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Introduction: Rapid worldwide spread of Coronavirus Disease 2019 (COVID-19) has resulted in a global pan-
demic.
Objective: This review article provides emergency physicians with an overview of the most current understand-
ing of COVID-19 and recommendations on the evaluation andmanagement of patientswith suspected COVID-19.
Discussion: Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-2), the virus responsible for causing
COVID-19, is primarily transmitted from person-to-person through close contact (approximately 6 ft) by respi-
ratory droplets. Symptoms of COVID-19 are similar to other viral upper respiratory illnesses. Three major trajec-
tories include mild disease with upper respiratory symptoms, non-severe pneumonia, and severe pneumonia
complicated by acute respiratory distress syndrome (ARDS). Emergency physicians should focus on identifying
patients at risk, isolating suspected patients, and informing hospital infection prevention and public health au-
thorities. Patients with suspected COVID-19 should be asked to wear a facemask. Respiratory etiquette, hand
washing, and personal protective equipment are recommended for all healthcare personnel caring for suspected
cases. Disposition depends on patient symptoms, hemodynamic status, and patient ability to self-quarantine.
Conclusion: This narrative review provides clinicians with an updated approach to the evaluation and manage-
ment of patients presenting to the emergency department with suspected COVID-19.

Published by Elsevier Inc.
1. Introduction

On January 30, 2020, the World Health Organization (WHO) desig-
nated an outbreak of a novel coronavirus not seen before in humans
to be a “public health emergency of international concern” (PHEIC);
this was followed by the declaration of a pandemic on March 11, 2020
[1,2]. Severe Acute Respiratory Syndrome coronavirus 2 (SARS-CoV-
2), previously referred to as 2019-nCoV, is the virus responsible for
causing Coronavirus Disease 2019 (COVID-19) [3-7]. The pandemic
traces its early beginnings to the report of a cluster of 27 unexplained
pneumonia cases in late December 2019 originating from a seafood
and live animal market in Wuhan, Hubei Province, China [8-11]. From
the outset, the causative agent was thought to be viral, with most pa-
tients reporting fever or dyspnea [9,11]. With unprecedented numbers
of individuals under travel restrictions or quarantine, worldwide
spread, and no known cure or vaccine yet available, COVID-19 has
proven a formidable adversary [12,13-15].

The Ebola Virus Disease (EVD) outbreak of 2014 in West Africa pro-
vided valuable lessons with regards to emergency preparedness,
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personal protective equipment use, and triage processes and
underscored the important role that emergency physicians play on the
frontlines of emerging infectious diseases [16-18]. We describe the vi-
rology, epidemiology, clinical presentation, radiographic and laboratory
findings, current testing protocols, and management of patients pre-
senting with COVID-19 to the emergency department (ED). In this re-
view article, we provide emergency physicians with best practices
based on the rapidly evolving body of literature surrounding COVID-19.

2. Discussion

2.1. Virology

SARS-CoV-2 is a member of the coronavirus family, named for the
crown-like appearance of spikes on the virus surface [5,19]. Othermem-
bers of the coronavirus family include Middle East Respiratory Syn-
drome Coronavirus (MERS-CoV) and SARS-CoV-1, as well as
coronaviruses responsible for the common cold (Figs. 1 and 2)
[5,6,8,19]. Like MERS-CoV and SARS-CoV-1, SARS-CoV-2 is a
betacoronavirus and is likely associated with an animal reservoir
(e.g., bats) [6,8,14]. While an exact animal source has not been con-
firmed for COVID-19, many of the early cases in China were linked to
a live animal and seafood market [6,14,20,21].
s Disease (COVID-19): A primer for emergency physicians, American
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Fig. 1. Transmission electronic microscope image of COVID-19 illustrating the
characteristic crown-like spikes on the outer rim.
Source: National Institute of Allergy and Infectious Diseases-RockyMountain Laboratories
(NIAID-RML). Novel Coronavirus SARS-CoV-2.; 2020. https://www.flickr.com/photos/
niaid/49534865371/. Accessed February 18, 2020.
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2.2. Epidemiology

Themajority of initial COVID-19 caseswere associatedwith travel to
Hubei Province, China; however, a growing number of cases due to
person-to-person transmission have been reported both in and outside
of China (Fig. 3) [8,14,22,23]. Up to 94% of COVID-19 cases were re-
ported to originate from Hubei Province in December 2019; as of
March 2020, the greatest number of new cases are now being reported
in Italy, Spain, Germany, and the United States (U.S.) (Figs. 3 and 4) [24-
26].

Based on what is known about other coronaviruses, experts believe
COVID-19 primarily spreads from person-to-person through close con-
tact (approximately 6 ft) by respiratory droplets [4,8,14,23,27]. Trans-
mission of the virus through contaminated surfaces or fomites with
subsequent contact with the eyes, nose, or mouth may also occur
[14,23,27]. Patients are felt to be at highest risk of spreading the illness
when they are most symptomatic [23,27]. Limited data support viral
Fig. 2. This electron microscope image depicts the spikes on the oute
Eckert A, Higgins D, Centers for Disease Control and Prevention. ID# 2
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shedding in asymptomatic patients while increased levels of viral shed-
dingmay be more pronounced in those critically ill [28-30]. Current ep-
idemiologic patterns of COVID-19 in China indicate that it is highly
contagiouswith sustained spread; the extent of person-to-person trans-
mission within the U.S. was initially limited but has progressed now to
community transmission in many parts of the country [23]. The current
R0 or basic reproduction number is estimated to be N2.2; for every case
of COVID-19 identified in the population, N2 additional cases are possi-
ble in the absence of adequate isolation. [20,31-33]

In an early epidemiologic analysis of 425 COVID-19 cases inWuhan,
China, the median patient age was 59 years, and 56% weremale [20]. In
the largest study to date of COVID-19, comprising over 72,000 patient
records (up to February 11, 2020) from China, 86.6% of patients were
30–79 years of age [34]. While 80.9% of these cases were reported to
be mild, the overall case fatality rate was 2.3% [34]. Few pediatric
cases of COVID-19 have been reported, with patients aged 0–19 years
representing just 2.1% of all cases [34,35]. Approximately 3.8% of labora-
tory confirmed cases of COVID-19 occurred in healthcare personnel, and
14.6% of these caseswere either severe or critical [34]. To be classified as
severe, the following characteristics were required: PaO2/FiO2 b 300,
oxygen saturation ≤ 93%, presence of N50% lung infiltrates within
24–48 h, respirations ≥30 breaths/min, or dyspnea [34]. Critical patients,
defined as those with septic shock, multiple organ dysfunction/failure,
and/or respiratory failure, accounted for approximately 5% of the
study population with a case fatality rate of 49.0% [34,24]. The highest
case fatality rate was observed in those older than 80 years (14.8%)
[34]. Patients without comorbidities had a case fatality rate of just
0.9%, in contrast to thosewith comorbid conditions such as cardiovascu-
lar disease (10.5%) [34].

Caution should be exercised in interpreting early findings, as
underreporting and variable testing practices have been a concern
with COVID-19 [36,37]. Case fatality rates in Hubei Province have been
reported to be 18% (95% confidence interval [CI] 11–18), while those
outside mainland China range from 1.2–5.1% [38]. Mortality rates have
been calculated to be as high as 11–15% [39,40]. When compared to
other recent epidemics such as SARS (9.56) or EVD (39.53), the average
case fatality rate (4.2%) for COVID-19 ismuch lower (Table 1) [41,42]. In
comparison, the 2009 H1N1 influenza pandemic and 2017 influenza
season were responsible for approximately 220 times more cases
[41,42].

Based onwhat is known about similar coronaviruses, the longest po-
tential incubation period for COVID-19 is thought to be 14 days from
r surface of the COVID-19 in addition to several protein particles.
3313; 2020. https://phil.cdc.gov/Details.aspx?pid=23313. Accessed February 18, 2020.
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Fig. 3. Countries with at least 1 confirmed case of COVID-19 as of March 21, 2020.
Available from https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/world-map.html.
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initial exposure [4,6]. The mean incubation period is 5.2 days (95% CI
4.1–7.0) but can range from 2 to 14 days [4,20,43]. Co-infections occur
in 22–33% of patients and may be higher in critical patients [44,45].

2.3. Special populations

Risk factors for severe COVID-19 disease include advanced age,
chronic medical conditions, immunocompromise, and cancer [46].

Data regarding pregnancy and COVID-19 are limited [47]. Pregnant
women and fetuses may be more vulnerable to COVID-19 infection
compared to the general population [48]. There are case reports of preg-
nant women diagnosed with COVID-19 complicated by adverse out-
comes including preterm birth [47]. Historically, infants born to
mothers with other coronaviruses such as MERS-CoV or SARS-CoV-1
have been small for gestational age or preterm [47]. Newborn infants
are also an at-risk population [48].

Occupational exposure to pathogens is an inherent risk ofworking in
healthcare settings [49]. During the 2003 SARS outbreak, 9% of
healthcare professionals (HCPs) in Toronto, Canada participating in en-
dotracheal intubation of infected patients became infected themselves
[50]. In another study, 77% of SARS patients in Toronto had ties to the
hospital setting, and 51% of cases were HCPs [51]. During the H1N1 in-
fluenza pandemic, HCPs were significantlymore likely to develop infec-
tion (odds ratio [OR] 2.08, 95%CI 1.73–2.51)with a pooled prevalence of
6.3% [52]. As COVID-19 has disproportionately affected HCPs, emer-
gency physicians must be vigilant about potential exposure risks and
Fig. 4. United States cases
Available from https://ww
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adhere to appropriate infection prevention precautions [53,54]. In
Italy, anywhere from 8 to 30% of HCPs have been infected with SARS-
CoV-2 [55,56].

2.4. Clinical presentation

The symptoms of COVID-19 are similar to other viral upper respira-
tory illnesses and include fever, cough, fatigue, and dyspnea [6,8,43].
The differential diagnosis for COVID-19 should be tailored to the patient
and their presenting symptoms and comorbidities. Influenza, respira-
tory syncytial virus (RSV), other viral illnesses, and bacterial pneumonia
should be considered, as well as other pulmonary diseases (ie, pulmo-
nary embolism). Completing a thorough yet focused history and physi-
cal examination and obtaining collateral history from family members
are vital. Aside from pulmonary symptoms, patients with COVID-19
may initially present with more vague complaints including diarrhea,
lethargy, myalgias, and nausea [40,57]. Patients may also experience
headache, confusion, vomiting, pleurisy, sore throat, sneezing,
rhinorrhea, and nasal congestion [40,58]. A case series of 41 patients
(median age 49.0 years) with COVID-19 from Wuhan, China found the
most commonly reported symptoms were cough (76%), fever (98%),
or dyspnea (55%) [39]. In the same case series, patients also reported
myalgias/fatigue (44%), productive cough (28%), headache (8%), he-
moptysis (5%), and diarrhea (3%) [39]. In a nationwide study of
COVID-19 cases from across China, themost common presenting symp-
toms included cough (68%), fever (44%), fatigue (38%), sputum
as of March 21, 2020.
w.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html.
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Table 1
Comparison of epidemiological characteristics of recent global epidemics as of March 21,
2020 [41,4].

Disease Case fatality rate Deaths Cases

COVID-19 (2019) 4.2 11,299 272,166
Influenza (2017)a N/A 145,000 54,481,000
Ebola (2014) 39.53 11,323 28,646
H1N1 (2009) 0.1 18,449 60,800,000
SARS (2003) 9.56 774 8096

a Estimated global burden of disease from influenza-related lower respiratory tract in-
fections; excludes cases with alternative causes (i.e. cardiac).
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production (34%), and shortness of breath (19%) [59]. Fever was not a
predominant symptom at the time of initial presentation. In patients
with more severe disease, dyspnea may be present in 37% of patients
and progress to acute lung injury in 15% of patients [60]. One study of
204 patients with confirmed COVID-19 suggests 48.5% of patients
have gastrointestinal (GI) symptoms [61]. These symptomsmay include
anorexia (83.8%), diarrhea (29.3%), vomiting (0.8%), and abdominal
pain (0.4%). Seven of the 204 patients had only GI symptomswith no re-
spiratory symptoms [61].

Atypical presentations of infection in general may be more likely in
the elderly and immunocompromised, whomay notmount a febrile re-
sponse [62,63]. To increase sensitivity and identify potential COVID-19
patients sooner, the U.S. Centers for Disease Control and Prevention
(CDC) recommends using a temperature cutoff of 100.0 Fo [64]. Patients
older than 60 years of age and those with comorbidities may also pres-
ent with more severe disease compared to other populations [58].

Three major trajectories for COVID-19 have been described: mild
disease with upper respiratory symptoms, non-severe pneumonia,
and severe pneumonia complicated by acute respiratory distress syn-
drome (ARDS) necessitating aggressive resuscitative measures [65].
Anywhere from 17 to 29% of patients may develop ARDS [39,40].
Other complications of COVID-19 include secondary bacterial infection,
Table 2
World Health Organization (WHO) case and contact definitions for global surveillance of COVI
https://www.who.int/publications-detail/global-surveillance-for-human-infection-with-novel-

Suspected case
A. A patient with acute respiratory illness (fever and at least one sign/symptom of respirat
a location reporting community transmission of COVID-19 disease during the 14 days prio

OR

B. A patient with any acute respiratory illness AND having been in contact with a confirme
symptom onset;

OR

C. A patient with severe acute respiratory illness (fever and at least one sign/symptom of
AND in the absence of an alternative diagnosis that fully explains the clinical presentation
Probable case
A. A suspect case for whom testing for the COVID-19 virus is inconclusive.

OR

B. A suspect case for whom testing could not be performed for any reason.
Confirmed case
A person with laboratory confirmation of COVID-19 infection, irrespective of clinical signs

See laboratory guidance for details: https://www.who.int/emergencies/diseases/novel-co
Contact
A contact is a person who experienced any one of the following exposures during the 2 da
case:

• Face-to-face contact with a probable or confirmed case within 1 m and for N15 min;
• Direct physical contact with a probable or confirmed case;
• Direct care for a patient with probable or confirmed COVID-19 disease without using pr
• Other situations as indicated by local risk assessments.

Note: For confirmed asymptomatic cases, the period of contact ismeasured as the 2 days before
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acute kidney injury, septic shock, ventilator-associated pneumonia, and
cardiac injury [39,40].

2.5. Initial approach to COVID-19 in the emergency department

An emergency medicine approach to COVID-19 should focus on
identifying and isolating patients at risk for infection, informing hospital
infection prevention and local public health authorities, and engaging
infectious disease and other specialists early in care. The World Health
Organization (WHO) has established case and contact definitions for
COVID-19 to standardize global surveillance (Table 2). Most patients
with confirmed COVID-19 have had a subjective or confirmed fever
and/or symptoms of acute respiratory illness (e.g., cough, difficulty
breathing) [66].

In concert with clinician judgment regarding patient presentations
compatible with COVID-19, CDC guidelines prioritize patients from de-
fined populations for further evaluation and testing as persons under in-
vestigation (PUI) (Table 3). These criteria are not exhaustive, and
patientswith an unestablished etiology or equivocal history of exposure
may be considered for further testing on an individual basis [67]. Con-
firmed local COVID-19 cases in the setting of known community trans-
mission should reduce the threshold for further COVID-19 evaluation in
the ED. Collaboration with local and state public health departments is
strongly recommended [62,67]. A PUI should be asked to wear a
facemask to reduce risk of transmission to others in the immediate vi-
cinity. Fig. 5 details CDC recommendations for identifying and assessing
suspected COVID-19.

2.5.1. Pre-hospital setting
Emergency medical services (EMS) directors and public health au-

thorities working in conjunction with the CDC will need to modify
emergency preparedness strategies to address COVID-19 [68]. Emer-
gency medical dispatchers should consider whether callers describing
risk factors and symptoms concerning for COVID-19 should be
D-19.
coronavirus-(2019-ncov).

ory disease, e.g., cough, shortness of breath), AND a history of travel to or residence in
r to symptom onset;

d or probable COVID-19 case (see definition of contact) in the last 14 days prior to

respiratory disease, e.g., cough, shortness of breath; AND requiring hospitalization)
.

and symptoms.

ronavirus-2019/technicalguidance/laboratory-guidance

ys before and the 14 days after the onset of symptoms of a probable or confirmed

oper personal protective equipment; OR

through the 14days after the date onwhich the samplewas takenwhich led to confirmation.
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Table 3
Patient populations that should be prioritized for evaluation of COVID-19 in the setting of
compatible signs and symptoms. https://www.cdc.gov/coronavirus/2019-nCoV/hcp/clini-
cal-criteria.html

1. Hospitalized patients who have signs and symptoms compatible with COVID-19
in order to inform decisions related to infection control.

2. Other symptomatic individuals such as, older adults and individuals with
chronic medical conditions and/or an immunocompromised state that may put
them at higher risk for poor outcomes (e.g., diabetes, heart disease, receiving
immunosuppressive medications, chronic lung disease, chronic kidney disease).
3. Any persons including healthcare personnela, who within 14 days of symptom
onset had close contactb with a suspect or laboratory-confirmedc COVID-19
patient, or who have a history of travel from affected geographic areasd within 14
days of their symptom onset.

Notes:
aFor healthcare personnel, testing may be considered if there has been exposure to
a person with suspected COVID-19 without laboratory confirmation. Because of
their often extensive and close contact with vulnerable patients in healthcare
settings, even mild signs and symptoms (e.g., sore throat) of COVID-19 should be
evaluated among potentially exposed healthcare personnel. Additional informa-
tion is available in CDC’s Interim U.S. Guidance for Risk Assessment and Public
Health Management of Healthcare Personnel with Potential Exposure in a
Healthcare Setting to Patients with Coronavirus Disease 2019 (COVID-19).
bClose contact is defined as—
a) being within approximately 6 feet (2 meters) of a COVID-19 case for a
prolonged period of time; close contact can occur while caring for, living with,
visiting, or sharing a healthcare waiting area or room with a COVID-19 case
– or –
b) having direct contact with infectious secretions of a COVID-19 case (e.g., being
coughed on)
If such contact occurs while not wearing recommended personal protective
equipment or PPE (e.g., gowns, gloves, NIOSH-certified disposable N95 respirator,
eye protection), criteria for PUI consideration are met.
cDocumentation of laboratory-confirmation of COVID-19 may not be possible for
travelers or persons caring for COVID-19 patients in other countries.
dAffected areas are defined as geographic regions where sustained community
transmission has been identified. For a list of relevant affected areas, see CDC’s
Coronavirus Disease 2019 Information for Travel.
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identified as a potential PUI [30,68]. If so, EMS personnel arriving on-
scene aswell as HCPs at the receiving hospital should be notified imme-
diately to ensure proper personal protective equipment (PPE) use and
confirm that appropriate isolation facilities are available [30,68]. Once
contact is made with the patient, initial triage and assessment should
be done at least 6 ft or 2 meters away and minimized until the PUI
dons a facemask [68]. In addition to limiting the number of EMS person-
nel in the patient compartment, those providing any direct patient care
should follow standard, droplet (surgical mask), and contact precau-
tions (gown and gloves) while wearing eye protection (face shield or
goggles) [68]. Airborne precautions (N95 respirator) should be
employed if the patient is critically ill and/or if an aerosol-generating
procedure is anticipated during transport. Ideally, transport vehicles
with isolated compartments or high efficiency particulate air (HEPA) fil-
tration should be used, and the patient should be transferred directly to
a treatment room on arrival at the receiving healthcare facility [68].
After the patient has been transported and EMS documentation is
being completed, patient compartment doors should be left open to
allow proper ventilation [68]. When cleaning the vehicle, disposable
gown, gloves, surgical mask, and face shield should be worn [68]. Rou-
tine cleaning should be followed by application of a hospital-grade dis-
infectant, preferably one approved by theU.S. Environmental Protection
Agency (EPA) for use against emerging viral pathogens including SARS-
CoV-2 [68].

2.5.2. Emergency department setting
Patients presenting with symptoms concerning for COVID-19 to the

ED should be separated from other patients by at least 6 ft or 2 m and
asked to wear a facemask [62,69]. Ideally, stable COVID-19 PUIs would
be identified at time of check-in or triage and then placed in a private
room with the door closed [30,64]. Critically ill patients and those re-
quiring aerosol-generating procedures should be placed in an airborne
Please cite this article as: S. Chavez, B. Long, A. Koyfman, et al., Coronaviru
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infection isolation room (AIIR), also known as a negative pressure isola-
tion room,withHEPAfiltration of the recirculated air [30,69]. Once a PUI
is identified, the appropriate health department or agency and institu-
tional personnel should be notified in an expeditious manner [62,67].
Movement into and out of the patient's treatment room should be lim-
ited to only essential HCPs involved in patient care [69]. While in the
room, the PUI may remove their facemask [69]. However, it is reason-
able to ask the patient to wear a facemask during interactions with
HCPs (e.g., performing a physical examination) in the room as tolerated
to contain respiratory droplets generated from coughing.

HCPs should either use alcohol-based hand sanitizer or wash their
hands with soap and water before and after contact with a COVID-19
PUI [62,69]. They should be trained in the appropriate use of PPE per
hospital guidelines, including techniques to safely doff equipment
protecting mucous membranes [69]. When caring for a stable PUI,
HCPs should adhere to droplet (surgical mask), contact (gown and
gloves), and standard precautions with the addition of eye protection
(face shield or goggles) [8,57,62,64,69]. If a PUI is critically ill or an
aerosol-generating procedure (e.g., endotracheal intubation, suctioning
of the airway, sputum induction) is necessary, HCPs should escalate to
airborne precautions with the use of a fitted N95 respirator in place of
a surgical mask [62,69,70]. Reusable respirators such as powered air pu-
rifying respirators (PAPRs) may also be used, but should be disinfected
and maintained appropriately [69]. Patients with a history of COVID-
19 exposure presenting with non-infectious symptoms may be evalu-
ated and treated in adherence to standard precautions alone [64].

If portable studies (e.g., plain radiography) cannot be completed
within the patient's room or the patient requires transport elsewhere
within the ED or hospital by wheelchair or stretcher, HCPs should don
appropriate PPE [64,70]. Healthcare professionals at the destination or
receiving location should be made aware of the patient's arrival and
likewise don appropriate PPE [64,71]. Patients leaving their treatment
room should wear a facemask, be dressed in a clean hospital gown
(when possible), perform hand hygiene, and be educated in proper re-
spiratory hygiene [71].

Personnel cleaning empty PUI rooms should follow droplet, contact,
and standard precautions with eye protection as infectious particles
may be present [63]. It is unclear how long SARS-CoV-2 remains in the
air, but drawing parallels fromother airborne disease such as tuberculo-
sis can be helpful, particularly if an aerosol-generating procedure has
been performed [63]. Frequently used surfaces should be cleaned at
least twice daily with implementation of standard institutional cleaning
procedures [71].

2.5.3. Considerations for airway management
Intubation is a high-risk procedure due to the aerosolization of respi-

ratory droplets [30,72]. Rescue intubations should be avoidedwhenever
possible as complete adherence to PPE may be inadequate in a time-
sensitive critical scenario [72]. Society of Critical Care Medicine
(SCCM) Surviving Sepsis COVID-19 guidelines recommend performing
endotracheal intubation under airborne precautions, including use of a
fitted N95 respirator and placement of the patient in an AIIR [70].
Based on prior cases of HCPs infected with SARS-CoV-1 while using
N95 respirators, some experts recommend using a PAPR [72]. The
most experienced provider should intubate [70,72]. To reduce inadver-
tent contamination by touching one's face or hair, a full face shield and
head cover is recommended if a PAPR is not used [30,72]. Wrist expo-
sure can be minimized by using longer-sleeved gloves or vertically tap-
ing gloves to the gown [30]. Applying tape circumferentially makes
removing PPE more difficult and does not have added benefit [30].
Shoe covers should be avoided, as they can lead to accidental self-
contamination. Instead, impermeable shoes that can be appropriately
decontaminated should be worn [30]. If available, coveralls with or
without a hood may be used, but processes and training in safe doffing
should be established beforehand as HCPs may be less experienced in
using these PPE ensembles [30].
s Disease (COVID-19): A primer for emergency physicians, American
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Fig. 5. Flowchart to Identify and Assess 2019 Novel Coronavirus from the CDC.
Available at https://www.cdc.gov/coronavirus/2019-ncov/hcp/2019-nCoV-identify-assess-flowchart-508.pdf. Accessed February 26, 2020.
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HCPs may consider double gloving and positioning waste and other
transport receptacles close by to limit droplet and/or contact transmis-
sion when securing contaminated equipment for disposal or
reprocessing [72]. Preoxygenation should be optimized with non-
aerosol generating strategies including head of bed elevation, jaw
thrust, and use of positive end expiratory pressure valves. Fiberoptic lar-
yngoscopy should be avoided unless absolutely necessary as atomiza-
tion of anesthetic will cause the virus to become aerosolized [72].
Preoxygenation for at least 5 min with 100% oxygen before performing
rapid sequence intubation (RSI) may be used with nasal cannula,
though this may increase the risk of contamination [30,72]. To reduce
this risk, a surgical mask can be placed on the patient over the device.
Non-invasive positive pressure ventilation (NIPPV) may increase risk
of aerosolization and is not recommended for preoxygenation [30,72].
A high efficiency hydrophobic filter should be used between the
Please cite this article as: S. Chavez, B. Long, A. Koyfman, et al., Coronaviru
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facemask and the rest of the respiratory circuit [72]. Video laryngoscopy
is preferred to direct laryngoscopy to increase distance between the
intubator and the patient [30,70]. A closed system should be utilized
for suctioning. Once the intubation is complete, the emergency physi-
cian should immediately place the laryngoscope in their outer glove
along with all other equipment used for intubation in a double zip-
locked plastic bag [72]. The presence of a high-efficiency particulate
air (HEPA) filter should be verified in the expiratory limb of the me-
chanical ventilator prior to patient use.

2.6. Laboratory and radiographic findings

The CDC has developed a real time reverse transcription polymerase
chain reaction (RT-PCR) assay for detecting SARS-CoV-2 in upper and
lower respiratory specimens obtained from COVID-19 PUIs [73]. [74] A
s Disease (COVID-19): A primer for emergency physicians, American
6

https://www.cdc.gov/coronavirus/2019-ncov/hcp/2019-nCoV-identify-assess-flowchart-508.pdf
https://doi.org/10.1016/j.ajem.2020.03.036


Table 4
COVID-19 therapies under study.

Medication Dosing

Remdesivir 200 mg for 1 day, then 100 mg IV every day for 9 days
Lopinavir/Ritonavir 400–100 mg PO BID for 14 days
Chloroquine 500 mg PO BID for 10 days
Hydroxychloroquine 400 mg PO BID for 1 day, then 200 mg PO BID for 4 days
Tocilizumab 8 mg/kg in 100 mL of 0.9% NS IV over 60 min
Favipiravir 1600 mg PO BID for one day, then 600 mg PO BID for 6 days

Abbreviations: mg – milligrams, IV -intravenous, BID – twice per day, PO – per os, NS –
normal saline, mL – milliliters, kg – kilogram.
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nasopharyngeal swab specimen should be collected for testing [75]. For
lower respiratory tract specimens, sputum can be obtained from pa-
tients with productive cough, otherwise bronchoalveolar lavage or tra-
cheal aspirate can be substituted [75]. Serum samples are not necessary
[75,76].

There are few data available regarding sensitivity and specificity for
the test, but false negatives may be seen in asymptomatic individuals or
those early in the course of their disease who may not have high viral
burden [27]. Patients who test negative for COVID-19 using a sample
taken while they were symptomatic likely do not have the disease [6].
However, the sensitivity of RT-PCR has been reported to range from
66% to 80% [77]. A single negative RT-PCR should not be used to exclude
the diagnosis, especially if the patient is in the early stages of the disease
with no severe symptoms. A patient with negative RT-PCRwith contin-
ued suspicion of COVID-19 should be isolated and rechecked several
days later. Molecular testing (e.g., respiratory virus panel) for alterna-
tive diagnoses such as influenza should be considered for all PUIs [67].
However, co-infection with other viruses may occur.

Anemia, lymphopenia, hypoxemia, abnormal kidney and liver func-
tion, elevated creatine kinase and D-dimer, thrombocytopenia, and in-
creased lactate dehydrogenase can be present [39,40,58].
Lymphocytopenia can occur in up to 80% of patients [60]. Interestingly,
one study found procalcitonin was elevated in just 6% of patients, while
other inflammatory markers like serum ferritin and C-reactive protein
were elevated [40]. Troponin and brain natriuretic peptide may be ele-
vated in those with cardiac involvement and should be obtained in pa-
tients with suspected myocardial infarction or heart failure [78].

Advanced imaging such as computed tomography (CT) is not re-
quired for diagnosis and may create additional infection prevention
challenges in the ED. However, if obtained, CT may demonstrate several
findings. Lung findings may be present on imaging before patients de-
velop clinical manifestations. In a case series of patients from Wuhan,
China admitted with COVID-19, 100% had chest CT findings consistent
with pneumonia [39]. Patients may also have radiographic ground-
glass opacities [58]. Another study of 99 COVID-19 patients found 75%
of patients had bilateral pneumonia, 25% had unilateral pneumonia,
and 14% had mottling and ground-glass opacities on chest X-ray and
CT imaging [40].

Ultrasound can be utilized aswell, as it is repeatable and reliable, has
no radiation, and is inexpensive. Ultrasound findings depend on the
stage and severity of the disease, and it cannot detect lesions deeper
in the lung. Patients with COVID-19 typically demonstrate an irregu-
lar/thickened pleural line, scattered/confluent B lines, consolidations
of various sizes, and both non-translobar and translobar consolidations
on lung ultrasound [79]. Pleural effusions are typically small and local-
ized if they are present, and abnormalities are typically found in multi-
ple lung zones.

2.7. Treatment

Currently, no specific treatments exist nor are recommended for pa-
tients with COVID-19 [4,15,62]. Several vaccines are under study, in-
cluding DNA-based, vector-based, and protein based vaccines [80].
Supportive care is themainstay of treatment, preferably with acetamin-
ophen [4,15]. If pneumonia is present on imaging or the patient is criti-
cally ill, antibiotics are recommended. Patients presenting with
respiratory insufficiency in the setting of potential COVID-19 infection
should be given supplementary oxygen tomaintain an oxygenation sat-
uration ≥90% but no higher than 96% [62,70]. Up to 76% of patients re-
quire oxygen therapy [40]. For those with acute hypoxemic
respiratory failure who require intubation, endotracheal intubation
should be performed. For those with hypoxemic respiratory failure
who do not require intubation but who do not improve with conven-
tional oxygen therapies, high flow nasal cannula (HFNC) is recom-
mended over noninvasive positive pressure ventilation (NIPPV) [70]. If
HFNC is not available and there is no urgent need for intubation, a
Please cite this article as: S. Chavez, B. Long, A. Koyfman, et al., Coronaviru
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trial of NIPPV ventilation is recommended with frequent reassessment,
though NIPPV increases the risk of aerosolization [70]. NIPPVmay result
in patient improvement. The SCCMdoes notmake a clear recommenda-
tion for helmet NIPPV compared to mask NIPPV [70]. While most rec-
ommend avoiding NIPPV due to the risk of aerosolization, it can be
utilized safely if high risk patients are cohorted and clinicians use appro-
priate PPE [81]. Patients who decline despite use of HFNC or NIPPV
should be intubated [70]. If intubation is indicated, airborne precautions
should be used with the patient ventilated using tidal volumes of
4–8 mL/kg of predicted body weight and plateau pressures b30 cm
H2O [62]. If available, patients with severe ARDS may benefit from
prone ventilation N12 h per day [62,70].

Over-resuscitationwith intravenousfluids should be avoided, which
can potentially worsen oxygenation [62]. Even when COVID-19 is
suspected as the cause of the patient's symptoms, the WHO recom-
mends administering empiric antibiotics and a neuraminidase inhibitor
within 1 h of identifying sepsis [62]. Early recognition of septic shock is
critical, withmanagement of sepsis focusing on intravenous fluid resus-
citation and antibiotics [62]. A conservative resuscitation strategy with
buffered/balanced crystalloids is recommended for those in shock, and
hypotonic crystalloids should be avoided [62,70]. Vasopressors, prefer-
entially norepinephrine, are indicated for persistent shock with a goal
MAP of 60–65 mmHg [62,70]. For those with continued shock despite
norepinephrine, vasopressin should be added, rather than increasing
norepinephrine dose [70]. If cardiac dysfunction is present and there is
persistent hypoperfusion, dobutamine is recommended [70]. Systemic
steroids (hydrocortisone 200 mg per day) should be considered in
those with vasopressor-refractory shock or for those with another indi-
cation for steroids such as chronic obstructive pulmonary disease exac-
erbation [22,62,70]. Without delaying antibiotic administration,
bacterial blood cultures should be obtained [62].

Clinical trials of investigational drugs and antivirals are underway,
although none are currently approved by the U.S. Food and Drug Ad-
ministration (FDA) (Table 4) [4,46]. Remdesivir has demonstrated ac-
tivity against MERS-CoV and SARS-CoV in vitro and animal models
[82,83]. An in vitro study found that remdesivir and chloroquine inhibit
viral infection, but further study is required [84,85]. Results from a sin-
gle study of over 100 COVID-19 patients found chloroquine was supe-
rior to control in reducing pneumonia exacerbation, improving
imaging findings and virus-negative conversion, and shortening the
course of the disease [86]. A study evaluating lopinavir-ritonavir found
no improvement in patient survival or differences in detectable viral
RNA [87]. Hydroxychloroquine and azithromycin are also under study
[88]. In a single prospective, observational study of 36 patients with
COVID-19, those receiving hydroxychloroquine demonstrated higher
rates of viral load reduction/disappearance, though no patient centered
outcomes were assessed [88]. Other medications under study include
tocilizumab and favipiravir [89,90]. There are no clear data supporting
harm or benefit with angiotensin converting enzyme inhibitors or ACE
receptor blockers (ARBs) [91,92]. Unless authorized through a clinically
approved trial or Monitored Emergency Use of Unregistered Interven-
tions Framework (MEURI), unlicensed treatments should not be admin-
istered [62]. Continuous renal replacement therapy (CRRT),
extracorporeal membrane oxygenation (ECMO), and immunoglobulin
s Disease (COVID-19): A primer for emergency physicians, American
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have been utilized for management, but have not been definitively
shown to be beneficial [40].

2.8. Disposition

Patients with severe symptoms, hypoxemia requiring oxygen sup-
plementation, or high risk for clinical deterioration (i.e. pneumonia on
radiograph, severe comorbidities) may require admission for further
management andmonitoring. Patients with mild symptoms and no sig-
nificant comorbidities without concern for deterioration of clinical con-
dition may be candidates for discharge, self-quarantine for two weeks,
and home monitoring [93]. These patients must have the ability to be
safely isolated at home to prevent transmission to others and be care-
fully monitored [22]. Social distancing is a vital component of reducing
the spread of the virus, comprised of limiting events, mass gatherings,
and even small group meeting [94]. Individuals should remain 6 ft or
2meters apart fromother individuals. Health departments should be in-
volved early in the care of these patients and can assist with decisions
regarding disposition, further surveillance, and testing, especially until
confirmatory test results are available [57,62]. Emergency physicians
should counsel these patients to return for worrisome symptoms in-
cluding new orworsening pulmonary complaints and fever [57,62]. De-
velopment of a clinical pathway among emergency physicians,
infectious disease specialists, and health departments is critical to safely
evaluate COVID-19 PUIs in the community.

3. Conclusion

COVID-19 is a novel coronavirus that has affected an unprecedented
number of people to date. Patients typically present with a combination
of fever or cough and have a history of exposure to either a close contact
with COVID-19 or travel to an affected geographic area. While most pa-
tients will have mild disease, some may develop severe complications
including ARDS and multi-organ failure, with some succumbing to the
disease. Special consideration should be given to those at the extremes
of age, the immunocompromised, or pregnant women. No curative
treatment is currently approved. Emergency physicians should obtain
a detailed travel history from all patients and suspect COVID-19 in pa-
tients presenting with symptoms of an acute upper respiratory illness
and fever. Early recognition and isolation of a patient with COVID-19
in the ED may help decrease exposure to other patients and healthcare
personnel. Future research is necessary to expand our collective knowl-
edge of COVID-19 and optimize patient outcomes.
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