta T. Evaluation of new rapid influenza virus detection kit- QUICK S-INFLU
A/B “SEIKEN.” Jpn J Med Pharmacol Sci 2004;51:127–30.

30. Cazacu AC, Demmler GJ, Neuman MA, et al. Comparison of a new lateral-flow
chromatographic membrane immunoassay to viral culture for rapid detection
and differentiation of influenza A and B viruses in respiratory specimens. J Clin
Microbiol 2004;42:3661–4.

31. Noyola DE, Paredes AJ, Clark B, et al. Evaluation of a neuraminidase detection
assay for the rapid detection of influenza A and B virus in children. Pediatr Dev
Pathol 2000;3:162–7.

32. Rawlinson WD, Waliuzzaman ZM, Fennell M, et al. New point of care test is highly
specific but less sensitive for influenza A and B in children and adults. J Med Virol
2004;74:127–31.

33. Mitamura K, Yamazaki M, Ichikawa M, et al. Evaluation of an immunochromatog-
raphy test using enzyme immunoassay for rapid detection influenza A and B
viruses. Kansenshogaku Zasshi 2004;78:597–603.

34. Hara M, Takao S, Fukuda S, et al. Comparison of three rapid diagnostic kits using
immunochromatography for detection of influenza A viruses. J Jpn Assoc Infect
Dis 2004;78:935–42.

35. Kubo N, Ikematsu H, Nabeshima S, et al. Evaluation of an immunochromatog-
raphy test kit for rapid diagnosis of influenza. Kansenshogaku Zasshi 2003;77:
1007–14.

36. Yamazaki M, Mitamura K, Ichikawa M, et al. Evaluation of flow-through immuno-
assay for rapid detection of influenza A and B viruses. Kansenshogaku Zasshi
2004;78:865–71.


	Evaluation and Management of Seasonal Influenza in the Emergency Department
	Epidemiology
	Seasonality of Influenza
	Onset and Time Course of Influenza Outbreaks

	Classification and description of influenza viruses
	Antigenic Drift and Antigenic Shift

	Pathogenesis and pathophysiology
	Cellular Pathogenesis
	Virus Shedding
	Pathophysiology

	Clinical presentation
	Clinical Signs and Symptoms
	Complications Contributing to Clinical Presentation (Symptomatology)

	ED evaluation
	Diagnostic Workup (Who to Test)
	Types of Specimens and Detection of Influenza Virus
	Influenza Laboratory Testing Methods
	RIDTs
	RT-PCR
	Immunofluorescence
	Viral Culture
	Serologic Testing
	Interpretation of Laboratory Test Results

	ED management
	Antiviral Medications
	Guideline Indications for Antiviral Treatment
	Benefits of Early Initiation Antiviral Treatment (≤48 Hours After Symptom Onset)
	Benefits of Antiviral Treatment Administered More Than 48 Hours After Symptom Onset
	Choice of Antiviral Medication

	Isolation and prevention of nosocomial spread of influenza
	Seasonal versus pandemic influenza
	References
	Appendix 1. References for Table 4 (Sensitivity, specificity, PPV, and NPV of selective RIDTs)


