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, Abstract—Background: Influenza viruses are a signifi-
cant cause of morbidity and mortality in the United States.
Given the wide range of symptoms, emergency physicians
must maintain a broad differential diagnosis in the evalua-
tion and treatment of patients presenting with influenza-
like illnesses. Objective: This review addresses objective
and subjective symptoms commonly associated with influ-
enza and discusses important mimics of influenza viruses,
while offering a practical approach to their clinical evalua-
tion and treatment. Discussion: Influenza-like symptoms
are common in the emergency department (ED), and influ-
enza accounts for > 200,000 hospitalizations annually. The
three predominant types are A, B, and C, and these viruses
are commonly transmitted through aerosolized viral parti-
cles with a wide range of symptoms. Themost reliable means
of identifying influenza in the ED is rapid antigen detection,
although consideration of local prevalence is required.High-
risk populations include children younger than 4 years,
adults older than 50 years, adults with immunosuppression
or chronic comorbidities, pregnancy, obesity, residents of
long-term care facilities, and several others. The Centers
for Disease Control and Prevention recommends treatment
with neuraminidase inhibitors in these populations. Howev-
er, up to 70% of patients with these symptoms may have a
mimic. These mimics include infectious and noninfectious
sources. The emergency physician must be aware of life-
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threatening mimics and assess for these conditions while
beginning resuscitation and treatment. Conclusions: The
wide range of symptoms associated with influenza overlap
with several life-threatening conditions. Emergency physi-
cians must be able to rapidly identify patients at risk for
complications and those who require immediate resuscita-
tion. Published by Elsevier Inc.

, Keywords—influenza; mimic; viral illness; upper respi-
ratory infection; viral syndrome
INTRODUCTION

Emergency physicians play a significant role in the evalu-
ation, diagnosis, and treatment of viral respiratory ill-
nesses. Fever, headache, cough, and complaints related to
the throat are among the 10 most commonly cited reasons
for patient presentation to United States (US) emergency
departments (EDs) (1–3). From 2007 to 2009,
approximately 1.3 million individuals experiencing the
symptoms mentioned were assigned a formal diagnosis
of influenza by an emergency physician (1–4). Each year,
nearly 220,000 patients require hospitalization secondary
to influenza; an infection with a mortality rate of 1.4
deaths per 100,000 laboratory-confirmed cases (5,6).

Influenza A, B, and C, named for their respective viral
surface proteins, are single-stranded ribonucleic acid vi-
ruses belonging to the Orthomyxoviridae family (7–9).
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While all of the influenza viruses possess the capability
for human infectivity, influenza types B and C are
primarily responsible for the majority of illness
observed in the human population (8,9). Of the
influenza viruses, only influenza A (commonly
affecting birds, horses, swine, and dogs) is
characterized by subtype based on the composition and
morphology of its envelope glycoproteins (7,8).

Influenza viruses are unique in their ability to generate
antigenic variability. Minor (antigenic drift) and major
(antigenic shift) genomic changes are responsible for
several historical and recent influenza epidemics and pan-
demics (7–9). Given the socioeconomic cost associated
with influenza infection (annual direct costs of care
estimated as $4.6 billion, with approximately $7 billion
lost to sick days/productivity), primary prevention
remains a significant public health concern (10). Risk fac-
tors predisposing to a severe clinical course include ex-
tremes of age, numerous medical comorbidities, and
pregnancy; therefore, the Centers for Disease Control
and Prevention (CDC) has published recommendations
for influenza vaccination, as detailed in Table 1 (11,12).

DISCUSSION

Influenza is a respiratory virus primarily transmitted by
aerosolized viral particles. Infection by influenza A sub-
types can occur through direct contact with an infected
animal, exposure to contaminated environment, or inges-
tion of inadequately prepared food stuffs (7). Upon fail-
ure of host immunologic defenses (immunoglobulin A
secretory antibody and mechanical respiratory mucocili-
ary clearance), influenza viruses invade columnar respira-
tory epithelium, triggering a molecular cascade
responsible for the inactivation of host-cell protein syn-
thesis (9,13,14). Local destruction of respiratory
epithelium, resulting in the release of pro-inflammatory
Table 1. Centers for Disease Control and Prevention’s Recommen

Populations at risk for influenza complications in whom vaccinatio
� Children $ 6 months of age to 4 years (59 months)
� Adults $ 50 years of age
� Individuals with chronic pulmonary, cardiovascular, renal, hepatic

diabetes mellitus)
� Individuals who are immunosuppressed
� Women who are or will be pregnant during influenza season and
� People ages 6 months to 18 years receiving long-term aspirin the

infection
� Residents of nursing homes or long-term care facilities
� American Indians/Alaska Natives
� The super obese (body mass index > 40)
� Health care personnel
� Caregivers of children < 5 years and adults $ 50 years of age

Populations in whom caution must be utilized
Severe egg allergy: Should be vaccinated in a medical setting
History of Guillain-Barré syndrome associated with vaccina
cytokines, in addition to viral invasion of polymorphonu-
clear leukocytes, lymphocytes, and monocytes, are
responsible for systemic symptoms (9,15). Table 2 dis-
cusses the affected systems in infection.

Signs of Influenza

Signs and symptoms of influenza commonly begin after a
1- to 2-day incubation period and are highly variable (7–
10). The majority of adolescent and adult patients present
with complaints of fever, headache, myalgias, malaise,
anorexia, rhinorrhea, pharyngitis, cough, and chest
discomfort (9,10). Abdominal pain, nausea, and emesis
are also commonly reported among the pediatric
population (15). At the extremes of age, influenza can
manifest as malaise, lethargy, or altered mental status
(9,13).

While symptoms of influenza may be caused by a
number of respiratory viruses (respiratory syncytial virus,
parainfluenza virus, adenovirus, rhinovirus, and corona-
virus), in the setting of a local outbreak, the accuracy of
clinical diagnoses in healthy adolescent and adult patients
approximates 80%–90% (9,23,24). It is recommended
that confirmatory testing be performed in all
populations at high risk for complications secondary to
infection (see Table 1) and in closed settings in which
an influenza outbreak is suspected (e.g., long-term care
facilities, inpatient treatment centers) (9,25).

Methods for influenza detection include antigen detec-
tion (rapid influenza diagnostic tests [RIDTs]), direct
immunofluorescence, reverse transcription polymerase
chain reaction (RT-PCR), viral culture, and serology
(9,26). Ideally, samples should be obtained within 4–
5 days after the onset of symptoms, before the decline
in viral replication and shedding (9). Processing time
varies according to laboratory and manufacturer. The ma-
jority of RIDTs provide results within approximately
dations for Influenza Vaccination (11)

n should be prioritized

, neurologic, hematologic, or metabolic disorders (including

up to 2 weeks postpartum
rapy and might be at risk for Reye syndrome after influenza

and supervised by a health care professional
tion: physician discretion advised



Table 2. Organ System Effects of Influenza

Organ System Influenza Pathophysiology

Respiratory Most common system affected. Destruction of respiratory epithelium by the influenza virus results in edema of the
tracheobronchial tree (9,15,16).

Neurologic Influenza infection can result in direct damage to the thalamus, tegmentum, or cerebellar medulla, resulting in
encephalopathy, seizures, or coma. Cellular dysfunction in the setting of viral-associated apoptosis has also
been associated with myelitis, Guillain-Barré syndrome, and encephalitis. Reye syndrome can occur in the
setting of aspirin administration (9,17).

Cardiovascular Pericarditis and myocarditis are uncommonly associated with influenza A and B infections (9,18).
Gastrointestinal Patients with influenza can experience emesis and diarrhea. Although the pathophysiology of this infectious

manifestation is poorly understood, researchers hypothesize a role for the hematogenous spread of infected
lymphocytes (19).

Hematologic Leukocytosis is a common cell-mediated immune response to influenza infection. In patients with a white blood
cell count >15,000/mm3 (15 � 109/L) with or without a left shift, pneumonia, or secondary bacterial infection
should be suspected (20,21).

Musculoskeletal Myositis and myoglobinuria are frequently observed in the pediatric population and associated with elevated
serum creatinine phosphokinase levels (9,22).
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15min, with a reported sensitivity of 50%–70% and spec-
ificity > 90% (9,26). Positive and negative predictive
values of RIDTs should be interpreted with respect to
the local prevalence of influenza infection and patient
presentation. False negatives are likely to occur at the
height of the influenza season, when prevalence is high.
If diagnosis is likely to alter clinical decision making,
the CDC recommends confirmation of a negative RIDT
with RT-PCR (27).

Direct immunofluorescence testing, RT-PCR, and
viral culture require clinical laboratory handling, with
processing time ranging from 1–8 h (direct immunofluo-
rescence and RT-PCR) to 3–10 days (rapid viral culture
and traditional viral culture) (9,26). While individual
sensitivities of the 26 Food and Drug Administration–
approved RT-PCR assays vary, several studies have
demonstrated the superiority of RT-PCR in the detection
Table 3. Recommendations for the Treatment and Chemoprophyl

Antiviral
Delivery
Method

Recommendations
for Use No

Oseltamivir
(Tamiflu�)

Per os Treatment: age $ 14 days*
Chemoprophylaxis:
age $ 3 months*

Not ap

Zanamivir
(Relenza�)

Inhalation Treatment: age $ 7 years
Chemoprophylaxis:
age $ 5 years

Perso
res
chr
dise
per
to m

Peramivir
(Rapivab�)

Intravenous Age $ 18 years Not ap

* Food and Drug Administration–approved indication. The use of oral os
chemoprophylaxis in infants 3 months to 1 year of age is recommended
Academy of Pediatrics.
of influenza viruses, making it the gold standard for diag-
nostic evaluation (28–30). Serologic testing allows for the
retrospective confirmation of influenza infection,
rendering it of little diagnostic utility in the emergency
setting (9).

TREATMENT RECOMMENDATIONS

In the majority of immunocompetent individuals, influ-
enza is self-resolving and does not require treatment
(9). In persons who are at high risk for influenza compli-
cations, however, initiation of antiviral therapy can
significantly reduce morbidity and mortality (9,30).
Populations in which antiviral treatment is
recommended are detailed in Table 1 (31). Double-
blinded, placebo-controlled studies of influenza antiviral
agents reported a mean reduction in febrile influenza
axis of Influenza (31)

t Recommended for Use Adverse Effects

plicable Nausea and emesis.
Post-marketing surveillance:
rare cutaneous reactions and
transient neuropsychiatric
events.

ns with underlying
piratory diseases (asthma,
onic obstructive pulmonary
ase). Contraindicated in
sons with a history of allergy
ilk protein.

Allergic reactions: oropharyngeal
or facial edema. Adverse
effects: diarrhea, nausea,
sinusitis, bronchitis, headache,
and ear, nose, and throat
infections.

plicable Diarrhea. Post-marketing
surveillance: rare cutaneous
reactions and transient
neuropsychiatric events.

eltamivir in the treatment of influenza in infants < 14 days old and
by the Centers for Disease Control and Prevention and American



Table 4. Infectious Mimics of Influenza

Patient
Presentation

Infectious Etiologies

Clinical
Condition Diagnosis Treatment

Hemodynamic
instability
or altered
mental
status

Sepsis (43–45) � Suspected or identified infection in patients meeting two or more
of the following Systemic Inflammatory Response Syndrome
(SIRS) criteria:
� Temperature > 38.0�C or < 36�C
� Heart rate > 90 beats/min
� Respiratory rate > 20 breaths/min or PCO2 < 32 Torr
� White blood cell count (WBC) > 12,000/mm3 or < 4000 per
mm3 or > 10% immature forms

� Patient probability of mortality may be assessed with the
Sequential Organ Failure Assessment (SOFA) scoring system.
The quick SOFA (qSOFA) criteria are utilized to identify those
patients who require further evaluation for multi-organ
dysfunction. qSOFA criteria include the following:
� Respiratory rate $ 22 breaths/min
� Altered mentation
� Systolic blood pressure # 100 mm Hg

� Obtain i.v. access and initiate diagnostic studies as appropriate:
complete blood count (CBC), basic metabolic panel, urinalysis,
chest x-ray study (CXR), blood cultures, and lactate.

� Administer a fluid bolus to augment preload and improve pe-
ripheral perfusion.

� If sepsis is suspected, broad-spectrum antimicrobials should be
initiated (45).

Dyspnea or
chest pain

Pneumonia (46,47) � Predominant clinical findings include cough, dyspnea, chest
pain, sputum production, and fever.

� Patients with medical comorbidities (diabetes, congestive heart
failure, chronic obstructive pulmonary disease), and those who
are immunosuppressed have an increased likelihood for the
development of pulmonary infections (46).

� Evaluate for health care–associated pneumonia (more likely to be
caused by multi-drug–resistant pathogens) (47).

� Evaluate and address serious respiratory compromise (use of
accessory muscles, sternal retraction, nasal flaring, hypoxia).

� Evaluate for signs and symptoms consistent with sepsis and
manage as appropriate.

� Evaluate for signs and symptoms consistent with acute respira-
tory distress syndrome and manage as appropriate.

� Initiate antimicrobial therapy.

Pericarditis (48–50) � Typical clinical manifestations include chest pain, pericardial
friction rub, electrocardiogram (ECG) changes, and pericardial
effusion (49).

� Viruses are the most common etiology in adults (Coxsackie vi-
ruses, echoviruses, adenoviruses, influenza viruses) (48).

� Bacterial pericarditis disproportionately affects children and
most commonly occurs secondary to hematogenous spread
(Staphylococcus aureus, Haemophilus influenza, and Neisseria
meningitidis) (50).
� Pediatric patients with bacterial pericarditis commonly pre-
sent with hemodynamic instability secondary to sepsis.

� Obtain ECG to evaluate for characteristic findings (diffuse PR
depression with ST elevation).

� A troponin level should be obtained to rule out concomitant
myocarditis.

� Viral pericarditis: nonsteroidal anti-inflammatory drugs are first-
line therapy and are generally continued from 1–2 weeks post
diagnosis.

� Bacterial pericarditis: likely to present with systemic illness and
decreased myocardial function. Initiate broad-spectrum
antibiotics and admit for further evaluation and treatment.

Infectious
endocarditis
(IE) (51–53)

� Patients present with fever, fatigue, anorexia, dyspnea, chest
pain, and myalgias. Hematuria and neurologic manifestations
less frequently.

� Occurs most commonly in patients > 65 years of age (incidence
in the United States: 20.4 cases per 100,000); patients with
congenital heart defects, and i.v. drug abusers (51).

� Initiate broad-spectrum parenteral antibiotic therapy; patients
require admission for evaluation and treatment.
� Transthoracic echocardiogram (TTE) should be performed as
a noninvasive screening technique (52):

� Prosthetic valve or intracardiac device: poor quality TTE or
positive TTE requires transesophageal echocardiography
(TEE).
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� Staphylococcus (acute presentation: symptoms days to
6 weeks) and Viridans streptococcus (subacute/chronic pre-
sentation: symptoms > 6 weeks to months) most common
pathogens.

� Enterococcal organisms up to 20% of cases (51).
� Polymicrobial infection < 2% of all IE cases (51).

� History should include queries regarding conditions predispos-
ing to IE:
� Palliative conduits, shunts, unrepaired congenital heart defect
(CHD).

� Repair of a CHD with a prosthetic material within the previous
6 months.

� Residual defects in a repaired CHD.
� Transplanted heart in which valvulopathy develops.
� Previous IE.

� Diagnosis: Duke Criteria (Sensitivity 66%–100%) (52).
� Major criteria:

� Positive blood cultures: for organisms known to cause IE
from two separate cultures, or persistently positive find-
ings for organisms known to cause IE (Viridans strepto-
cocci, Streptococcus bovis, S aureus, enterococci and
HACEK [Haemophilus, Aggregatibacter, Cardiobacterium
hominis, Eikenella corrodens, and Kingella] species).

� Blood cultures must be drawn; all three cultures must
be positive (the first and last should be drawn at least
1 h apart) (52).

� A single positive culture for Coxiella burnetti.
� Evidence of endocardial involvement.

� Positive echocardiogram (intracardiac mass, abscess,
new partial dehiscence of a prosthetic valve, new
valvular regurgitation).

� Minor criteria:
� Fever (38.0�C)
� Condition predisposing to IE (i.v. drug abuse, CHD).
� Vascular phenomenon (arterial embolus, septic pulmonary
infarct, mycotic aneurysm, intracranial hemorrhage,
conjunctival hemorrhage, Janeway lesions).

� Immunologic phenomenon (glomerulonephritis, Osler no-
des, Roth spots, rheumatoid factor).

� Microbiologic evidence (positive blood culture, but does
not meet major criteria or provide serologic evidence of
active infection with IE-causing organism).

� Diagnostic studies: three sets of venous blood cultures obtained
over 24 h, echocardiography, histologic analysis of endomyo-
cardial tissue.
� Ancillary studies: CBC, comprehensive metabolic panel, C-
reactive protein (CRP), troponin, ECG, and CXR. Computed
tomography (CT) andmagnetic resonance imaging (MRI) may
be considered (51).

� TTE negative with a high suspicion of IE: requires TEE.
� TTE negative with a low clinical suspicion of IE: no further
evaluation.

� If initial TEE is negative but suspicion for IE remains: repeat
TEE within 7–10 days.

Headache,
back pain,
or myalgias

Central nervous
system infection
(CNS) (54–57)

� Meningitis and encephalitis may present with fever, neck stiff-
ness (lower sensitivity in the elderly), headache, myalgias, or
change in mental status (54).

� In the setting of bacterial meningitis, empiric antibiotic therapy
should not be delayed for imaging or LP.

(Continued )
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Table 4. Continued

Patient
Presentation

Infectious Etiologies

Clinical
Condition Diagnosis Treatment

� Pediatric patients: Evaluate for hypothermia, hypoglycemia,
poor feeding, seizures, irritability, increased general body
tone, bulging fontanelles (55).

� Pathogens of adult bacterial meningitis: Streptococcus pneu-
moniae, N. meningitides, H. influenza type B, Listeria monocy-
togenes. Pediatrics < 2 months of age: Group B Streptococcus
(56).

� Etiologies of viral meningitis: Enteroviruses (50%–75%) (54).
� Etiologies of encephalitis: herpes family viruses, varicella zoster
virus, arboviruses (La Crosse virus, St. Louis virus, West Nile vi-
rus, Western Equine virus, Eastern Equine virus) (55):
� Herpes simplex virus (frontal and temporal lobe involvement):
taste and smell hallucinations, seizures; syndrome of inap-
propriate antidiuretic hormone secretion (SIADH).

� West Nile (anterior horn cell involvement): tremors, myoc-
lonus, parkinsonism, flaccid paralysis.

� La Crosse (cortical areas involved), most commonly in
school-aged children; late spring to fall: seizures,
disorientation, focal neurologic signs.

� St. Louis (substantia nigra, pons, thalamus, cerebellum
involved): tremor, ospoclonus, nystagmus, ataxia, SIADH and
urinary symptoms (dysuria, urgency, incontinence).

� Eastern Equine (basal ganglia, thalamus, brainstem involve-
ment), primarily in summer months: seizures.

� CT before lumbar puncture (LP): immunosuppressed, history of
CNS disease, new-onset seizure, focal neurologic deficit,
papilledema, altered mental status.

� Laboratory studies:
� LP
� CBC: elevated WBC with left shift (unless immunosup-
pressed)

� Electrolytes: hyponatremia in 30% of bacterial meningitis
cases

� Lactate: evaluation for SIRS/sepsis, early goal-directed
therapy

� Blood cultures: positive in 50%–75% of patients with bacte-
rial meningitis if obtained before antibiotic therapy (57)

� Spinal epidural abscess may present with fever, back pain, my-
algias, and focal neurologic deficit. Hematogenous spread of
infection is the most common etiology (S. aureus indicated in
60%–90% of cases). Discitis or vertebral osteomyelitis is an
associated finding in 80%–100% of patients.
� Adults: often localized to the thoracic spine (50%–80% of
cases) (57).

� Pediatrics: abscesses localize to the cervical and lumbar
spine.

� Dexamethasone should be given to all patients > 1 month of
age to reduce neurologic sequelae (0.5mg/kg,max 10mg per
dose every 6 h).55

� Consider antibiotic prophylaxis for close contacts.
� Acyclovir if suspicion for viral encephalitis.
� Epidural abscess: broad-spectrum antibiotic therapy.

� Consult neurosurgery as soon as the diagnosis is suspected.
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� Risk factors: spinal surgery, instrumentation, trauma (10%–30%
of cases), advanced age, pregnancy, sickle cell disease, i.v. drug
abuse, diabetes, immunosuppression (57).

� Laboratory studies:
� Fluoroscopy-guided LP with Gram stain and cell culture.
� CBC: the absence of leukocytosis does not rule out an
epidural abscess.

� Erythrocyte sedimentation rate: commonly elevated; may be
falsely low in the setting of hyperglycemia, systemic cortico-
steroid therapy and in the setting of high-dose aspirin (57).

� CRP: often elevated.
� Blood cultures: If positive, cultures reveal the etiology of
infection.

� Diagnostic imaging: MRI of the spine with and without contrast.
Mosquito-borne

illnesses
(58–64)

� Dengue, Yellow fever, and Zika viruses are arboviruses
commonly transmitted by themosquitos of theAedes genus (58).
� Dengue: Most prevalent of the arboviruses. Mortality rate
20% if untreated (59). In the United States, outbreaks
reported in Louisiana, Hawaii, Florida, and Texas (60).

� 50% of patients present with fever, myalgias, arthralgias,
headache, and rash. Approximately 5% progress to
develop a severe hemorrhagic diathesis, end-organ
dysfunction, and hemodynamic collapse (58).

� Laboratory studies: anemia, thrombocytopenia, trans-
aminitis, elevated lactate. Polymerase chain reaction
(PCR) and serology utilized for definitive diagnosis.

� Yellow fever: Endemic to Africa and Central America, rarely
occurring in unvaccinated American travelers (61).

� Presentation ranges from subclinical infection to systemic
disease (fever, jaundice, hemorrhage, and renal failure).

� Laboratory studies: anemia, thrombocytopenia, trans-
aminitis. Serology utilized for definitive diagnosis.

� Transaminitis is proportional to the severity of the dis-
ease: peak observed early in the secondweek of illness
in patients who recover (61).

� Zika virus: Flavivirus closely related to dengue. Unlike other
arboviruses, Zika virus may also be transmitted through
sexual contact and bodily secretions. Initially isolated to Brazil
and Micronesia, local outbreaks have been reported in Flor-
ida. Symptomatic patients (only 20% of those infected) may
report headache, arthralgias, and fever. A strong association
betweenmaternal Zika virus infection and fetal malformations
has been identified (61). Diagnosis: PCR and serology.

� Chikungunya: Prevalent throughout Africa and Asia, the first
case identified in the United States was reported in Florida.
Patients are most often symptomatic and report high-grade
fevers with disabling arthralgias. Migratory polyarthritis with
joint effusions (wrists, fingers, ankles) is common.
Vesiculobullous eruptions and ulcers may be present (58).

� Malaria: Affects 0.6/100,000 population per year in the United
States, with nearly all cases occurring in the setting of recent
travel (63,64).

� Dengue: initiate treatment based on clinical suspicion and travel
history (supportive care, consideration of transfusion as appro-
priate).

� Yellow fever: supportive care. Extremes of age associated with
increased lethality of the illness.

� Zika: Most commonly a self-resolving illness. Pregnant patients
in whom Zika virus infection is a concern should undergo serial
ultrasounds (every 3–4 weeks) to identify potential anatomic
abnormalities (62). Women of child-bearing age who are
presumed to be infected with Zika virus should abstain from
unprotected intercourse until 8 weeks after resolution of
symptoms (62). Zika virus has been associated with the
development of Guillain-Barré syndrome.

� Chikungunya: Most often self-resolving. The majority of patients
do not require admission. Rarely, neurologic complications
including seizures, meningo-encephalitis, and encephalopathy
may occur (more common in children) (58).

� Malaria: If suspected, begin treatment with chloroquine or mef-
loquine, depending on geographical region of infection, imme-
diately to avoid complications (cerebral malaria, renal failure,
pulmonary edema, hemolysis, and splenic rupture) (63).

� If P. vivax or P. ovale are identified, chloroquine treatment should
be followed by primaquine to eradicate the hypnozoite form.

(Continued )
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Table 4. Continued

Patient
Presentation

Infectious Etiologies

Clinical
Condition Diagnosis Treatment

� Endemic areas: Haiti, Dominican Republic, Mexico, central
and South America, Areas of North and West Africa, India,
Asia, and New Guinea (63).

� History should include discussion of clinical course: Plasmo-
dium vivax and Plasmodium ovale cause relapses months
after initial infection.

� Laboratory studies: leukopenia, anemia, thrombocyto-
penia, transaminitis, and elevated bilirubin. Diagnosis:
thick and thin peripheral smears (Giemsa stain) or PCR.

Acute retroviral
infection
(65–67)

� 50,000 incident human immunodeficiency virus (HIV) infections
in the United States per year; males who have sex with males
represent those at highest risk for HIV contraction (65).

� Only half of all individuals infected with HIV manifest symptoms
during the acute phase (fever, sweats, malaise, lethargy, head-
ache, myalgias).

� Risk of HIV transmission is highest during acute infection (43%–
50%of all new infections caused by transmission from an acutely
infected sexual partner) (66).

� Diagnosis:
� Six Food and Drug Administration (FDA)–approved rapid HIV
detection tests available; sensitivities ranging from 97.6%–
100%; can be utilized as a screening tests (66).

� All patients with concern for HIV infection should receive
diagnostic enzyme immunosorbent assay, and Western blot
testing.

� Positive test results may not occur for up to 12 weeks post
exposure (time to generate a detectable humoral response) (66).

� Consensus guidelines support the strategy of offering antiretro-
viral therapy to anyone with HIV-related signs or symptoms (67).

� Treatment includes initiation of a non-nucleoside reverse-
transcriptase inhibitor in combination with two nucleoside
reverse-transcriptase inhibitors (67).

Pharyngitis and
dysphagia

Epiglottitis
(68,69)

� Pediatric epiglottitis rare in the United States secondary to H.
influenza type B vaccination.
� Pediatric patients with epiglottitis are often toxic-appearing:
drooling, leaning forward in the tripod position with
hyperextension of the neck.

� Adult epiglottitis is commonly due to infection by S. pneumoniae,
Streptococcus pyogenes, or N. meningitides.
� 80%–95% of adults with epiglottitis present reporting sore
throat and odynophagia (68).

� Laboratory studies: leukocytosis common.
� Imaging: lateral neck x-ray studies demonstrating the ‘‘thumb-
print sign.’’

� Definitive diagnosis: laryngoscopy or nasopharyngeal endos-
copy.
� Pediatric patients: ideally performed in a controlled setting,
immediately before securing the airway.

� Initiate antibiotic therapy with cefotaxime, ceftriaxone, or
ampicillin-sulbactam.
� Add vancomycin if bacterial tracheitis cannot be excluded for
S. aureus coverage.

� Chemoprophylaxis recommended for household contacts of pe-
diatric patients with suspicion ofH. influenza type B epiglottitis (69).

Deep space
infection (70)

� Peritonsillar abscess, Lemierre’s syndrome, retropharyngeal
abscess, and Ludwig’s angina commonly present with fever,
generalized malaise, sore throat, neck pain, and dysphagia.

� Initiate antibiotic therapy with directed activity against Strepto-
coccus and oral anerobes.

� Retopharyngeal abscess: include S. aureus coverage.
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� S. aureus is frequently the pathogen associated with retrophar-
yngeal abscesses; anaerobes are uncommon (70).

� Lemierre’s syndrome, septic thrombophlebitis of the internal ju-
gular vein, is associated with Fusobacterium necrophorum, in
90% of cases (70).

� Examination:
� Inspect and palpate the entirety of the head and neck.
� Trismus, ‘‘hot potato’’ voice, and stridor are often signs of im-
pending airway compromise.

� Peritonsillar abscess: evaluate for uvular deviation.
� Cranial neuropathies may indicate contiguous spread of infec-
tion to the cavernous sinus.

� Evaluation:
� If dysphonia is present and the patient is stable, consider
fiber-optic laryngoscopy.

� Concern for retropharyngeal abscess: anteroposterior and
lateral neck x-ray study.

� Concern for peritonsillar abscess: CT neckwith i.v. contrast or
ultrasound with endocavitary probe.

� Lemierre’s syndrome or Ludwig’s angina: CT neck with i.v.
contrast.

� CXR in the setting of Lemierre’s may reveal septic emboli.

� Lemierre’s syndrome: metronidazole is first line.
� Most-feared complications of deep space infections: airway

compromise and mediastinitis.
� Lemierre’s syndrome, retropharyngeal abscess, Ludwig’s

angina: require admission and parenteral antibiotic therapy.
� Peritonsillar abscess: if the patient is nontoxic and per os (p.o.)

tolerant, aspiration or incision and drainage may be performed
and the patient discharge with oral antibiotic therapy.

Nausea, emesis,
diarrhea

Gastrointestinal
infections
(71,72)

� Diverticulitis, diverticular abscess, and appendicitis may present
with fever, nausea, emesis, and diarrhea.

� Lifetime risk of appendicitis is 8.6% inmales and 6.7% in females
(71).

� History and physical examination guide evaluation and man-
agement:
� Patients presenting with signs/symptoms suggestive of peri-
tonitis: immediate surgical consult. Consider upright CXR or
abdominal series to evaluate for perforation.

� Laboratory studies: leukocytosis and elevated acute phase
inflammatory proteins (71,72).

� Systemically ill patient with concern for complicated diver-
ticulitis (requiring surgical evaluation and management) or
those who are immunosuppressed, have numerous medical
co-morbidities or are elderly: CT with i.v. and p.o. contrast:
100% sensitive in identifying pathology (71).

� Uncomplicated diverticulitis: patients with a history of diver-
ticular disease or diverticulitis who are not systemically ill do
not require imaging.

� Appendicitis: ultrasound and MRI (pediatric patients, preg-
nant females) may be utilized for definitive diagnosis.

� Uncomplicated diverticulitis: patients who are p.o. tolerant may
be discharged home with antibiotic therapy (71).

� Complicated diverticulitis: fluid resuscitation, parenteral anti-
biotic therapy, and surgical consultation with consideration for
Interventional Radiology (IR) if localized abscess.

� Colonoscopy required 3–6 weeks post resolution of diverticulitis/
diverticular abscess.

� Appendicitis: fluid resuscitation, i.v. antibiotics, and surgical
consult.

Genitourinary
infections (73,74)

� High fever, abdominal pain, and nausea are the hallmarks of
tubo-ovarian abscesses (TOAs) and salpingitis.

� The majority of TOAs result from salpingitis, both predominately
associated with exposure to sexually transmitted infections
(STIs) (gonorrhea and chlamydia) (74).

� History taking should include queries regarding concern for
exposure to STIs, history of STI treatment, and multiple sexual
partners, as these are associated with increased risk of salpin-
gitis and subsequent TOA (73,74).

� Parenteral i.v. antibiotic therapy is indicated in patients with
suspected salpingitis/TOA and should be continued until the
patient is asymptomatic, has been afebrile for 24–48 h, and
laboratory studies demonstrate resolution of leukocytosis (73).

(Continued )
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illness of 1–1.6 days compared with placebo when ther-
apy was initiated within 48 h of symptom onset (32–
35). For patients at risk of influenza complications
presenting within 48 h of symptom onset, the CDC
recommends treatment during the 2016–2017 influenza
season as detailed in Table 3 (36).

Two antiviral classes are commonly utilized in the
treatment of influenza. The neuraminidase inhibitors
oseltamivir (Tamiflu�), zanamivir (Relenza�), and pera-
mivir (Rapivab�) inhibit viral aggregation and release of
infectious nucleic acids to nearby host cells, therefore
limiting infection (9,36). Amantadine (Symmetrel�)
and rimantadine (Flumadine�), M2 inhibitors, are
responsible for halting viral replication by inhibiting
the release of infectious viral nucleic acids into host
cells (9,36). Although amantadine and rimantidine have
previously been utilized in the treatment of influenza,
the CDC does not recommend their use for the 2016–
2017 influenza season because of viral resistance (36).

CHEMOPROPHYLAXIS RECOMMENDATIONS

Individuals to be considered for chemoprophylaxis
include family and close contacts of persons with sus-
pected or confirmed cases of influenza at high risk for
complications secondary to influenza infection, but
have not been vaccinated against influenza strains circu-
lating at the time of exposure (37,38). In randomized,
placebo-controlled trials, oseltamivir and zanamivir
were efficacious in the prevention of influenza among
persons administered chemoprophylaxis after exposure
to a household member of close contact with laboratory
confirmed influenza (oseltamivir 68%–89%, zanamivir
72%–82%) (37–41). Chemoprophylaxis should
continue for no longer than 10 days after the most
recent exposure (see Table 3 for chemoprophylaxis rec-
ommendations) (42).

MIMICS OF INFLUENZA

Current studies indicate that up to 70% of patients pre-
senting with influenza-like illnesses are not infected
with the influenza virus (37). Tables 4 and 5 address
clinical conditions that commonly present as an
influenza-like illness, along with diagnostic and treat-
ment pearls and pitfalls.

ED Approach

Identifying individuals infected with the influenza vi-
ruses, specifically those at risk for adverse outcomes sec-
ondary to infection, is paramount in limiting the
morbidity and mortality associated with influenza. Due
to the extensive variability of influenza symptoms, and



Table 5. Noninfectious Mimics of Influenza

Patient
Presentation

Noninfectious Etiologies

Clinical Condition Diagnosis Treatment

Hemodynamic
instability or
altered mental
status

Thyroid storm (75,76) � Characterized by fever, tachydysrhythmias, diaphoresis,
nausea, vomiting, confusion, and delirium.

� In patients with known thyroid disease, thyroid storm may
occur in the setting of trauma, infection, pulmonary
embolism, myocardial infarction, and diabetes
ketoacidosis.

� Even when promptly recognized, mortality is estimated as
20%–30% (75).

� Burch & Wartofsky Diagnostic Criteria may be utilized for
diagnosis (76).

� Evaluation:
� Obtain thyroid-stimulating hormone and free thyroxine
levels.

� Treatme includes: b-blockade, systemic corticosteroid
therapy dministration of thionamides, and iodine.

� Suppor e care with fluid resuscitation, external cooling
method s indicated.

� Conside antibiotic therapy, as sepsis or infection (pulmo-
nary sou e most common) is the most likely underlying
trigger.

Dyspnea or
chest pain

Pulmonary embolism
(PE) (77,78)

� Dyspnea is reported as the earliest symptom of PE, and
tachypnea the earliest sign. Patients may report pleuritic
chest pain, fever, and hemoptysis.

� Evaluation:
� Perform a thorough history and examination utilizing the
Wells Criteria or Revised Geneva score for risk stratifica-
tion (78).

� Chest x-ray study and electrocardiogram (ECG) are
commonly nonspecific.

� Echocardiography may be used for rapid triage in the
unstable patient (evidence of right ventricular strain), as
well as risk stratification.

� Utilize D-dimer and PERC (Pulmonary Embolism Rule-
out Criteria) as appropriate. computed tomography (CT)
pulmonary angiography remains the gold standard for
diagnosis (sensitive and specific for emboli localized to
the main, lobar, and segmental pulmonary arteries) (78).

� Anticoa late as indicated.

Acute respiratory
distress syndrome
(ARDS) (79–81)

� Rapidly progressive dyspnea, tachypnea, and
hypoxemia.

� Diagnostic Criteria as published by the American-European
Consensus Conference:
� Symptoms acute in onset.
� Ratio of partial pressure of arterial oxygen to fraction of
inspired oxygen (PaO2/FiO2) # 200.

� Bilateral infiltrates seen on frontal chest x-ray study.
� Pulmonary artery wedge pressure of# 18 mm Hg when
measured, or no clinical evidence of left atrial hyper-
tension.

� Treatme of ARDS is supportive with mechanical ventila-
tion, nu ion management, and stress ulcer and venous
thrombo mbolism prophylaxis.

� Utilize t ARDSnet protocol (81):
� Low al volumes with control of plateau pressure to
avoid urther lung injury.

(Continued )
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Table 5. Continued

Patient
Presentation

Noninfectious Etiologies

Clinical Condition Diagnosis Treatment

Myocardial infarction
(MI) (82,83)

� Annual incidence in the United States (ST-elevation MI
[STEMI] and non–ST-elevation MI [NSTEMI]) is > 600,000.
� Etiologies include rupture of plaques in the coronary
arteries, coronary dissection, coronary aneurysm,
coronary embolism (secondary to atrial fibrillation (afib)
or infective endocarditis), Takayasu arteritis, and acute
cocaine use.

� Inferior wall and right ventricular infarcts commonly
present with hypotension.

� Inferior wall and anterior wall infarcts may present with
variable degrees of heart block.

� Evaluation:
� Obtain and interpret an ECG within 10 min of patient
arrival.

� If no evidence of STEMI or NSTEMI, continue serial
ECGs every 5–10 min in individuals persistently experi-
encing chest pain.

� Cardiac biomarkers should be interpreted in the context
of the clinical onset of symptoms (if present).

� Administer aspirin (if contraindicated, clopidogrel should be
considered, unless evidence of multivessel disease on
ECG).

� Activate the catheterization laboratory or transport as
appropriate.
� In the setting of a STEMI, if door to catheterization time is
anticipated to be > 90 min, consider thrombolysis (82).

� If door-to-catheterization time will be < 90 min, door-
to-balloon time target: 30 min (82).

Headache and
myalgias

Cerebral vascular
pathology (84–91)

� The differential diagnosis for patients presenting with
headache and myalgias should include subarachnoid
hemorrhage (SAH).

� Cerebral vascular accident (CVA), cavernous venous sinus
thrombosis (CVST), and venous sinus thrombosis
commonly present with headache and focal neurologic
deficit.

� Evaluation:
� SAH: noncontrast CT head and lumbar puncture vs.
noncontrast CT head and CT angiogram (CTA) of the
head and neck CTA identified as 98% sensitive and
100% specific in detecting bleeding from
aneurysms $ 3 mm; approximately 85% of SAHs are
due to aneurysmal bleeding) (84–87).

� CVA: noncontrast CT head as screening tool. magnetic
resonance imaging (MRI), MR angiography, CTA,
Doppler ultrasound of the carotid arteries is helpful for
further diagnostic evaluation.

� CVST: MRI of the brain with and without contrast is the gold
standard. Cerebral angiography and CT may be utilized if
MRI unavailable (88).
� Laboratory studies: Majority of patients with CVST
demonstrate leukocytosis (88). A coagulation panel
should be obtained.

� CVST: MRI with venography recommended first line. CT
angiography and venography if MRI unavailable (90).
� Laboratory studies: Up to 90% of patients with CVST
have an elevated D-dimer (91).

� SAH: identify underlying etiology of bleed, obtain neuro-
surgical consultation, consider administration of nimodipine
for prevention of cerebral vasospasm. Target systolic blood
pressure (SBP) of # 160 mm Hg (labetolol considered first
line) (84).

� CVA: if ischemic, consider thrombolytic therapy (appro-
priate National Institutes of Health [NIH] Stroke Scale,
appropriate time frame, absence of contraindications) after
discussion with patient or family.
� Do not treat hypertension in the first 24 h unless blood
pressure > 220/120 mm Hg in patients who are not
candidates for thrombolysis or > 185/110 mm Hg in
those who are (86).

� CVST: Heparin often administered. An extended-spectrum
penicillin and third-generation cephalosporin should be
utilized if concern for infectious etiology (88).

� VST: anticoagulation is the primary treatment. Thrombo-
lectomy or thrombolysis may be required (90).
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Nausea, emesis,
diarrhea

Intestinal ischemia
(92–94)

� Abdominal pain out of proportion to examination in addition
to nausea, emesis, and diarrhea may be presenting signs.

� Risk factors: hypotension, afib, severe cardiovascular
disease, and recent MI.

� Mesenteric ischemiamay occur secondary to: acute arterial
embolus, acute arterial thrombosis, venous thrombosis,
and nonocclusive mesenteric ischemia.

� Mortality is estimated as ranging from 63% to 100% (93).
� Evaluation:

� No laboratory study is sensitive or specific to exclude the
diagnosis of bowel ischemia (92). Leukocytosis and
elevated lactate often noted on laboratory analysis (92).

� Imaging: CT angiography is sensitive (74%–100%) and
specific (100%) for the diagnosis of mesenteric ischemia
(94).

� Initiate fluid resuscitation and oxygen supplementation as
necessary.

� Administer broad-spectrum antibiotics.
� Anticoagulation often required.
� Consult surgery as soon as the diagnosis is suspected
(early angiography and surgical intervention improve mor-
tality).

Toxin ingestion or
withdrawal
state (95,96)

� Obtain a thorough history to include prescription medica-
tions, homeopathic remedies, over-the-counter
medications, and illicit drug abuse.

� Perform a physical examination. Pay particular attention to
the patient’s generalized appearance (diaphoresis), vital
signs (hyperthermia, hypopnea, or bradypnea), neurologic
findings (altered mental status, pinpoint or dilated pupils,
hyper or hyporeflexia, and clonus).

� Sympathomimetic toxidrome: agitation, delirium, hyper-
tension, hyperthermia, nausea, and muscle rigidity.

� Anticholinergic: mydriasis, urinary retention, tachycardia,
and hyperthermia.

� Serotonin syndrome: altered mental status, autonomic
instability, myoclonus, and tremor.

� Neuroleptic malignant syndrome: lead pipe rigidity, hyper-
thermia, altered mental status.

� Monoamine oxidase inhibitor (MAOI) toxicity may present
with severe hyperthermia, nausea, emesis, and cardiovas-
cular collapse. Excessive ingestion of tyramine containing
food stuff during MAOI therapy may result in hypertensive
crisis.

� Patients experiencing benzodiazepine, opioid, and alcohol
withdrawal may present with agitation, hypertension,
tachycardia, and gastrointestinal upset.

� Carbon monoxide poisoning may present with headache,
nausea/vomiting, neurologic deficit, ischemia, syncope, or
seizure. Seek history on others with similar symptoms and
use of indoor heating device.

� Primary treatment includes addressing airway, breathing,
and circulation.

� Benzodiazepines are the treatment of choice for agitation,
anticholinergic toxicity, sympathomimetic toxicity, and se-
rotonin syndrome.

� Dopamine agonists have been demonstrated to improve
symptoms in neuroleptic malignant syndrome.

� Provide fluid resuscitation in the setting of seizure and
muscular rigidity to avoid complications secondary to
rhabdomyolysis.

� Carbon monoxide poisoning requires supplemental oxy-
gen. Patients with confusion, alteredmental status, seizure,
stroke, chest pain, pulmonary edema, or syncope require
hyperbaric chamber.
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that the influenza virus circulates concurrently with other
respiratory viruses, the emergency physician must be
acutely aware of influenza mimics and their evaluation
and treatment (97,98).

1. The assessment of a patient presenting with fever,
headache, chills, myalgias, sore throat, and
influenza-like symptoms (or in the case of the pedi-
atric patient: decreased appetite, decreased per os
tolerance, or decreased urinary output) begins with
evaluation of airway, breathing, and circulation (3).
A definitive airway should be obtained in all toxic-
appearing patients with signs of impending airway
compromise including stridor, ‘‘hot potato voice,’’
trismus, seated in the tripod position, or in those pre-
senting with an inability to protect their airway
(altered mental status) (70). An assessment of sys-
temic inflammatory response syndrome criteria
should be performed, and diagnostic testing ordered
as appropriate, given the physician’s clinical suspi-
cion regarding the etiology of the systemic illness.
Potential studies include a complete blood count,
serum electrolytes, urinalysis, chest x-ray study,
blood cultures, and lactate. If sepsis is suspected,
the provider should initiate fluid resuscitation to
improve peripheral perfusion and administer
broad-spectrum antimicrobials (44–46,98).

2. After initial resuscitation and stabilization of the
toxic-appearing patient, a focused history and ex-
amination allows for the development of a differen-
tial diagnosis based on targeted questioning
regarding immunization status, medical comorbid-
ities, daily medication use, sexual practices, and
recent travel (e.g., high-risk areas for mosquito-
borne illness, such as Southeast Asia, Africa,
South/Central America). A determination
regarding the requirement for adjunct testing and
advanced imaging (point-of-care blood glucose,
respiratory viral panel, serology, peripheral smear,
head noncontrast computed tomography [CT],
abdomen/pelvis CT) can then be made.

3. In the nontoxic, immunocompetent adolescent or
adult patient, the clinical diagnosis of influenza is
accurate in up to 90% of cases (23,24,97).
Patients, or caregivers of patients older than
1 month of age, presenting for evaluation and
treatment within 48 h of symptoms onset should
be counseled about the benefits (reduced duration
of illness up to 1.6 days), and common side
effects (gastrointestinal upset) of antiviral therapy
(31–33,35).

4. In patients at high risk for complications secondary
to influenza infection (e.g., elderly [50 years and
older], immunosuppressed, health care workers,
pregnant females; detailed in Table 3), confirma-
tory testing for influenza should be performed.
RIDT has a sensitivity of 50%–70% and specificity
> 90%, and testing should be interpreted in terms of
the community prevalence of influenza infection
(9,26). The utility of performing direct
immunofluorescence and RT-PCR testing in the
ED may be limited by required laboratory process-
ing times (1–8 h) (9,26). RT-PCR is recognized as
the gold standard for the definitive diagnosis of
influenza (28–30,97).

In approaching the patient with influenza-like symp-
toms, the emergency physician must make a determina-
tion regarding the severity of illness. Identification of
the need for immediate airway management and resusci-
tation is paramount. Any concern for an infection other
than influenza, such as pneumonia, warrants antimicro-
bials and fluid resuscitation. Ultimately, a thorough his-
tory and physical examination allow for the directed
performance of evaluation and treatment.

CONCLUSIONS

Fever, headache, cough, and sore throat—a myriad of
chief complaints associated with influenza and
influenza-like illnesses—represent the most common rea-
sons for presentation to US EDs (3). Given the significant
overlap in the presenting signs and symptoms of influenza
and influenza mimics, and the plethora of infectious and
noninfectious influenza mimics, the emergency physician
must be able to quickly identify patients as toxic-
appearing or non–toxic-appearing, perform initial resus-
citation as appropriate, and collect an adequate history
and perform a physical examination to determine neces-
sary methods for patient evaluation and treatment.
REFERENCES

1. Kochanek K, Murphy S, Xu J, Tejada-Vera B. Deaths: final data for
2014. Natl Vital Stat Rep 2016;65:1–122. Available at: http://www.
cdc.gov/nchs/data/nvsr/nvsr65/nvsr65_04.pdf. Published June 30,
2016. Accessed October 1, 2016.

2. Hayden F. Influenza. In: Goldman L, Schafer AI, eds. Goldman-Ce-
cil Medicine. 25th ed. Philadelphia, PA: Elsevier Inc; 2016. 2191–
7e.

3. Centers for Disease Control and Prevention. Emergency department
visits. National Center for Health Statistics; 2011. Available at:
http://www.cdc.gov/nchs/fastats/emergency-department.htm. Ac-
cessed October 6, 2016.

4. Blaschke A, Shapiro D, Pavia T, et al. A national study of the impact
of rapid influenza testing on clinical care in the emergency depart-
ment. J Pediatr Infect Dis Soc 2014;3:112–8.

5. ThompsonW, Shay D,Weintraub E, et al. Influenza-associated hos-
pitalizations in the United States. JAMA 2004;292:1333–40.

6. Centers for Disease Control and Prevention. Influenza. National
Center for Health Statistics. Available at: http://www.cdc.gov/
nchs/fastats/flu.htm. Published 2014. Accessed October 16, 2016.

http://www.cdc.gov/nchs/data/nvsr/nvsr65/nvsr65_04.pdf
http://www.cdc.gov/nchs/data/nvsr/nvsr65/nvsr65_04.pdf
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref2
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref2
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref2
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref2
http://www.cdc.gov/nchs/fastats/emergency-department.htm
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref4
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref4
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref4
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref5
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref5
http://www.cdc.gov/nchs/fastats/flu.htm
http://www.cdc.gov/nchs/fastats/flu.htm


Influenza and Its Mimics 63
7. Marcellin L, Hessen M. Influenza. In: First Consult. Philadelphia,
PA: Elsevier Inc; 2013.

8. Mazur L, Costello M. Influenza. In: McPherson RA, Pincus MR,
eds. Henry’s Clinical Diagnosis and Management by Laboratory
Methods. Philadelphia, PA: Elsevier Inc;; 2017:1072–98.

9. Treanor J. Influenza (including avian influenza and swine influ-
enza). In: Bennett JE, Dolin R, Blaser MJ, eds. Mandell, Douglas,
and Bennett’s Principles and Practice of Infectious Diseases. Phila-
delphia, PA: Saunders; 2014:2000–20246.

10. The National Institute for Occupational Safety and Health. Seasonal
influenza (flu) in the workplace. Centers for Disease Control and
Prevention. Available at: http://www.cdc.gov/niosh/topics/flu/
activities.html. Published 2016. Accessed October 4, 2016.

11. Centers for Disease Control and Prevention. Vaccination: who
should do it, who should not and who should take precautions. Na-
tional Center for Health Statistics. Available at: http://www.cdc.
gov/flu/protect/whoshouldvax.htm#modalIdString_CDCTable_0.
Published 2016. Accessed October 6, 2016.

12. Centers for Disease Control and Prevention. People at high risk for
flu related complications. National Center for Health Statistics.
Available at: http://www.cdc.gov/flu/about/disease/high_risk.htm.
Published 2016. Accessed October 6, 2016.

13. Sanz-Esquerro J, De La Luna S, Ortin J, et al. Individual expression
of the influenza virus PA protein induces degradation of coex-
pressed proteins. J Virol 1995;69:2420–6.

14. Hinshaw V, Olsen C, Dybdahl-Sissoko N, et al. Apoptosis: a mech-
anism of cell killing by influenza A and B viruses. J Virol 1994;68:
3667–73.

15. Taubenberger J, Morens D. The pathology of influenza virus infec-
tions. Annu Rev Pathol 2008;3:499–522.

16. Centers for Disease Control and Prevention. Vaccination: clinical
signs and symptoms of influenza. Available at: http://www.cdc.gov/
flu/professionals/acip/clinical.htm. Published 2016. Accessed
October 6, 2016.

17. Surgees R, DeSousa C. Influenza virus associated encephalopathy.
Arch Dis Child 2006;91:455–6.

18. Craver RD, Sorrells K, Gohd R.Myocarditis with influenza B infec-
tion. Pediatr Infect Dis J 1997;16:629–30.

19. Minodier L, Charrel R, Ceccaldi P, et al. Prevalence of gastrointes-
tinal symptoms in patients with influenza, clinical significance and
pathophysiology of human influenza fecal samples: what do we
know? Virol J 2015;12:215.

20. Dolin R. Infectious disease. In: Braunwald E, Fauci AS, Kasper DL,
Hauser SL, Longo DL, Jameson JL, eds. Harrison’s Principles
of InternalMedicine. 15th ed.NewYork:McGraw-Hill; 2001:1125–30.

21. Montalto N. An office-based approach to influenza: clinical diag-
nosis and laboratory testing. Am Fam Physician 2003;67:111–8.

22. Crum-Cianflone NF. Bacterial, fungal, parasitic, and viral myositis.
Clin Microbiol Rev 2008;21:473–94.

23. Boivin G, Hardy I, Tellier G, et al. Predicting influenza infections
during epidemics with use of a clinical case definition. Clin Infect
Dis 2000;31:1166–9.

24. MontoA,GravensteinS,ElliottM, et al. Clinical signs and symptoms
predicting influenza infection. Arch Intern Med 2000;160:3243–7.

25. Grondahl B, Puppe W, Hoppe A, Kuhne I, Weigl JA, Schmitt HJ.
Rapid identification of nine microorganisms causing acute respira-
tory tract infections by single-tube reverse transcription-PCR: feasi-
bility study. J Clin Microbiol 1999;37:1–7.

26. Centers for Disease Control and Prevention. Guidance for clinicians
on the use of RT-PCR and other molecular assays for the diagnosis
of influenza virus infection. Available at: http://www.cdc.gov/flu/
professionals/diagnosis/molecular-assays.htm#modalIdString_CDC
Table_0. Published 2016. Accessed October 8, 2016.

27. Centers for Disease Control and Prevention. Rapid diagnostic
testing for influenza: information for clinical laboratory directors.
Available at: http://www.cdc.gov/flu/professionals/diagnosis/
rapidlab.htm. Published 2016. Accessed October 6, 2016.

28. Centers for Disease Control and Prevention. FDA-cleared RT-PCR as-
says and other molecular assays for influenza viruses. Available at:
http://www.cdc.gov/flu/pdf/professionals/diagnosis/table1-molecular-
assays.pdf. Published 2016. Accessed October 6, 2016.
29. Reina J, Plasencia V, Leyes M, et al. Comparison study of real-time
reverse transcription polymerase chain reaction assay with an
enzyme immunoassay and shell vial culture for influenza virus
detection in adult patients. Enferm Infecc Microbiol Clin 2010;
28:95–8.

30. Pachucki C, Khurshid M, Nawrocki J. Utility of reverse transcrip-
tase PCR for rapid diagnosis of influenza a virus infection and
detection of amantadine-resistant influenza a virus isolates. J Clin
Microbiol 2004;42:2796–8.

31. Centers for Disease Control and Prevention. Influenza antiviral
medications: summary for physicians. Available at: http://www.
cdc.gov/flu/pdf/professionals/antivirals/antiviral-summary-clinician.
pdf. Published 2016. Accessed October 6, 2016.

32. Stiver G. The treatment of influenza with antiviral drugs. CMAJ
2003;168:49–57.

33. TogoY, Hornick R, Felitti V, et al. Evaluation of therapeutic efficacy
of amantadine in patients with naturally occurring A2 influenza.
JAMA 1970;211:1149–56.

34. Wingfield W, Pollack D, Grunert R. Therapeutic effect of amanta-
dine HCl and rimantadine HCl in naturally occurring influenza
A2 respiratory illness in man. N Engl J Med 1969;281:579–84.

35. Hayden F, Sperber S, Belshe R, et al. Recovery of drug-resistant
influenza A during therapeutic use of rimantadine. Antimicrob
Agents Chemother 1991;35:1741–7.

36. Centers for Disease Control and Prevention. Guidance on the use of
influenza antiviral agents. Available at: http://www.cdc.gov/flu/
professionals/antivirals/antiviral-dosage.htm. Published 2016. Ac-
cessed October 6, 2016.

37. Centers for Disease Control and Prevention. Updated interim rec-
ommendations for the use of antiviral medications in the treatment
and prevention of influenza for the 2009–2010 season. Available
at: http://www.cdc.gov/H1N1flu/recommensations.htm. Published
2009. Accessed October 6, 2016.

38. Centers for Disease Control and Prevention. Antiviral agents for the
treatment and chemoprophylaxis of influenza: recommendations of
the Advisory Committee on Immunization Practices (ACIP). Avail-
able at: http://www.cdc.gov/mmwr/pdf/rr/rr6001.pdf. Published
2011. Accessed October 6, 2016.

39. Hayden F, Atmar R, Schilling M, et al. Use of the selective oral
neuraminidase inhibitor oseltamivir to prevent influenza. N Engl J
Med 1999;341:1336–43.

40. Hayden F, Osterhaus A, Treanor J, et al. Efficacy and safety of the
neuraminidase inhibitor zanamivir in the treatment of influenza vi-
rus infections. GG167 Study Group. N Engl J Med 1997;337:874–
80.

41. Welliver R, Monto A, Carewicz O, et al. Effectiveness of oseltami-
vir in preventing influenza in household contacts: a randomized
controlled trial. JAMA 2001;285:748–54.

42. GiannellaM, AlonsoM, Viedman D, et al. Prolonged viral shedding
in pandemic influenza A H1N1: clinical significance and viral load
analysis in hospitalized patients. Clin Microbiol Infect 2010;50:
1498–504.

43. Bone R, Balk R, Cerra F, et al. American College of Chest Physi-
cians/Society of Critical Care Medicine Consensus Conference:
definitions for sepsis and organ failure and guidelines for the use
of innovative therapies in sepsis. Crit Care Med 1992;20:864–74.

44. Singer M, Deutschman C, Seymour C, et al. The third international
consensus definitions for sepsis and septic shock (Sepsis-3). JAMA
2016;315:801–10.

45. Puskarich MA. Emergency management of severe sepsis and septic
shock. Curr Opin Crit Care 2012;18:295–300.

46. Ellison R, Donowitz G. Acute pneumonia. In: Bennett JE, Dolin R,
Blaser MJ, eds. Mandell, Douglas, and Bennett’s Principles and
Practice of Infectious Diseases. Philadelphia, PA: Saunders; 2014:
823–46.

47. Kollef M, Morrow L, Baughman R, et al. Health care-associated
pneumonia (HCAP): a critical appraisal to improve identification,
management, and outcomes—proceedings of the HCAP summit.
Clin Infect Dis 2008;46(suppl 4):S296–334.

48. Knowlton K, Narezkina A, Savoia M, Oxman M. Myocarditis and
pericarditis. In: Bennett JE, Dolin R, Blaser MJ, eds. Mandell,

http://refhub.elsevier.com/S0736-4679(16)31138-6/sref7
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref7
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref8
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref8
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref8
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref9
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref9
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref9
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref9
http://www.cdc.gov/niosh/topics/flu/activities.html
http://www.cdc.gov/niosh/topics/flu/activities.html
http://www.cdc.gov/flu/protect/whoshouldvax.htm#modalIdString_CDCTable_0
http://www.cdc.gov/flu/protect/whoshouldvax.htm#modalIdString_CDCTable_0
http://www.cdc.gov/flu/about/disease/high_risk.htm
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref13
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref13
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref13
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref14
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref14
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref14
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref15
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref15
http://www.cdc.gov/flu/professionals/acip/clinical.htm
http://www.cdc.gov/flu/professionals/acip/clinical.htm
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref17
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref17
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref18
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref18
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref19
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref19
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref19
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref19
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref20
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref20
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref20
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref21
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref21
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref22
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref22
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref23
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref23
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref23
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref24
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref24
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref25
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref25
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref25
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref25
http://www.cdc.gov/flu/professionals/diagnosis/molecular-assays.htm#modalIdString_CDCTable_0
http://www.cdc.gov/flu/professionals/diagnosis/molecular-assays.htm#modalIdString_CDCTable_0
http://www.cdc.gov/flu/professionals/diagnosis/molecular-assays.htm#modalIdString_CDCTable_0
http://www.cdc.gov/flu/professionals/diagnosis/rapidlab.htm
http://www.cdc.gov/flu/professionals/diagnosis/rapidlab.htm
http://www.cdc.gov/flu/pdf/professionals/diagnosis/table1-molecular-assays.pdf
http://www.cdc.gov/flu/pdf/professionals/diagnosis/table1-molecular-assays.pdf
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref29
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref29
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref29
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref29
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref29
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref30
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref30
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref30
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref30
http://www.cdc.gov/flu/pdf/professionals/antivirals/antiviral-summary-clinician.pdf
http://www.cdc.gov/flu/pdf/professionals/antivirals/antiviral-summary-clinician.pdf
http://www.cdc.gov/flu/pdf/professionals/antivirals/antiviral-summary-clinician.pdf
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref32
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref32
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref33
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref33
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref33
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref34
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref34
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref34
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref35
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref35
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref35
http://www.cdc.gov/flu/professionals/antivirals/antiviral-dosage.htm
http://www.cdc.gov/flu/professionals/antivirals/antiviral-dosage.htm
http://www.cdc.gov/H1N1flu/recommensations.htm
http://www.cdc.gov/mmwr/pdf/rr/rr6001.pdf
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref39
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref39
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref39
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref40
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref40
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref40
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref40
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref41
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref41
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref41
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref42
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref42
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref42
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref42
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref43
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref43
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref43
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref43
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref44
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref44
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref44
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref45
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref45
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref46
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref46
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref46
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref46
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref47
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref47
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref47
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref47
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref48
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref48


64 E. Simon et al.
Douglas, and Bennett’s Principles and Practice of Infectious Dis-
eases. Philadelphia, PA: Saunders; 2014:1066–79.

49. Troughton R, Asher C, Klein A. Pericarditis. Lancet 2004;363:
717–27.

50. Dupuis C, Gronnier P, Kachaner J, et al. Bacterial pericarditis in in-
fancy and childhood. Am J Cardiol 1994;74:807–9.

51. Infective endocarditis. In: First Consult. Philadelphia, PA: Elsevier
Inc; 2011.

52. Fowler V, Scheld M, Bayer A. Endocarditis and Intravascular Infec-
tions. In: Bennett JE, Dolin R, Blaser MJ, eds. Mandell, Douglas,
and Bennett’s Principles and Practice of Infectious Diseases. Phila-
delphia, PA: Saunders; 2014:990–1028.

53. Habib G, Badano L, Tribouilloy C, et al. Recommendations for the
practice of echocardiography in infective endocarditis. Eur J Echo-
cardiogr 2010;11:202–19.

54. Singh A, Promes S. Key points: meningitis, encephalitis, and brain
abscess. In: Brown AFT, Cadogan MD, eds. Emergency Medicine:
Diagnosis and Management. 7th ed. Boca Raton: CRC Press; 2016:
1443–14531.

55. Curtis S, Stobart K, Vandermeer B. Clinical features suggestive of
meningitis in children: a systematic review of prospective data. Pe-
diatrics 2010;126:952–60.

56. Nigrovic L, Kupperman N, Macias C, et al. Clinical prediction rule
for identifying children with cerebrospinal fluid pleocytosis at very
low risk of bacterial meningitis. JAMA 2007;297:52–60.

57. Scalera N, Ferri F. Spinal epidural abscess. In: First Consult. Phila-
delphia, PA: Elsevier; 2012.

58. Patterson J, Sammon M, Garg M. Dengue, Zika and Chikungunya:
emerging arboviruses in the new world. West J Emerg Med 2016;
17:671–9.

59. Bhatt S, Gething P, Brady O, et al. The global distribution and
burden of dengue. Nature 2013;496(7446):504–7.

60. World Health Organization. Dengue and severe dengue fact sheet.
Available at: http://www.who.int/mediacentre/factsheets/fs117/en/.
Published 2016. Accessed October 4, 2016.

61. Barnett E. Yellow fever: epidemiology and prevention. Clin Infect
Dis 2007;44:850–6.

62. Petersen E, Polen K, Meaney-Delman D, et al. Update: interim
guidance for health care providers caring for women of reproductive
age with possible zika virus exposure—United States, 2016.
MMWR Morb Mortal Wkly Rep 2016;65:315–22.

63. Schleyer A, Sisson S, Baustian G, et al. Malaria. First Consult. Phil-
adelphia, PA: Elsevier Inc; 2013.

64. Centers for Disease Control and Prevention. Malaria. Available at:
https://www.cdc.gov/malaria/. Published 2016. Accessed October
6, 2016.

65. Richey L, Halperin J. Acute human immunodeficiency virus infec-
tion. Am J Med Sci 2013;345:136–42.

66. Delaney K, Branson B, Uniyal A, Phillips S, Candal D. Evaluation
of the performance characteristics of 6 rapid HIV antibody tests.
Clin Infect Dis 2011;52:257–63.

67. Hammer S. Management of newly diagnosed HIV infection. N Engl
J Med 2005;353:1702–10.

68. Nayak J,Weinberg G. Epiglottitis. In: Bennett JE, Dolin R, Blaser MJ,
eds. Mandell, Douglas, and Bennett’s Principles and Practice of Infec-
tious Diseases. Philadelphia, PA: Saunders; 2014:785–7881.

69. Gonzalez Valdepena H, Wald ER, et al. Epiglottitis. Pediatrics
1995;96:424–7.

70. Chian T, Prabaker K. Deep neck infections. In: Scholes M,
Ramakrishnan V, eds. ENT Secrets. 4th ed. Philadelphia, PA: Saun-
ders Elsevier; 2016:20–5.

71. The digestive system. In: Bope E, Fisher W, eds. Conn’s Current
Therapy. Philadelphia: Saunders Elsevier Inc; 2016:519–602.

72. Sifri C, Madoff L. Appendicitis. In: Bennett JE, Dolin R, Blaser MJ,
eds. Mandell, Douglas, and Bennett’s Principles and Practice of In-
fectious Diseases. Philadelphia, PA: Saunders; 2014:982–9851.

73. Soper D. Infections in the female pelvis. In: Bennett JE, Dolin R,
BlaserMJ, eds.Mandell,Douglas, andBennett’s Principles andPractice
of Infectious Diseases. Philadelphia, PA: Saunders; 2014:1372–13802.

74. Osborne N. Tubo-ovarian abscess: pathogenesis and management.
J Natl Med Assoc 1986;78:937–51.
75. Sharma A, Levy D. Thyroid and adrenal disorders. In: Marx JA,
Hockberger RS, Walls RM, et al., eds. Rosen’s Emergency Medicine.
8th ed. Philadelphia: Saunders Elsevier Inc; 2014:1672–16921.

76. Akamizu T, Satoh T, Osamu I, et al. Diagnostic criteria, clinical fea-
tures, and incidence of thyroid storm based on nationwide surveys.
Thyroid 2012;22:661–79.

77. Freeman A, Abernethy A. Pulmonary embolism. In: First Consult.
Philadelphia, PA: Elsevier Inc; 2014.

78. Wong D, Ramaseshan G, Mendelson R. Comparison of the
Wells and Revised Geneva Scores for the diagnosis of pulmo-
nary embolism: an Austrialian experience. Intern Med J 2011;
41:258–63.

79. Saguil A, Fargo M. Acute respiratory distress syndrome: diagnosis
and management. Am Fam Physician 2012;85:352–8.

80. Bernard G, Artigas A, Brigham K, et al. The American-European
Consensus Conference on ARDS. Definitions, mechanisms, rele-
vant outcomes, and clinical trial coordination. Am J Respir Crit
Care Med 1994;149(3 pt 1):818–24.

81. ARDSnet. NIH, NHLBI, ARDS clinical network mechanical venti-
lation protocol summary. Available at: http://www.ardsnet.org/files/
ventilator_protocol_2008-07.pdf. Published 2008. Accessed
October 7, 2016.

82. Mehran R, Wiener M. Acute myocardial infarction. In: First Con-
sult. Philadelphia, PA: Elsevier; 2014.

83. Antman E, Anbe D, Armstrong P, Bates E, Green L. ACC/AHA
guidelines for the management of patients with ST-elevation
myocardial infarction—executive summary. Circulation 2004;110:
588–636.

84. Wijdicks E. Subarachnoid hemorrhage. In: First Consult. Philadel-
phia, PA: Elsevier Inc; 2014.

85. Meurer W, Walsh B. CTA of the brain is a reasonable option to
consider to help rule out subarachnoid hemorrhage in select
patients. 2014 AAEM Clinical Practice Committee Statement.
Available at: http://www.aaem.org/UserFiles/CTAtoHelpRule
OurSubarachnoidHemorrhage.pdf. Accessed October 6, 2016.

86. Connolly E, Rabinstein A, Carhuapoma R, et al. Guidelines for the
management of aneurysmal subarachnoid hemorrhage. Stroke
2012;43:1711–37.

87. Agid R, Lee S, Willinsky R, Farb R, terBrugge K. Acute subarach-
noid hemorrhage: using 64-slice multidetector CT angiography to
‘‘triage’’ patients’ treatment. Neuroradiology 2006;48:787–94.

88. Gebel J, Scherger J, Misulis K, et al. Stroke and transient ischemic
attack overview. In: First Consult. Philadelphia, PA: Elsevier Inc;
2010.

89. Gebel J, Scherger J, Misulis K, Ferri F. Cavernous sinus thrombosis.
In: First Consult. Philadelphia. PA: Elsevier Inc; 2011.

90. Kwiatkowski T, Friedman B. Headache disorders. In: Rosen’s
Emergency Medicine. 8th ed. Philadelphia: Saunders Elsevier;
2014:1386–13973.

91. Vatankah B, Furst A, Schlachetzki F. Do normal d-dimer levels reli-
ably exclude cerebral sinus thrombosis? A solution of problems?
Stroke 2005;36:2528–9.

92. O’Keefe K, Sanson T. Mesenteric ischemia. In: Brown AFT,
Cadogan MD, eds. Emergency Medicine: Diagnosis and Manage-
ment. 7th ed. Boca Raton, FL: CRC Press; 2016:292–2981.

93. Boley S, Brandt L, Sammartano R. History of mesenteric ischemia:
the evolution of a diagnosis and management. Surg Clin North Am
1997;77:275–88.

94. Burns B, Brandt L. Intestinal ischemia. Gastroenterol Clin North
Am 2003;32:1127–43.

95. Zosel A. General approach to the poisoned patient. In: Brown AFT,
Cadogan MD, eds. Emergency Medicine: Diagnosis and Manage-
ment. 7th ed. Boca Raton: CRC Press; 2016:292–2981.

96. Linden C, Rumack B, Strehlke C. Monoamine oxidase inhibitor
overdose. Ann Emerg Med 1984;13:1137–44.

97. Peters T, Suerken C, Snively B, et al. Influenza testing, diagnosis, in
the emergency department in 2009-2010 and 2010-2011. Acad
Emerg Med 2013;20:786–94.

98. Dellinger RP, Levy MM, Rhodes A, et al. Surviving sepsis
campaign: international guidelines for management of severe sepsis
and septic shock: 2012. Crit Care Med 2013;41:580–637.

http://refhub.elsevier.com/S0736-4679(16)31138-6/sref48
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref48
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref49
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref49
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref50
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref50
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref51
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref51
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref52
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref52
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref52
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref52
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref53
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref53
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref53
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref54
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref54
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref54
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref54
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref54
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref55
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref55
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref55
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref56
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref56
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref56
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref57
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref57
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref58
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref58
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref58
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref59
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref59
http://www.who.int/mediacentre/factsheets/fs117/en/
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref61
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref61
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref62
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref62
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref62
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref62
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref63
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref63
https://www.cdc.gov/malaria/
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref65
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref65
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref66
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref66
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref66
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref67
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref67
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref68
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref68
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref68
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref69
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref69
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref70
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref70
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref70
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref70
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref71
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref71
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref72
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref72
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref72
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref73
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref73
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref73
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref74
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref74
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref75
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref75
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref75
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref76
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref76
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref76
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref77
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref77
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref78
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref78
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref78
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref78
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref79
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref79
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref80
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref80
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref80
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref80
http://www.ardsnet.org/files/ventilator_protocol_2008-07.pdf
http://www.ardsnet.org/files/ventilator_protocol_2008-07.pdf
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref82
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref82
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref83
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref83
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref83
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref83
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref84
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref84
http://www.aaem.org/UserFiles/CTAtoHelpRuleOurSubarachnoidHemorrhage.pdf
http://www.aaem.org/UserFiles/CTAtoHelpRuleOurSubarachnoidHemorrhage.pdf
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref86
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref86
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref86
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref87
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref87
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref87
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref88
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref88
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref88
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref89
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref89
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref90
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref90
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref90
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref91
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref91
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref91
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref92
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref92
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref92
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref92
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref93
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref93
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref93
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref94
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref94
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref95
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref95
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref95
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref95
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref96
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref96
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref97
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref97
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref97
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref98
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref98
http://refhub.elsevier.com/S0736-4679(16)31138-6/sref98


Influenza and Its Mimics 65
ARTICLE SUMMARY

1. Why is this topic important?
Influenza and upper respiratory infections account for a

large amount of emergency department (ED) presenta-
tions. However, many critical conditions can present
with similar symptoms.
2. What does this review attempt to show?

This review evaluates influenza symptoms and diag-
nosis, while discussing mimics and an approach to evalu-
ation and management.
3. What are the key findings?

Influenza can present with a variety of symptoms, and
providers demonstrate a diagnostic accuracy approaching
90% in the correct setting. Rapid antigen detection can be
useful in the ED, and treatment is warranted for several
populations within 48 h of symptom onset. Approxi-
mately 70% of patients with influenza-like symptoms
are experiencing a mimic. Several of these conditions
that mimic the presentation of influenza require rapid
management.
4. How is patient care impacted?

This evaluation of influenza and its mimics discusses
the presentation, diagnosis, and management of influenza,
while detailing the presentation and diagnosis of several
deadly conditions requiring rapid diagnosis and treat-
ment.


