Laboratory-Based Resources for COVID-19 Diagnostics
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The coronavirus (covid-19) pandemic in 2019 caused by sars-cov-2 highly infectious virus has triggered the global health
and economic crisis. Controlling the spread of disease requires an effective and extensive laboratory strategy to test the
population through multiple platforms to ensure rapid and accurate testing. diagnosis.
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| 1. Introduction

By the end of 2019, a new virus named cowid-19 has appeared in China for the first time. 1.2.1[2 Subsequently, globally,
the epidemic has become a catastrophic pandemic and caused serious crises in the world health and economic system.
The virus spreads easily from person to person through the air, so it spreads rapidly in densely populated areas.
According to the data of the European Center for Disease Control and prevention, in November 2020, there will be more
than 62 million cases of cowid-19 worldwide, of which 14 million will die =14

Similar to the clinical manifestations of other ozone depleting substances, the possibility of asymptomatic diseases, Due
to the relatively high infection rate, it is difficult to carry out epidemiological monitoring of the spread of the virus. In this
regard, the platform for the effective diagnosis of covid-19 is of great significance. Because they ensure timely detection
and treatment of patients and monitoring of epidemics, B! 4. Use the experience of other recent viral epidemics.

Three new pathogenic coronaviruses have emerged in the 21st century, which is of great concern. This is coronaviridae,
including mers CoV, previously described pathogen of Middle East respiratory syndrome) mers, Jordan, 2012, and sars-
cov-1, pathogen of acute respiratory syndrome. SARS in China, 2002) B8 in addition, some a - strains (o and P -
Coronavirus) &,

A genome-wide sequencing and phylogenetic analysis showed that the causative agent of COVID-19 is a 3-coronavirus of
the same subgenus as the SARS-CoV that has a rounded shape with a diameter of 60 to 140 nm &. To successfully
control a pandemic, in addition to studying the viral agent, it is necessary to identify the main mechanisms of infection and
determine the key strategies for diagnosing the infection.

The genome of SARS-CoV-2 is a single-stranded positive-sense RNA of 29,903 nucleotides LY This genome encodes
as many as 27 structural and non-structural proteins that provide transcription and replication of the virus (genes ORFlab
and ORFla), as well as its pathogenic effects. The viral proteome includes polyproteins, structural and non-structural
proteins. Some of the structural proteins such as, primarily, the spike glycoprotein (S) exposed on the phospholipid
membrane, as well as the envelope protein (E), membrane protein (M), and nucleocapsid (N), are of particular
biotechnological, pharmacological, and biomedical interest 12 (Figure 1B).

Figure 1. (A)The actual picture of the spread of COVID-19, resembling an iceberg and (B) some of the SARS-CoV-2
structural proteins of biotechnological and pharmacological interest.

The results of a molecular phylogenetic analysis showed that the genomes of SARS-CoV-2 and SARS-CoV, are related
with an approximately 80% similarity. In particular, they share the largest of the structural proteins, glycoprotein S, which
protrudes from the surface of mature virions. The S-protein plays key roles in virus attachment, fusion, and entry into
human cells. For this purpose, the virus uses receptor-binding domain (RBD), which mediates binding to angiotensin
converting enzyme 2 (ACE?2) [L8I14II15] The highly immunogenic receptor-binding domain (RBD) of this protein is the main
target for the neutralizing activity of antibodies and serves as a basis for the development of vaccines [LEI[171118]



2. Laboratory Testing as A Basis for the Diagnosis, Treatment, and
Monitoring of COVID-19

One of the most important issues in the strategy to control the new infection has been the necessity of mass laboratory-
based screening of populations exposed to high risk of infection. The timely and high-quality laboratory-based diagnostics
of patients infected by SARS-CoV-2 has become the top priority in eliminating the pandemic and taking quarantine
measures 18 Under these conditions, the creation of fast, effective, and inexpensive diagnostic tools is a necessary part
of the fight against the new infection. When diagnosing COVID-19, the major challenge that the healthcare system faces
is to identify the role and place of various diagnostic platforms for screening, diagnosing, and monitoring new coronavirus
infections (12,

The results of the SARS-CoV-2 genome sequencing have become a basis for the development of vaccines and test
systems to provide diagnosis and epidemic monitoring of the infection 12, However, with lack of experience in eliminating
the COVID-19 pandemic, the healthcare system now faces new issues and problems such as timeliness, frequency, and
choice of testing tools, as well as identification of the place and role of their results in decision-making. These questions
can be answered through solving the issues of availability of certain types of laboratory tests, timeliness of testing and
their informativeness, and also the clinical, epidemiological and economic feasibility of their use in the rapidly changing
and unprecedented pattern of the spread of the pandemic in recent history [29121123],

To date, there are substantial differences in the choice of optimal diagnostic tools and effective methods for testing
patients with COVID-19, their contacts, asymptomatic vectors of the virus, medical specialists and other representatives of
emergency medical services 22, After nearly a year of fighting COVID-19, healthcare efforts are still measured in terms of
number of tests performed 22,

The dynamics and sensitivity of laboratory tests for this category of patient remains unstudied, and they can become a
source of infection for others [23]. This suggests that laboratory-based diagnostic strategies aimed at patients with
symptoms are not sufficient to prevent the spread of the virus [2221]122],

Negative polymerase chain reaction (PCR) tests and the detection of presence of specific antibodies are considered the
criteria signifying a recovered patient, without considering the consequences on their health and quality of life.
Nevertheless, levels of antibodies in those who have recovered are not further investigated, and the intensity of immunity
and the possibility of re-infection by COVID-19 also remain unstudied [, This is probably due to the lack of
understanding of the immune signaling pathways triggered by SARS-CoV-2, as well as the general immunopathology of
this infection (22,

Consequently, a rapid, complete, and most accurate assessment of the spread of the virus requires laboratory-based
tests for total screening of the population, which will allow rapid identification and isolation of infected patients. In addition,
there is a necessity for a long-term strategy for preventing recurrent outbreaks of infection, which would imply repeated
and regular mass testing of the immune response in the population to determine the effectiveness of vaccination [24],

The situation regarding the diagnostics of COVID-19 is further complicated by the lack of awareness in society, the mass
media, among medical officials and some biomedical specialists concerning the differences between the existing types of
diagnostic tests for this infection. Therefore, it is not surprising that neither a unified methodology with clear goals and
objectives, nor an agreed interpretation of the results obtained yet exists 23,

Obviously, one of the major issues in the development of a testing strategy during the COVID-19 pandemic is associated
with the existing types of diagnostic tool and their fundamental difference, clinical practicability, and uselessness for
certain categories of patients at different stages of the disease. Other widely discussed issues are timing of testing,
frequency, and correct interpretation of results obtained.

| 3. Laboratory-Based Tests to Diagnose COVID-19

Data obtained from routine laboratory examinations are non-specific (leukopenia, lymphopenia, mild thrombocytopenia,
increased levels of acute phase proteins, decreased partial pressure of oxygen in the blood, and, in severe cases,
identification of markers of cytokine storm in the form of increased levels of cytokines IL2, IL4, IL6, IL7, IL10, and TNF-0).
These tests are helpful in treatment of patients diagnosed as COVID-19 positive.

All currently existing types of special laboratory tests for diagnosing COVID-19 can be divided into two categories: those
that directly detect the virus (its genome or antigens) and those that detect the human immune response to its presence
(antibodies IgM, IgA, and IgG).



Laboratory-based tests for COVID-19 are used for a variety of purposes. A diagnostic examination is carried out for
patients with clinical symptoms (complaints) in order to confirm the diagnosis. A screening study is carried out for people
who feel healthy in order to identify disease among them (including the asymptomatic form of infection). At last, monitoring
is carried out for patients undergoing treatment in order to assess the effectiveness or dynamics of the latter.

With the lack of specific symptoms and lack of proven effectiveness of etiotropic treatment and vaccination methods, the
results of special laboratory diagnostics are the only source of data to confirm the presence and provide monitoring of the
progress of COVID-19 (28],

The main analytical characteristics of laboratory-based tests are their sensitivity (which is evaluated as the probability of
positive result in a patient with the disease) and specificity (negative test results in a healthy person). In addition, the
effectiveness of tests is evaluated by their predictive value: the post-test probability of the disease in persons with a
positive test result and its absence in persons with a negative test result.

Most test system manufacturers report high analytical performance (90%-100%) in cases in which their test systems are
used under ideal conditions. However, in an actual situation, the diagnostic efficiency of a test depends on a number of
factors (such as the clinical form of COVID-19, the duration of the disease, the quality of collection and the type of
biomaterial, the conditions of its storage, transportation, etc.).

In an ideal (hypothetical) case, when using a test that detects SARS-CoV-2 and has 100% sensitivity and specificity, it
would be possible to survey the entire world’s population. Depending on the results obtained, all infected patients can be
sorted out and divided into the following categories: asymptomatic carriage and, depending on the clinical manifestation,
mild, moderate and severe COVID-19. Accordingly, all patients with positive tests, depending on the clinical signs, are
isolated either for quarantine, or home treatment, or treatment at a medical unit.

Alternatively, in another hypothetical case, the entire population is screened for the presence of IgG antibodies against
SARS-CoV-2 using another test that has a 100% sensitivity and specificity to identify patients who were previously
infected but had the asymptomatic form or were immune to the virus. These categories of the population, with their
antibody level regularly monitored, could be recruited as volunteer to provide social or medical assistance to diseased
people.

The actual pattern of distribution of COVID-19 resembles an iceberg, where the categories of seriously ill and hospitalized
patients are in the smaller, above-water, part, and those who die from infection are at the very top (Figure 1). The largest
proportion of the underwater part of the iceberg is represented by patients who have had an infection in an asymptomatic
form of the disease which, depending on gender and age, account for more than 78%, or the mild form, without specific
clinical manifestation, or with symptoms of acute respiratory or other flu-like infections 22 (Figure 1A). In this case,
asymptomatic patients bear the same viral load for the same period of time as those with the pronounced form of infection
and are considered as the main source of infection spread.

Although the above cases are hypothetical, they can help to determine the situation and evaluate the diagnostic value of
available tests, In addition, especially when there is no necessary therapeutic agent or vaccine, the feasibility of using
these vaccines is very high.
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