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Abstract: Coronavirus disease 2019 (COVID-19) is an emerging challenging area for the
researchers to buckle up against the spread and control of the virus. Since earlier times, the
diagnosis has been an important procedure in estimating the fate of epidemics by indicating
the extent to which disease has been spread and to the extent, further disease prognosis
would occur. The absence of anti-viral therapies and vaccines for COVID-19 at present
suggests early diagnosis and isolation of the patients as the only smart approach available as
of now. Presently, the increasing death rates, faster rates of transmission, non-availability of
vaccines, and treatment have over-pressurized the researchers, health professionals, and
government officials to develop effective clinical strategies in diagnosis and to come up
with guidelines to be followed during conduction of each diagnostic procedure for main-
taining healthcare systems. Since the incubation period of this virus is 2—14 days, a patient
can transmit the infection without showing symptoms. Therefore, early diagnosis and isola-
tion of susceptible individuals are the only way to limit the spread of the virus. Significance
of diagnosis and triaging, information on specimen collection, safety considerations while
handling, transport, and storage of samples have been highlighted in this paper to make
people more aware and develop better clinical strategies in the future.

Keywords: COVID-19, diagnosis guidelines, specimen collection, safety consideration,
SARS-COV-2

Introduction

Severe Acute Respiratory Syndrome-Coronavirus 2 (SARS-CoV-2) is a modified
version of previous strain SARS-CoV whose outbreak had happened in 2003.'
Earlier, SARS-CoV had spread to 26 different countries and showed a fatality
rate of over 10%, then a decade later Middle-cast Respiratory Syndrome-
Coronavirus (MERS-CoV) emerged in 2012 with a fatality rate of 35%.% In
a recent third outbreak, SARS-CoV-2 has spread to more than 218 countries and
continues further.®> As of now, ~96 million people have been infected with SARS-
CoV-2 and more than 2.0 million people have lost their lives (accessed on 18™
January 2021, https://www.worldometers.info/coronavirus/). The virus has origi-

nated from Wuhan city of China in 2019 and named Coronavirus disease-2019
(COVID-19) by WHO officials.* Despite sharing 80% genomic similarity with
SARS-CoV, SARS-CoV-2 has proven to be more dangerous in terms of its trans-
mission rate.> This might have happened because of modification in the spike (S)
protein of SARS-CoV-2 that increases its affinity towards angiotensin-converting
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enzyme 2 (ACE2) receptors in humans.”® This virus
causes acute lung injuries, pneumonia, and sometimes
may lead to the death of patients with severe symptoms.
This pathological manifestation is due to the production of
the cytokine storm during the active replication of the
virus in human lung cells.” To contain and prevent the
further spread of COVID-19, it becomes important to
gather all the information such as transmission history,
mode of entry, replication, genetic structure, inflammatory
response, and available diagnostic approaches to overcome
the loss that has happened and/or may happen in the future
to reduce its adverse effect.' In Table 1, we have
described social, clinical, and characteristic features
including epidemiology of COVID-19 which would be
helpful to have first insight into the pathophysiology of
disease.'"'?

Since no effective vaccines and drugs are available for
this disease, early detection, diagnosis, and isolation of the
infected individuals is the best solution to address COVID-
19 patients.'® Without the availability of suitable anti-viral
drugs, all eyes are on diagnostic strategies that have the
potential of determining the current scenario of the sever-
ity of the infection and to follow-up with the prognosis in
the future.'*

Timely diagnosis is the first step to prevent the spread
of infection and providing care to the infected individuals;
however, an alarming rate of its spread has generated
concern in conducting diagnosis on a larger scale.'>'®
Further, how well a country is responding to the current
crises depends mainly upon its advancements in diagnos-
tics, and therapeutic strategies, they may be adopting.'’
Thus, in the present condition, we must look for a rapid,
efficient, and error-free diagnosis on a larger scale.'®

The first step in conducting a diagnostic test is the
collection of a sample from the suspected person.'® The
collection of the right specimen at right time is required to
ensure an error-free diagnosis and accuracy of results.
Thus, a set of prescribed protocols must be followed.*
The type of specimen collection, safety consideration upon
their handling, transport, and storage are enlisted in this
paper.?! Current diagnostic approaches and their limita-
tions are also discussed systematically.

Significance and Need for Diagnosis
The SARS-CoV-2 infection was first identified in the
Wuhan city of China where the outbreak happened.*
People reporting chest pain and signs of respiratory dis-
tress were immediately screened for common respiratory

infections but none of the results were found to be posi-
tive; suggesting the presence of some other contaminant.*?
Later, the analysis of bronchoalveolar lavage (BAL) fluid
showed the sequence similarity to that of viruses belong-
ing to the CoV family. However, it was not exactly similar
to the previously known human pathogenic strains.> For
confirmation, immediate isolation of the virus on eukaryo-
tic culture system and characterization was performed,
indicated the emergence of seventh member and exposure
to a third viral outbreak caused by members of the CoV
2324 This
International Committee on Taxonomy of Viruses as
SARS-CoV-2 because of its 80% homology to SARS-
CoV.* It also showed 59% sequence homology to MERS-
CoV.*°

The fatality rate exhibited by this virus was lesser than

family. novel strain was named by the

the earlier viral strains but its intensity of transmission has
urged to declare COVID-19 pandemic as a health
emergency.”’ A higher incubation period of 2-14 days
exhibited by SARS-CoV-2 indicates its possibility of
transmission to healthy individuals from infected ones
before the onset of symptoms. This means patients can
transmit infection without even knowing they are already
being infected when symptoms can take about 14 days to
appear.”® This has generated a matter of concern among
healthcare workers and health officials who have the sole
responsibility of detecting an infection at an earlier
stage.”” Not only the diagnostic techniques should be
robust, reproducible, and accurate but it should be rapid
as well.*® Any delay in diagnosing an infection can turn
down the possibility of patient recovery and can risk the
health of individuals close to the patients. This scenario
has made the situation worse in various countries where
diagnosis techniques are not very accurate and meticu-
lously followed.'” By the time a person develops
a symptom, it has already infected many other healthy
people coming in its contact and therefore, creates diffi-
culty in controlling the spread of the virus.*'

Initially, identifying the travel history of the people
coming from affected areas was the only way to identify
susceptible cases.”’ Such patients were kept under inves-
tigation in the isolation wards of hospitals but keeping in
mind the risk associated with the lives of healthcare work-
ers CDC has issued guidelines for conducting a diagnosis
of patients only underclass II certified biosafety cabinets
(BSL).** This not only ensures the safety of healthcare
providers but will further limit the spread of infection. Till
now the infection is spreading continuously and the impact
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Table I An Overview of Recent COVID-19 Epidemiology and
Its Characteristic Features

Table | (Continued).

Total confirmed cases- 56.7 million

Total number of deaths- 1.3 million

Mortality rate 6% as of now but depends upon other factors
such as sex (2.8% in males and 1.7% in females),
comorbid state (5.6% for cancer, 6.0% for
hypertension, 6.3% for a respiratory disorder,
7.3% for diabetes, and 10.5% for cardiovascular
diseases), power of transmission (2.9% in Hubei
province whereas 0.2% in other areas of
China), age (0.2% for people in the age
between | 1-19 and 14.8% for people more
than 80 years old) and conditions of the
country (depends upon control, prevention
strategies, mitigation policies, preparedness,
and status of healthcare systems)

Genome structure | 5° UTR- replicase gene- structural genes-

accessory genes- 3'UTR

I. Replicase gene synthesizes |16 non-structural
proteins.

2. Four structural genes — spike (S), membrane
(M), envelope (E), and nucleocapsid (N) are
present.

3. Accessory genes — ORF3, ORF 6, ORF 7a,
ORF 7b, ORF 8, and ORF 9b are present.

Incubation period 2-14 days

ACE2

Receptor

(Continued)

L. Parameters of Characteristic Features
Parameters of Characteristic Features COVID-19
COVID-19 -
Associated SARS-CoV-2 (7th member of coronavirus Replication Discontinuous mRNA production of structural
) . pathway genes leading to exocytosis of mature virus
organism family)
particles through the endomembrane system in
Origin Wuhan, China in December 2019. the host.
Clinical Pneumonia and acute lung injuries Inflammatory I. Production of cytokine storm through apop-
manifestation response tosis of macrophages. (IL-1 and TNFa).
2. ACE2 down-regulation and shedding.
Symptoms Fever, dry cough, shortness of breath, L .
3. Activation of THI7 cells leading to the
headache.
induction of pro-inflammatory cytokines.
Risk group |. People more than 50 years of age. 4. Immune cell infiltration and vascular perme-
2. People with comorbid conditions (respira- ability and leakage (IL-7, IL-21, IL-22 and
tory infections, cardiovascular diseases, dia- GM-CSF).
betes, etc.)
Diagnostic I. Molecular diagnosis through rRT-PCR.
Transmission Reservoir- bats approach 2. Serological diagnosis through antibody
Identical host- pangolins testing
Final host- human beings 3. Radiological diagnosis through CXR and CT
Epidemiol Spread ies and territories- 218 o
pidemiology pread to countries and territories- 4. Cell culture diagnosis through isolation and
International conveyances- 02 culturing of the virus on Vero E6 cell lines.

Abbreviations: ORF, open reading frame; ACE2, angiotensin-converting enzyme 2;
IL, interleukin; TNF @, tumor necrosis factor; TH 17, T helper cells; GM-CSF
granulocyte macrophage colony-stimulating factor; rRT-PCR, real-time reverse tran-
scriptase-polymerase chain reaction; CXR, chest X-ray; CT, computed tomography.
References.”'>'*!7

it will create on a global scale is unsaid. The current
situation not only pressurizes government agencies, indus-
tries, public health sectors, and other clinical laboratories
to join hands for advancing the diagnostic tools but also to
be prepared for quality testing when the reemergence of

such infections might occur shortly.*’

Testing depends upon a process referred to as triaging
where patients are divided into four categories —mild,;
moderate; severe and critical based on the symptoms
they show.>® This process is to ensure that the critical
and severe patients receive treatment on a priority basis
and thus, helps in the reduction of the load caused to
hospital authorities and the government for arranging the
necessary infrastructure and resources for the patients.**
Approximately, 80% of the cases can be treated by sup-
portive care which lies in mild and moderate categories.*”
CDC has issued a statement indicating the need for deci-
sion making by the healthcare workers before the conduc-
tion of diagnostic tests in the people expected to be at
risk.>® The decision should be based upon the course of
illness and the reports coming from affected areas if any.>’
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Current Diagnostic Approaches
Diagnostic tools are prerequisites when it comes to initial
identification and detection of an outbreak.*® Various multi-
disciplinary diagnostic tools are employed to detect any
infection that has occurred on a regional, national, or global
scale.?® For the detection and diagnosis of COVID-19, simi-
lar tools are used by clinicians to understand the pathophy-
siology and diagnosing the infection.*” Besides, Virologists
in the early detection of SARS-CoV-2, immunology-based
diagnostic approaches that rely upon the use of ELISA for
detecting the IgM and IgG antibodies specific to the viral
proteins are also employed.*' Microbiologists are contribut-
ing by culturing and isolating the virus on human cell
lines.** Biochemists are involved in understanding the
changes in the blood constituents upon subsequent encoun-
ter with the pathogen™ and Radiologists are analyzing the
clinical changes in the chest through X-rays of infected
patients.***> Figure 1 describes the diagnostic approaches
employed in SARS-CoV-2 diagnosis and prognosis.
However, instead of focusing on the disciplinary-based
detection methods, we have categorized them on their level
of technology (Figure 2).

Symptomatic diagnostics
(respiratory symptoms)

Cough

Sore throat
Shortness of breadth
Fever
Fatigue
Headache

SARS-COV-2
entry

Immunological diagnostics
(serum testing)
Presence of IgG antibodies
Presence of IgM antibodies

Biochemical diagnostics
(blood testing)
Decreased WBC count
Decreased platelets
Decreased lymphocytes
Increase in CRP

Virus replication

A detailed understanding of molecular approaches, ser-
ological techniques, radiological detection, and cell cultur-
ing methods would be discussed in Table 2. Currently,
various lab and POC-based devices and diagnostic kits

are also becoming popular in controlling COVID-19.%¢

Specimen Collection and Handling

For the effective diagnosis of an infection, the right speci-
men must be collected at the right time from the suspected
patients.”” Nasopharyngeal (NP) swabs and oropharyngeal
(OP) swabs are widely collected from the suspected indivi-
duals of SARS-CoV-2 infection.*® China was initially using
OP swabs which showed 32% of active infections contrary
to the 63% confirmed infections through NP swabs.*’ US
had highlighted the collection of NP swabs from the upper
respiratory tract for detecting the viral RNA.>* NP swabs are
more accurate for the diagnosis in comparison to the OP
swabs but sometimes even they miss the detection of an
early infection.”’ A deeper sample must be obtained in such
cases through bronchoscopy.”> Repeated testing for the

53

patients.” After isolation, a careful positioning of the

swabs should be done on the viral transport medium.>*

Microbiological diagnostics
(cell culture based detection)
Growth of virus culture in Vero
E6 cells

Molecular diagnostics
(RT-PCR based detection)
Presence of viral ss RNA

genome in sample

Radiological diagnostics
(chest Xray)
Multiple GGOs
Interstitial abnormalities
Patchy shadowing
Septal thickening

and lung

inflammation

Figure | Clinical and laboratory-based diagnostic approaches in COVID-9 diagnosis and prognosis. The clinical symptoms of COVID-19 along with their diagnostic techniques
based on different research areas. As the virus gains entry into the host through nasal pathway, it travels up to the respiratory system where different clinical changes can be
observed during the disease progression. Role of interdisciplinary biologists and their contribution in detection of COVID-19 is shown in this figure. Data from Tu et al.”
Abbreviations: CRP, C-reactive protein; WBC, white blood cells; RT-PCR, reverse transcriptase polymerase chain reaction; GGO, ground glass opacities.
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Molecular
approaches

Laboratory and
point of care
_ devices

Cell culture
technique

Key diagnostic
approaches for
SARS-CoV-2
infection

Serological
methods

Rar # 4

Radiology

Figure 2 Method-based categorization of diagnostic approaches in SARS-CoV-2 detection. The current advances in the diagnostic tools for COVID-19 has been revolving
around five major technology-based approaches. Serological methods are based upon serum testing that identifies either host antibodies or viral-specific proteins after
a patient has been exposed to the virus. Molecular approaches focus upon detection of viral-specific sequence in the patient’s respiratory specimens. Various kits and devices
(lab based and POC) have been approved based upon principles of molecular or serological detection. Radiology identifies the clinical changes within the respiratory tracts of
the patients using medical imaging such as chest X ray and CT scan. Isolation of virus culture and growth on cell lines is a part of cell culture technique for detection of virus

particles.

Besides OP and NP swabs, the most sensitive detection
depends upon the use of samples collected from the lower
and upper respiratory tract.”’ These samples are in the
form of BAL fluid and sputum. However, exposure to
both of these samples increases the risk of transmission
to the laboratory staff or healthcare personnel because they
tend to generate aerosols.*® Hence, a highly trained staff
with personal protective equipment (PPE) and higher BSL
are recommended.’> Bronchoscopy is itself a difficult pro-
cedure requiring well-trained professionals for its
implementation.> The collection of samples from the
upper respiratory tract is, however, easier and can be
done in the areas where lesser facilities or resources are
available. Reports say that virus was initially identified in
the upper respiratory tract at 7 to 10 days after appearing
of symptoms which then significantly decreased and later
it peaked in the lower respiratory tract during the 2™ and
3™ weeks after the onset of illness.>® Earlier, feces, stools,

and urine samples were used for the detection of other
coronaviruses such as SARS-CoV and MERS-CoV.>*>*

Other specimens that are currently being used in the
detection of SARS-CoV-2 are saliva, serum, and rectal
specimens.*® Diagnostic tests were performed on saliva sam-
ples collected from 12 patients of COVID-19 and 11 were
found to be positive suggesting that saliva is a non-invasive
specimen for close monitoring of this infection.”® Serum
samples are used to check their performance in conducting
the diagnosis. However, only 15% of pneumonia patients
showed the presence of viral RNA in the serum.”” Rectal
samples were found to be positive for SARS-CoV-2 infection
in the patients of COVID-19.%°

Besides specimen collection, their handling, transport,
and storage are equally important for bringing out accurate
diagnostic analysis. WHO has recommended certain steps to
carry out this protocol in an efficient manner.®' This includes
the immediate collection of samples as soon as a potential

Risk Management and Healthcare Policy 2021:14
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Table 2 Available Diagnostic Methods for the Detection of COVID-19

Method Basis Mechanism Advantage Limitations

Molecular Identification and Based on principles of rRT-PCR Different viral targets are adopted by | |I. The chances of false-
amplification of viral- | technology. different countries. USA targets three negative results are
specific RNA Separation of reporter and quencher regions within the N gene. Germany high.
sequence. dye occurs through exonuclease targets the E gene and RdRP genes of | 2. Not specific for SARS-

activity of tag polymerase resulting in | subgenus Sarbecovirus. Hong Kong CoV-2.
the production of fluorescence undergoes screening assay of N gene 3. Amplification inhibitors
intensity detected through PCR followed by confirmation using ORFIb can interfere with the
software. assay. process.

Various molecular

Diagnostic POC kits have been

approved.

Serological Antibody testing It involves the identification of Various immunodiagnostic POC kits I. Lack of sensitivity and

antibodies in the host or viral-specific | have been approved for specificity.
proteins through assays such as commercialization. These works on 2. Early virus infection
neutralization assay (ELISA), the principle of ELISA or lateral flow cannot be detected.
chemiluminescent immunoassay and assay. 3. Antibody production in
rapid diagnostic tests (lateral flow the host depends upon
assay). the immune response
In this process, the antigen-antibody of an individual.
complex is formed which is recognized 4. The tendency to give
by a secondary antibody that produces false-positive results.
a detectable color change or shows
light-emitting properties.

Laboratory | Identification of viral | Molecular devices work by identifying | Various molecular devices have been I. Well-trained profes-

and point of | RNA sequence or the specific sequence of the RNA approved for emergency use sionals are required.

care viral-specific genome and then amplifies it to the authorization. One such is Abbott ID | 2. The chances of miss-
devices antigens/host point it becomes easily detectable. that runs on Abbott’s ID NOW™ interpretation of data
antibodies. Similarly, serology-based devices platform- a lightweight box that can be are high.
depend upon the ELISA technique for | fit and adjusted in different locations. It
the identification of host antibodies gives positive results in 5 minutes and
and viral proteins. negative results in 13 minutes.

Radiological | Identification of It is a medical imaging technique that CT scan is appropriate for studying the | |.Varied representation of
clinical changes in uses CT scan and CXR for giving symptoms of pneumonia. clinical changes among
the patient’s a greater view of internal organs, Different clinical stages were observed | patients.
respiratory system bones and soft tissues. in the patients as the disease 2. Cannot be used alone,

progressed. First GGO lesion to must be used with
multifocal GGO lesion then septal molecular diagnostic
thickening of inter and intralobular approaches for
followed by the formation of the confirmation of results.
consolidated lesion was observed.

Cell culture | Isolation of SARS- Vero E6 cell lines are very sensitive to | Vero E6 cells expressing TMPRSS2 I. Lack of available per-
CoV-2 on cell lines the viral replication of SARS-CoV. showed more production of viral missive cell lines in
promoting growth Upon virus replication, cell death mRNA transcripts suggesting laboratories.
and replication of occurred due to apoptosis, and the a probable role of TMPRSS2 in virus 2. Well-trained profes-
the virus. cells which survived the replication replication. A ~10-fold higher activity sionals are required.

process showed morphology similar to | was observed as compared to other 3. Can be performed only
the uninfected cells supporting the cell lines. under BSL-3.
production of these infectious agents.

Abbreviations: r-RT-PCR, real-time reverse transcriptase-polymerase chain reaction; N, nucleocapsid; E, envelope; RdRP, RNA dependent RNA polymerase; ELISA,
enzyme-linked immunosorbent assay; POC, point of care; CXR, chest X-ray; CT, computed tomography; GGO, ground-glass opacities; TMPRSS2, transmembrane protease
serine 2; BSL, biosafety level.

Notes: Data from Asrani et al.'*'*
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patient is identified. The collection of swabs should be done
only through synthetic tips made up of nylon or Dacron with
an aluminum or a plastic shaft. Right away the samples
should be kept in viral transport media of no more than
2-3 mL dispensed in sterile tubes. Packaging and transport
of specimen are equally important as their collection proto-
col. This includes sealing the neck of the sample vial by
parafilm and covering its entire body with the absorbent
material. The sample vials then must be placed in secondary
containers like centrifuge tubes and finally should be locked
in zip-pouch bags. These bags can be directly placed in
thermocol boxes with a layer of frozen bags around them to
maintain the required temperature of 2°C to 4°C. (https://
www.mohfw.gov.in/pdf/5Sample%20collection packaging
%20%202019-nCoV.pdf)

Packaging, overnight shipping, and transport of the

specimens must be followed the dangerous goods regula-
tion of the International Air Transport Association (IATA)
and UN 3373 Biological Substance for shipping regula-
tions. Guidelines on transport planning and other essential
documentation formalities required during the transport of
specimens through airmail and railways may be assessed
at (https://www.who.int/csr/resources/publications/biosaf
ety/ WHO EMC 97 3 EN/en/). The storing of the sam-
ples must be done at —=70°C or even lower if the delay is

expected. The important considerations include the correct
labeling of the sample with a patient’s ID number, medical
record number, specimen type, and the date on which the
sample was collected (https://www.fda.gov/media/134922/
download).®!

Safety Considerations During
Diagnosis

To reduce the possibility of catching an infection among
health professionals, there are certain guidelines on limit-
ing the risk of transmission that needs to be strictly obeyed
during the conduction of diagnostic tests (https:/www.cdc.
gov/coronavirus/2019-nCoV/lab/lab-biosafety-guidelines.

M).M Proper decontamination of the hospital wards and
laboratories should be done regularly by using a 1%
sodium hypochlorite solution. Protocols for disinfection
of laboratories are described by the American Society for
Microbiology (https://www.asm.org/Articles/Policy/

Laboratory-Response-Network-LRN-Sentinel-Level-C).

All microbiological-related specimen handling like smear
preparation, staining procedures, viral culture, and isola-
tion must be performed in at least BSL-3 (https://www.

nuhospitals.com/blog/covid-19-specimen-management-

and-laboratory-safety/). PPE like a mask, gloves, apron,

face shield, and goggles should be worn during working
hours.®> Workbench and machines such as centrifuge,
laminar airflow after each use must be disinfected by the
list of approved chemicals effective against SARS-CoV-2
as indicated by Pesticide Registration of United States
Environment Protection Agency (https://www.epa.gov/pes

ticide-registration/list-n-disinfectants-use-against-sars-cov

-2). After processing of the samples, the tubes and PPE
must be autoclaved accompanied by incineration.®®

Limitations of Diagnostic Tests
Various limitations are associated with the use of each diag-
nostic procedure which should be well known before perform-
ing any test. The potential of molecular diagnostic tools is only
restricted to the samples obtained from the respiratory tracts of
the suspected individuals. Sputum, nasopharyngeal aspirates,
BAL fluid, nasal aspirates, OP and NP swabs can only be tested
through this approach. Also, the chances of false-negative
results are high when the lab reagents are contaminated, used
past their expiry date, samples are not timely collected from the
right region, improper storage and transport of specimen, pre-
sence of amplification inhibitors in samples, and if the mutation
rate of the virus is high during PCR cycle.** Moreover, detec-
tion of virus in the specimens does not guarantee the infection
caused by SARS-CoV-2. Additionally, less information avail-
able on the optimum specimen, their time of collection, the
time when the viral RNA is present in the specimen is likely to
hinder the process of sample collection followed by its detec-
tion through the molecular approach. In this scenario, multiple
samples at different intervals of time from the patients are
required to confirm the positive results (https:/www.fda.gov/
media/134922/download).®’

Serological-based detection is not a regular and routinely

used diagnostic method because of the insufficiency of com-
mercial reagents.®>® Proper specimen handling and mainte-
nance is required before the performance of serological tests.
The sensitivity and specificity of the test are also a big ques-
tion mark on the efficacy of the diagnostic tool.*’ Since the
test measures the antibody response of the host towards an
infection, the production of antibodies may vary among
individuals.®” Usually, it takes 1 to 3 weeks for the antibodies
to develop but some patients may take longer than that.5%
The antibody response depends upon various factors including
age, comorbid state, nutritional health, and severity of
infection.” Tt cannot detect the early phase of infection
when the immune response of the patient is building and
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when the antibody titer is below a detectable level (https://
www.fda.gov/medical-devices/letters-health-care-providers

/important-information-use-serological-antibody-tests-covid

-19-letter-health-care-providers). Many studies are conducted

where confirmed patients through molecular approaches
showed negative results when tests were performed through
serology.”! This shows, the antibody response is slower and
by the time we detect the pathogen it might have infected
multiple hosts.”* Therefore, detection through this approach
occurs mainly during the recovery phase of the patient, and
hence, repeated testing at different intervals much be done for
obtaining accurate results.”> One of the major shortcomings
associated with the use of an immuno-diagnostic POC kit that
detects the viral antigen in the samples show false-positive
results.”* This may happen when the patient instead of being
infected with SARS-CoV-2 has any other CoV infection that
causes normal common cold-like symptoms and hence, gen-
erating a concern over its sensitivity that lies between 34% and
80%."

A well-trained professional is required for the result
analysis. Any misinterpretation of data can misguide the
diagnosis which may increase the chance of further
transmission.”®

Since the varied representation of pneumonia is obtained
by CXR and CT scan in different patients; therefore, it
becomes difficult in concluding the actual pathogenic
mechanism through radiology-based detection of the
virus.””” Also, certain asymptomatic patients showed
early changes under CT scan which is an excellent approach
to identify the patients without symptoms; however, this was
not always the case.*® Some people whose sample has been
tested positive with SARS-CoV-2 through molecular
approaches have shown no clinical changes under radiology-
based detection, raising doubt among false-negative-RT-PCR
tests or a limitation of CT scan for the viral detection.®’ There
also exists the possibility of false-positive results through CT
tests. This happens when a patient suffering from pneumonia
is not caused by SARS-CoV-2.*% Additionally, exposure of
radiation to certain individuals like pregnant women and
children might not be an appropriate method for conducting
a diagnosis; however,; a low dose scanning may be recom-
mended in these cases. There might also be chances of cross-
infection during the scanning process indicating the risk in
the use of CT scan as a potential diagnostic tool.** Since CT
scan provides better follow-up of the health emergency and
also keeping in mind its limitations, it is reported that the best
way of diagnosis is to combine the laboratory and clinical
findings™ for facilitating the diagnosis of COVID-19.7%%4

The lack of permissive cell lines in laboratories limits
the use of viral culture procedures as a routine diagnos-
ticmethods. Only trained professionals can properly handle
the specimen. The main limiting factor is BSL-3 facility
which controls the high risk of transmission.®

Conclusion and Future Direction
Diagnosis of COVID-19 starts with the specimen collec-
tion of the suspected patients by sterile nylon swabs with
aluminum shafts from sputum, BAL fluid, aspirates, OP,
and/or NP swabs. Since SARS-CoV-2 causes acute lung
injuries, specimens from upper and lower respiratory tracts
must be preferred. The collected samples should be imme-
diately transferred to a suitable viral culture media, pack-
aged, and transported overnight either through ships or
airplanes following the standard rules and regulations
issued by their respective authorities. The storage of the
samples must be done at 2—4°C or —70°C if delayed.
Triaging is done to ensure the critical patients receive
diagnostic treatment and care on a priority basis followed by
patients showing severe, moderate, and mild symptoms.
Different technology-based diagnostic approaches are cur-
rently being employed. Health professionals need to follow
the safety protocols issued by the WHO while diagnosing
and being close to the patients. Disinfection of the labora-
tories and equipment, use of PPE and BSL-3 for viral cul-
tures, proper disposal of waste tubes through autoclaving,
and incineration must be done to ensure the risk-free status of
the working environment. For devising effective therapeutic
and diagnostic strategies in the future, understanding of
behavior and activities of cells at the molecular level is
required.*>*” For therapeutic advancements, indigenous
flora of native areas of different countries should be explored
for the screening of natural anti-viral compounds existing in
the environment, and for diagnostic advancements better
understanding of medical and healthcare systems is required
to improvise the existing diagnostic and therapeutic
strategies.*****%% Advancements in diagnosis and thera-
peutic strategies go hand in hand and thus, it is believed
that improvisations in diagnosis would also help in identify-
ing the target regions of SARS-CoV-2 providing avenues for
devising vaccines and screening of anti-viral compounds.
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