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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 hecoronavirusdisease2019(COVID-19)pandemichascaused
asuddensignificant increase inhospitalizationsforpneumo-
niawithmultiorgandisease.COVID-19 iscausedbythenovel

severeacuterespiratorysyndromecoronavirus2(SARS-CoV-2).SARS-
CoV-2infectionmaybeasymptomaticor itmaycauseawidespectrum
ofsymptoms,suchasmildsymptomsofupper respiratorytract infec-
tionand life-threateningsepsis.COVID-19 firstemerged inDecember
2019, when a cluster of patientswith pneumonia of unknown cause
was recognized inWuhan, China. As of July 1, 2020, SARS-CoV-2has
affectedmore than 200 countries, resulting inmore than 10million
identifiedcaseswith508000confirmeddeaths(Figure1).Thisreview
summarizescurrentevidenceregardingpathophysiology,transmission,
diagnosis, andmanagement 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.1 The
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-2targetscells, suchasnasalandbronchial
epithelial cellsandpneumocytes, throughtheviral structural spike(S)
protein that binds to the angiotensin-converting enzyme 2 (ACE2)

receptor7 (Figure 2). The type 2 transmembrane serine protease
(TMPRSS2),present inthehostcell,promotesviraluptakebycleaving
ACE2andactivating theSARS-CoV-2Sprotein,whichmediates coro-
navirusentry intohostcells.7ACE2andTMPRSS2areexpressedinhost
targetcells,particularlyalveolarepithelialtypeIIcells.8,9Similartoother
respiratoryviraldiseases,suchasinfluenza,profoundlymphopeniamay
occur in individualswithCOVID-19whenSARS-CoV-2 infects andkills
T lymphocytecells. Inaddition, theviral inflammatory response, con-
sistingofboththeinnateandtheadaptiveimmuneresponse(compris-
inghumoralandcell-mediated immunity), impairs lymphopoiesisand
increaseslymphocyteapoptosis.AlthoughupregulationofACE2recep-
tors fromACEinhibitorandangiotensin receptorblockermedications
hasbeenhypothesizedto increasesusceptibility toSARS-CoV-2 infec-
tion,largeobservationalcohortshavenotfoundanassociationbetween
these medications and risk of infection or hospital mortality due to
COVID-19.10,11Forexample,inastudy4480patientswithCOVID-19from
Denmark,previoustreatmentwithACEinhibitorsorangiotensinrecep-
tor blockerswasnot associatedwithmortality.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-
sumptionofclottingfactorsoccur.14,15Areport fromWuhan,China, in-
dicatedthat71%of 183 individualswhodiedofCOVID-19metcriteria
fordiffuse intravascular coagulation.14 Inflamed lungtissuesandpul-
monaryendothelialcellsmayresult inmicrothrombiformationandcon-
tributetothehighincidenceofthromboticcomplications,suchasdeep
venousthrombosis,pulmonaryembolism,andthromboticarterialcom-
plications (eg, limb ischemia, ischemic stroke,myocardial infarction)
incritically illpatients.16Thedevelopmentofviralsepsis,definedaslife-
threateningorgandysfunctioncausedbyadysregulatedhostresponse
to infection,may further contribute tomultiorgan 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
(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
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(eg,coughing)or thedetectionofnucleicacid 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 inani-
mate surfaces is difficult to interpretwithout knowing theminimum
doseofvirusparticles that can initiate infection.Viral loadappears to
persistathigher levelsonimpermeablesurfaces,suchasstainlesssteel
andplastic, thanpermeable surfaces, such as cardboard.32 Virus has
been identified on impermeable surfaces for up to 3 to 4 days after
inoculation.32Widespreadviral contaminationofhospital roomshas
beendocumented.28However, it is thought that theamountofvirus
detectedonsurfacesdecaysrapidlywithin48to72hours.32Although
thedetectionofvirusonsurfacesreinforcesthepotential fortransmis-

sionvia fomites (objects suchas adoorknob, cutlery, or clothing that
maybecontaminatedwithSARS-CoV-2)andtheneedforadequateen-
vironmentalhygiene,dropletspreadvia face-to-facecontact remains
the primarymodeof transmission.

Viral loadintheupperrespiratorytractappearstopeakaroundthe
timeof symptomonset andviral sheddingbegins approximately 2 to
3daysprior totheonsetofsymptoms.33Asymptomaticandpresymp-
tomaticcarrierscantransmitSARS-CoV-2.34,35 InSingapore,presymp-
tomatictransmissionhasbeendescribedinclustersofpatientswithclose
contact (eg, throughchurchgoingor singingclass) approximately 1 to
3daysbeforethesourcepatientdevelopedsymptoms.34Presympto-
matic transmission is thought tobeamajorcontributor to thespread
ofSARS-CoV-2.ModelingstudiesfromChinaandSingaporeestimated
the percentage of infections transmitted fromapresymptomatic in-
dividualas48%to62%.17Pharyngeal shedding ishighduringthefirst
weekofinfectionatatimeinwhichsymptomsarestillmild,whichmight

Figure 1. Key Events in the Early Coronavirus Disease 2019 (COVID-19) Pandemic
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April 9: Italy has reached
transmission peak with
more than 132 000 cases

Jan 7: WHO officials
announce they have
identified a new 
coronavirus initially 
named 2019-nCoV

Jan 30: WHO declares coronavirus a
global emergency with cases reported
in US, Japan, Nepal, France, Australia,
Malaysia, Singapore, South Korea,
Vietnam, and Taiwan

Feb 11: WHO announces
that the new disease
caused by SARS-CoV-2
is named “COVID-19”

March 16: More 
cases outside 
mainland China 
than within

April 28: No. of cases in US
surpasses 1 million with 58 000
confirmed deaths

Feb 14: Egypt first country in Africa
to report a case and France reports
Europe’s first death from the virus

Mar 18: WHO launches International
Solidarity Trial aiming to find the
most effective treatments for
COVID-19

Dec 31: China alerts WHO
on a cluster of cases of
pneumonia with unknown
cause in Wuhan

Jan 13: First confirmed
case outside of China
(Thailand) in a traveler
who has visited Wuhan

Feb 2: First confirmed
death outside China
(Philippines) of a Chinese
man from Wuhan

Mar 11: WHO declares
the coronavirus
outbreak a pandemic

Apr 1: No. of
confirmed cases of
COVID-19 exceeds
1 million

May 9: No. of global
reported COVID-19 cases
exceeds 4 million

June 29: Global reported 
COVID-19 cases exceeds 
10 million

May 22: South America at
center of pandemic with more
than 330 000 cases in Brazil 
alone

June 29: No. of global
reported COVID-19 cases
exceeds 10 million

Based on data fromWorldHealthOrganization (WHO) COVID-19 situation reports. The COVID-19 outbreakwas first recognized inWuhan, China, in early December 2019.
The number of confirmedCOVID-19 cases is displayed by date of report andWHO region. SARS-CoV-2 indicates severe acute respiratory syndrome coronavirus 2.
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Figure 2. Immunopathogenesis of Coronavirus Disease 2019 (COVID-19)
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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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explaintheefficient transmissionofSARS-CoV-2,because infected in-
dividuals canbe infectiousbefore they realize theyare ill.36Although
studieshavedescribedratesofasymptomatic infection, rangingfrom
4%to32%, it isunclearwhether thesereports represent trulyasymp-
tomatic infectionby individualswhoneverdevelopsymptoms, trans-
missionby individualswithverymildsymptoms,ortransmissionby in-
dividualswhoareasymptomatic at the timeof transmissionbut sub-
sequently develop symptoms.37-39A systematic reviewon this topic
suggestedthattrueasymptomatic infectionisprobablyuncommon.38

Althoughviral nucleic acid canbedetectable in throat swabs for
upto6weeksafter theonsetof illness, several studiessuggest thatvi-
ral culturesaregenerallynegative forSARS-CoV-28daysafter symp-
tom onset.33,36,40 This is supported by epidemiological studies that
haveshownthat transmissiondidnotoccur tocontactswhoseexpo-
suretotheindexcasestartedmorethan5daysaftertheonsetofsymp-
tomsinthe indexcase.41Thissuggeststhat individualscanbereleased
fromisolationbasedonclinical improvement.TheCenters forDisease
ControlandPreventionrecommend isolating forat least 10daysafter
symptomonsetand3daysafter improvementof symptoms.42How-
ever,thereremainsuncertaintyaboutwhetherserial testingisrequired
forspecificsubgroups,suchasimmunosuppressedpatientsorcritically
ill patients for whom symptom resolution may be delayed or older
adults residing in short- or long-termcare 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.45 Themedian 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%), and myalgia (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

Complications of COVID-19 include impaired function of the
heart, brain, lung, liver, kidney, and coagulation system. COVID-19
can lead to myocarditis, cardiomyopathy, ventricular arrhythmias,
andhemodynamic instability.20,54Acutecerebrovasculardiseaseand
encephalitis are observed with severe illness (in up to 8% of
patients).21,52 Venous and arterial thromboembolic events occur in
10% to 25% in hospitalized patientswith COVID-19.19,22 In the ICU,
venous andarterial thromboembolic eventsmayoccur inup to31%
to 59% of patients 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
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
viralexposures,and lowerratesofexposuretoSARS-CoV-2.Although

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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most pediatric cases are mild, a small percentage (<7%) of children
admitted to thehospital forCOVID-19developseveredisease requir-
ing mechanical ventilation.57 A rare multisystem inflammatory syn-
dromesimilar toKawasakidiseasehasrecentlybeendescribed inchil-
dreninEuropeandNorthAmericawithSARS-CoV-2infection.58,59This
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
RNAdetectionfromrespiratorysamples(eg,nasopharynx) isthestan-
dard fordiagnosis.However, the sensitivityof testingvarieswith tim-
ingoftestingrelativetoexposure.Onemodelingstudyestimatedsen-
sitivityat33%4daysafterexposure,62%onthedayofsymptomon-
set,and80%3daysaftersymptomonset.61-63Factorscontributingto
false-negativetestresults includetheadequacyofthespecimencollec-
tion technique, time fromexposure, and specimen source. Lower re-
spiratorysamples, suchasbronchoalveolar lavagefluid,aremoresen-
sitivethanupperrespiratorysamples.Among1070specimenscollected
from205patientswithCOVID-19inChina,bronchoalveolar lavagefluid
specimenshadthehighestpositiveratesofSARS-CoV-2PCRtestingre-
sults (93%), followedbysputum(72%),nasal swabs (63%), andpha-
ryngeal swabs(32%).61SARS-CoV-2canalsobedetected in feces,but
notinurine.61Salivamaybeanalternativespecimensourcethatrequires
lesspersonalprotectiveequipmentandfewerswabs,butrequiresfur-
ther 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 Incon-
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
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 approximately 40%of individuals canbenormal.44

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 the main
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.Facemasksreducethespreadofviral respiratory infection.N95
respirators and surgicalmasksbothprovide substantial protection
(comparedwithnomask), and surgicalmasksprovidegreater
protection than clothmasks.However, physical distancing is also
associatedwithsubstantialreductionofviraltransmission,withgreater
distancesprovidinggreaterprotection.Additionalmeasuressuchas
handandenvironmental disinfection are also important.
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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 hospital-
ized patients with COVID-19 experience a bacterial or fungal
co-infection, but up to 72% are treated with broad-spectrum
antibiotics.78 Awaiting further data, it may be prudent to withhold
antibacterial drugs in patients with COVID-19 and reserve them for
those who present with radiological findings and/or inflammatory
markers compatible with co-infection or who are immunocompro-
mised 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,

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-oldman, 5
days after symptomonset, showing subpleural ground-glass opacity and
consolidationwith subpleural sparing. B, Transverse thin-section computed
tomographic scan of a 76-year-oldman, 21 days after symptomonset, showing
bilateral and peripheral predominant consolidation, ground-glasswith reticulation,
and bronchodilatation. C, Pathologicalmanifestations of lung tissue in a patient
with severe pneumonia caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) showing interstitialmononuclear inflammatory infiltrates
dominated by lymphocytes (magnification, ×10). D, Pathologicalmanifestations of
lung tissue in a patientwith severe pneumonia caused by SARS-CoV-2 showing
diffuse alveolar damagewith edema and fibrine deposition, indicating acute
respiratory distress syndromewith early fibrosis (magnification, ×10). Images
courtesy of IngeA. H. van denBerk,MD (Department of Radiology, Amsterdam
UMC), andBernadette Schurink,MD (Departmentof Pathology,AmsterdamUMC).
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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 than200trialsof chloroquine/hydroxychloroquine, com-
poundsthat inhibitviralentryandendocytosisofSARS-CoV-2 invitro
and may have beneficial immunomodulatory effects in vivo,79,80

have been initiated, but early data from clinical trials in hospital-
ized patients with COVID-19 have not demonstrated clear
benefit.81-83 A clinical trial of 150 patients in China admitted to the
hospital for mild to moderate COVID-19 did not find an effect on
negative conversion of SARS-CoV-2 by 28 days (themain outcome
measure) when compared with standard of care alone.83 Two ret-
rospective studies foundnoeffect of hydroxychloroquineon riskof
intubation or mortality among patients hospitalized for
COVID-19.84,85Oneof these retrospectivemulticenter cohort stud-
ies compared in-hospitalmortality between those treatedwith hy-
droxychloroquine plus azithromycin (735 patients), hydroxychlo-
roquine alone (271 patients), azithromycin alone (211 patients), and
neither drug (221 patients), but reported no differences across the
groups.84 Adverse effects are common, most notably QT prolon-
gationwith an increased risk of cardiac complications in an already
vulnerable population.82,84 These findings do not support off-
label use of (hydroxy)chloroquine either with or without the coad-
ministration of azithromycin. Randomized clinical trials are ongo-
ing and should providemore guidance.

Most antiviral drugsundergoing clinical testing inpatientswith
COVID-19 are repurposed antiviral agents originally developed
against influenza,HIV, Ebola, or SARS/MERS.79,86Useof theprote-
ase inhibitor lopinavir-ritonavir, which disrupts viral replication in
vitro, did not showbenefit when comparedwith standard care in a
randomized, controlled,open-label trial of 199hospitalizedadultpa-
tients with severe COVID-19.87 Among the RNA-dependent RNA
polymerase inhibitors, which halt SARS-CoV-2 replication, being
evaluated, including ribavirin, favipiravir, and remdesivir, the latter
seems to be the most promising.79,88 The first preliminary results
ofadouble-blind, randomized,placebo-controlledtrialof 1063adults
hospitalizedwith COVID-19 and evidence of lower respiratory tract
involvement who were randomly assigned to receive intravenous
remdesivir or placebo for up to 10daysdemonstrated that patients
randomizedtoreceiveremdesivirhadashorter timetorecoverythan
patients in the placebo group (11 vs 15 days).88 A separate random-
ized,open-label trial among397hospitalizedpatientswithCOVID-19
who did not requiremechanical ventilation reported that 5 days of
treatment with remdesivir was not different than 10 days in terms
of clinical statusonday 14.89Theeffect of remdesivir on survival re-
mains unknown.

Treatment with plasma obtained from patients who have re-
covered from viral infections was first reported during the 1918 flu
pandemic. A first report of 5 critically ill patients with COVID-19
treated with convalescent plasma containing neutralizing anti-
body showed improvement in clinical status among all partici-
pants, defined as a combination of changes of body temperature,
Sequential Organ Failure Assessment score, partial pressure of

oxygen/fraction of inspired oxygen, viral load, serum antibody ti-
ter, routinebloodbiochemical index,ARDS, andventilatory andex-
tracorporealmembraneoxygenationsupportsbeforeandafter con-
valescent plasma transfusion status.90 However, a subsequent
multicenter, open-label, randomized clinical trial of 103 patients in
China with severe COVID-19 found no statistical difference in time
to clinical improvement within 28 days among patients random-
ized to receive convalescent plasma vs standard treatment alone
(51.9% vs 43.1%).91 However, the trial was stopped early because
of slowing enrollment, which limited the power to detect a clini-
cally importantdifference.Alternativeapproachesbeing studied in-
clude theuseof convalescentplasma-derivedhyperimmuneglobu-
lin andmonoclonal antibodies targeting SARS-CoV-2.92,93

Alternative therapeutic strategies consist ofmodulating the in-
flammatory response in patients with COVID-19. Monoclonal anti-
bodies directed against key inflammatorymediators, such as inter-
feron gamma, interleukin 1, interleukin 6, and complement factor
5a, all target the overwhelming inflammatory response following
SARS-CoV-2 infection with the goal of preventing organ
damage.79,86,94Of these, the interleukin6 inhibitors tocilizumaband
sarilumabarebeststudied,withmorethanadozenrandomizedclini-
cal trialsunderway.94Tyrosinekinase inhibitors, suchas imatinib, are
studied for their potential topreventpulmonaryvascular leakage in
individuals with COVID-19.

Studies of corticosteroids for viral pneumonia and ARDS have
yielded mixed results.72,73 However, the Randomized Evaluation of
COVID-19 Therapy (RECOVERY) trial, which randomized 2104
patients with COVID-19 to receive 6mg daily of dexamethasone for
up to 10 days and 4321 to receive usual care, found that dexameth-
asone 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).95 The ben-
efit was greatest in patients with symptoms for more than 7 days
and patients who required mechanical ventilation. By contrast,
therewas no benefit (and possibility for harm) among patients with
shorter symptom duration and no supplemental oxygen require-
ment. A retrospective cohort study of 201 patients in Wuhan,
China, with confirmed COVID-19 pneumonia and ARDS reported
that treatment with methylprednisolone was associated with
reduced risk of death (hazard 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 and minority populations.45,96,97

In a report by the Centers for Disease Control and Prevention of
580 hospitalized patients for whom race data were available, 33%
were Black and 45%wereWhite, while 18% of residents in the sur-
rounding community were Black and 59% were White.45 The dis-
proportionate prevalence of COVID-19 among Black patients was
separately reported in a retrospective cohort study of 3626
patients with COVID-19 from Louisiana, in which 77% of patients
hospitalizedwithCOVID-19and71%ofpatientswhodiedofCOVID-19
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were Black, but Black individuals comprised only 31% of the area
population.97,98 This disproportionate burden may be a reflection
of disparities in housing, transportation, employment, and health.
Minoritypopulationsaremore likely to live indenselypopulatedcom-
munitiesorhousing,dependonpublic transportation,orwork in jobs
for which telework was not possible (eg, bus driver, food service
worker). Black individuals also have a higher prevalence of chronic
health conditions 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 numbersof deaths 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.105 Mathematical 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.
Approaches 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-
binding domain proteins provoke more protective antibodies,
prior exposure to adenovirus serotype 5 [which impairs immuno-
genicity in the viral vector vaccine], need for adjuvant), feasibility
of large-scale production and regulation (eg, ensuring safety and
effectiveness), and legal barriers (eg, technology transfer and
licensure agreements). The SARS-CoV-2 S protein appears to be a
promising immunogen for protection, but whether targeting the
full-length protein or only the receptor-binding domain is suffi-
cient to prevent transmission remains unclear.108 Other consider-
ations include the potential duration of immunity and thus the
number of vaccine doses needed to confer immunity.62,108 More
than a dozen candidate SARS-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

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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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

As of July 1, 2020, more than 10 million people worldwide
had been infected with SARS-CoV-2. Many aspects of trans-
mission, infection, and treatment remain unclear. Advances in
prevention and effective management of COVID-19 will re-
quire basic and clinical investigation and public health and clini-
cal interventions.
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