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IMPORTANCE The coronavirus disease 2019 (COVID-19) pandemic, due to the novel severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has caused a worldwide sudden and

substantial increase in hospitalizations for pneumonia with multiorgan disease. This review

discusses current evidence regarding the pathophysiology, transmission, diagnosis, and

management of COVID-19.

OBSERVATIONS SARS-CoV-2 is spread primarily via respiratory droplets during close

face-to-face contact. Infection can be spread by asymptomatic, presymptomatic, and

symptomatic carriers. The average time from exposure to symptom onset is 5 days, and

97.5% of people who develop symptoms do so within 11.5 days. Themost common

symptoms are fever, dry cough, and shortness of breath. Radiographic and laboratory

abnormalities, such as lymphopenia and elevated lactate dehydrogenase, are common, but

nonspecific. Diagnosis is made by detection of SARS-CoV-2 via reverse transcription

polymerase chain reaction testing, although false-negative test results may occur in up to

20% to 67% of patients; however, this is dependent on the quality and timing of testing.

Manifestations of COVID-19 include asymptomatic carriers and fulminant disease

characterized by sepsis and acute respiratory failure. Approximately 5% of patients with

COVID-19, and 20% of those hospitalized, experience severe symptoms necessitating

intensive care. More than 75% of patients hospitalized with COVID-19 require supplemental

oxygen. Treatment for individuals with COVID-19 includes best practices for supportive

management of acute hypoxic respiratory failure. Emerging data indicate that

dexamethasone therapy reduces 28-daymortality in patients requiring supplemental oxygen

compared with usual care (21.6% vs 24.6%; age-adjusted rate ratio, 0.83 [95% CI,

0.74-0.92]) and that remdesivir improves time to recovery (hospital discharge or no

supplemental oxygen requirement) from 15 to 11 days. In a randomized trial of 103 patients

with COVID-19, convalescent plasma did not shorten time to recovery. Ongoing trials are

testing antiviral therapies, immunemodulators, and anticoagulants. The case-fatality rate for

COVID-19 varies markedly by age, ranging from0.3 deaths per 1000 cases among patients

aged 5 to 17 years to 304.9 deaths per 1000 cases among patients aged 85 years or older in

the US. Among patients hospitalized in the intensive care unit, the case fatality is up to 40%.

At least 120 SARS-CoV-2 vaccines are under development. Until an effective vaccine is

available, the primary methods to reduce spread are face masks, social distancing, and

contact tracing. Monoclonal antibodies and hyperimmune globulin may provide additional

preventive strategies.

CONCLUSIONS AND RELEVANCE As of July 1, 2020, more than 10million people worldwide had

been infected with SARS-CoV-2. Many aspects of transmission, infection, and treatment

remain unclear. Advances in prevention and effective management of COVID-19 will require

basic and clinical investigation and public health and clinical interventions.
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T
he coronavirus disease 2019 (COVID-19) pandemic has

caused a sudden significant increase in hospitalizations for

pneumoniawithmultiorgandisease. COVID-19 is causedby

the novel severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2). SARS-CoV-2 infectionmay be asymptomatic or itmay cause

a wide spectrum of symptoms, such asmild symptoms of upper re-

spiratory tract infection and life-threatening sepsis. COVID-19 first

emerged in December 2019, when a cluster of patients with pneu-

moniaofunknowncausewas recognized inWuhan,China.Asof July

1, 2020, SARS-CoV-2 has affected more than 200 countries, result-

ing inmore than 10million identifiedcaseswith508000confirmed

deaths (Figure 1). This review summarizes current evidence regard-

ing pathophysiology, transmission, diagnosis, and management of

COVID-19.

Methods

WesearchedPubMed,LitCovid,andMedRxivusing thesearchterms

coronavirus, severeacute respiratory syndromecoronavirus2,2019-

nCoV, SARS-CoV-2, SARS-CoV,MERS-CoV, andCOVID-19 for studies

published from January 1, 2002, to June 15, 2020, and manually

searched the references of select articles for additional relevant ar-

ticles.Ongoingor completed clinical trialswere identifiedusing the

disease search term coronavirus infection on ClinicalTrials.gov, the

ChineseClinicalTrialRegistry,andthe InternationalClinicalTrialsReg-

istry Platform. We selected articles relevant to a general medicine

readership, prioritizing randomized clinical trials, systematic re-

views, and clinical practice guidelines.

Observations

Pathophysiology

Coronaviruses are large, enveloped, single-stranded RNA viruses

found in humans and other mammals, such as dogs, cats, chicken,

cattle, pigs, and birds. Coronaviruses cause respiratory, gastroin-

testinal, and neurological disease. The most common coronavi-

ruses inclinicalpracticeare229E,OC43,NL63,andHKU1,whichtypi-

cally cause common cold symptoms in immunocompetent

individuals. SARS-CoV-2 is the third coronavirus that has caused se-

veredisease inhumans tospreadglobally in thepast2decades.1The

first coronavirus that caused severe disease was severe acute re-

spiratory syndrome (SARS), which was thought to originate in

Foshan,China,andresulted inthe2002-2003SARS-CoVpandemic.2

Thesecondwas thecoronavirus-causedMiddleEast respiratorysyn-

drome(MERS),whichoriginatedfromtheArabianpeninsula in2012.3

SARS-CoV-2 has a diameter of 60 nm to 140 nm and distinc-

tive spikes, ranging from 9 nm to 12 nm, giving the virions the ap-

pearance of a solar corona (Figure 2).4 Through genetic recombi-

nation and variation, coronaviruses can adapt to and infect new

hosts.Bats are thought tobeanatural reservoir for SARS-CoV-2,but

it has been suggested that humans became infected with SARS-

CoV-2 via an intermediate host, such as the pangolin.5,6

The Host Defense Against SARS-CoV-2

Early in infection, SARS-CoV-2 targets cells, such as nasal andbron-

chial epithelial cells and pneumocytes, through the viral structural

spike (S) protein that binds to the angiotensin-converting enzyme

2(ACE2) receptor7 (Figure2).The type2transmembraneserinepro-

tease (TMPRSS2), present in thehost cell, promotes viral uptakeby

cleaving ACE2 and activating the SARS-CoV-2 S protein, whichme-

diates coronavirusentry intohost cells.7ACE2andTMPRSS2areex-

pressed in host target cells, particularly alveolar epithelial type II

cells.8,9 Similar to other respiratory viral diseases, such as influ-

enza,profound lymphopeniamayoccur in individualswithCOVID-19

when SARS-CoV-2 infects and kills T lymphocyte cells. In addition,

the viral inflammatory response, consisting of both the innate and

the adaptive immune response (comprising humoral and cell-

mediated immunity), impairs lymphopoiesis and increases lympho-

cyte apoptosis. AlthoughupregulationofACE2 receptors fromACE

inhibitor andangiotensin receptorblockermedicationshasbeenhy-

pothesized to increase susceptibility toSARS-CoV-2 infection, large

observational cohortshavenot foundanassociationbetween these

medications and risk of infection or hospital mortality due to

COVID-19.10,11For example, in a study4480patientswithCOVID-19

fromDenmark,previous treatmentwithACE inhibitorsor angioten-

sin receptor blockers was not associated with mortality.11

In laterstagesof infection,whenviral replicationaccelerates,epi-

thelial-endothelialbarrier integrity iscompromised. Inadditiontoepi-

thelial cells, SARS-CoV-2 infectspulmonarycapillaryendothelial cells,

accentuating the inflammatory response and triggering an influx of

monocytesandneutrophils.Autopsystudieshaveshowndiffusethick-

ening of the alveolar wall with mononuclear cells and macrophages

infiltratingairspaces inaddition toendothelialitis.12 Interstitialmono-

nuclear inflammatory infiltrates and edema develop and appear as

ground-glass opacities on computed tomographic imaging. Pulmo-

naryedemafilling thealveolar spaceswithhyalinemembrane forma-

tion follows, compatible with early-phase acute respiratory distress

syndrome (ARDS).12 Bradykinin-dependent lung angioedema may

contributetodisease.13Collectively,endothelialbarrierdisruption,dys-

functional alveolar-capillary oxygen transmission, and impairedoxy-

gen diffusion capacity are characteristic features of COVID-19.

InsevereCOVID-19, fulminantactivationofcoagulationandcon-

sumption of clotting factors occur.14,15 A report fromWuhan, China,

indicated that 71% of 183 individuals who died of COVID-19met cri-

teria fordiffuse intravascularcoagulation.14 Inflamed lungtissuesand

pulmonaryendothelialcellsmayresult inmicrothrombiformationand

contribute to the high incidence of thrombotic complications, such

as deep venous thrombosis, pulmonary embolism, and thrombotic

arterial complications (eg, limb ischemia, ischemic stroke, myocar-

dial infarction) incritically ill patients.16Thedevelopmentofviral sep-

sis, defined as life-threatening organ dysfunction caused by a dys-

regulated host response to infection, may further contribute to

multiorgan failure.

Transmission of SARS-CoV-2 Infection

Epidemiologic data suggest that droplets expelled during face-to-

faceexposureduring talking, coughing, or sneezing is themost com-

mon mode of transmission (Box 1). Prolonged exposure to an in-

fectedperson (beingwithin6 feet for at least 15minutes) andbriefer

exposures to individualswhoaresymptomatic (eg, coughing)areas-

sociated with higher risk for transmission, while brief exposures to

asymptomaticcontactsare less likely to result in transmission.25Con-

tactsurfacespread(touchingasurfacewithviruson it) isanotherpos-

siblemodeof transmission.Transmissionmayalsooccurviaaerosols

Clinical Review& Education Review Coronavirus Disease 2019 (COVID-19)—Epidemiology, Diagnosis, and Treatment

E2 JAMA Published online July 10, 2020 (Reprinted) jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Luciano Orsi on 07/11/2020



(smallerdroplets that remainsuspended inair), but it isunclear if this

is a significant source of infection in humans outside of a laboratory

setting.26,27 The existence of aerosols in physiological states

(eg,coughing)orthedetectionofnucleicacid intheairdoesnotmean

thatsmallairborneparticlesare infectious.28MaternalCOVID-19iscur-

rently believed to be associated with low risk for vertical transmis-

sion. In most reported series, the mothers' infection with SARS-

CoV-2occurred in the third trimesterofpregnancy,withnomaternal

deaths and a favorable clinical course in the neonates.29-31

The clinical significance of SARS-CoV-2 transmission from in-

animate surfaces is difficult to interpret without knowing themini-

mumdoseof virusparticles that can initiate infection.Viral loadap-

pears to persist at higher levels on impermeable surfaces, such as

stainless steel and plastic, than permeable surfaces, such as

cardboard.32Virushasbeen identifiedon impermeable surfaces for

up to 3 to 4 days after inoculation.32Widespread viral contamina-

tion of hospital rooms has been documented.28 However, it is

thought that the amount of virus detected on surfaces decays rap-

idlywithin48 to 72hours.32Although thedetectionof virus on sur-

faces reinforces the potential for transmission via fomites (objects

such as a doorknob, cutlery, or clothing that may be contaminated

with SARS-CoV-2) and the need for adequate environmental hy-

giene, droplet spread via face-to-face contact remains the primary

mode of transmission.

Viral load in theupper respiratory tract appears topeak around

the time of symptom onset and viral shedding begins approxi-

mately 2 to 3 days prior to the onset of symptoms.33 Asymptom-

atic and presymptomatic carriers can transmit SARS-CoV-2.34,35 In

Singapore,presymptomatic transmissionhasbeendescribed inclus-

tersofpatientswithclosecontact (eg, throughchurchgoingorsinging

Figure 1. Key Events in the Early Coronavirus Disease 2019 (COVID-19) Pandemic
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most effective treatments for

COVID-19

Dec 31: China alerts WHO
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pneumonia with unknown

cause in Wuhan
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who has visited Wuhan
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man from Wuhan
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the coronavirus

outbreak a pandemic
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alone
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Based on data fromWorld Health Organization (WHO) COVID-19 situation reports. The COVID-19 outbreak was first recognized inWuhan, China, in early

December 2019. The number of confirmed COVID-19 cases is displayed by date of report andWHO region. SARS-CoV-2 indicates severe acute respiratory

syndrome coronavirus 2.

Coronavirus Disease 2019 (COVID-19)—Epidemiology, Diagnosis, and Treatment Review Clinical Review& Education

jama.com (Reprinted) JAMA Published online July 10, 2020 E3

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Luciano Orsi on 07/11/2020



Figure 2. Immunopathogenesis of Coronavirus Disease 2019 (COVID-19)

B Early-stage COVID-19

A SARS-CoV-2 viral infection of host airway cells

C Late-stage COVID-19

SARS-CoV-2 virion

SARS-CoV-2 
virus release

TNF-α

IL-1

IL-6

H O S T  A I R W A Y  C E L L

A L V E O L A R  L U M E N

A L V E O L A R  C A P I L L A R Y

T lymphocyte

Pulmonary
thrombus

Neutrophil

Macrophage

Monocyte

Viral RNA S protein

TMPRSS2

ACE2
receptor

Infected
type II pneumocyte

TMPRSS2 activates viral S protein and 

cleaves ACE2 receptor to facilitate 

viral binding to host cell membrane. 
Virus enters host cell via endocytosis, 

releases its RNA, and uses cell machinery

to replicate itself and assemble more virions.

Bronchial epithelial cells, type I and type II alveolar 

pneumocytes, and capillary endothelial cells are 

infected, and an inflammatory response ensues.

Continued inflammatory response results in  

alveolar interstitial thickening, increased 

vascular permeability, and edema.

One infected host cell can create 

hundreds of new virions, rapidly 

progressing infection.

Activation of coagulation leads 
to microthrombus formation

Type I
pneumocyte

Capillary
endothelial cell

A L V E O L U S

Thickened
interstitium

Increased
vascular permeability

Pulmonary edema 

Hyaline membrane
formation

Influx of monocytes
and neutrophils

Increased
T lymphocyte apoptosis

Cytokine release enhances
inflammatory response

T lymphocyte, monocyte, 
and neutrophil recruitment

Activation of the kinin-kallikrein system 

can further contribute to local vascular 

leakage leading to angioedema.

Current understanding of the severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2)–induced host immune response. SARS-CoV-2 targets cells

through the viral structural spike (S) protein that binds to the angiotensin-

converting enzyme 2 (ACE2) receptor. The serine protease type 2

transmembrane serine proteas (TMPRSS2) in the host cell further promotes

viral uptake by cleaving ACE2 and activating the SARS-CoV-2 S protein. In the

early stage, viral copy numbers can be high in the lower respiratory tract.

Inflammatory signaling molecules are released by infected cells and alveolar

macrophages in addition to recruited T lymphocytes, monocytes, and

neutrophils. In the late stage, pulmonary edema can fill the alveolar spaces with

hyaline membrane formation, compatible with early-phase acute respiratory

distress syndrome.
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class) approximately 1 to3daysbefore the sourcepatientdeveloped

symptoms.34Presymptomatic transmission is thought tobe amajor

contributortothespreadofSARS-CoV-2.ModelingstudiesfromChina

and Singapore estimated the percentage of infections transmitted

fromapresymptomatic individualas48%to62%.17Pharyngealshed-

ding ishighduring the firstweekof infectionata time inwhichsymp-

toms are still mild, whichmight explain the efficient transmission of

SARS-CoV-2, because infected individuals can be infectious before

they realize they are ill.36 Although studies have described rates of

asymptomatic infection,rangingfrom4%to32%,it isunclearwhether

these reports represent truly asymptomatic infection by individuals

whoneverdevelopsymptoms, transmissionby individualswithvery

mild symptoms, or transmission by individuals who are asymptom-

atic at the time of transmission but subsequently develop

symptoms.37-39Asystematic reviewonthis topicsuggestedthat true

asymptomatic infection is probably uncommon.38

Althoughviral nucleic acid canbedetectable in throat swabs for

up to6weeks after theonset of illness, several studies suggest that

viral cultures are generally negative for SARS-CoV-2 8 days after

symptom onset.33,36,40 This is supported by epidemiological stud-

ies that have shown that transmission did not occur to contacts

whose exposure to the index case started more than 5 days after

the onset of symptoms in the index case.41 This suggests that indi-

viduals can be released from isolation based on clinical improve-

ment. TheCenters forDiseaseControl andPrevention recommend

isolating for at least 10 days after symptom onset and 3 days after

improvementof symptoms.42However, there remains uncertainty

aboutwhether serial testing is required for specific subgroups, such

as immunosuppressed patients or critically ill patients for whom

symptomresolutionmaybedelayedorolderadults residing inshort-

or long-term care facilities.

Clinical Presentation

Themean (interquartile range) incubationperiod (the time fromex-

posure to symptom onset) for COVID-19 is approximately 5 (2-7)

days.43,44 Approximately 97.5% of individuals who develop symp-

toms will do so within 11.5 days of infection.43 The median (inter-

quartile range) interval from symptomonset to hospital admission

is 7 (3-9) days.45Themedian ageof hospitalizedpatients varies be-

tween 47 and 73 years, with most cohorts having a male prepon-

derance of approximately 60%.44,46,47 Among patients hospital-

ized with COVID-19, 74% to 86% are aged at least 50 years.45,47

COVID-19 has various clinicalmanifestations (Box 1 andBox2).

In a study of 44 672 patients with COVID-19 in China, 81% of pa-

tientshadmildmanifestations, 14%hadseveremanifestations, and

5% had critical manifestations (defined by respiratory failure, sep-

tic shock, and/or multiple organ dysfunction).48 A study of 20 133

individualshospitalizedwithCOVID-19 in theUKreported that 17.1%

wereadmitted tohigh-dependencyor intensive careunits (ICUs).47

Althoughonly approximately 25%of infectedpatientshaveco-

morbidities, 60% to 90% of hospitalized infected patients have

comorbidities.45-49 The most common comorbidities in hospital-

ized patients include hypertension (present in 48%-57% of pa-

tients), diabetes (17%-34%), cardiovascular disease (21%-28%),

chronic pulmonary disease (4%-10%), chronic kidneydisease (3%-

13%),malignancy (6%-8%), andchronic liverdisease (<5%).45,46,49

The most common symptoms in hospitalized patients are fe-

ver (up to 90% of patients), dry cough (60%-86%), shortness of

breath (53%-80%), fatigue (38%), nausea/vomiting or diarrhea

(15%-39%), andmyalgia (15%-44%).18,44-47,49,50 Patients can also

present with nonclassical symptoms, such as isolated gastrointes-

tinal symptoms.18Olfactoryand/orgustatorydysfunctionshavebeen

reported in 64% to 80% of patients.51-53 Anosmia or ageusia may

be thesolepresenting symptom in approximately 3%ofpatients.53

ComplicationsofCOVID-19includeimpairedfunctionoftheheart,

brain, lung, liver, kidney, and coagulation system. COVID-19 can lead

tomyocarditis, cardiomyopathy,ventriculararrhythmias, andhemo-

dynamic instability.20,54Acutecerebrovasculardiseaseandencepha-

litis areobservedwithsevere illness (inupto8%ofpatients).21,52Ve-

nous and arterial thromboembolic events occur in 10% to 25% in

hospitalized patients with COVID-19.19,22 In the ICU, venous and ar-

terial thromboembolic eventsmay occur in up to 31% to 59%of pa-

tients with COVID-19.16,22

Approximately 17% to 35% of hospitalized patients with

COVID-19 are treated in an ICU,most commonly due to hypoxemic

respiratory failure. Among patients in the ICUwith COVID-19, 29%

to 91% require invasive mechanical ventilation.47,49,55,56 In addi-

tion to respiratory failure, hospitalized patientsmay develop acute

Box 1. Transmission, Symptoms, and Complications

of Coronavirus Disease 2019 (COVID-19)

• Transmission17 of severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2) occurs primarily via respiratory droplets from

face-to-face contact and, to a lesser degree, via contaminated

surfaces. Aerosol spreadmay occur, but the role of aerosol

spread in humans remains unclear. An estimated 48% to 62% of

transmissionmay occur via presymptomatic carriers.

• Common symptoms18 in hospitalized patients include fever

(70%-90%), dry cough (60%-86%), shortness of breath (53%-

80%), fatigue (38%), myalgias (15%-44%), nausea/vomiting or

diarrhea (15%-39%), headache, weakness (25%), and rhinorrhea

(7%). Anosmia or ageusia may be the sole presenting symptom

in approximately 3% of individuals with COVID-19.

• Common laboratory abnormalities19 among hospitalized patients

include lymphopenia (83%), elevated inflammatorymarkers

(eg, erythrocyte sedimentation rate, C-reactive protein, ferritin,

tumor necrosis factor-α, IL-1, IL-6), and abnormal coagulation

parameters (eg, prolonged prothrombin time, thrombocytopenia,

elevated D-dimer [46%of patients], low fibrinogen).

• Common radiographic findings of individualswith COVID-19 include

bilateral, lower-lobe predominate infiltrates on chest radiographic

imaging and bilateral, peripheral, lower-lobe ground-glass opacities

and/or consolidation on chest computed tomographic imaging.

• Common complications18,20-24 among hospitalized patients with

COVID-19 include pneumonia (75%); acute respiratory distress

syndrome (15%); acute liver injury, characterized by elevations in

aspartate transaminase, alanine transaminase, and bilirubin

(19%); cardiac injury, including troponin elevation (7%-17%),

acute heart failure, dysrhythmias, andmyocarditis; prothrom-

botic coagulopathy resulting in venous and arterial thromboem-

bolic events (10%-25%); acute kidney injury (9%); neurologic

manifestations, including impaired consciousness (8%) and

acute cerebrovascular disease (3%); and shock (6%).

• Rare complications among critically ill patients with COVID-19

include cytokine storm andmacrophage activation syndrome

(ie, secondary hemophagocytic lymphohistiocytosis).
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kidney injury (9%), liver dysfunction (19%), bleeding and coagula-

tion dysfunction (10%-25%), and septic shock (6%).18,19,23,49,56

Approximately 2% to 5% of individuals with laboratory-

confirmedCOVID-19areyounger than 18years,withamedianageof

11 years. ChildrenwithCOVID-19havemilder symptoms that arepre-

dominantly limited to the upper respiratory tract, and rarely require

hospitalization. It isunclearwhychildrenare lesssusceptibletoCOVID-

19. Potential explanations include that children have less robust im-

muneresponses (ie,nocytokinestorm),partial immunity fromother

viral exposures, and lower rates of exposure to SARS-CoV-2. Al-

thoughmostpediatriccasesaremild,asmallpercentage(<7%)ofchil-

dren admitted to the hospital for COVID-19 develop severe disease

requiringmechanical ventilation.57Araremultisystem inflammatory

syndromesimilar toKawasakidiseasehas recentlybeendescribed in

children inEuropeandNorthAmericawithSARS-CoV-2 infection.58,59

This multisystem inflammatory syndrome in children is uncommon

(2 in 100000persons aged <21 years).60

Assessment and Diagnosis

Diagnosis of COVID-19 is typicallymade using polymerase chain re-

action testing via nasal swab (Box 2). However, because of false-

negative test result ratesof SARS-CoV-2PCR testingofnasal swabs,

clinical, laboratory, and imaging findingsmay also be used tomake

a presumptive diagnosis.

Diagnostic Testing: Polymerase Chain Reaction and Serology

Reverse transcription polymerase chain reaction–based SARS-

CoV-2 RNAdetection from respiratory samples (eg, nasopharynx) is

the standard for diagnosis. However, the sensitivity of testing varies

with timing of testing relative to exposure.Onemodeling study esti-

mated sensitivity at 33% 4 days after exposure, 62% on the day of

symptomonset, and80%3days after symptomonset.61-63 Factors

contributingtofalse-negativetest results includetheadequacyof the

specimen collection technique, time from exposure, and specimen

source. Lower respiratory samples, such as bronchoalveolar lavage

fluid,aremoresensitivethanupperrespiratorysamples.Among1070

specimenscollectedfrom205patientswithCOVID-19 inChina,bron-

choalveolar lavage fluid specimens had the highest positive rates of

SARS-CoV-2 PCR testing results (93%), followed by sputum (72%),

nasal swabs (63%), andpharyngeal swabs (32%).61 SARS-CoV-2 can

alsobedetected in feces, butnot inurine.61Salivamaybeanalterna-

tive specimen source that requires less personal protective equip-

ment and fewer swabs, but requires further validation.64

Severalserological testscanalsoaid inthediagnosisandmeasure-

ment of responses to novel vaccines.62,65,66However, the presence

ofantibodiesmaynotconfer immunitybecausenotallantibodiespro-

duced inresponseto infectionareneutralizing.Whetherandhowfre-

quently second infectionswith SARS-CoV-2 occur remain unknown.

Whetherpresenceof antibodychanges susceptibility to subsequent

infectionorhowlongantibodyprotection lastsareunknown. IgMan-

tibodiesaredetectablewithin5daysof infection,withhigher IgMlev-

elsduringweeks2to3of illness,whilean IgGresponse is firstseen ap-

proximately 14daysaftersymptomonset.62,65Higherantibodytiters

occurwithmoreseveredisease.66Availableserologicalassays include

point-of-care assays and high throughput enzyme immunoassays.

However, test performance, accuracy, and validity are variable.67

Laboratory Findings

Asystematicreviewof19studiesof2874patientswhoweremostlyfrom

China(meanage,52years),ofwhom88%werehospitalized,reported

thetypical rangeof laboratoryabnormalitiesseen inCOVID-19, includ-

ingelevatedserumC-reactiveprotein(increasedin>60%ofpatients),

lactatedehydrogenase(increasedinapproximately50%-60%),alanine

aminotransferase(elevatedinapproximately25%),andaspartateami-

notransferase(approximately33%).24Approximately75%ofpatients

had low albumin.24 Themost common hematological abnormality is

lymphopenia (absolute lymphocytecount<1.0 × 109/L),which ispre-

sent inupto83%ofhospitalizedpatientswithCOVID-19.44,50 In con-

junctionwithcoagulopathy,modestprolongationofprothrombintimes

(prolongedin>5%ofpatients),mildthrombocytopenia(present inap-

proximately30%ofpatients)andelevatedD-dimervalues(present in

43%-60%ofpatients)arecommon.14,15,19,44,68However,mostofthese

laboratorycharacteristicsarenonspecificandarecommoninpneumo-

nia.More severe laboratory abnormalities havebeenassociatedwith

Box 2. Commonly AskedQuestions About Coronavirus Disease

2019 (COVID-19)

How is severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) most commonly transmitted?

SARS-CoV-2 is most commonly spread via respiratory droplets

(eg, from coughing, sneezing, shouting) during face-to-face

exposure or by surface contamination.

What are themost common symptoms of COVID-19?

The 3most common symptoms are fever, cough, and shortness

of breath. Additional symptoms include weakness, fatigue, nau-

sea, vomiting, diarrhea, changes to taste and smell.

How is the diagnosis made?

Diagnosis of COVID-19 is typically made by polymerase chain

reaction testing of a nasopharyngeal swab. However, given the

possibility of false-negative test results, clinical, laboratory, and

imaging findings may also be used tomake a presumptive

diagnosis for individuals for whom there is a high index of

clinical suspicion of infection.

What are current evidence-based treatments for individuals with

COVID-19?

Supportive care, including supplemental oxygen, is themain

treatment for most patients. Recent trials indicate that dexa-

methasone decreases mortality (subgroup analysis suggests

benefit is limited to patients who require supplemental oxygen

and who have symptoms for >7 d) and remdesivir improves time

to recovery (subgroup analysis suggests benefit is limited to

patients not receiving mechanical ventilation).

What percentage of people are asymptomatic carriers, and how

important are they in transmitting the disease?

True asymptomatic infection is believed to be uncommon. The

average time fromexposure to symptoms onset is 5 days, and up

to 62%of transmissionmay occur prior to the onset of symptoms.

Are masks effective at preventing spread?

Yes. Facemasks reduce the spread of viral respiratory infection.

N95 respirators and surgical masks both provide substantial

protection (comparedwith nomask), and surgical masks provide

greater protection than clothmasks. However, physical

distancing is also associatedwith substantial reduction of viral

transmission, with greater distances providing greater protection.

Additionalmeasures such as hand and environmental disinfection

are also important.

Clinical Review& Education Review Coronavirus Disease 2019 (COVID-19)—Epidemiology, Diagnosis, and Treatment

E6 JAMA Published online July 10, 2020 (Reprinted) jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Luciano Orsi on 07/11/2020



moresevere infection.44,50,69D-dimerand,toa lesserextent, lympho-

penia seemtohave the largest prognostic associations.69

Imaging

Thecharacteristicchestcomputedtomographic imagingabnormalities

forCOVID-19arediffuse,peripheralground-glassopacities(Figure3).70

Ground-glass opacities have ill-defined margins, air bronchograms,

smoothor irregular interlobularorseptal thickening,andthickeningof

theadjacentpleura.70Earlyinthedisease,chestcomputedtomographic

imaging findings in approximately 15%of individuals andchest radio-

graph findings in approximately40%of individuals canbenormal.44

Rapid evolution of abnormalities can occur in the first 2 weeks after

symptomonset, afterwhich they subsidegradually.70,71

Chest computed tomographic imaging findings are nonspe-

cificandoverlapwithother infections,sothediagnosticvalueofchest

computed tomographic imaging for COVID-19 is limited. Some pa-

tients admitted to the hospital with polymerase chain reaction

testing–confirmedSARS-CoV-2 infectionhavenormal computed to-

mographic imaging findings, while abnormal chest computed to-

mographic imaging findings compatible with COVID-19 occur days

before detection of SARS-CoV-2 RNA in other patients.70,71

Treatment

Supportive Care and Respiratory Support

Currently, best practices for supportive management of acute hy-

poxic respiratory failureandARDSshouldbefollowed.72-74Evidence-

based guideline initiatives have been established by many coun-

tries and professional societies,72-74 including guidelines that are

updated regularly by the National Institutes of Health.74

More than 75%of patients hospitalizedwith COVID-19 require

supplemental oxygen therapy. For patients who are unresponsive

to conventional oxygen therapy, heatedhigh-flownasal canulaoxy-

genmaybeadministered.72Forpatients requiring invasivemechani-

cal ventilation, lung-protective ventilation with low tidal volumes

(4-8mL/kg, predictedbodyweight) andplateaupressure less than

30 mg Hg is recommended.72 Additionally, prone positioning, a

higherpositiveend-expiratorypressurestrategy,andshort-termneu-

romuscular blockade with cisatracurium or other muscle relaxants

may facilitate oxygenation. Although some patients with COVID-

19–related respiratory failurehavehigh lung compliance,75 they are

still likely to benefit from lung-protective ventilation.76 Cohorts of

patientswithARDShavedisplayedsimilarheterogeneity in lungcom-

pliance,andevenpatientswithgreatercompliancehaveshownben-

efit from lower tidal volume strategies.76

Thethresholdfor intubation inCOVID-19–relatedrespiratory fail-

ure is controversial, because many patients have normal work of

breathing but severe hypoxemia.77 “Earlier” intubation allows time

for amore controlled intubation process, which is important given

the logistical challenges ofmoving patients to an airborne isolation

room and donning personal protective equipment prior to intuba-

tion. However, hypoxemia in the absence of respiratory distress is

well tolerated, and patientsmay dowell withoutmechanical venti-

lation. Earlier intubation thresholdsmay result in treating somepa-

tientswithmechanical ventilationunnecessarily andexposing them

to additional complications. Currently, insufficient evidence exists

to make recommendations regarding earlier vs later intubation.

In observational studies, approximately 8% of hospitalized pa-

tientswithCOVID-19experienceabacterialor fungalco-infection,but

up to 72% are treated with broad-spectrum antibiotics.78 Awaiting

Figure 3. Radiological and Pathological Findings of the Lung

in Coronavirus Disease 2019 (COVID-19)

A

C

D

B

A, Transverse thin-section computed tomographic scan of a 76-year-old man,

5 days after symptom onset, showing subpleural ground-glass opacity and

consolidation with subpleural sparing. B, Transverse thin-section computed

tomographic scan of a 76-year-old man, 21 days after symptom onset, showing

bilateral and peripheral predominant consolidation, ground-glass with

reticulation, and bronchodilatation. C, Pathological manifestations of lung tissue

in a patient with severe pneumonia caused by severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) showing interstitial mononuclear

inflammatory infiltrates dominated by lymphocytes (magnification, ×10).

D, Pathological manifestations of lung tissue in a patient with severe pneumonia

caused by SARS-CoV-2 showing diffuse alveolar damage with edema and fibrine

deposition, indicating acute respiratory distress syndromewith early fibrosis

(magnification, ×10). Images courtesy of Inge A. H. van den Berk, MD

(Department of Radiology, AmsterdamUMC), and Bernadette Schurink, MD

(Department of Pathology, AmsterdamUMC).
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further data, itmaybeprudent towithhold antibacterial drugs inpa-

tients with COVID-19 and reserve them for those who present with

radiological findings and/or inflammatory markers compatible with

co-infection orwho are immunocompromised and/or critically ill.72

Targeting the Virus and the Host Response

The following classesof drugs arebeingevaluatedordeveloped for

the management of COVID-19: antivirals (eg, remdesivir, favipira-

vir), antibodies (eg, convalescent plasma, hyperimmune immuno-

globulins), anti-inflammatoryagents (dexamethasone, statins), tar-

geted immunomodulatory therapies (eg, tocilizumab, sarilumab,

anakinra, ruxolitinib), anticoagulants (eg, heparin), and antifibrot-

ics (eg, tyrosine kinase inhibitors). It is likely that different treat-

ment modalities might have different efficacies at different stages

of illness and in differentmanifestations of disease. Viral inhibition

would be expected to bemost effective early in infection, while, in

hospitalized patients, immunomodulatory agentsmay be useful to

preventdiseaseprogressionandanticoagulantsmaybeuseful topre-

vent thromboembolic complications.

More than 200 trials of chloroquine/hydroxychloroquine, com-

poundsthat inhibitviralentryandendocytosisofSARS-CoV-2 invitro

andmayhavebeneficial immunomodulatoryeffects invivo,79,80have

beeninitiated,butearlydatafromclinical trials inhospitalizedpatients

withCOVID-19havenotdemonstratedclearbenefit.81-83Aclinical trial

of 150patients inChinaadmittedto thehospital formild tomoderate

COVID-19didnotfindaneffectonnegativeconversionofSARS-CoV-2

by 28days (themain outcomemeasure)when comparedwith stan-

dardofcarealone.83Tworetrospectivestudies foundnoeffectofhy-

droxychloroquineonriskofintubationormortalityamongpatientshos-

pitalizedforCOVID-19.84,85Oneoftheseretrospectivemulticenterco-

hortstudiescomparedin-hospitalmortalitybetweenthosetreatedwith

hydroxychloroquineplusazithromycin(735patients),hydroxychloro-

quinealone (271patients), azithromycinalone (211patients), andnei-

ther drug (221 patients), but reported no differences across the

groups.84Adverseeffectsarecommon,mostnotablyQTprolongation

withanincreasedriskofcardiaccomplications inanalreadyvulnerable

population.82,84 These findings do not support off-label use of (hy-

droxy)chloroquine either with or without the coadministration of

azithromycin.Randomizedclinical trials areongoingandshouldpro-

videmore guidance.

Most antiviral drugs undergoing clinical testing in patients with

COVID-19arerepurposedantiviralagentsoriginallydevelopedagainst

influenza,HIV,Ebola,orSARS/MERS.79,86Useof theprotease inhibi-

tor lopinavir-ritonavir,whichdisruptsviral replication invitro,didnot

showbenefitwhencomparedwithstandardcareinarandomized,con-

trolled,open-label trial of 199hospitalizedadultpatientswithsevere

COVID-19.87AmongtheRNA-dependentRNApolymerase inhibitors,

whichhaltSARS-CoV-2 replication,beingevaluated, including ribavi-

rin, favipiravir, and remdesivir, the latter seems to be the most

promising.79,88Thefirstpreliminaryresultsofadouble-blind,random-

ized,placebo-controlledtrialof 1063adultshospitalizedwithCOVID-

19andevidenceof lowerrespiratorytract involvementwhowereran-

domlyassignedtoreceive intravenousremdesivirorplaceboforupto

10daysdemonstrated that patients randomized to receive remdesi-

vir had a shorter time to recovery thanpatients in theplacebogroup

(11 vs 15 days).88Aseparate randomized, open-label trial among397

hospitalizedpatientswithCOVID-19whodidnot requiremechanical

ventilationreportedthat5daysof treatmentwithremdesivirwasnot

differentthan10days intermsofclinical statusonday14.89Theeffect

of remdesivir on survival remains unknown.

Treatmentwithplasmaobtained frompatientswhohave recov-

ered from viral infections was first reported during the 1918 flu pan-

demic.Afirstreportof5critically illpatientswithCOVID-19treatedwith

convalescent plasma containing neutralizing antibody showed im-

provement inclinical statusamongall participants,definedasacom-

binationofchangesofbodytemperature,SequentialOrganFailureAs-

sessmentscore,partialpressureofoxygen/fractionof inspiredoxygen,

viral load,serumantibodytiter,routinebloodbiochemical index,ARDS,

andventilatoryandextracorporealmembraneoxygenationsupports

beforeandafterconvalescentplasmatransfusionstatus.90However,

a subsequentmulticenter,open-label, randomizedclinical trialof 103

patients inChinawithsevereCOVID-19foundnostatisticaldifference

intimetoclinical improvementwithin28daysamongpatientsrandom-

izedtoreceiveconvalescentplasmavsstandardtreatmentalone(51.9%

vs43.1%).91However, the trialwas stoppedearly becauseof slowing

enrollment,whichlimitedthepowertodetectaclinically importantdif-

ference.Alternativeapproachesbeingstudied includetheuseofcon-

valescentplasma-derivedhyperimmuneglobulinandmonoclonalan-

tibodies targeting SARS-CoV-2.92,93

Alternativetherapeuticstrategiesconsistofmodulatingtheinflam-

matoryresponse inpatientswithCOVID-19.Monoclonalantibodiesdi-

rectedagainstkeyinflammatorymediators,suchasinterferongamma,

interleukin 1, interleukin 6, and complement factor 5a, all target the

overwhelminginflammatoryresponsefollowingSARS-CoV-2infection

with thegoalofpreventingorgandamage.79,86,94Ofthese, the inter-

leukin 6 inhibitors tocilizumab and sarilumab are best studied, with

morethanadozenrandomizedclinical trialsunderway.94Tyrosineki-

nase inhibitors, suchas imatinib,arestudiedfor theirpotential topre-

vent pulmonary vascular leakage in individualswith COVID-19.

Studies of corticosteroids for viral pneumonia and ARDS have

yieldedmixed results.72,73However, theRandomizedEvaluationof

COVID-19 Therapy (RECOVERY) trial, which randomized 2104 pa-

tientswithCOVID-19 to receive6mgdailyofdexamethasone forup

to 10 days and 4321 to receive usual care, found that dexametha-

sone reduced 28-day all-cause mortality (21.6% vs 24.6%; age-

adjusted rate ratio,0.83 [95%CI,0.74-0.92];P < .001).95Theben-

efit was greatest in patients with symptoms for more than 7 days

andpatientswhorequiredmechanical ventilation.Bycontrast, there

wasnobenefit (andpossibility forharm)amongpatientswithshorter

symptomdurationandnosupplementaloxygen requirement.A ret-

rospective cohort study of 201 patients inWuhan, China, with con-

firmedCOVID-19pneumoniaandARDSreportedthat treatmentwith

methylprednisolonewasassociatedwith reduced riskofdeath (haz-

ard ratio, 0.38 [95% CI, 0.20-0.72]).69

Thromboembolic prophylaxis with subcutaneous low molecu-

lar weight heparin is recommended for all hospitalized patients

with COVID-19.15,19 Studies are ongoing to assess whether certain

patients (ie, those with elevated D-dimer) benefit from therapeutic

anticoagulation.

Disparities

A disproportionate percentage of COVID-19 hospitalizations and

deaths occurs in lower-income andminority populations.45,96,97 In

a report by the Centers for Disease Control and Prevention of 580
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hospitalizedpatients forwhomracedatawere available, 33%were

Black and45%wereWhite,while 18%of residents in the surround-

ing community were Black and 59%wereWhite.45 The dispropor-

tionate prevalence of COVID-19 among Black patients was sepa-

rately reported ina retrospectivecohort studyof3626patientswith

COVID-19 fromLouisiana, inwhich77%ofpatientshospitalizedwith

COVID-19and71%ofpatientswhodiedofCOVID-19wereBlack,but

Black individualscomprisedonly31%oftheareapopulation.97,98This

disproportionate burdenmay be a reflection of disparities in hous-

ing, transportation, employment, andhealth.Minority populations

are more likely to live in densely populated communities or hous-

ing, dependonpublic transportation, orwork in jobs forwhich tele-

work was not possible (eg, bus driver, food service worker). Black

individuals also have a higher prevalence of chronic health condi-

tions thanWhite individuals.98,99

Prognosis

Overall hospital mortality from COVID-19 is approximately 15% to

20%,butup to40%amongpatients requiring ICUadmission.How-

ever,mortality ratesvaryacrosscohorts, reflectingdifferences in the

completeness of testing and case identification, variable thresh-

olds for hospitalization, anddifferences inoutcomes.Hospitalmor-

tality ranges from less than 5% among patients younger than 40

years to35%forpatients aged70to79years andgreater than60%

for patients aged 80 to 89 years.46 Estimated overall death rates

by age group per 1000 confirmed cases are provided in the Table.

Because not all people who die during the pandemic are tested for

COVID-19, actual numbersofdeaths fromCOVID-19arehigher than

reported numbers.

Although long-termoutcomes fromCOVID-19are currentlyun-

known,patientswith severe illnessare likely to suffer substantial se-

quelae.Survival fromsepsis is associatedwith increasedrisk formor-

tality for at least 2 years, new physical disability, new cognitive

impairment, and increased vulnerability to recurrent infection and

further health deterioration. Similar sequalae are likely to be seen

in survivors of severe COVID-19.100

Prevention and Vaccine Development

COVID-19 is a potentially preventable disease. The relationship be-

tween the intensity of public health action and the control of trans-

mission is clear from the epidemiology of infection around the

world.25,101,102 However, because most countries have imple-

mentedmultiple infection control measures, it is difficult to deter-

mine the relative benefit of each.103,104 This question is increas-

ingly important because continued interventions will be required

until effective vaccines or treatments becomeavailable. In general,

these interventions can be divided into those consisting of per-

sonal actions (eg, physical distancing, personal hygiene, and use of

protective equipment), case and contact identification (eg, test-

trace-track-isolate, reactive school or workplace closure), regula-

tory actions (eg, governmental limits on sizes of gatherings or busi-

nesscapacity; stay-at-homeorders;proactiveschool,workplace,and

public transport closure or restriction; cordon sanitaire or internal

border closures), and internationalbordermeasures (eg,border clo-

sure or enforced quarantine). A key priority is to identify the com-

binationofmeasures thatminimizes societal andeconomic disrup-

tionwhile adequately controlling infection. Optimalmeasuresmay

vary between countries based on resource limitations, geography

(eg, island nations and international border measures), popula-

tion, and political factors (eg, health literacy, trust in government,

cultural and linguistic diversity).

The evidence underlying these public health interventions has

not changed since the 1918 flu pandemic.105Mathematical model-

ing studies andempirical evidence support that public health inter-

ventions, includinghomequarantineafter infection, restrictingmass

gatherings, travel restrictions, and social distancing, are associated

with reduced ratesof transmission.101,102,106Riskof resurgence fol-

lows when these interventions are lifted.

A human vaccine is currently not available for SARS-CoV-2,

but approximately 120 candidates are under development. Ap-

proaches include the use of nucleic acids (DNA or RNA), inacti-

vated or live attenuated virus, viral vectors, and recombinant pro-

teins or virus particles.107,108 Challenges to developing an effective

vaccine consist of technical barriers (eg, whether S or receptor-

bindingdomainproteinsprovokemoreprotective antibodies, prior

exposure to adenovirus serotype 5 [which impairs immunogenic-

ity in theviral vectorvaccine], need for adjuvant), feasibilityof large-

scale production and regulation (eg, ensuring safety and effective-

ness), and legal barriers (eg, technology transfer and licensure

agreements). The SARS-CoV-2 S protein appears to be a promising

immunogenforprotection,butwhether targetingthefull-lengthpro-

tein or only the receptor-binding domain is sufficient to prevent

transmission remains unclear.108Other considerations include the

potentialdurationof immunityandthusthenumberofvaccinedoses

Table. Confirmed Coronavirus Disease 2019 (COVID-19) Cases, Deaths, and Deaths per 1000 Cases

in the US by Age Groupa

Age, y

No.

Confirmed COVID-19 cases Deaths from COVID-19 Deaths per 1000 COVID-19 cases

<18 116 176 50 0.4b

18-29 339 125 385 1.1

30-39 328 249 1137 3.5

40-49 325 190 2804 8.6

50-64 482 338 14 316 29.7

65-74 185 942 19 520 105.0

75-84 116 937 24 621 210.5

≥85 98 382 29 999 304.9

a Data are from American Academy of

Pediatrics for persons younger than

18 years and the Centers for Disease

Control and Prevention for persons

18 years and older (as of June 23,

2020).

b In 42 states and New York City,

childrenmade up 0% to 0.6% of all

COVID-19 deaths; 24 states

reported no child deaths.
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neededtoconfer immunity.62,108MorethanadozencandidateSARS-

CoV-2 vaccines are currently being tested in phase 1-3 trials.

Otherapproaches topreventionare likely toemerge in thecom-

ingmonths, includingmonoclonal antibodies, hyperimmuneglobu-

lin, andconvalscent titer. Ifprovedeffective, theseapproachescould

beused inhigh-risk individuals, includinghealth careworkers, other

essential workers, and older adults (particularly those in nursing

homes or long-term care facilities).

Limitations

This reviewhasseveral limitations.First, information regardingSARS

CoV-2 is limited. Second, informationprovidedhere isbasedoncur-

rent evidence, butmay bemodified asmore information becomes

available. Third, fewrandomized trialshavebeenpublished toguide

management of COVID-19.

Conclusions

Asof July 1, 2020,more than 10millionpeopleworldwidehadbeen

infected with SARS-CoV-2. Many aspects of transmission, infec-

tion, and treatment remainunclear. Advances inprevention andef-

fective management of COVID-19 will require basic and clinical in-

vestigation and public health and clinical interventions.
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