


Patients with underlying comorbidities are at a higher risk
of progressing to severe or critical COVID-19. Comorbidities
include being over age 65; having cardiovascular disease,
chronic lung disease, sickle cell disease, diabetes, cancer,
obesity, or chronic kidney disease; being a cigarette smoker;
and receiving immunosuppressive therapy.?

Initially it was thought that SARS-CoV-2 infection caused
purely a respiratory disease, it is now known that infected
individuals can rapidly progress to a multiple organ
dysfunction syndrome (MODS). The latter can be expressed
in different organs and systems, such as lung, liver, kidney,
heart, gastrointestinal, hematological, and nervous system.®

The study of such a multifaceted disease requires a
comprehensive approach for diagnostics and multitarget
therapeutics to reduce or even prevent SARS-CoV-2
infection and its downstream effects.

COVID-19 Pathogenesis

The pathogenic phases of COVID-19 are not entirely
understood. It has generally been hypothesized that the
course of infection follows the viremia phase, dysregulated
immune response, multiple organ damage, and recovery.

SARS-CoV-2 is an enveloped B-coronavirus, with high
genetic similarity to SARS-CoV-1 (80%). The viral envelope
is coated by spike (S) glycoprotein, envelope (E), and
membrane (M) proteins. The S protein mediates host
cell binding and entry, which is the first step in infection.
The S1 sub-unit of the S protein contains the receptor
binding domain (RBD) that binds to the angiotensin-
converting enzyme 2 (ACE 2), the host target cell
receptor.® During the viremia phase, the virus enters the
host cells where it replicates, assembles, and is released
extracellularly to target cells.
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At the same time, the host cell lyses or form syncytia and
other lesions occur. This is the direct cytopathic effect of
SARS-CoV-2, and it directly causes damage to cells such
as alveolar epithelial cells.*

At the same time, the antiviral innate immune response

is stimulated, meaning that the host immune cells

produce antiviral and proinflammatory cytokines and
chemokines to eliminate the invading viruses. The intensity
of this response is related to the viral load, the age, and
immune status of the host. In controlled disease, alveolar
macrophages, cytotoxic T lymphocytes, and specific
antibodies work to neutralize and eliminate infected cells.*

In the case of uncontrolled disease, there is an excessive
immune response reaction to the virus triggered by
inflammatory cell infiltration in the lungs, activation

of T-helper 1 reactions, and abundant release of
proinflammatory cytokines, including interleukin 6, into
circulation. This can result in fatal uncontrolled systemic
inflammatory response, known as the cytokine storm (CS).
The CS syndrome can lead to ARDS, sepsis, and MODS.
Researchers can monitor this severe immune response
in a laboratory by quantifying the main proinflammatory
cytokines like interleukin 6, interleukin-1 beta, interferon
gamma, and TNF alpha.®

There are various long-term outcomes observed in
patients with COVID-19, including recovery, organ fibrosis
and dysfunction, chronic critical illness or persistent
inflammation, immunosuppression and catabolism
syndrome, and possibly even death.

Note: Patients with COVID-19 can relapse or become
reinfected. Relapsed patients show reappearance of
symptoms during recovery. Reinfected people are survivors
susceptible to acquiring new infections after recovery.®

COVID-19 Therapy Development and Clinical Diagnostics

The Many Manifestations of COVID-19

Accurate diagnosis is necessary whether treating patients
in clinical trials or in traditional healthcare settings.
COVID-19 manifests in multiple ways, from asymptomatic
to severe disease accompanied by life-threatening lung
complications.

Acute COVID-19:

As mentioned above, about 80% of COVID-19 patients
develop mild to moderate symptoms. The most common
COVID-19 symptoms include headache, fever, fatigue, and
lung problems. SARS-CoV-2 also causes damage to
olfactory cells, which explains the loss of taste and smell
that some COVID-19 patients experience." Fifteen percent
of patients experience severe respiratory symptoms
requiring supplemental oxygen. In rare cases (5%),
COVID-19 patients experience acute respiratory distress
syndrome (ARDS) — the primary reason for intensive care
unit admission. These severe cases often culminate in
multiorgan dysfunction and death.

As the study of this virus requires a comprehensive
approach for diagnostics and therapeutics, Cerba Research
has prioritized implementing techniques to benefit
research-driven projects and clinical research. On a
research level, Cerba Research has contributed to
identifying predictive biomarkers to help researchers gain a
better understanding of the acute disease. On a clinical
level, Cerba Research has developed the whole range of
techniques to identify and characterize the virus and it
infectious process, including NGS as well as PCR and
antigen test for diagnosis, PCR and gPCR for viral load,
mutation screening and NGS for variant typing, anti-N and
anti-S serology, T-SPOT.COVID, etc.

Long COVID:

While most people with COVID-19 recover within a few
weeks, a notable percentage experience symptoms that
last for 12 weeks or longer. A survey conducted by the UK.
Office for National Statistics that followed 20,000 COVID-
positive individuals over four weeks found that 13.7%
experienced the lingering symptoms known as long COVID.”

Researchers have identified 205 long COVID symptoms that
affect 10 organ systems.® These symptoms range from
fatigue and shortness of breath to joint pain and cognitive
dysfunctions. The sole cause of long COVID remains
unknown. Researchers hypothesize that the virus causes
the immune system to overreact and attack healthy tissue
as well as the virus. Others suspect fragments of the virus
could remain in the body, lie dormant, and then reactivate.
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COVID-19 Associated Pulmonary Aspergillosis
(CAPA):

Viral pneumonia, such as COVID-19, increases patients’
susceptibility to bacterial and fungal superinfections,
including invasive pulmonary aspergillosis (IPA). Respiratory
viruses cause direct damage to the airway epithelium.

This enables Aspergillus species to invade tissues. On top
of that, viral infection hampers ciliary clearance and leads
to immune dysfunction or dysregulation. The extent of
dysregulation is not yet fully understood; however, it can
facilitate bacterial and fungal superinfection.

Since the emergence of COVID-19 in December 2019,
there have been several reports of CAPA° This is
concerning as this superinfection can be an additional
contributing factor to mortality, meaning that proper
diagnosis of these patients is crucial to properly treat
them. CAPA is associated with severe mortality rates,
yet it remains difficult to diagnose and treat.’

The most sensitive diagnostic for aspergillosis in the
intensive care unit, bronchoalveolar lavage fluid
galactomannan testing and culture, requires a
bronchoscopy. Physicians rarely perform this procedure
in COVID-19 patients due to the risk of transmission.
Drug-drug interactions and kidney damage caused by
COVID-19 hinder treatment with broad spectrum azoles
and liposomal amphotericin B.

COVID-19 Diagnostic Support

A multifaceted disease requires an arsenal of diagnostics
with varying levels of speed, sensitivity, and specificity.
While polymerase chain reaction (PCR) remains the most
common testing method, companion diagnostics provide
further information when addressing false positives and
negatives. They also help researchers comprehensively
monitor the virus and track disease progression.

Molecular Diagnostics (RT-PCR and TMA):

Reverse transcription polymerase chain reaction (RT-PCR)
is the gold standard for SARS-CoV-2 testing methods.

In clinical trials, researchers use PCR tests to check
whether a sample from a patient contains genetic material
(RNA) of the virus. The RNA will first be converted to
complementary DNA (cDNA). This conversion is called
reverse transcription (RT). The cDNA is then amplified using
polymerase chain reactions until the reaction rate is no
longer exponential. The amplification is monitored by
fluorescent signals. The threshold, known as the Ct value,
is the number of cycles required for the fluorescent signal
to be detected. This Ct value inversely corresponds with
the amount of genetic material present in the sample.

By evaluating the Ct value, researchers can differentiate
between the presence of virus or lack of it (qualitative).
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About Cerba Research

Cerba Research, a strategic provider of diagnostic solutions,
supports drug development by leveraging patient data and
scientific insight to optimize R&D and commercialization
globally. Providing early phase research, clinical
development through central laboratory and diagnostic
testing, assay and biomarker development and validation

— through our global network of specialty laboratories.

We partner with government agencies, nongovernment
organizations, as well as pharma and biotech organizations
to change the shape of clinical development. Cerba
Research is part of Cerba HealthCare, a leading player in
medical diagnosis.
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