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Abstract. Our understanding of SARS-CoV-2, the virus responsible for coronavirus disease 2019 (COVID-19), its
clinical manifestations, and treatment options continues to evolve at an unparalleled pace. This review sought to sum-
marize the key literature regarding transmission, case definitions, clinical management, and the burden of COVID-19. Our
review of the literature showed that SARS-CoV-2 was mainly transmitted via inhalation of respiratory droplets containing
the virus and had a mean incubation period of 4-6 days. The commonly reported symptoms were fever (75.3% + 18.7%)
and cough (62.6% =+ 17.7%) across the spectrum of clinical disease—mild, moderate, severe, and critical, but with the
disease phenotype varying with severity. Categorization of these cases for home care or hospital management needs to
be defined, with risk stratification accounting for the age of the patient and the presence of underlying comorbidities. The
case definitions varied among countries, which could have contributed to the differences in the case fatality rates among
affected countries. The severity and risk of death due to COVID-19 was associated with age and underlying comorbidities.
Asymptomatic cases, which constitute 40-80% of COVID-19 cases are a considerable threat to control efforts. The
presence of fever and cough may be sufficient to warrant COVID-19 testing, but using these symptoms in isolation will
miss a proportion of cases. A clear definition of a COVID-19 case is essential for the management, treatment, and tracking
of clinical illness, and to inform the quarantine measures and social distancing that can help control the spread of

SARS-CoV-2.

INTRODUCTION

In December 2019, several Health Centers in Wuhan, in the
Hubei Province of China, reported a cluster of patients with
pneumonia of unknown etiology."? Their clinical presenta-
tions were similar to those of SARS outbreak that occurred in
2003.3-% COVID-19 is the third coronavirus disease to cause
public health outbreaks and has spread more rapidly and
widely than SARS and Middle East respiratory syndrome
(MERS). COVID-19 is now pandemic, with millions of con-
firmed cases and several thousands of deaths associated with
the disease in 210 countries and territories. This review pro-
vides a discussion of the disease transmission, clinical pre-
sentations, variability of case definitions, and review of the
clinical management.

BURDEN AND CASE FATALITY OF COVID-19

Since the first cases were recognized in December 2019,
SARS-CoV-2 has spread around the world, with cases and
fatalities increasing by the thousands daily. While attempting
to define the burden and case fatality of the disease, efforts
have been complicated by different case definitions and
testing procedures, asymptomatic cases that may go un-
recognized and the rapidly evolving nature of the pandemic.

Studies of hospitalized patients have reported fatality rates
ranging from 1.4% to 18.9%, and as high as 61.5% among
those who were critically ill.5'° Case fatality rates were re-
portedly higher among older adults and the elderly than
among young adults and children. Reported rates include
1.0% among adults aged 50-59 years, 3.5% among 60-69
years, 12.8% among 70-79 years, and 20.2% among 80 years
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or older." Among critically ill patients, the case fatality is re-
portedly higher, reaching 50% among adults aged 40-49 years
and 87.5-100% among those older than 70 years.'® The precise
case fatality rate for countries affected by the disease is
unknown—although some models allowing for mild and asymp-
tomatic cases estimated it at 0.51%."? Despite this uncertainty,
several risk factors for significant outbreaks of severe and fatal
illness have been identified. These include patient characteristics,
disease phenotype, and laboratory biomarkers.5'11%-1® See
Factors associated with COVID-19 morbidity and mortality for
factors associated with morbidity and mortality.

TRANSMISSION ROUTES OF SARS-COV-2

SARS-CoV-2 is transmitted between humans via respiratory
droplets which are produced when an infected individual talks,
sneezes, or coughs (Figure 1). Droplet transmission can occur
within 1-4 m."”~'® SARS-CoV-2 has been shown to survive in
aerosolized form for more than 3 hours under experimental
conditions, but this mechanical generation of aerosols is unlikely
to mimic the true clinical scenario.2° Certain clinical procedures
involving the upper airway such as obtaining a nose or throat
swab, endotracheal intubation, manual ventilation, or nebuliza-
tion are capable of generating particles < 5 ym, allowing for
airborne transmission in healthcare settings.19 In particular, in-
tensive care units (ICUs) have been associated with a higher risk
of infection.”

Fomite transmission, transmission from contact with con-
taminated surfaces, is possible with high rates of contami-
nation of floors and the soles of healthcare staff as well as
computer mice, doorknobs, and trash cans."” The virus is vi-
able for up to 72 hours on plastic and stainless steel, 24 hours
on cardboard, and 4 hours on copper. These survival times
appear to be longer than those of SARS-CoV-2 under similar
conditions and may contribute to the broader spread of SARS-
CoV-2 in comparison.?®
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Identification and management of COVID-19 cases. Monitoring for suspected cases of COVID-19 is crucial to halt the transmission of

SARS-CoV-2. Suspected cases who have had contact with an infected person (asymptomatic/symptomatic) need to be isolated and screened for
SARS-CoV-2 using sensitive nucleic acid amplification tests (NAATS). It is recommended that infected individuals who are asymptomatic self-
isolate and be monitored at home. Individuals who progress to develop clinical disease can be triaged into mild/moderate and severe/critical case
for clinical management/treatment. However, the presence of comorbidities and the age of the patient can be used to triage patients for hospi-
talization or home care. Once recovered, patients should be monitored because they could still be infectious.

Infection from direct contact with body fluids from infected
individuals is likely to be another possible route of trans-
mission. SARS-CoV-2 has been detected in saliva, blood,
urine, tears, feces, and cerebrospinal fluid samples.?'2° Al-
though documented evidence of transmission through these
alternate sources remains unsubstantiated, precautions when
handling samples collected from suspected or confirmed
cases is advisable.

The basic reproductive number (Rg) of SARS-CoV-2 varies
between populations and depends on demographic and en-
vironmental factors as well as on the control interventions in
place.26 At the onset of the outbreak in Wuhan, before travel
restrictions were introduced, the estimated Ry was 2.35 (95%
Cl: 1.15-4.77) but was reportedly reduced to 1.05 (95% CI:
0.41-2.39) a week later.?” Similarly, aboard the Diamond
Princess cruise ship, which carried ~3,600 people, 712 cases
of COVID-19 and 13 deaths were reported. The Ry was re-
ported as 14.8, before quarantine/isolation precautions were
in place, and was reduced to 1.78 after those measures were
introduced.?® In closed settings, such as nursing facilities,
SARS-CoV-2 may spread rapidly, with one study finding a

64% positivity rate among residents 23 days after the first
positive test.?® Of these patients, 56% tested positive while
still asymptomatic, and it has been hypothesized that asymp-
tomatic individuals contribute significantly to transmission.2®

CLINICAL PRESENTATION OF SARS-COV-2 INFECTIONS

The reported incubation period for SARS-CoV-2 has been
variable between studies but has generally ranged between 2
and 11 days, with an average of 4-6 days.*° In one study, the
incubation period was estimated at 4.9 days (95% CI: 4.4-5.5)
and was not significantly different from that of SARS-CoV (4.7,
95% Cl: 4.3-5.1) and MERS-CoV (5.8, 95% ClI: 5.0-6.5).%"

Symptomatic patients with COVID-19 develop a clinical
syndrome similar to that of influenza. Our analysis of 21
studies involving COVID-19 patients showed that the majority
of patients with clinical disease presented fever (75.3%),
cough (62.6%), dyspnea (52.7 %), and sore throat (43.9%) as
the commonly reported symptoms (Figure 2). Other reported
symptoms were moderately common (20-38%) and in-
cluded vomiting/nausea, diarrhea, myalgia, fatigue, pharyngeal
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Ficure 2. Commonly reported clinical symptoms of COVID-19. Data were obtained from 21 studies involving COVID-19 patients in-
cluding children and adults. For the pooled analysis, the mean percentage of patients who developed a particular symptom was plotted with
the upper standard error. Fever a1n2% cough were the commonly reported symptoms. Data were obtained from published

data.6'1 0,18,32,34,39,57,59-61,68,69,105,124—

congestion, headache, sputum production, and anorexia
(Figure 2). The less commonly reported symptoms (< 20%)
were abdominal pain, loss of taste/smell, dizziness, and chest
pain (Figure 2).'*273% Most of these symptoms appeared within
11 days postinfection, but this may vary depending on age and
comorbidities.®826:3¢

Chest X-ray (CXR) and computed tomography (CT) features
of disease may appear before COVID-19 disease becomes
symptomatic and have been used to aid in diagnosis. On CXR,
the most common findings are consolidation and ground-
glass opacities, often with bilateral involvement.®” On CT, the
disease detection rate is high among symptomatic individuals
with a meta-analysis study indicating that ground-glass
opacities are the most common feature, appearing in 83.31%
of cases. This is followed by ground-glass opacities with mixed
consolidation in 58.42%, with other common features including
adjacent pleural thickening, interlobular septal thickening, and air
bronchograms.®

Where illness warrants hospitalization, studies suggest that
this usually occurs within 5-7 days of symptom onset.2%3° The
average duration of hospital admission ranges from 7 to
17 days and is dependent on disease severity.5%4' The WHO
recommends 2-6 weeks of hospitalization to allow time for
proper treatment and adequate recovery.*? The disease can
progress from mild to critical, with severe respiratory compli-
cations and multiple organ dysfunction, which can be
fatal.’®34% In COVID-related deaths, the median time from
symptom onset to death was ~13-16 days.***®

Asymptomatic cases. Asymptomatic SARS-CoV-2 infec-
tions, where patients test positive for the virus yet remain
clinically well (Figure 1), constitute a large proportion of
COVID-19 cases. As such, a population screening strategy
based on clinical symptoms alone will miss these cases, in-
creasing transmission risk. Estimates suggest that up to

40-80% of people who test positive for SARS-CoV-2 are
asymptomatic.*®*” In a proportion of individuals who are ini-
tially asymptomatic, a clinical illness will subsequently de-
velop, classifying this group as presymptomatic. A proportion
of these patients may have early identifiable pathology with
studies of clinically well SARS-CoV-2—-positive patients find-
ing that 50-67.3% had lung abnormalities on CT at admission
and a proportion of these later developed clinical illness.
Among those without initial CT changes, only 11% later de-
veloped clinical iliness.'®*® Presymptomatic cases have also
comprised most of the positive results when testing was
performed in nursing facilities, with these cases likely con-
tributing to transmission.2® Numerous cases of presymptomatic
transmission have been reported, and reports from China
suggest that 12.6% of cases in China were transmitted
asymptomatically.*® These findings raised questions as to
whether most of the patients who were classified as “pre-
symptomatic” (Figure 1) may have had mild symptoms that
went unreported,E’O‘52 and what the extent and transmission
risk is of true asymptomatic cases.

However, there remains a proportion of patients who will be
asymptomatic throughout their iliness course. The distribution
of asymptomatic cases varies with age, with infected children
more likely to be asymptomatic compared to adults.*853:%4
While the degree of infectivity of asymptomatic patients
compared to those with clinical illness remains uncertain,
there are documented cases of transmission from asymp-
tomatic individuals. These individuals have a median of
9.5 days in which they are able to transmit the virus, and such
transmissions are able to cause severe COVID-19 disease.*®"
Asymptomatic carriers with SARS-CoV-2 infections pose a great
threat to COVID-19 control efforts.

Mild illness. Mild COVID-19 illness is defined by un-
complicated symptoms, which can be safely managed in the



628 MCARTHUR AND OTHERS

outpatient setting (Figure 1). Although the WHO separates this
category into those with and without mild pneumonia, this
distinction does not influence management and is difficult to
make in patients managed outside of the hospital. For the
purposes of this review, all cases suitable for management in
an outpatient setting will be considered together.

Mild COVID-19 is perhaps less well understood than more
severe disease phenotypes as it is believed that most of such
cases do not present for testing. Based on current data, ap-
proximately 81% of confirmed SARS-CoV-2 infections are
regarded as mild.2? However, it is likely that the number of mild
cases has been significantly underestimated. During the early
period of the disease outbreak in China, it was estimated that
86% of infections went undocumented because of the fact
that those infected developed non-severe symptoms and,
therefore, did not present for testing.®* The study further es-
timated that undocumented infections were the sources of
infection of 79% of all documented infections.>®

Symptoms of mild COVID-19 are typically those of an upper
respiratory tract infection, with atypical presentations being
more common in elderly and immunosuppressed individu-
als.®® It appears that fever is less characteristic in mild cases.
In patients identified through screening or managed as out-
patients, 40.6-55.9% had fever compared with 71.6-98.6% of
hospitalized patients.3®%7%° Headache, pharyngeal conges-
tion, and disorders of taste and smell were reported with
comparative frequency. Malaise, cough, dyspnea, and myal-
gia were less typical than in severe cases.®¥%"6'63 gome
authorities are widening case definitions to include symptoms
such as headache, loss of taste or smell, and pharyngeal
congestion as criteria for suspected cases as 59.4% of mild
cases are presenting without fever and 41.6% are presenting
without cough.3”-6*#5 Although fatalities have been reported
among children, they seem more likely to experience a mild
illness, and the case fatality rate appears significantly lower
than that reported among adults.®® As children can still con-
tribute to transmission, considerations for social distancing
remain relevant despite the generally comparative mild iliness
phenotype in this cohort.®

Severe and critical illness. Severe COVID-19 (Figure 1) is
defined by symptoms of significant respiratory distress which
in adults are tachypnea > 30 breaths per minute, oxygen
saturation < 93%, PaO,/FiO, ratio < 300 mmHg, lung infil-
trates > 50% within 24-48 hours, or clinical assessment of
severe distress.'®%® This definition encompasses acute re-
spiratory distress syndrome (ARDS), defined by acute onset,
PaO,/FiO, ratio, and bilateral infiltrates on CXR.®” Through the
course of the illness, most patients will develop a fever
(77-98.6%) and cough (48.2-76%).51322:88 Other common
symptoms include myalgia or fatigue, which appear early in
the iliness and are seen in around 18-32.1% of cases,®® sore
throat,®® and dyspnea.?? Fatigue may ultimately occur in up to
69.6% of patients through the course of the illness, but is
nonspecific.'® Severe COVID-19 appears to be more common
in men, with 54.3-68% of hospitalized patients in studies being
males.®3* It has likewise been associated with comorbidities;
however, severe illness and death can occur in previously young,
healthy individuals, including infants.”®""

Complications of severe and critical COVID-19 contribute
significantly to the morbidity and mortality burden. Acute re-
spiratory distress syndrome is well recognized, developing in
19.6% of hospitalized patients among early studies in China.®®

Cardiovascular complications are becoming increasingly ap-
parent as more patients reach stages of severe and critical
illness, with cardiomyopathy reported in up to 33% of patients
and arrhythmias in 16.7%.%%72 Other end-organ dysfunction
including acute hepatic and kidney injury is also recognized.72
In addition, severe disease appears to be associated with a
hypercoagulable state with risk of venous thromboembolism
inas many as 27 % of patients and arterial thrombotic eventsin
3.7%, leading to risk of pulmonary embolism, stroke, myo-
cardial infarction, and systemic arterial embolism.”374

There is increasing recognition of the existence of central
nervous system (CNS) symptoms in COVID-19 presentations,
as well as neurological complications which increase in fre-
quency with disease severity. In a study of hospitalized pa-
tients, 36.4% had symptoms that were classified as
neurological—dizziness (18.8%), headache (13.1%), impaired
consciousness (7.5%), acute cerebrovascular disease (2.8%),
seizure (0.5%), and ataxia (0.5%).”® These were in addition to
symptoms relating to peripheral nervous and sensory func-
tion.”® Central nervous system symptoms were associated
with laboratory risk factors for severe disease including lym-
phocytopenia; 45.5% of severe infections had nervous sys-
tem manifestations.”® Furthermore, there have been reported
cases of COVID-19-associated stroke, encephalitis, acute
transverse myelitis, perfusion abnormalities on CT, and
Guillain-Barre syndrome.”*"58" These included large-vessel
strokes in five patients (younger than 50 years) in New York
City, United States.”* These observations raise concerns
about possible neurological effects of the virus, the mecha-
nisms of which are still a cause for speculation.??

Critical cases of COVID-19 are defined by respiratory failure
requiring mechanical ventilation, and septic shock or organ
dysfunction necessitating intensive care.'® Critical COVID-19
cases were recorded in 5-6% of SARS-CoV-2 infections
during the epidemic phase in China.'®”" In other studies of
hospitalized patients, the proportion of COVID-19 cases re-
quiring ICU admission ranged from 5% to 40.7%.8:9:22:39.83 o
need for invasive mechanical ventilation has been reported
in 2.3-12.3% of hospitalized patients,®3%¢° whereas the re-
quirement for extracorporeal membranous oxygenation (ECMO)
occurred in 0.5-3% of patients.®3* Critical COVID-19 has a case
fatality rate of 49.0% recorded among those with critical disease
in China, and early studies from the United States suggest it is
likely to be similarly high.”'#*

Recovery from COVID-19. Once patients recover from
COVID-19 (Figure 1), they may remain contagious, as evi-
denced by case reports of positive reverse transcriptase-
polymearse chain reaction (RT-PCR) throat swabs 5-13 days
after symptom resolution. This is even present in recovered pa-
tients who have registered a previous swab-negative RT-PCR for
SARS-CoV-2.8° Viral shedding has been observed for up to
37 days in survivors with a median duration of 20 days.*® SARS-
CoV-2 has also been detected in fecal specimens 18-30 days
after illness onset in children,®® suggesting that prolonged
shedding may still be possible during and after recovery.

Studies of vertical transmission of SARS-CoV-2 remain lim-
ited; the low numbers of documented probable cases suggest it
is a rare phenomenon where it occurs.258 Although SARS-
CoV-2-specific IgM has been detected in infant sera of COVID-
19-positive mothers, itis as yet uncertain whether this represents
passive immunization, such as through an altered placenta, or
disease transmission with infant immune response.®
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Immunity and reinfection with SARS-CoV-2. Our un-
derstanding of the immune responses against SARS-CoV-2
infections is still unfolding as more patient data are analyzed.
Seroconversion in infected individuals was observed 1-2
weeks post-symptom onset.®! Studies of immune responses
in SARS-CoV-2-infected patients have shown increased
presence of follicular helper T cells, and activated CD4* and
CD8" T cells with the detection of immunoglobulin A, IgM, and
IgG against the SARS-CoV-2 spike, nucleocapsid, and en-
velop proteins.2392-%5 There are suggestions that polyclonal
antibodies against SARS-CoV-2 may be used as therapeutics
for COVID-19 patients; others have suggested convalescent
plasma as a source of these antibodies.®®®8 Data on the
breadth, strength, and longevity of these immune responses
to protect against disease and reinfection are limited and re-
main a field to be explored.®® However, there seems to be a
general lack of long-lived antibody responses against COVID-
19 in general.

There is no reliable evidence to suggest that COVID-19
patients who have recovered from the disease can be rein-
fected. Available data from reinfection studies in monkeys
(rhesus macaques) showed that prior infection with SARS-
CoV-2 conferred protection against reinfection with the same
strain of the virus.'®° This suggests that immune response to
SARS-CoV-2 could protect against reinfection.’®" Case re-
ports of SARS-CoV-2 PCR-positive results in individuals who
were previously PCR negative have not been thoroughly in-
vestigated nor confirmed. Others have suggested that this
could be because of re-detection of existing infections, which
were circulating at low densities.'®® Thus, detection of the
virus following recovery needs to be interpreted with caution
as it is more likely to be shedding of the virus from a resolving
infection.

COVID-19 CASE DEFINITIONS

Defining the scope of the COVID-19 pandemic has been
challenging because of the need to refine case definitions as
the pandemic progressed and as clinical presentations be-
come more clearly understood. These case definitions have
been used to determine whom to test and to guide case in-
vestigations of possible contacts. By influencing testing al-
gorithms, they have greatly impacted the confirmed test
outcomes. As an example, case definitions in China were
changed on February 12,2020, to include clinically diagnosed
mild cases, resulting in an increase of > 15,000 cases in a
single day.” Thus, developing consistent case definitions,
whenever possible, is necessary to track metrics of the dis-
ease and its spread.

COVID-19 case definitions have been developed and
modified in different jurisdictions according to local circum-
stances and authorities (Table 1). In Canada, the definition of a
probable case has been widened to require only one symptom
of illness in addition to an epidemiological risk factor; the
breadth of symptoms required for a suspected case was later
increased to include general flu-like symptoms, including
headache and sore throat.®® In Australia, where case defini-
tions are used to determine testing priorities, additional efforts
have been devoted to defining high-risk settings such as
residential facilities and the nature of a close contact as it
relates to in-person interactions and proximity (Table 1). These
definitions are highly significant as they determine who

receives testing and which patients need to be regarded as at-
risk for transmitting the virus. These precautions require
resources—including equipment and personnel—such that
case definitions must balance capturing possible COVID-19
infections against burdening the healthcare system with in-
dividuals with a low probability of infection.

FACTORS ASSOCIATED WITH COVID-19 MORBIDITY
AND MORTALITY

The risk of severe or fatal COVID-19 has been associated
with three key categories of risk factors: patient characteris-
tics, disease characteristics, and biomarkers.

Patient characteristics. Age has consistently been asso-
ciated with risk of COVID-19 disease. Among COVID-19 pa-
tients, older adults and the elderly compared with young
adults and children have had an increased likelihood of severe
disease, increased risk of mortality, higher admission rates,
and increased length of hospital stay.®':16:41.43.60.103,104

COVID-19 mortality and morbidity have further been asso-
ciated with comorbidities (Table 2), which may vary between
countries.®®® In the general population, the mortality rate
(2.3%) due to COVID-19 was reportedly lower than among
patients with chronic disease, increasing to 10.5% in patients
with cardiovascular disease, 7.3% among patients with di-
abetes mellitus, 6.3% among those with chronic respiratory
diseases, 6% among patients with hypertension, and 5.6% in
cancer patients.”" Such diseases also increase the risk of re-
quiring invasive ventilation, with this reported at increased
rates among patients with obesity, diabetes, hypertension,
chronic pulmonary disease, cardiovascular disease, and
cancer.'641:105106 | the United States, underlying health
conditions and risk factors were identified in 27% of non-
hospitalized, 71% of hospitalized, and 78% ICU cases due to
COVID-19."%7 In one Italian study, 99.2% of COVID-19 cases
admitted to the hospital had underlying chronic diseases, and
in China, chronic iliness was identified in 40% of cases of
critical illness. %"

Other risk factors including gender, host genetics, and
country of residence have been reported. Most of the patients
with severe and fatal disease across multiple settings have
been male, although the reasons for this remain unclear.*45-€°
In addition, factors including ethnicity, health insurance status,
and country of residence have been implicated as possible
risk factors for disease outcome.'®® Host genetics including
polymorphisms in the human receptor, angiotensin-converting
enzyme-2, for SARS-CoV-2, may play a role in infection and
severity of COVID-19.10%-""

Disease characteristics. Several disease characteristics
at presentation have additionally been identified as markers of
progression from mild/moderate to severe disease. These
have been previously outlined in terms of disease phenotype
for mild versus severe/critical disease. They include fever,
dyspnea, tachypnea, and chest tightness.*'**>'% Higher Se-
quential Organ Failure Assessment (SOFA) scores have been
associated with increased mortality risk and may be a tool for
assessing mortality risk at admission.'%43

Biomarkers. Biomarkers including neutrophilia, lympho-
cytopenia, and elevated creatinine, bilirubin, aspartate ami-
notransferase, troponin, D-dimer, interleukin 6, ferritin,
C-reactive protein, lactate dehydrogenase, blood urea ni-
trogen, creatinine kinase, and procalcitonin have been
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associated with severe disease and mortality due to COVID-
19_10,41 ,43,45,75,104,105,112

MANAGEMENT OF COVID-19 CASES

For most patients, COVID-19 presents as a mild iliness that
can be managed at home with rest and simple analgesics/
antipyretics for symptom relief (Figure 1). Paracetamol has
been suggested as the drug of choice for symptom relief,
whereas anecdotal evidence of non-steroidal anti-inflammatory
drug (NSAID)-associated harm in COVID-19-infected patients is
being investigated.'"®

To not overburden health staff, most healthcare facilities
manage milder cases of COVID-19 on an outpatient basis,
with patients self-isolating in their own homes. As yet, the
benefits of early interventions that have been proposed—such
as oxygen therapy—remain unclear."'* The rapidly rising case
numbers in many countries continue to impose a significant
burden on the healthcare system, making inpatient manage-
ment of mild cases challenging.

Once patients are admitted to hospital, treatments fall into
three key categories: supportive care, treatment of coinfection
and comorbidity, and disease-modifying treatments, which
currently remain experimental.

For patients with severe or critical SARS-CoV-2, supportive
care is the current mainstay of treatment (Figure 1). This in-
cludes attention to fluids and electrolytes, monitoring for
complications, facilitating symptomatic management, and
providing respiratory support. Respiratory support can be
provided in a stepwise fashion as required, moving from ox-
ygen therapy through to noninvasive ventilation, and then
intubation and mechanical ventilation. In ARDS, there is evi-
dence that prone positioning of patients may improve oxy-
genation, and it is currently being recommended for
hospitalized COVID-19 patients.®*115 With a high fatality
rate observed in mechanically ventilated patients and pan-
demic cases placing enormous strain on global ventilator
supply, it is of note that isolated hypoxemia can be well tol-
erated where respiratory effort remains in an acceptable range
and is not necessarily an appropriate trigger for intubation.''®
Where intubation and mechanical ventilation is required, it
should be tailored to the disease phenotype and aim to pre-
vent further lung injury."® Extracorporeal membranous OXy-
genation may be used if available for refractory hypoxia. It is
important to note that although respiratory support measures
are integral to COVID-19 management, they also create high-
risk environments in which airborne transmission of the virus
may be possible."® These measures include intubation, neb-
ulized treatments, moving patients to a prone position, and
positive-pressure noninvasive ventilation. During these ac-
tivities, it important that healthcare personnel wear appropri-
ate personal protective equipment including N95 mask and
eye protection (Figure 1).

Where COVID-19 is causing severe iliness or sepsis, the
WHO recommends empirical antimicrobial treatment, with
other sources suggesting this be considered in any severe
infection.®® In addition, consideration may be given to a
neuraminidase inhibitor in the event of coinfection with in-
fluenza. Coinfection of COVID-19 patients with other patho-
gens including influenza A and B, respiratory syncytial virus,
rhinovirus, and adenovirus may be common, occurring in 22%
of cases in some reports."'® However, this depends on region

and season. Coinfection with other respiratory pathogens
may increase COVID-19 severity. As such, severe disease
warrants testing and treatment for these coinfections.
Disease-modifying treatments for COVID-19 remain under
investigation (Supplemental Tables 1 and 2). Of note in this
category, preliminary results from the Recovery trial indicate
that low-dose dexamethasone reduces mortality among
COVID-19 patients requiring respiratory support, by up to
one-third in those requiring ventilation."'” As such, and with
no significant harms associated with the medication in this
trial, dexamethasone is now being recommended for con-
sideration in severe disease.'"® In addition, there is ongoing
interest in remdesivir, an antiviral previously trialed in Ebola
virus disease. Whereas early trials were equivocal regarding
possible benefit,'"® recent preliminary results from a ran-
domized controlled trial suggest remdesivir may improve re-
covery time and rate from COVID-19."2° There are numerous
other drugs under ongoing investigation because of their
potential to modify some aspect of the COVID-19 disease
course (Supplemental Table 1); these have been reviewed
elsewhere and remain an area of active research.'®'122
Meanwhile, there is extensive ongoing research into potential
candidate vaccines (Supplemental Table 2), with 13 in clinical
evaluation and hundreds more being studied. Candidates in-
clude RNA, DNA, protein subunit, nonreplicating viral vector,
and inactivated platforms. These additions will continue to
be of great significance as control efforts continue.'® See
Supplemental Table 1 for drugs and Supplemental Table 2 for
vaccines and immunotherapies in development for COVID-19.

CONCLUSION

SARS-CoV-2, the causative agent of the novel coronavirus
disease, COVID-19, has caused a huge disease burden
globally in the short time it has been recorded. A clear de-
scription of symptoms associated with the disease is crucial to
establish the case definition for clinical management and for
epidemiological purposes. Most of the patients are likely to
remain asymptomatic or mildly symptomatic. Those that do
develop clinical disease will most typically have fever and
cough, but these remain absent in up to 59.4% and 41.6% of
cases, respectively, creating challenges for disease detection
and control. The presence of either of these symptoms should
be a basis for suspecting a SARS-CoV-2 infection. However,
because other respiratory viruses present with similar symp-
toms, a laboratory test specific to SARS-CoV-2 should be
performed.

Nearly every country in the world has been affected by
COVID-19. |t is important to note that the definitions for
COVID-19 cases vary between countries and territories af-
fected by the disease, and this in turn may have affected the
public health response. When defining cases, it is important
that national guidelines account for the age distribution of the
population and the presence of comorbidities including car-
diovascular diseases, diabetes, and cancer, which increase
the risk of developing severe and/or critical disease, and in-
crease the risk of fatality. Where transmission is still in the
exponential phase of SARS-CoV-2 infections, it is critical that
clinical cases are triaged to prioritize management and treat-
ment without overwhelming the healthcare system.

Although several drugs are beginning to show promise in
clinical trials, it may take months before these become
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TaBLE 2
Risk factors for fatal disease
HR OR

Patient comorbidities

Chronic cardiac disease 1.16-1.76 -

Chronic pulmonary disease 1.17-2.94 -

Chronic kidney disease 1.28 -

Obesity 1.33 -

Chronic neurological disorder 1.17 -

Dementia 1.40 -

Malignancy 1.13-1.3 -

Liver disease 1.51 -
Disease characteristics at presentation

Oxygen saturation < 88% 2.0 -

SOFA score - 5.65
Biomarkers

Raised C-reactive protein >3.5 -

Raised initial D-dimer 1.02-2.2 18.42

Elevated troponin 21 -

Neutrophilia 1.08 -

Elevated lactate dehydrogenase 1.30 -

Elevated interleukin 6

HR = hazard ratio; OR = odds ratio.
Hazard ratio and OR were obtained from the reported data: patient comorbidities,
disease characteristics, 10414345195 and biomarkers,1041:4345.75:104,105.112

1.11 (per decile increase) -

10,41,43,60,84,112

sufficiently studied and available for widespread clinical use.
Hence, it is important that quarantine and isolation measures
are strictly enforced to control the disease outbreak. A major
challenge, however, to controlling SARS-CoV-2 transmission
is how to identify the “silent spreaders” who are asymptomatic
carriers of the infection.

Limitations of the study. During the review period, the data
on COVID-19 constantly changed with increasing amounts of
literature, both peer-reviewed and non—peer-reviewed. COVID-
19 data were dependent on country-level definitions and testing
rates.

Received May 29, 2020. Accepted for publication June 24, 2020.
Published online July 1, 2020.
Note: Supplemental tables appears at www.ajtmh.org.

Acknowledgment: Publication charges for this article were waived due
to the ongoing pandemic of COVID-19.

Financial support: This work was supported by the National Health
and Medical Research Council NHMRC) of Australia (APP1161076 to
J. S. R.). Burnet Institute received funding from the NHMRC In-
dependent Research Institutes Infrastructure Support Scheme and
the Victorian State Government Operational Infrastructure Support
Scheme.

Disclosure: ZiP Diagnostics is commercializing a COVID-19 point-of-
caretest. C.A.N.,D.S.,and J. S. R. have part-time employment at ZiP.

Authors’ addresses: Laura McArthur, School of Medicine, Monash
University, Clayton, Australia, E-mail: lwmcal@student.monash.edu.
Dhanasekaran Sakthivel, ZiP Diagnostics Pty Ltd, Collingwood, Mel-
bourne, Australia, E-mail: dhana.s@zipdiag.com. Ricardo Ataide,
Department of Medicine, University of Melbourne, Melbourne, Aus-
tralia, and Walter and Eliza Hall Institute, Melbourne, Australia. E-mail:
ricardo.ataide@unimelb.edu.au. Felicia Chan, Central Clinical School,
Monash University, Clayton, Australia, E-mail: fhchal@student.monash.
edu. Jack S. Richards and Charles A. Narh, Macfarlane Burnet Institute
for Medical Research and Public Health, Life Sciences, Melbourne,
Australia, ZiP Diagnostics Pty Ltd, Collingwood, Melbourne, Australia,
and Department of Medicine, University of Melbourne, Melbourne,
Australia, E-mails: jack.richards@burnet.edu.au and charles.narh@
burnet.edu.au.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits un-
restricted use, distribution, and reproduction in any medium, provided
the original author and source are credited.

REFERENCES

1. Zhu N et al., 2020. A novel coronavirus from patients with
pneumonia in China, 2019. New Engl J Med 382: 727-733.

2. Chan JF-W et al., 2020. A familial cluster of pneumonia associ-
ated with the 2019 novel coronavirus indicating person-to-
person transmission: a study of a family cluster. Lancet 395:
514-523.

3. Chan-Yeung M, Xu RH, 2003. SARS: epidemiology. Respirology
8: S9-S14.

4. Sampathkumar P, Temesgen Z, Smith TF, Thompson RL, 2003.
SARS: epidemiology, clinical presentation, management, and
infection control measures. Mayo Clinic Proc Elsevier 78:
882-890.

5. Lee N et al., 2003. A major outbreak of severe acute respiratory
syndrome in Hong Kong. New Engl J Med 348: 1986-1994.

6. Guan WJ et al.; China Medical Treatment Expert Group for
COVID-19, 2020. Clinical characteristics of coronavirus dis-
ease 2019 in China. N Engl J Med 382: 1708-1720.

7. Wu P, Hao X, Lau EHY, Wong JY, Leung KSM, Wu JT, Cowling
BJ, Leung GM, 2020. Real-time tentative assessment of the
epidemiological characteristics of novel coronavirus infections
in Wuhan, China, as at 22 January 2020. Euro Surveill 25:
2000044.

8. Ryu S, Chun BC, Korean Society of Epidemiology 2019-nCoV
Task Force Team, 2020. An interim review of the epidemio-
logical characteristics of 2019 novel coronavirus. Epidemiol
Health 42: €2020006.

9. Lewnard JA et al.,, 2020. Incidence, clinical outcomes, and
transmission dynamics of severe coronavirus disease 2019 in
California and Washington: prospective cohort study. BMJ 369:
m1923.

10. Yang X et al., 2020. Clinical course and outcomes of critically ill
patients with SARS-CoV-2 pneumonia in Wuhan, China: a
single-centered, retrospective, observational study. Lancet
Respir Med 8: 475-481.

11. Onder G, Rezza G, Brusaferro S, 2020. Case-fatality rate and
characteristics of patients dying in relation to COVID-19in Italy.
JAMA 323: 1775-1776.

12. Oke J, Heneghan C, 2020. Global COVID-19 Case Fatality Rates.
Oxford COVID-19 Evidence Service. Nuffield Department of
Primary Care Health Sciences, Oxford: CEBM Research.

13. Wang Y, Liu Y, Liu L, Wang X, Luo N, Ling L, 2020. clinical out-
comes in 55 patients with severe acute respiratory syndrome
coronavirus 2 who were asymptomatic at hospital admission in
Shenzhen, China. J Infect Dis 221: 1770-1774.

14. Adhikari SP et al., 2020. Epidemiology, causes, clinical mani-
festation and diagnosis, prevention and control of coronavirus
disease (COVID-19) during the early outbreak period: a scoping
review. Infect Dis Poverty 9: 29.

15. Verity R et al., 2020. Estimates of the severity of coronavirus
disease 2019: a model-based analysis. Lancet Infect Dis 20:
669-677.

16. Wu Z, McGoogan JM, 2020. Characteristics of and important
lessons from the coronavirus disease 2019 (COVID-19) out-
break in China: summary of a report of 72314 cases from the
Chinese center for disease control and prevention. JAMA 323:
1239-1242.

17. Guo ZD et al., 2020. Aerosol and surface distribution of severe
acute respiratory syndrome coronavirus 2 in hospital wards,
Wuhan, China, 2020. Emerg Infect Dis 26: 1583-1591.

18. Huang C et al., 2020. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet 395: 497-506.

19. WHO, 2020. Modes of Transmission of Virus Causing COVID-19:
Implications for IPC Precaution Recommendations. Geneva,
Switzerland: World Health Organization.

20. van Doremalen N et al., 2020. Aerosol and surface stability of
SARS-CoV-2 as compared with SARS-CoV-1. N Engl J Med
382: 1564-1567.


http://www.ajtmh.org
mailto:lwmca1@student.monash.edu
mailto:dhana.s@zipdiag.com
mailto:ricardo.ataide@unimelb.edu.au
mailto:fhcha1@student.monash.edu
mailto:fhcha1@student.monash.edu
mailto:jack.richards@burnet.edu.au
mailto:charles.narh@burnet.edu.au
mailto:charles.narh@burnet.edu.au
https://creativecommons.org/licenses/by/4.0/

636

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

MCARTHUR AND OTHERS

Zhang W et al., 2020. Molecular and serological investigation of
2019-nCoV infected patients: implication of multiple shedding
routes. Emerg Microbes Infect 9: 386-389.

To KK et al., 2020. Consistent detection of 2019 novel corona-
virus in saliva. Clin Infect Dis (Epub ahead of print).

Cao B et al., 2020. A trial of Lopinavir-Ritonavir in adults hospi-
talized with severe COVID-19. N Engl J Med 382: 1787-1799.
Ferner RE, Murray P, Aronson JK, 2020. Spreading SARS-CoV-2
through Ocular Fluids. Nuffield Department of Primary Care Health

Sciences, Oxford: Centre for Evidence Based Medicine.

Sun T, Guan J, 2020. Novel coronavirus and central nervous
system. Eur J Neurol (Epub ahead of print).

Salata C, Calistri A, Parolin C, Palu G, 2020. Coronaviruses: a
paradigm of new emerging zoonotic diseases. Pathog Dis 77:
ftaa006.

Kucharski AJ, Russell TW, Diamond C, Liu Y, Edmunds J, Funk
S, Eggo RM; Centre for Mathematical Modelling of Infectious
Diseases COVID-19 Working Group, 2020. Early dynamics of
transmission and control of COVID-19: a mathematical mod-
elling study. Lancet Infect Dis 20: 553-558.

Frieden TR, Lee CT, 2020. Identifying and interrupting super-
spreading events-implications for control of severe acute re-
spiratory syndrome coronavirus 2. Emerg Infect Dis 26:
1059-1066.

Arons MM et al., 2020. Presymptomatic SARS-CoV-2 infections
and transmission in a skilled nursing facility. N Engl J Med 382:
2081-2090.

Backer JA, Klinkenberg D, Wallinga J, 2020. Incubation period of
2019 novel coronavirus (2019-nCoV) infections among travel-
lers from Wuhan, China, 20-28 January 2020. Euro Surveill 25:
2000062.

Jiang X, Rayner S, Luo MH, 2020. Does SARS-CoV-2 has a
longer incubation period than SARS and MERS? J Med Virol 92:
476-478.

QiuH, Wu J, Hong L, Luo Y, Song Q, Chen D, 2020. Clinical and
epidemiological features of 36 children with coronavirus dis-
ease 2019 (COVID-19) in Zhejiang, China: an observational
cohort study. Lancet Infect Dis 20: 689-696.

Wang D et al., 2020. Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus-infected pneumonia in
Wuhan, China. JAMA 323: 1061-1069.

Chen N et al., 2020. Epidemiological and clinical characteristics
of 99 cases of 2019 novel coronavirus pneumonia in Wuhan,
China: a descriptive study. Lancet 395: 507-513.

Dai W-c et al., 2020. CT imaging and differential diagnosis of
COVID-19. Can Assoc Radiol J 71: 195-200.

Lauer SA, Grantz KH, Bi Q, Jones FK, Zheng Q, Meredith HR,
Azman AS, Reich NG, Lessler J, 2020. The incubation period of
coronavirus disease 2019 (COVID-19) from publicly reported
confirmed cases: estimation and application. Ann Intern Med
172: 577-582.

Wong HYF et al., 2019. Frequency and distribution of chest ra-
diographic findings in COVID-19 positive patients. Radiology
(Epub ahead of print).

Bao C, Liu X, Zhang H, Li Y, Liu J, 2020. Coronavirus disease
2019 (COVID-19) CT findings: a systematic review and meta-
analysis. J Am Coll Radiol 17: 701-709.

Wang D et al., 2020. Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus-infected pneumonia in
Wuhan, China. JAMA 323: 1061-1069.

Pan F et al., 2020. Time course of lung changes on chest CT
during recovery from coronavirus disease 2019 (COVID-19).
Radiology 295: 715-721.

Petrilli CM et al., 2020. Factors associated with hospital admis-
sion and critical illness among 5279 people with coronavirus
disease 2019 in New York City: prospective cohort study. BMJ
369: m1966.

Director-General WHO, 2020. WHO Director-General’s Opening
Remarks at the Media Briefing on COVID-19-24 February 2020.
Geneva, Switzerland: World Health Organization.

ZhouF etal., 2020. Clinical course andrisk factors for mortality of
adult inpatients with COVID-19 in Wuhan, China: a retrospec-
tive cohort study. Lancet 395: 1054-1062.

Linton NM, Kobayashi T, Yang Y, Hayashi K, Akhmetzhanov AR,
Jung SM, Yuan B, Kinoshita R, Nishiura H, 2020. incubation

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

period and other epidemiological characteristics of 2019 novel
coronavirus infections with right truncation: a statistical analy-
sis of publicly available case data. J Clin Med 9: 538.

Chen T et al., 2020. Clinical characteristics of 113 deceased
patients with coronavirus disease 2019: retrospective study.
BMJ 368: m1091.

WHO, 2020. Q&A: Similarities and Differences — COVID-19 and
Influenza. Geneva, Switzerland: World Health Organization.
Available at: https://www.who.int/news-room/q-a-detail/g-a-
similarities-and-differences-covid-19-and-influenza. Accessed
April 22, 2020.

Oran DP, Topol EJ, 2020. Prevalence of asymptomatic SARS-
CoV-2 infection: a narrative review. Ann Intern Med (Epub
ahead of print).

Hou C et al., 2020. The effectiveness of the quarantine of Wuhan
city against the Corona Virus Disease 2019 (COVID-19): well-
mixed SEIR model analysis. J Med Virol 92: 841-848.

Du Z, Xu X, Wu Y, Wang L, Cowling BJ, Meyers LA, 2020. Serial
interval of COVID-19 among publicly reported confirmed cases.
Emerg Infect Dis 26: 1341-1343.

Li C et al., 2020. Asymptomatic and human-to-human trans-
mission of SARS-CoV-2 in a 2-family cluster, Xuzhou, China.
Emerg Infect Dis 26: 1626-1628.

Rothe C et al., 2020. Transmission of 2019-nCoV infection from
an asymptomatic contact in Germany. N Engl J Med 382:
970-971.

Tong ZD, Tang A, Li KF, Li P, Wang HL, Yi JP, Zhang YL, Yan JB,
2020. Potential presymptomatic transmission of SARS-CoV-2,
Zhejiang province, China, 2020. Emerg Infect Dis 26:
1052-1054.

Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, Tong S, 2020. Epi-
demiology of COVID-19 among children in China. Pediatrics
145: e20200702.

Gudbjartsson DF et al., 2020. Spread of SARS-CoV-2 in the
Icelandic population. N Engl J Med 382: 2302-2315.

LiR, Pei S, Chen B, Song Y, Zhang T, Yang W, Shaman J, 2020.
Substantial undocumented infection facilitates the rapid dis-
semination of novel coronavirus (SARS-CoV2). Science 368:
489-493.

WHO, 2020. Clinical Management of Severe Acute Respiratory
Infection (SARI) when COVID-19 Disease Is Suspected. Ge-
neva, Switzerland: World Health Organization.

Lechien JR, Chiesa-Estomba CM, Hans S, Barillari MR, Jouffe L,
Saussez S, 2020. Loss of smell and taste in 2013 European
patients with mild to moderate COVID-19. Ann Intern Med
(Epub ahead of print).

Spinato G, Fabbris C, Polesel J, Cazzador D, Borsetto D,
Hopkins C, Boscolo-Rizzo P, 2020. Alterations in smell or taste
in mildly symptomatic outpatients with SARS-CoV-2 infection.
JAMA 323: 2089-2090.

Kluytmans-van de Bergh MFQ, Buiting AGM, Pas SD,
Bentvelsen RG, van den Bijllaardt W, van Oudheudsen A, van
Rijen MML, Verweij JJ, Koopmans MPG, Kluytmans JAJW,
2020. Prevalence and clinical presentation of health care
workers with symptoms of coronavirus disease 2019 in 2 Dutch
hospitals during an early phase of the pandemic. JAMA Netw
Open 3: €209673.

Docherty AB et al., 2020. Features of 20 133 UK patients in
hospital with COVID-19 using the ISARIC WHO clinical char-
acterisation protocol: prospective observational cohort study.
BMJ 369: m1985.

XuXW et al., 2020. Clinical findings in a group of patients infected
with the 2019 novel coronavirus (SARS-Cov-2) outside of
Wouhan, China: retrospective case series. BMJ 368: m606.

Lechien JR et al., 2020. Olfactory and gustatory dysfunctions as
a clinical presentation of mild-to-moderate forms of the coro-
navirus disease (COVID-19): a multicenter European study. Eur
Arch Otorhinolaryngol (Epub ahead of print).

Giacomelli A et al., 2020. Self-reported olfactory and taste dis-
orders in SARS-CoV-2 patients: a cross-sectional study. Clin
Infect Dis (Epub ahead of print).

Communicable Diseases Network of Australia, 2020. Corona-
virus Disease 2019 (COVID-19) CDNA National Guidelines for
Public Health Units. Canberra, Australia: CDNA.


https://www.who.int/news-room/q-a-detail/q-a-similarities-and-differences-covid-19-and-influenza
https://www.who.int/news-room/q-a-detail/q-a-similarities-and-differences-covid-19-and-influenza

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

BURDEN, CLINICAL DEFINITIONS, & MANAGEMENT OF COVID-19

Canada G, 2020. Interim National Case Definition: Coronavirus
Disease (COVID-19). Coronavirus Disease (COVID-19) - For
Health Professionals. Ottawa, Canada: Public Health Agency of
Canada.

Murthy S, Gomersall CD, Fowler RA, 2020. Care for critically ill
patients with COVID-19. JAMA 323.

Ware L, 2020. Acute Respiratory Distress Syndrome. Available
at: https://www.who.int/publications-detail/clinical-management-
of-severe-acute-respiratory-infection-when-novel-coronavirus-
(ncov)-infection-is-suspected. Accessed April 25, 2020.

Liu K et al., 2020. Clinical characteristics of novel coronavirus
cases in tertiary hospitals in Hubei Province. Chin Med J (Engl)
133:1025-1031.

Cai J et al., 2020. A case series of children with 2019 novel
coronavirus infection: clinical and epidemiological features.
Clin Infect Dis (Epub ahead of print).

Wei M, Yuan J, Liu Y, Fu T, Yu X, Zhang ZJ, 2020. Novel coro-
navirus infection in hospitalized infants under 1 year of age in
China. JAMA 323: 1313-1314.

Cui Y et al.,, 2020. A 55-day-old female infant infected with
COVID 19: presenting with pneumonia, liver injury, and heart
damage. J Infect Dis 221: 1775-1781.

Arentz M, Yim E, Klaff L, Lokhandwala S, Riedo FX, Chong M,
Lee M, 2020. Characteristics and outcomes of 21 critically ill
patients with COVID-19 in Washington state. JAMA 323:
1612-1614.

Klok FA et al., 2020. Incidence of thrombotic complications in
critically ill ICU patients with COVID-19. Thromb Res 191:
145-147.

Oxley TJ et al., 2020. Large-vessel stroke as a presenting feature
of COVID-19 in the young. N Engl J Med 382: e60.

Mao L et al., 2020. Neurologic manifestations of hospitalized
patients with coronavirus disease 2019 in Wuhan, China. JAMA
Neurol 77: 1-9.

Gklinos P, 2020. Neurological manifestations of COVID-19: a
review of what we know so far. J Neurol (Epub ahead of print).

Li Y, Wang M, 2020. Acute cerebrovascular disease following
COVID-19: a single center, retrospective, observational study.
SSRN Electron J (Epub ahead of print).

Ahmad |, Rathore FA, 2020. Neurological manifestations and
complications of COVID-19: a literature review. J Clin Neurosci
77:8-12.

Kanwar D, Baig AM, Wasay M, 2020. Neurological manifesta-
tions of COVID-19. J Pak Med Assoc 70(Suppl 3): S101-S103.

Toscano G et al., 2020. Guillain-Barre syndrome associated with
SARS-CoV-2. N Engl J Med 382: 2574-2576.

Helms J et al., 2020. Neurologic features in severe SARS-CoV-2
infection. N Engl J Med 382: 2268-2270.

Zhou Z, Kang H, Li S, Zhao X, 2020. Understanding the neuro-
tropic characteristics of SARS-CoV-2: from neurological man-
ifestations of COVID-19 to potential neurotropic mechanisms.
J Neurol (Epub ahead of print).

Grasselli G, Pesenti A, Cecconi M, 2020. Critical care utilization
for the COVID-19 outbreak in Lombardy, ltaly: early experience
and forecast during an emergency response. JAMA 323.

Cummings MJ et al., 2020. Epidemiology, clinical course, and
outcomes of critically ill adults with COVID-19 in New York City:
a prospective cohort study. Lancet 395: 1763-1770.

LanL, XuD, Ye G, XiaC, Wang S, Li Y, Xu H, 2020. Positive RT-
PCR test results in patients recovered from COVID-19. JAMA
323:1502-1508.

Kirtsman M, Diambomba Y, Poutanen SM, Malinowski AK,
Vlachodimitropoulou E, Parks WT, Erdman L, Morris SK, Shah
PS, 2020. Probable congenital SARS-CoV-2 infection in a ne-
onate born to a woman with active SARS-CoV-2 infection.
CMAJ 192: E647-E6B50.

Liang W et al., 2020. Cancer patients in SARS-CoV-2 infection: a
nationwide analysis in China. Lancet Oncol 21: 335-337.

Karimi-Zarchi M, Neamatzadeh H, Dastgheib SA, Abbasi H,
Mirjalili SR, Behforouz A, Ferdosian F, Bahrami R, 2020. Vertical
transmission of coronavirus disease 19 (COVID-19) from in-
fected pregnant mothers to neonates: a review. Fetal Pediatr
Pathol 39: 246-250.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

108.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

637

ZhuH, Wang L, Fang C, Peng S, Zhang L, Chang G, Xia S, Zhou
W, 2020. Clinical analysis of 10 neonates born to mothers with
2019-nCoV pneumonia. Transl Pediatr 9: 51-60.

Zeng H, Xu C, Fan J, Tang Y, Deng Q, Zhang W, Long X, 2020.
Antibodies in infants born to mothers with COVID-19 pneu-
monia. JAMA 323: 1848-1849.

Guo L et al., 2020. Profiling early humoral response to diagnose
novel coronavirus disease (COVID-19). Clin Infect Dis (Epub ahead
of print).

Haveri A et al., 2020. Serological and molecular findings during
SARS-CoV-2 infection: the first case study in Finland, January
to February 2020. Eurosurveillance 25: 2000266.

Okba NMA et al., 2020. SARS-CoV-2 specific antibody responses
in COVID-19 patients. medRxiv 2020.03.18.20038059.

Guo L et al., 2020. Profiling early humoral response to diagnose
novel coronavirus disease (COVID-19). Clin Infect Dis (Epub
ahead of print).

Thevarajan | et al., 2020. Breadth of concomitant immune re-
sponses prior to patient recovery: a case report of non-severe
COVID-19. Nat Med 26: 453-455.

Chen L, Xiong J, Bao L, ShiY, 2020. Convalescent plasma as a
potential therapy for COVID-19. Lancet Infect Dis 20: 398-400.

Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP, 2020. The trinity
of COVID-19: immunity, inflammation and intervention. Nat Rev
Immunol 20: 363-374.

Casadevall A, Pirofski LA, 2020. The convalescent sera option
for containing COVID-19. J Clin Invest 130: 1545-1548.

Kellam P, Barclay W, 2020. The dynamics of humoral immune
responses following SARS-CoV-2 infection and the potential
for reinfection. J Gen Virol (Epub ahead of print).

Bao L et al., 2020. Lack of reinfection in rhesus macaques in-
fected with SARS-CoV-2. bioRxiv: 2020.03.13.990226.

Ota M, 2020. Will we see protection or reinfection in COVID-19?
Nat Rev Immunol 20: 351.

Mabhase E, 2020. COVID-19: WHO and South Korea investigate
reconfirmed cases. BMJ 369: m1498.

Gold JAW et al., 2020. Characteristics and clinical outcomes of
adult patients hospitalized with COVID-19 - Georgia, March
2020. MMWR Morb Mortal Wkly Rep 69: 545-550.

Richardson S et al., 2020. Presenting characteristics, comor-
bidities, and outcomes among 5700 patients hospitalized with
COVID-19 in the New York city area. JAMA 323: 2052-2059.

Goyal P et al., 2020. Clinical characteristics of COVID-19 in New
York city. N Engl J Med 382: 2372-2374.

Lighter J, Phillips M, Hochman S, Sterling S, Johnson D,
Francois F, Stachel A, 2020. Obesity in patients younger than
60 years is a risk factor for COVID-19 hospital admission. Clin
Infect Dis (Epub ahead of print).

CDC COVID-19 Response Team, 2020. Preliminary estimates of
the prevalence of selected underlying health conditions among
patients with coronavirus disease 2019 - United States, Feb-
ruary 12-March 28, 2020. MMWR Morb Mortal Wkly Rep 69:
382-386.

Price-Haywood EG, Burton J, Fort D, Seoane L, 2020. Hospi-
talization and mortality among black patients and white pa-
tients with COVID-19. N Engl J Med 382: 2534-2543.

Hoffmann M et al., 2020. SARS-CoV-2 cell entry depends on
ACE2 and TMPRSS2 and is blocked by a clinically proven
protease inhibitor. Cell 1871: 271-280.€8.

Stawiski EW et al., 2020. Human ACE2 receptor polymorphisms
predict SARS-CoV-2 susceptibility. bioRxiv: 2020.04.07.024752.

Li W et al., 2005. Receptor and viral determinants of SARS-
coronavirus adaptation to human ACE2. EMBO Journal 24:
1634-1643.

Wu C et al., 2020. Risk factors associated with acute respiratory
distress syndrome and death in patients with coronavirus dis-
ease 2019 pneumonia in Wuhan, China. JAMA Intern Med
(Epub ahead of print).

Kim AY, Gandhi RT, 2020. Coronavirus Disease 2019 (COVID-
19): Management in Hospitalized Adults. Available at: https://
www.uptodate.com/contents/coronavirus-disease-2019-covid-19-
management-in-hospitalized-adults?topicRef=126981&source=
see_link. Accessed April 25, 2020.


https://www.who.int/publications-detail/clinical-management-of-severe-acute-respiratory-infection-when-novel-coronavirus-(ncov)-infection-is-suspected
https://www.who.int/publications-detail/clinical-management-of-severe-acute-respiratory-infection-when-novel-coronavirus-(ncov)-infection-is-suspected
https://www.who.int/publications-detail/clinical-management-of-severe-acute-respiratory-infection-when-novel-coronavirus-(ncov)-infection-is-suspected
https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-management-in-hospitalized-adults?topicRef=126981&source=see_link
https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-management-in-hospitalized-adults?topicRef=126981&source=see_link
https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-management-in-hospitalized-adults?topicRef=126981&source=see_link
https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-management-in-hospitalized-adults?topicRef=126981&source=see_link

638

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

MCARTHUR AND OTHERS

Levitan R, 2020. This Is what | Learned During 10 Days of Treating
COVID Pneumonia at Bellevue Hospital. New York, NY: New
York Times.

Dondorp AM, Hayat M, Aryal D, Beane A, Schultz MJ, 2020.
Respiratory support in COVID-19 patients, with a focus on
resource-limited settings. AmJ Trop Med Hyg 102: 1191-1197.

Conger K, 2020. COVID-19 Patients Often Infected with Other
Respiratory Viruses, Preliminary Study Reports. Stanford, CA:
Stanford Medicine News Centre.

Horby PW et al., 2020. Effect of dexamethasone in hospitalized
patients with COVID-19: preliminary report. medRxiv (Epub
ahead of print).

BMJ Best Practice, 2020. Coronavirus disease 2019 (COVID-
19): approach. BMJ Best Pract BMJ 47-59.

WangY et al., 2020. Remdesivir in adults with severe COVID-19:
a randomised, double-blind, placebo-controlled, multicentre
trial. Lancet 395: 1569-1578.

Beigel JH et al., 2020. Remdesivir for the treatment of COVID-19 -
preliminary report. N Engl J Med (Epub ahead of print).

Sanders JM, Monogue ML, Jodlowski TZ, Cutrell JB, 2020.
Pharmacologic treatments for coronavirus disease 2019
(COVID-19): a review. JAMA 323: 1824-1836.

Le TT, Andreadakis Z, Kumar A, Roman RG, Tollefsen S, Saville
M, Mayhew S, 2020. The COVID-19 vaccine development
landscape. Nat Rev Drug Discov 19: 305-306.

WHO, 2020. DRAFT Landscape of COVID-19 Candidate Vac-
cines. Geneva, Switzerland: World Health Organization, 6.

Pan L et al., 2020. Clinical characteristics of COVID-19 patients
with digestive symptoms in Hubei, China: a descriptive,
cross-sectional, multi-center study. Am J Gastroenterol 115:
766-773.

SongF, ShiN, ShanF, Zhang Z, Shen J, LuH, Ling Y, Jiang Y, Shi
Y, 2020. Emerging 2019 novel coronavirus (2019-nCoV)
pneumonia. Radiology 295: 210-217.

Liu M et al., 2020. Clinical characteristics of 30 medical workers
infected with new coronavirus pneumonia [in Chinese].
Zhonghua Jie He He Hu Xi Za Zhi 43: 209-214.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Zhao D, Yao F, Wang L, Zheng L, Gao Y, Ye J, Guo F, Zhao H,
Gao R, 2020. A comparative study on the clinical features of
COVID-19 pneumonia to other pneumonias. Clin Infect Dis
(Epub ahead of print).

Chen H et al., 2020. Clinical characteristics and intrauterine
vertical transmission potential of COVID-19 infection in nine
pregnant women: a retrospective review of medical records.
Lancet 395: 809-815.

Giacomelli A et al., 2020. Self-reported olfactory and taste dis-
orders in SARS-CoV-2 patients: a cross-sectional study. Clin
Infect Dis (Epub ahead of print).

WHO, 2020. Global Surveillance for Human Infection with
Coronavirus Disease (COVID-19). Communications WDO, ed.
Geneva, Switzerland: World Health Organization, 4.

WHO, 2020. Contact Tracing in the Context of COVID-19: Interim
Guidance. Geneva, Switzerland: World Health Organization.

ECDC, 2020. Case Definition for Coronavirus Disease 2019
(COVID-19). Case Definition for Coronavirus Disease 2019
(COVID-19), as of 29 May 2020 European Centre for Disease
Prevention and Control. Solna, Sweden: European Centre for
Disease Prevention and Control.

Public Health England, 2020. COVID-19: Investigation and Initial
Clinical Management of Possible Cases. Case Definitions:
Possible Case, as of 18 May 2020. London, United Kingdom:
UK Government.

NNDSS, 2020. Coronavirus Disease 2019 (COVID-19) 2020 In-
terim Case Definition, Approved April 5, 2020. CDC, ed. Atlanta,
GA: Centers for Disease Control and Prevention.

NHC, 2020. Diagnosis and treatment protocol for novel coro-
navirus pneumonia (Trial Version 7). Chin Med J 133:
1087-1095.

Bham A et al., 2020. Coronavirus Disease 2019 (COVID-19)
Caused by a Novel Coronavirus (SARS-CoV-2): Guidelines for
Case-Finding, Diagnosis, Management and Public Health Re-
sponse in South Africa. Johannesburg, South Africa: National
Institute for Communicable Disease RoSA, 53.



