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Abstract
The recent outbreak of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) began in Hubei province, China, in
December 2019 and has spread worldwide at an alarming rate. With over eight million individuals infected and exceeding
400,000 deaths globally, the necessity to develop fast and efficient diagnostic methods is of high importance. This paper reports
on currently available diagnostic screeningmethods for patients infectedwith SARS-CoV-2 to guide frontline healthcare workers
involved with the diagnosis of 2019 novel coronavirus disease (COVID-19) patient. An electronic literature search was per-
formed for peer-reviewed articles published from January 1, 2020, until June 19, 2020. Published articles were then reviewed and
included based on the applicability to the topic. The preferred diagnostic approach is the reverse transcription (RT) of the virus’
ribonucleic acid (RNA) followed by polymerase chain reaction (PCR) amplification (RT-PCR). However, this method has been
proven to be time-consuming. In improving the speed and efficiency of diagnostics, newer rapid diagnostic serological tests are in
development for testing SARS-CoV-2, each with its unique advantages and disadvantages. They could potentially be used as
triage tests to rapidly identify patients who are very likely to have COVID-19 in combination with other accurate diagnostic
methods, such as diagnostic imaging. A combination of the disease history, clinical manifestations, laboratory diagnostic testing,
and diagnostic imaging is crucial for making an accurate and useful diagnosis for COVID-19. Hopefully, the continuous
development and use of rapid diagnostic tests and the implementation of public health measures will help control the spread
of the disease.
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Introduction

The coronavirus disease 2019 (COVID-19) started in Hubei
province, China, and is caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) [1]. The virus was
named 1 week after China alerted the World Health
Organization (WHO) that it has identified a cluster of cases
of pneumonia of unknown origin [2]. Reported symptoms

include fever, cough, fatigue, pneumonia, headache, diarrhea,
hemoptysis, and dyspnea [1, 3]. Based on symptoms and early
radiographic evidence, COVID-19 was initially thought to be
influenza or the common cold. When further tests failed to
identify the pathogen, bronchoalveolar lavage (BAL) fluid
analysis from the patient’s lungs showed the genomic identity
of this virus and that it is approximately 80% like the genome
of the SARS coronavirus (SARS-CoV-1) [1]. SARS-CoV-1
was the cause of the severe acute respiratory syndrome out-
break in 2003, which also started in China [1, 4].

Coronavirus is an envelope, positive-stranded ribonucleic
acid (RNA) virus with a “crown-like” spike on its surface [4].
The virus belongs to the subfamily Orthocoronavirinae and
like SARS coronavirus, SARS-CoV-2 falls into the genus
betacoronavirus and subgroup sarbecovirus [4]. As a respira-
tory virus, the efficiency of its transmission has made SARS-
CoV-2 difficult to contain and evidence indicates that it
spreads through droplets and direct contact [1]. Also, van
Doremalen and colleagues showed that the virus could be
stable for at least 3 hours in aerosols [5].
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Researchers have identified and reported that SARS-CoV-
2 utilizes the angiotensin-converting enzyme 2 (ACE2) as a
receptor to enter and infect cells [1, 3, 4]. This is not surprising
as this was also observed during the SARS coronavirus out-
break in 2003 [4]. Furthermore, since SARS-CoV-2 is a zoo-
notic disease that most likely originated in bats, there is the
possibility that SARS-CoV-2 adapted to a non-bat ACE2 var-
iant, increasing its ability to affect humans [6]. The disease has
spread outside of Hubei province and as of June 19, 2020,
there are 8,385,440 confirmed COVID-19 cases and
450,686 COVID-19-associated deaths, reported globally [7].
Restricted travel orders have been implemented by several
government authorities worldwide, yet community spread
continues to increase the incidence and death rate of the dis-
ease [8].

Several individuals have been described as asymptomatic
spreaders of the disease [8], and in one study, these asymp-
tomatic individuals are identified as super spreaders who in a
healthcare setting consisted of 29% of the healthcare staff and
12.3% of the 138 admitted patients [9]. Unfortunate events
like these have necessitated the implementation of public
health measures such as social distancing, isolation, contact
tracing, and quarantine, in a bid to mitigate the burden of the
disease [8]. However, as COVID-19 surges across the globe,
scientists strive to leverage the power of testing and diagnosis
of the disease. This review summarizes the diagnostic modal-
ities used to detect, identify, and diagnose COVID-19. We
aim to report on the currently available point-of-care diagnos-
tics, as well as those that are on the horizon. This is a rapidly
evolving topic of research and we hope that this review pro-
vides information for future research studies.

Methodology

An electronic literature search was performed using PubMed,
Google Scholar, EBSCOhost, Mendeley, and MedLine Plus.
The search was limited to peer-reviewed articles mostly pub-
lished from January 1, 2020, until June 19, 2020. An article
was selected if it included keywords such as coronavirus,
COVID-19, SARS-CoV-2, diagnostics, diagnostic tests, and
serology. Articles were then reviewed and included based on
the applicability to the topic.

Diagnostic Testing Measures

Clinical Presentation

Since first emerging as a respiratory illness in December
2019, the WHO has described the spectrum of the novel
COVID-19 ranging from asymptomatic or an acute mild
respiratory illness, to a rapidly progressive severe

pneumonia complicated by respiratory failure and mortal-
ity [10, 11]. Though research on the full clinical manifes-
tations of COVID-19 is ongoing, the primary presentation
reported includes non-specific systemic and/or respiratory
symptoms ranging from fever, dry cough (with or without
sputum production), fatigue, anorexia, shortness of breath,
myalgia, or arthralgia [11, 12]. Among a cohort of 55,924
confirmed COVID-19 cases across China, fever (87.9%),
dry cough (67.7%), fatigue (38.1%), and sputum produc-
tion (33.4%) were the most common clinical features [12].
Additional reported signs and symptoms include headache,
confusion, rhinorrhea, conjunctival injection, sore throat,
hemoptysis, vomiting, and diarrhea [12]. Anosmia or
ageusia preceding the onset of respiratory symptoms has
also been anecdotally reported from cases outside of
China; however, more information is needed to understand
the role of these symptoms in relation to COVID-19 [11,
13, 14]. Several studies have reported disease in children to
be relatively rare and/or mild with signs and symptoms of
COVID-19 similar to those of adults, although severe ill-
ness has also been reported [11, 12].

According to the current epidemiological studies, the
incubation period for COVID-19 can extend up to 14 days,
with a reported median time of 5 to 6 days from exposure
to the development of mild symptoms [11]. However,
some can rapidly deteriorate with worsening dyspnea with-
in 5 to 8 days of symptom onset, requiring hospitalization
and oxygen support [11, 14]. In a retrospective cohort
study of the 44,672 confirmed COVID-19 cases from
China, approximately 81% were classified as an uncompli-
cated mild illness, 14% progressed to severe pneumonia
(dyspnea, tachypnea, hypoxic with blood oxygen satura-
tion ≤ 93%, PaO2/FiO2 ratio < 300, and/or > 50% lung
infiltrates on imaging), and 5% were in critical condition
(acute respiratory distress syndrome, septic shock, and/or
multiple organ dysfunction/failure) requiring intensive
care and/or mechanical ventilation [10, 11, 14]. The study
revealed a case fatality rate of 2.3%, with all deaths among
patients with critical illness [11].

Preliminary data from China, Italy, and New York City in
the United States of America (USA) suggest individuals ≥
65 years of age, immunosuppressed, or those with underlying
comorbidities (hypertension, diabetes mellitus, cardiovascular
disease, cirrhosis, body mass index ≥ 30, chronic respiratory
disease or cancer) are at higher risk for severe disease and
mortality [15, 16].

Due to the disease’s unpredictable clinical presentation
and course, early recognition and diagnosis of individuals
suspected of having COVID-19, especially those at in-
creased risk of severe disease, can allow for optimized
supportive care including admission to designated hospi-
tal wards or intensive care units (ICUs), depending on the
clinical state [10].
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Laboratory Examination

Reported laboratory findings in confirmed COVID-19 cases
include biomarkers representing an inflammatory host re-
sponse to pathogens and/or early markers of end-organ dys-
function in severe cases [14]. Common abnormalities, al-
though non-specific, include lymphopenia, decreased albu-
min, elevated C-reactive protein (CRP) and erythrocyte sedi-
mentation rates (ESR), and elevated lactate dehydrogenase
(LDH) levels [11, 17]. Additional biomarkers that may be
seen with disease progression include leukocytosis and/or leu-
kopenia, elevated ferritin, elevated aspartate aminotransferase
(AST), alanine aminotransferase (ALT), or elevated creatinine
kinase (CK) [11, 14]. Emerging data suggest that infection
with SARS-CoV-2 may result in cardiovascular injury and
an elevated troponin detected in isolation without clinical or
electrocardiographic features of an acute coronary syndrome
(ACS) [16, 18].

To date, no specific biomarker or combination of bio-
markers found on laboratory testing has been reported to be
sensitive or specific to establish a diagnosis of COVID-19 or
to pragmatically predict its clinical course [17]. However, the
WHO recommends hematology and biochemistry laboratory
testing (CRP, liver function test, cardiac enzymes, renal func-
tion, coagulation factors, blood gas analysis, etc.) including
electrocardiogram (ECG), to be performed at hospital admis-
sion and as clinically indicated to monitor for complications,
such as acute liver injury, acute kidney injury, and acute car-
diac injury or shock [10].

Imaging

In the early stages of confirmed COVID-19 cases, retrospec-
tive studies suggest chest radiographs may be unremarkable or
can show nonspecific multi-lobar consolidations that can rap-
idly progress by day 10–12 following symptom onset, to se-
vere pneumonia with bilateral ground-glass opacities, usually
in peripheral distribution, depicted in Fig. 1 [19].

In contrast, chest computed tomography (CT) scan find-
ings, though not specific for COVID-19-associated pneumo-
nia, may be more sensitive for diagnosis than chest radio-
graph, especially where viral testing may be constrained or
during a false-negative nasopharyngeal real-time reverse-tran-
scription polymerase chain reaction (RT-PCR) test in mild or
severe suspected cases [11, 17, 20]. Retrospective case studies
identified diverse abnormal CT findings, including ground-
glass opacities most prominent from day 0 to day 4 after
symptom onset (usually bilateral and peripheral distribution),
which can become very extensive with disease progression
and present as multifocal solid consolidative opacities [11,
14]. Additional findings reported include vascular thickening,
or inter-/intra-lobular septal thickening (“crazy paving appear-
ance”), depicted in Fig. 2 [11, 17, 21].

Udugama and colleagues reported that chest CT scans were
commonly used for clinical diagnosis of suspected COVID-19
cases in China initially, due to high false-negative rates of
molecular testing kits and shortages [1]. However, this prac-
tice can overwhelm and place a huge burden on radiology
departments during an ongoing pandemic. Additionally, im-
aging findings of COVID-19 reported to date are nonspecific

Fig. 1 Chest radiograph image from a confirmed COVID-19 case dem-
onstrating severe pneumonia with bilateral ground-glass opacities. Note:
Radiograph image from COVID-19 case (10), courtesy of Dr. Edgar
Lorente, Radiopaedia.org, rID: 75187 [21]

Fig. 2 CT image from a confirmed COVID-19 case showing multiple
patchy and light consolidations in both lungs and grid-like thickness of
interlobular septae. Note: Radiograph image of confirmed COVID-19
case (36), courtesy of Dr. Mohammad Taghi Niknejad, Radiopaedia.
org, rID: 75607 [21]
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and diverse and can vary depending on disease severity, age,
and underlying diseases; it can also overlap with other disease
processes [1]. It also poses a risk of cross-infection, as thor-
ough decontamination is required after scans of suspected or
confirmed COVID-19 cases [1]. If imaging is needed, due to
the ease of decontamination and infection control, portable
chest X-ray (CXR) should be considered in suspected
COVID-19 cases [14]. The American College of Radiology
(ACR) in the USA currently recommends against using CT
scanning for screening or diagnosis of COVID-19, except
when needed for assessment of disease severity and manage-
ment [11, 14].

Lung Ultrasonography

As new cases of COVID-19 overwhelm healthcare systems,
countries, and regions are examining various complementary
diagnostic approaches, including lung ultrasound (LUS) [19].
Dondorp and Schultz suggest deployment of point-of-care
LUS as an alternative for chest X-ray and CT scan in
suspected COVID-19 pneumonia cases, particularly in set-
tings where resources are limited and patients are financially
deprived [19, 22]. Preliminary studies, although not specific,
reported LUS abnormalities including diffuse B-pattern and/
or subpleural consolidation in confirmed COVID-19 cases
[22]. In one confirmed COVID-19 case, LUS abnormalities
were observed by the twelfth-day of hospital admission [19].
Although some data suggest COVID-19 has a predilection for
disease in subpleural regions, to date, there is limited evidence
of specific LUS features to diagnose and distinguish COVID-
19 from other pulmonary infections [14].

Laboratory Diagnosis with RT-PCR and Serology

The designation of “pneumonia of unknown etiology” is giv-
en when an illness without any identifiable pathogen meets
the criteria of fever (≥ 38 °C), radiographic confirmation of
pneumonia, low or normal lymphocyte count, and no symp-
tomatic improvement after antimicrobial therapy for 3 to
5 days following standard clinical care guidelines [23].
These guidelines that were used by local hospitals to help
identify the cause of sudden emergence of pneumonia cases
inWuhan, China, were set up during the 2003 SARS outbreak
to enable identification of unknown pathogens [23]. On
December 29, 2019, the first 4 cases of pneumonia of un-
known etiologywere identified and reported to share a linkage
of exposure to a contact source with the Huanan Seafood
Wholesale Market [23]. An epidemiologic alert was released
by the local health authority on December 31, 2019, and the
market eventually closed on January 1, 2020, as the number of
suspected cases increased [4]. To date, there is considerable
dispute and uncertainty over the origin of the novel virus as

further investigations of the earliest confirmed cases reveal
many had no link to the seafood market [24].

Once cases were identified to have met the criteria for
pneumonia of unknown etiology, attempts were then made
to increase the sensitivity for early detection by confirming
whether or not the patient had any contact with Huanan
Seafood Wholesale Market or other symptomatic patients
[23]. The criteria to define a suspected case were updated
again on January 18, 2020, and now took into consideration
travel history to Wuhan or any direct contact with symptom-
atic patients within 14 days before the onset of their illness
[23]. A recent study conducted by Li Q. and colleagues [23]
looked at the first 425 laboratory-confirmed cases to further
distinguish the characteristics and transmission properties of
the pathogen. A confirmed case was defined when respiratory
samples tested positive for 2019 novel coronavirus (2019-
nCoV) by isolation, two positive results by real-time RT-
PCR assay, or genetic sequence that matched 2019-nCoV
[23]. The RNA that was obtained from the upper and lower
respiratory tract of patients were tested by real-time RT-PCR,
if the two targets tested positive, the case would be considered
laboratory-confirmed [23]. A cycle threshold value (Ct value)
of less than 37 was determined to be a positive test and a Ct
value of 40 or more was deemed to be a negative test. If the Ct
value fell between 37 and 40, then it was required to undergo
repeated testing; if the repeated Ct value was less than 37 or if
it was less than 40 with a clear peak being recorded, then the
retest would be regarded as positive [23].

The use of real-time RT-PCR is highly suggested for
confirming a suspected case, as well as for detecting the pres-
ence of pathogens by way of 2019-nCoV nucleic acid detec-
tion in samples from the patient’s respiratory tract or blood
[25]. Real-time RT-PCR is regarded as an important diagnos-
tic tool in providing accurate RNA detection of 2019-nCoV as
gene-specific primers target various viral protein genes, such
as the envelope protein gene or the nucleocapsid protein gene.
Both have proven to be sensitive and specific toward the
SARS-CoV-2 virus and have helped rule out other types of
coronaviruses and possible related viruses [26, 27]. In a cohort
study of 205 confirmed COVID-19 cases, a collection of 1070
various tissue specimens, including blood, sputum, feces,
urine, nasal, BAL fluid, and fibro-bronchoscopy brush biopsy
tested for viral RNA through real-time RT-PCR, revealed de-
tection of SAR-CoV-2 from multiple sites. However, samples
from the BAL fluid displayed the highest rates of RT-PCR
positivity (93%) and a 95% confidence interval (28.9–33.2)
[28]. Woloshin and colleague’s preliminary studies report es-
timated the sensitivity for various available RT-PCR tests to
be 70% [29].

Unfortunately, a negative PCR test on its own still cannot
rule out the possibility of infection. As local authorities would
go on to report cases where despite the patients’ initial real-
time RT-PCR test proving to be negative, they would
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demonstrate chest CT scans with various degrees of consoli-
dation and ground-glass opacity [20, 26]. This could also ex-
plain the initial proposals of pneumonia of unknown origins
during the early days of the outbreak as those patients’ CT
scans revealed different levels of thick, abundant opacities
alongside negative results of the initial PCR test [1]. These
patients would eventually prove to be positive during their
second or third round of testing [26], indicating a need for
diagnostics such as radiology to be complementary to real-
time RT-PCR.

Newer serological rapid diagnostic tests are being devel-
oped with the hopes of being complementary to current diag-
nostics and more specific in its approach. In Zhongnan
Hospital of Wuhan University, serological detection methods
using a colloidal gold-based immunochromatographic (ICG)
strip which targets viral IgM and IgG antibodies, are currently
being used [26]. Despite RT-PCR being accepted as the stan-
dard diagnostic method of SARS-CoV-2 in China and world-
wide, there is still an increasing rate of false-negative cases
from local authorities [29]. In a study conducted by Pan and
colleagues, data was obtained by collecting 86 samples from
67 RT-PCR confirmed SARS-CoV-2 positive patients in an
attempt to compare the ICG strip with RT-PCR [26]. The
disease duration was divided into 3 stages, the early stage (1
to 7 days from onset), the intermediate stage (8 to 14 days),
and the late stage (more than 15 days), with the positive rates
of IgM and IgG starting lower and progressively increasing as
the disease advances [26]. The sensitivity of ICG assays in-
creased and is estimated to peak at 15 days. It is also accept-
able to combine both IgM and IgG parameters to increase the
positive rate and sensitivity [26]. Total antibodies are serolog-
ical markers that can be increased by the second week of
symptom onset and are considered to be very sensitive [30].

Comparable with older studies of immunoglobulins against
SARS-CoV indicated that IgM and IgG antibodies were de-
tectable after 7 days. COVID-19 patients also demonstrated
that both IgM and IgG can be detected after 5 days of onset by
an anti-SARS-CoV-2 enzyme-linked immunosorbent assay
(ELISA) [26]. In other words, ELISA was deemed quantita-
tive, whereas the ICG strip provided qualitative results [26].
ELISA-based IgM and IgG antibody tests have shown greater
than 95% specificity for the diagnosis of COVID-19, as anti-
bodies are produced against the viral nucleocapsid (NC) and
the receptor-binding domain of the spike protein (RBD-S)
[30]. The nucleocapsid is a protein containing viral nucleic
acid and the RBD-S is a protein used by the virus for attach-
ment to the host cell; these antigens can be used individually
or together to detect IgM and IgG antibodies, as well as in-
crease overall sensitivity [30].

Furthermore, researchers using a single-lane rapid IgG/
IgM lateral flow assay directed to the nucleocapsid protein
of SARS-CoV-2 have identified that the sensitivity and spec-
ificity for IgG were 92.2% and 97.0% [31]. However, the

sensitivity and specificity for IgM were only 57.9% and
91.3% respectively [31]. The development of newer serolog-
ical assays for SARS-CoV-2 could help improve current
methods of screening the population, so it is recommended
they undergo an assessment for their performance and capa-
bilities using clinical specimens [32]. A recent study by
Jääskeläinen and colleagues assessed the specificity and sen-
sitivity of 6 commercial immunoassays for the detection of
SARS-CoV-2 antibodies and then compared it with neutrali-
zation assays, which are the gold standard for specificity and
can indicate if there has been any development of immunity;
their results showed variable performance values for the im-
munoassays [32].

The current WHO recommendations are to use these new
point-of-care immunodiagnostic serology tests in a research
setting only and are advised against using them in clinical
decision-making setting [33]. These simple test kits with a
sensitivity range of 34 to 80% are based either on protein
detection from the COVID-19 virus in respiratory samples
such as sputum, throat swab, or detection, in blood or serum,
of human antibodies generated in response to infection [33].
The performance of these tests depends on several factors,
including the time from onset of illness, the concentration of
virus in the specimen, the quality of the specimen collected
from a person and how it is processed, and the precise formu-
lation of the reagents in the test kits [33].

Antibodies against the virus are produced over days to
weeks after infection; the majority of patients develop anti-
body response only in the second week after onset of symp-
toms. Hence, a diagnosis of COVID-19 infection based on
antibody response will often only be possible in the recovery
phase, when many of the opportunities for clinical interven-
tion or interruption of disease transmission have already
passed. Also, the antibody test is limited by cross-reaction
with other pathogens, including other human coronaviruses,
thus giving false-positive results [17, 33].

Upper respiratory tract samples used for diagnosis include
nasopharyngeal swabs, oropharyngeal swabs, nasopharyngeal
washes, and nasal aspirates. Lower respiratory tract samples
include sputum, BAL fluid, and tracheal aspirates. It should be
noted that obtaining both BAL and tracheal aspirates can be
high-risk due to an aerosol generation which would increase
the risk of person-to-person transmission [1]. The analysis of
patients’ BAL fluid led to the discovery that the pathogen has
a similar genetic sequence with the betacoronavirus B lineage.
Through BAL fluid, it was also revealed that the SARS-CoV-
2 virus genome has 80% similarity with the SARS-CoV ge-
nome, 50% similarity with the Middle East respiratory syn-
drome virus (MERS-CoV) genome, and a 96% similarity with
the bat coronavirus RaTG13 genome [1]. Further studies in-
dicated that the coronavirus’ RNA genome contains various
structural proteins that assist in its growth. The spike (S) pro-
tein binds to a receptor and fuses with the host membrane, the
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membrane (M) protein is involved in viral assembly and the
nucleocapsid (N) protein binds with the RNA genome to form
the nucleocapsid which helps regulate viral RNA synthesis
[34]. The entry receptor for SARS-CoV was identified by
mass spectrometry to be ACE2, an enzyme related to
angiotensin-converting enzyme (ACE), with the virus enter-
ing the host cell when the (S) protein bound to ACE2 [35].
Similarly, the new SARS-CoV-2 also binds to the same re-
ceptor for viral entry, ACE2.

By January 31, 2020, the epidemic had been reported to
have already spread to 19 countries with 11,791 confirmed
cases, including 213 deaths [3], resulting in the WHO declar-
ing COVID-19 an official Public Health Emergency of
International Concern. As of April 2, 2020, the disease had
spread to at least 202 countries, infected over 1 million people,
and was adjudged to have resulted in 45,526 deaths globally
[1]. In dismay and now affecting 213 countries and territories,
the number of cases has surpassed eight million with over
400,000 fatalities, as of June 19, 2020 [7]. Therefore, the use
of diagnostic testing on a large scale to identify those infected
with the SARS–CoV-2 infection has been recognized by
many countries as a necessary tool to help combat this global
pandemic COVID-19 [17].

Conclusion

A global initiative to accelerate the development, production,
and equitable access to diagnostics has become a main priority
for the COVID-19 pandemic. Diagnostics provide crucial data
that leveraged to make critical patient care decisions; it also
aids in reducing the spread of the virus through increased early
detection, which ultimately decreases mortality. However,
COVID-19’s limited data set engenders a learning curve re-
garding its diagnosis. Molecular testing remains the gold stan-
dard for diagnosing COVID-19, and it should be the first test
of choice for the diagnosis of acute COVID-19 infection. It
represents the most accurate test methodologies for the detec-
tion of the SARS-CoV-2 virus gene sequences during the
early stage of infection. Unfortunately, processing patient
samples with RT-PCR may take hours-to-days, coupled with
the shortage of testing capacity and reagents for COVID-19.
For example, a one-step multiplex 2019-nCoV qRT-PCR as-
say typically takes 1 hour after RNA extraction and can test
hundreds of samples per run, hence the need for radiology
diagnosis to be complementary to RT-PCR for diagnosing
severe COVID-19. Also, many rapid diagnostic tests have
been developed that utilize the detection of proteins from the
COVID-19 virus in respiratory samples or detection, in blood
or serum, of human antibodies generated in response to infec-
tion. Each test type has advantages and disadvantages inherent
to its underlying technology; thus, pivoting test types and
timings may be useful tools for managing the pandemic. The

COVID-19 outbreak has demonstrated the necessity of a sys-
tem that facilitates the rapid development and implementation
of diagnostic tests against infectious diseases. Exemplary tests
should be rapid and inexpensive; it could come with simple
smartphone integration capabilities that can be shipped to pa-
tients’ homes. Home-based point -of- care testing allows the
patients to screen themselves in-home and share the test re-
sults with healthcare workers without visiting the hospital.
Adopting this test could potentially be used as triage in
healthcare settings to rapidly identify patients who are very
likely to have COVID-19, thus reducing or eliminating the
need for expensive molecular confirmatory testing, and also
eliminating potential exposure to front-line healthcare workers
due to delayed testing. Since the virus is highly contagious
and has the potential to cause a variety of symptoms, identi-
fying infected individuals not only helps to provide appropri-
ate medical treatment but also significantly decreases the po-
tential for transmission. Hence, a combination of the disease
history, clinical manifestations, laboratory diagnostic testing,
and diagnostic imaging is crucial for making an accurate and
useful diagnosis for COVID-19.
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