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The COVID-19 outbreak spread rapidly throughout the globe, with worldwide infections

and deaths continuing to increase dramatically. To control disease spread and protect

healthcare workers, accurate information is necessary. We searched PubMed and

Google Scholar for studies published from December 2019 to March 31, 2020 with the

terms “COVID-19,” “2019-nCoV,” “SARS-CoV-2,” or “Novel Coronavirus Pneumonia.”

The main symptoms of COVID-19 are fever (83–98.6%), cough (59.4–82%), and fatigue

(38.1–69.6%). However, only 43.8% of patients have fever early in the disease course,

despite still being infectious. These patients may present to clinics lacking proper

precautions, leading to nosocomial transmission, and infection of workers. Potential

COVID-19 cases must be identified early to initiate proper triage and distinguish them

quickly from similar infections. Early identification, accurate triage, and standardized

personal protection protocols can reduce the risk of cross infection. Containing disease

spread will require protecting healthcare workers.
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INTRODUCTION

A new coronavirus, SARS-CoV-2, causes coronavirus disease 2019 (COVID-19), with worldwide
cases of transmission occurring shortly after the initial infections were reported (1, 2). On
January 30, 2020, the International Health Regulations Emergency Committee of theWorld Health
Organization (WHO) declared the outbreak a “public health emergency of international concern
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(PHEIC),” and on March 11th the WHO officially designated
the outbreak as a pandemic. By March 31, 2020, all continents
had reported confirmed cases of COVID-19. The global spread
of the virus is ongoing and fast-moving (Figure 1A), with over
750,890 confirmed infections and 36,405 deaths worldwide. The
global cases-fatality rate is 4.85% with differences in different
countries and areas, suggesting that reasonable and effective
medical interventions can have a great impact (Figures 1B, 2).
Worryingly, COVID-19 cases have now been identified in a
number of countries with lower access to health care resources,
including 39 African countries, and others (3). Another concern
is potential spread among healthcare workers, who by nature of
their professions are at an especially high risk of exposure. In
China, more than 3,000 health care workers in Hubei Province
have been infected, with most being doctors from non-infectious
disease departments (4). A total of 34 confirmed deaths among
infected healthcare workers in China have been identified as of
March 2, 2020 (5). Per the Italian National Health Agency, 9,512
healthcare works have been infected as of March 31th, 2020.

Identifying cases of COVID-19 and controlling its spread can
be difficult, as SARS-CoV-2 is infectious during the incubation
period (6, 7). Latency from infection to disease manifestation
varies from 1 to 14 days, and no or atypical symptomsmay appear
in its early stages (8, 9). It can be easily confused with other
common diseases in its early stage, leading to misdiagnosis or
missed diagnosis and subsequent nosocomial spread of disease.
This is a major reason for the large number of infections
among healthcare workers in both Italy and the city of Wuhan.
Therefore, the early identification of COVID-19 patients is
critical. At the same time, controlling COVID-19 requires the
joint efforts of multiple clinical departments. Accordingly, it is
very important to protect healthcare workers, with different levels
of standardized protective measures utilized commensurate to
exposure risk.

We descriptively reviewed the English and Chinese literature
from December 2019 through to March 31st, 2020. The
PubMed and Google Scholar databases were searched with the

FIGURE 1 | Global epidemiology of COVID-19 cases. (A) Cumulative confirmed cases. (B) Cases-fatality rate. The case-fatality rate: globally 4.85%, China 4.01%,

Outside of China 4.95%, Hubei Province 4.71%, Outside of Hubei province in China 0.86%. All the data comes from the WHO Coronavirus disease 2019 (COVID-19)

Situation Report (Data as reported by national authorities by March 31, 2020), except the data in (B), Hubei Province and Outside of Hubei Province in China, which

comes from the latest development of the COVID-19 epidemic: General Office of the National Health Council, China.

terms “COVID-19,” “2019-nCoV,” “SARS-CoV-2,” and “Novel
Coronavirus Pneumonia” in order to identify studies for
inclusion. The purpose of this review is to provide current
information on the characteristics of SARS-CoV-2 infection and
standardized screening, triage, and protection protocols, in order
to ensure the early identification of COVID-19 and protection of
healthcare workers.

THE VIRUS AND ITS PATHOPHYSIOLOGY

The exact origin of the SARS-CoV-2 has not yet been established.
Possibilities include a bat coronavirus termed BatCoV RaTG13,
which shares 96.2% of its genome sequence with SARS-CoV-2,
though two other similar bat-derived coronaviruses have also
been identified (10). However, no evidence of direct bat to
human transmission has been reported, leading to the suggestion
that minks, pangolins, snakes, and other wild animals may
serve as candidate intermediate hosts to transmit the virus to
humans (11–13).

SARS-CoV-2 is a single positive strand RNA, ∼60–140 nm
in diameter. SARS-CoV-2 has 94.6% key region (ORF1ab)
homology with SARS-CoV, indicating the two derive from
the same species (10). However, the S protein of SARS-CoV-2
binds with human ACE2 with a much higher affinity than the S
protein of SARS-CoV, the main reason for the strong infectivity
of the new coronavirus (14, 15). In addition, research findings
suggest that SARS-CoV-2 invaded host cells via a novel route
of CD147-spike protein (SP) (16). This possible mechanism for
the entry of SARS-CoV-2 into the cells may provide important
information for vaccine development and targeted drug
research (15).

EPIDEMIOLOGICAL CHARACTERISTICS

Based on analysis of data from a large number of clinical cases,
the median incubation period of COVID-19 is 4–6.4 days, with a
basic reproductive number (R0) of 2.2–2.68 (17, 18).
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FIGURE 2 | The 10 non-China countries with the most reported cases as of April 1, 2020. All the data comes from Coronavirus COVID-19 Global Cases by Johns

Hopkins CSSE (https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6).

In addition to patients demonstrating the full COVID-
19 disease phenotype, mildly symptomatic and asymptomatic
patients are also a source of infection (6). SARS-CoV-2 is
spread through respiratory transmission via exhaled droplets
(10). Touching the mouth, nose, or eyes after contact with virus-
contaminated materials may lead to COVID-19 transmission
(19). There is a possibility of airborne transmission when exposed
to high concentrations of the aerosolized virus in a relatively
closed environment for an extended time (Figure 3) (20). SARS-
CoV-2 transmission through the digestive tract may also be
possible, but needs further confirmation (21). Compared to
SARS, which only affects the respiratory tract, SARS-CoV-2 can
multiply effectively in the nose and throat (7, 22). Recent data
provides no evidence for intrauterine vertical transmission in
pregnant women who are infected with COVID-19 (23).

CLINICAL PRESENTATION

Typical clinical symptoms of COVID-19 are fever (83–98.6%)
(8, 17, 24, 25), cough (59.4–82%) (8, 17, 24, 25), and fatigue
(38.1–69.6%) (8, 17, 24). However, clinical data suggests that only
43.8% of patients have fever at the early stages of the SARS-CoV-
2 infection (17), and some patients presented with uncommon
symptoms such as increased sputum (15.4–33.7%) (8, 17, 24, 25),
shortness of breath (18.7–31%) (17, 25), sore throat (5–17.4%)
(8, 17, 25), nasal congestion (4.8%) (17), dizziness (9.4%) (8), and
diarrhea (2–10.1%) (8, 17, 24, 25).

Patients with a mild form of the disease presented with
only a low fever, mild fatigue, and no pneumonia, with some
patients demonstrating no obvious fever throughout the course

of the disease. This makes clinical diagnosis difficult in this
patient population. However, 7.3–32% of patients progress to a
severe (dyspnea, respiratory frequency ≥30/min, blood oxygen
saturation ≤93%, partial pressure of arterial oxygen to fraction
of inspired oxygen ratio ≤300 mmHg or lung infiltrates >50%
within 24–48 h) or critical (respiratory failure, septic shock,
and/or multiple organ dysfunction or failure) condition (8, 9,
17, 24, 26). The median time from onset of symptoms to ICU
admission was 9.5–10.5 days (8, 24, 26).

According to our experience treating cases in Wuhan, severe
and critically ill patients demonstrate the following patterns:
(1) Clinical deterioration happens suddenly and is difficult to
predict. Acute respiratory failure, especially acute respiratory
distress syndrome (ARDS), is very common in COVID-19
severe and critically ill patients. However, compared to previous
severe infectious diseases such as SARS or MERS—where ARDS
often appeared within 1 week of symptom onset—patients
with COVID-19 showed greater variance in timing. Many
patients were stable for more than a week and even up to
a month before acute respiratory failure or ARDS suddenly
occurred within a 2–3 days period. This makes it difficult for
clinicians to predict critical changes in a patient’s condition.
Once such patients have respiratory failure, they require a
prompt upgrade in respiratory support and close observation
in order to continue to escalate treatment as necessary. The
mortality rate of all COVID-19 patients with ARDS is close
to 50%, and if ARDS reaches the moderate to severe stages,
the mortality rate is as high as 70%; (27) (2) Multisystem
organ failure. From the current epidemiological data, the
majority of middle-aged and elderly patients with COVID-19
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FIGURE 3 | Schematic diagram of SARS-CoV-2 transmission. Red arrows indicate most common transmission; Orange arrows indicate possible routes of

transmission.

are critically ill (8, 17, 26) and dysfunction of multiple organ
systems including respiratory failure, heart failure, and renal
failure can occur either individually at different time points
or simultaneously (8, 9, 25, 26). Therefore, it is necessary
to frequently and comprehensively evaluate these critically ill
patients, with attention paid to each individual organ system;
and (3) Multiple comorbidities often exist in severe patients.
Multiple chronic diseases such as diabetes, hypertension, CKD,
and Parkinson’s are frequently found in severe or critically ill
patients (8, 9, 17, 26). These diseases often contribute to the
course of COVID-19. For example, diabetic patients are at high
risk for ketoacidosis during COVID-19 infection, CKD patients
often have further deterioration of renal function requiring
RRT treatment, and neurological diseases such as Parkinson’s
compromise airway protection and the ability for patients to
cooperate with treatment. Therefore, clinicians need to closely
evaluate patients’ comorbidities and provide additional disease-
specific care while diagnosing and treating COVID-19.

On laboratory testing, peripheral blood leukocyte counts are
low or normal and lymphocyte counts are low. Severe and
critically ill patients often have elevated inflammatory factors. In
early CT chest imaging, there were multiple small patchy and
interstitial changes, which then develop into multiple ground
glass opacities and infiltrates in the lungs consistent with viral
pneumonia. In severe cases, pulmonary consolidation can occur,
but pleural effusions are rare.

EARLY DISEASE IDENTIFICATION

The clinical manifestations and illness onset of COVID-19
overlap with or resemble the clinical manifestations of many
other diseases, including the common cold, influenza, and
other upper respiratory infections (URIs) (Table 1). Some

patients who have atypical symptoms or no fever may present
to non-infectious disease departments, which may lead to
missed or delayed diagnosis, healthcare worker infection, and
even nosocomial infections in other patients. The CDC has
published primers, probes, and testing protocols, but there were
initially issues with the test kit’s performance and distribution
that prevented a scaling up of testing beyond a few public
health laboratories (28). After corrections, the CDC re-released
testing protocols that are now being utilized by state and local
health departments. The differential diagnosis at the onset
of symptoms mainly depends on epidemiological history,
complaints, symptoms, and corresponding examinations.
Therefore, maintaining a high level of suspicion for early clinical
manifestations of COVID-19 and using existing testing to rule
out other respiratory viruses is necessary to ensure that patients
receive appropriate early molecular testing.

OUTPATIENT AND EMERGENCY
PRE-CHECK AND TRIAGE

Some patients with atypical symptoms or no fever may
initially present to non-infectious disease departments such as
otolaryngology, stomatology, and gastroenterology which are not
standardly equipped to safely handle these patients. In addition,
many countries do not have a hierarchical medical system;
in such countries patients decide on their own as to which
hospitals and departments to present. This poses considerable
risks to healthcare workers and other patients in these hospitals.
Successful disease control requires a systematic, comprehensive
approach to diagnosis, triage, and treatment. Outpatient and
emergency pre-check is the first step to prevent and control
the potential spread of COVID-19 in healthcare settings. By
initially screening patients by obtaining a temperature, inquiring
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TABLE 1 | Major differential diagnosis of COVID-19.

Disease COVID-19 Common Cold Influenza Other URIs

Etiology SARS-CoV-2 Common respiratory viruses Influenza virus Bacteria/viruses

Illness onset

characteristics

Incubation period is 1–14 days, mean

4– 6.4 days

Year round Year round, high in winter and

spring

Year round

Fever characteristics Fever common on admission 1–2 days, mostly low fever 3–5 days, may be high fever May be high fever

Clinical symptoms Typical: Fever, dry cough, and fatigue

Atypical: congestion, rhinorrhea, sore

throat, myalgia, and diarrhea

Nasal congestion, rhinorrhea,

sneezing, sore throat; few

systemic symptoms

Severe systemic symptoms

such as fever, headache,

myalgia, chills, shivering

Nasal congestion, sore throat,

swallowing pain, cough; systemic

symptoms such as fever,

fatigue/malaise

Infectivity Strong, potential for pandemic Weak, mostly distributed Strong, potential for pandemic Weak, mostly distributed

Complication Septic shock, ARDS, acute kidney

injury, disseminated intravascular

coagulation, rhabdomyolysis

Rare Pneumonia, otitis media,

myocarditis, rhabdomyolysis,

septic shock.

Acute sinusitis, acute otitis media,

acute pharyngitis, acute

bronchitis, pneumonia.

Diagnosis Epidemiology, clinical symptoms, viral

nucleic acid test, serological

examination (IgM/IgG)

Clinical symptoms Respiratory tract virus nucleic

acid detection

Clinical symptoms

about the epidemiological history, and triaging according to
predetermined symptoms, suspected cases can be identified.
Suspected cases should be isolated and reported immediately. In
addition, medical staff, in consultation with local public health
authorities, should collect the necessary specimens (for example
nasopharyngeal swab) for COVID-19 nucleic acid detection in a
timely fashion. If the patient’s condition requires supportive care
in an intensive care unit, he or she should be placed in an isolation
negative pressure room. If such an area is not available, then the
patient should be transferred to a facility that can provide this
care after the patient’s condition is stabilized (Figure 4) (29).

PROTECTION OF HEALTHCARE
WORKERS

Designated institutions, such as fever clinics in China and
infectious disease departments in other countries, have been
established in order to ensure routine and appropriate infection
control operations for COVID-19 cases. However, in healthcare
settings where patients with emerging or unknown infectious
diseases are diagnosed and treated, especially in those countries
where there is no designated institution for COVID-19 cases,
infection control methods against severe infectious diseases are
often imperfect. With the outbreak of COVID-19, healthcare
workers are at particular risk for infection due to their potential
exposure to droplets or aerosols from the respiratory tracts
of patients.

For providing clinical care to patients with COVID-19, all
healthcare workers are recommended to receive standardized
infection prevention and control (IPC) training and wear correct
personal protective equipment (PPE) (e.g., medical masks such
as surgical masks or N-95 respirators depending on exposure
risk, disposable isolation gowns, disposable patient examination
gloves, working hat, goggles or face shield, and shoe covers) (30).

In the epidemic area, considering it is not always possible
to identify patients with SARS-CoV-2 infection because early
symptoms are non-specific, it is important that healthcare

workers use standard precautions consistently when providing
care to patients. Refresher training on IPC should be provided
to every healthcare worker (31), healthcare workers should
practice donning and doffing procedures, and must demonstrate
competency through testing and assessment before caring for
patients (32). This is particularly true of frontline providers
such as those in the infectious disease and emergency
departments, as well as providers in departments who may
have higher occupational exposure risks when conducting
special examinations on patients, such as the departments
of Otorhinolaryngology, Stomatology, Gastroenterology, and
Pulmonology, among others. Healthcare workers in these
departments should pay extra attention to proper protection,
and specialty or exam specific protective protocols should be
developed (10). For example, nasopharyngeal swab specimen
collection is a common and simple disease detection method,
but it has certain exposure risks such as causing patients to
sneeze. It must be performed in accordance with protection as
described above. Face-to-face sampling with the patient should be
avoided as much as possible. Recommended precautions include
having the patient take a seated position with the health worker
standing to the patient’s side, staggered head distance, standing
upwind of the patient, and securing the patient’s head with
one hand while using the other hand for sampling (33). It is
also critical for providers in generally uninvolved departments
to pay attention to patients with fever, respiratory symptoms,
and appropriate epidemiological history, as these may represent
unscreened cases.

PSYCHOLOGICAL SUPPORT FOR
HEALTHCARE WORKERS

As seen in previous epidemics, healthcare workers may have
a higher risk of developing psychological issues; they may
experience fear of contagion and spreading the virus to their
families, friends, or colleagues (34). Those with previous first-
line care experience, such as during the SARS epidemics, may
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FIGURE 4 | Suggested strategy of outpatient and emergency triage flow chart.

also be at higher risk of post-traumatic stress symptoms. This
could trigger common mental disorders, including anxiety and
depressive disorders, and posttraumatic stress disorder that
requires psychological intervention. However, further research is
necessary to better assess the short- and long-term psychological
consequences of this epidemic on healthcare workers.

It is important that hospital administrators be cognizant of
the additional stressors faced by healthcare workers, provide
appropriate training and protective equipment, manage work
hours carefully, and implement quality of life measures to
minimize burnout and risk of psychological consequences.
In addition, safe communication channels between healthcare

Frontiers in Public Health | www.frontiersin.org 6 May 2020 | Volume 8 | Article 205

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhao et al. COVID19: Identification and Protection

workers and their families should be set up, and psychological
treatment plans, progress reports, and health status updates
should be given to them and their families (35).

TREATMENT

There are currently no specific antiviral drugs to treat SARS-
CoV-2 infection. The treatment mainly includes supportive care
including supplemental oxygen, symptom directed therapy, and
the reduction of complications. Disease directed treatments
that have been tried includes antivirals such a remdesivir and
lopinavir/ritonavir, drugs such as chloroquine phosphate and
abidol, and Chinese traditional medicines (24). On the Chinese
Clinical Trial Registry1, a total of 473 clinical trials are registered,
evaluating a variety of different drugs and other treatment
modalities. In the United States, the National Institutes of Health
(NIH) has started a clinical trial utilizing the experimental
broad-spectrum antiviral drug remdesivir, launched on February
21 (36). The use of corticosteroid treatment is currently
controversial (37, 38). Vaccines are under development in several
countries around the world, which should help to contain the
spread of COVID-19 in the future.

CONCLUSIONS

In our review, we analyze current information on the
characteristics of SARS-CoV-2 infection, and provide
implementable approaches to standardized screening, triage,
personal protection protocols, and psychological support for
healthcare workers that are relevant to a variety of healthcare
settings. As is the case with any review of a rapidly evolving topic
such as COVID-19, it is impossible to be fully current, as new
studies and guidelines are published on a daily basis. Likewise,
this is a descriptive review rather than a systematic review, which
limits the strength of the overall conclusions that can be drawn
from the included studies. However, we believe this review
provides a coherent, widely applicable framework for addressing
these issues; one that can be modified as new information and
new discoveries continue to come to light. This is particularly
necessary for the issues of psychological support and treatment,

1Chinese Cliniclal Trial Registry. Available online at: http://www.chictr.org.cn/

enindex.aspx.

as at the current time there is not enough outcome data available
to make true evidence-based recommendations. Finally, while we
review best practice PPE use, specific PPE choices may require
modification depending on shortages, overall access to health
care resources, and specific application.

COVID-19 has spread rapidly and progressed quickly to a
pandemic associated with substantial morbidity and mortality.
However, through early patient identification and accurate triage,
risk of widespread transmission can be greatly decreased. Special
attention must be paid to minimizing the additional risks faced
by healthcare workers in order to ensure that appropriate care
can continue to be provided.

SUMMARY

Potential COVID-19 cases must be identified early to initiate
proper triage and distinguish them from similar infections.
Early identification, accurate triage, and standardized
personal protection protocols can reduce the risk of cross
infection. Containing disease spread will require protecting
healthcare workers.
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