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ABSTRACT
COVID-19 is a disease caused by SARS-CoV-2 a new coronavirus that has devastated the world economy,
with its rapid spread, causing not only panic but also causing morbidity and mortality. Hence, it was
declared a pandemic by WHO in 2019. Further down the lane in 2021-22, researchers and attending health
officials observed that the susceptible group who were victims of the novel coronavirus were diabetics,
hypertensive, or suffering from chronic obstructive pulmonary diseases or other diseases of the lungs or
cancers. Furthermore, hypertension, diabetes and cardiovascular diseases were important risk factors for
progression and unfavourable outcomes in COVID-19 patients. Increased expression of ACE2 was reported
in diabetic, hypertensive and obese patients. The ACE2 receptor is the channel for entry of SARS-CoV-2
into the human body, but this receptor is also commonly found on the epithelial cells of several other
organs such as the lungs, intestine, kidney, blood vessels and other organs enabling the entry of the
coronavirus into these organs causing multiorgan failures. Thus, emphasizing the need for further studies
on SARS-CoV-2-specific complications in comorbid patients and the need to identify biomarkers for the
onset of the diseases. Interestingly, age is independently not a risk factor as there are reports that besides
seniors and elderly people, others in their teens or twenties may develop a severe form of the disease, may
require intensive care and may die as well. Hence, inflammatory conditions as evidenced by elevated levels
of biomarkers like TNF-alpha, IL-6, cytokine antagonists, etc., could be investigated further to elucidate
the mechanism of inflammatory response due to virus infection. Moreover, due to insufficient genetic
data, the phenomena of coronavirus S-protein binding towards ACE2 in several organs is still a mystery.
Hence, this article attempts to review the etiology and pathophysiology and current scenario of
biomarkers for SARS-CoV-2 infections, to identify a panel of biomarkers.
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INTRODUCTION
Current scenario of SARS-CoV-2 infections: The Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2),  is  a  single-stranded  RNA  virus  and  is  the cause of  the  ongoing  COVID-19  disease1.
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Published studies and WHO reports observed that within a span of about 200 days of its start, this highly
infectious novel coronavirus caused 761780 deaths globally and the death toll continued to increase
dramatically on a daily basis2,3.

The fight against the COVID-19 pandemic has required unprecedented efforts by the research community
to understand, diagnose and treat the SARS-CoV-2 virus4. The global case count (as of March 10, 2022)
was 451,936,914 confirmed cases, 6,024,635 deaths (1.4%). As of April 28, 2020, the COVID-19 pandemic
has infiltrated over 200 countries and affected over three million confirmed people which has
subsequently increased in the last year. SARS-CoV-2, belonging to the coronavirus family, was first
identified in Wuhan, China and soon became a pandemic in March 2020 as declared by WHO. Despite
extensive efforts by governments, healthcare services and research groups, sadly, millions have lost their
lives across the globe. Presently, innumerable published articles are available on this topic, yet there are
very few critical reviews on the impacts of COVID-19 and its implications in comorbid patients5. But the
understanding of what the virus does to the body in individuals with various chronic diseases and how
the body reacts to it has uncovered a gamut of potential biomarkers, this aspect is interestingly confusing. 
Researchers have uncovered much about SARS-CoV-2 and made extraordinary and unprecedented
progress in the development of COVID-19 vaccines, but there is still great uncertainty as the pandemic
continued to evolve new variants, as new threats. Even though the basic structure of the coronavirus-19
is simple, as shown in Fig. 1, a single RNA strand in an envelope of lipid bilayer decorated with spike
proteins (Fig. 1) but its implications are vast and unpredictable. Since its basic structure was decoded
rapidly by Scientists and its mode of entry in the host was identified, the field of vaccine development
went very fast. However, in the recent past, we have witnessed a tremendous socioeconomic impact due
to lockdowns-people needing isolation, social distancing and travel restrictions. The healthcare burden
of patients and the mortality of treating physicians and healthcare workers in large numbers was a
complete disaster.

Virus and its implications in the host
Virus detection and symptoms caused: The spread of SARS-CoV-2 virus was shown to be through the
breath, cough or sneeze of the infected person or the diseased person. The symptoms can vary from fever,
runny nose, cough, difficulty breathing, tiredness, sometimes there is loss of smell and more complicated
effects in comorbid patients. The single-stranded RNA virus of SARS-CoV-2 virus as described (Fig. 1) is
enveloped with various structural proteins. The surface spike protein of the coronavirus binds to the
receptor of Angiotensin-Converting Enzyme 2 (ACE2) present on the membrane of various human cells,
allowing it to enter the host cells and then it starts to show its damaging effects in genetically susceptible
individuals. However, some patients do not have any symptoms, yet they can be carriers, making the
infection easier to spread.

Fig. 1: Simplified structure of SARS-CoV-26
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The S1 subunit of the spike protein mediates attachment, as it consists of the Receptor Binding Domain
(RBD) that binds to the human cellular ACE2 (hACE2) receptor, facilitating viral-host cell attachment. The
S2 subunit of the spike protein facilitates membrane fusion with the host cell and the virus gains entry into
the human cell to cause the disease known as COVID-19 the disease can be mild, or severe requiring a
ventilator and oxygen. But, due to insufficient knowledge or the understanding of the binding process of
the coronavirus S-protein to the ACE2 receptor, the phenomenon is still a mystery.

Co-morbidities and SARS-CoV-2: As COVID-19 is a relatively new disease, scanty information about its
occurrence in co-morbid patients was available, hence, it was not easy to determine its risk factors as it
was found to vary with age and underlying co-morbidities. Nevertheless, facts emerged that the
coronavirus mostly attacked those individuals suffering from heart disease, or diabetics and those with
pulmonary and lung diseases or aged people above 50 years of age. This information was further
documented by several other researchers also who reported that 68% of patients with heart diseases also
had at least one other ailment. Further, about 59% of patients with congenital heart disease remained at
very high risk for COVID-197.

High risk patients for COVID-19 included in a study8 are mostly diabetics, hypertensive and patients with
liver lung, kidney diseases and also those on chemotherapy (Fig. 2)9,10. Others who can be at risk are
smokers  or  patients  taking  steroids,  the morbidity and mortality of this scenario being represented in
Fig. 311. It is now understood that people with comorbidities and especially with respiratory tract infections
suffer from unfavourable outcomes. Among the numerous reports which emerged on COVID-19 attacks
was that of dementia which occurred in patients who suffered from pneumonia, CHF, CVD, type 2
diabetes, atrial fibrillation, or those who had previous stroke12.

Detailed information on the causality and mechanism of death, as well as the spectrum of comorbidities
in cases with the fatal outcome will allow accurate assessment of the hazardous nature of COVID-19 yet
is missing. This could be due to one of the factors that there is this vast presence of ACE2 receptors which
are not only present in the lung epithelium but also found in other organs such as the heart, liver, kidney,
pancreas, small intestine and also the central Nervous system and as we know SARS-CoV-2 viruses gain
entry in the cells through the ACE2 receptor.

Another interesting and factual study showed that multi-organ failure was the most common cause of
death in COVID-19 patients due to pulmonary associated diseases like pneumonia as SARS-CoV-2 causes
alveolar damage the cause of death could be immediate. These authors Elezkurtaj et al.13 further
demonstrated that patients with comorbidities were at very high risk for mortality. Hence, deciding the
causes of death in such complicated cases has been as tough as the mechanism of death could be due
to their pre-existing conditions or related to COVID-19 or both. The cause of death among COVID-19
patients was found to be highest in elderly patients as many of them suffered from comorbidities and
were more susceptible to the coronaviruses14,15. Hence, it became evident that the patients with low
immunity, or with many combined diseases suffered with incurable consequences and death. Hence, the
quest for more research specially on the discovery of novel biomarkers is most essential.

Biomarkers-definition, types, role in pathophysiology: The understanding of the pathophysiology of
COVID-19 disease is believed to help in the search for the biomarkers for SARS-CoV-2. To date, there is
no efficient biomarker for the timely prediction of disease progression in patients. To analyze the
inflammatory profiles of COVID-19 patients and demonstrate their implications for the illness and
progression of the disease, biopsy samples are required, which are not available to most researchers, this
has hampered research in this direction. Further, advanced technology platforms and sophisticated lab
equipment are required when performing research  involving  biomarkers,  drug  targets,  cytokines  and
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Fig. 2: Underlying comorbidities in COVID-19
Data  obtained  from  the  CDC  showing  the  hospitalization  rates  and  characteristics  of  patients  hospitalized  with
laboratory-confirmed  coronavirus  disease  in  2019,  during  March  1-30,  2020 and depicted here as of April 17, 20209,10,
x-axis: Hospitalization rates and y-axis: Characteristics of patients

Fig. 3: Causes of death and comorbidities in patients with COVID-19 as determined by autopsy11

x-axis: Characteristics of patients

receptors, viral proteins and their related monoclonal antibodies, as well as cDNA clones. Biomarkers for
COVID-19 can be very useful and important to clinicians in assessing the patients to decide the treatment
strategy for close monitoring. Further, biomarkers can be prognostic, or diagnostic and can help in
improving the outcomes and also help in categorizing the patients into sub-groups such as severe, mild,
or chronic16. For example, troponin biomarker levels differed in different patients and could be categorized
for treatment options in COVID-19 cases, severity in cases were admitted to ICU and these patients had
onset of ARDS. Variability in similar cases could be due to inter-individual variability and also could be
accounted to the differences in patients’ exposure period to the virus. The levels of biomarkers may
change according to the severity of COVID-19 infections17. As the virus (SARS-CoV-2) primarily targets the
human lung epithelial cells, hence some authors have suggested that Linoleic acid, a Polyunsaturated Fatty
Acid (PUFA), which has demonstrated efficacy against SARS-CoV-2 by inhibiting viral entry and possibly
preventing infection in the human cells, can be used as a predictive biomarker for COVID-19 disease18.

Genetic study gives extensive insights into severe COVID-19: In a recent publication Nature (Journal)
has reported about 16 new genetic variants, all these variants were related to the biochemical functions
in the diseased patients such as immuno  compromised,  thromboses,  swollen  and   painful   conditions.
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These discoveries can be the tip of the iceberg, to start of a new beginnings in the search of biomarkers
for early detection of the diseases like COVID-19. This study further observes that the genes responsible
for the bleeding disorders in COVID-19 cases control the levels Factor VII and can cause excessive nose
bleeds(epitaxis) or excessive bleeding after surgery. Thus, clotting abnormalities in COVID-19 patients may
be due to mutations  in the F-7 genes19.

Clinical biomarkers are generally defined as the measurable biological indicators of the presence, severity
or type of disease in medical settings. Biomarkers can be applied to describe observable characteristics
of a certain disease and to determine optimal treatments based on these phenotypes, as well as
genotypes, thence, they have received substantial attention. In particular, respiratory disease biomarkers,
such as those associated with Acute Respiratory Distress Syndrome (ARDS), have been associated with
increased mortality (IL-8, ICAM-1) and improved survival (nitric oxide). These biomarkers play a pivotal role
in predicting future complications or severity of disease and could be useful as an indicator for COVID-19
prognosis. The answer to all the COVID-19 patients with co-morbidities is entirely due to the presence of
ACE2 receptors found in organs other than lungs only. To prevent fatal outcomes-it is important to
discover biomarkers for early detection. Biomarkers can be of the following types: Biomarkers of disease
progression, haematological biomarkers, immunological biomarkers, inflammatory biomarkers,
Neutrophil-Lymphocyte Ratio (NLR). Hence this study tries to present the pathophysiology and continues
to search for the biomarkers for SARS-CoV-2.

Biomarkers identified/possible biomarkers for COVID-19: It has recently emerged that COVID-19 is
not a single disease related to the coronavirus, but a combination of diseases related to age and also to
other comorbidities. In such a scenario, biomarkers can play a vital role in the early detection, diagnosing
and monitoring the patients for their complicated health issues. This could also benefit the attending
Health care providers to manage and monitor the patients. Biomarkers have the advantage of predicting
the patients’ risk conditions and aid in preventing drastic consequences in patient care. The importance
of biomarkers is evident, hence, the need to include them in clinical settings. Because of the heterogeneity
of COVID-19 disease due to comorbidity a panel of biomarkers rather than a single biomarker may
provide more useful information.

Literature has led us to identify several biomarkers in at least thirty-four articles, these are summarised
as follows: Biochemical biomarkers include-lactate dehydrogenase, cardiac troponin, renal proteins,
among serum biomarkers-c-reactive proteins and serum amyloid A, showed higher levels in patients
compared to controls. Besides these, there was a significant increase in lymphocyte and platelet count and
also an increase in neutrophil to lymphocyte ratio, D-dimer and interleukin-6, however, this is not an
exhaustive list. Nonetheless, such biochemical medical records give the Clinicians a tool to modify the
treatment strategy of the patients, so they could stratify the patients into sub-groups for targeted therapy.
Other authors included white cell count, C-reactive proteins, LDH, CRP and TNF-alpha.  

Inflammatory conditions as evidenced by elevated levels of TNF-alpha, IL-6, cytokine antagonists, etc.,
could be investigated further to elucidate the mechanism of inflammatory response due to virus infection.

Several studies have shown that patients infected with SARS-CoV-2 showed high levels of pro-
inflammatory cytokines including IL-1, IL-2, IL-6, IL8, IL-17, G-CSF, GM-CSF and chemokines such as IP-10
and MCP-1 in the sera during the disease and may play a key role in the development of lung dysfunction
by leading to the accumulation of immune cells within the lungs20. Hence, IL6 can be regarded as a
potential biomarker of SARS-CoV-2, as increased concentrations of IL-6 were reported to be associated
with increased viral load and this leads to the recruitment of inflammatory monocytes for countering the
attack. The Suppressor of Cytokine Signalling 3 (SOCS3) regulates the negative  feedback mechanism of
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IL-6, which is found to be reduced in patients with COVID-1921,22. Plasma TNF-α was also reported to be
moderately regulated in SARS-CoV-2 patients. Further haematological biomarkers can also be considered
key factors for predicting severe COVID-19 outcomes23. Reports from developing countries suggest that
liver function tests could predict the severity of COVID-1924.

All biomarkers are generally quantitative measurements used clinically for many conditions reflecting
pathological development. Researchers are trying to understand why some people never get COVID-19,
even if they’ve been exposed to the virus. In trying to answer such questions we turn to look at the fact
of genetic susceptibility and genetic resistance. Some will simply allocate this to our immune system,
which in turn is controlled by genes.  Since the beginning of the pandemic, researchers have been
mapping the virus spike and Angiotensin-Converting Enzyme 2 (ACE2) binding sites to determine the
structural basis of recognition. Infections of the SARS-CoV-2 viruses cause multi-organ failures in co-
morbid patients25. 

Samprathi and Jayashree26 have demonstrated a whole spectrum of biomarkers for various stages of
COVID-19 diseases, such as their role in patient management, biomarkers affecting various organs of the
body, Sequential course of biomarkers and how each biomarker have an independent role depending on
the organ and stage of the disease. This enormous data could be difficult for physicians to consolidate
and analyse for patient benefit. Using this information, Scientists have been able to identify several
potential inhibitors, including Human Monoclonal Antibodies (mAbs), Single-Domain Antibodies
(nanobodies) and nanoparticles. Inflammatory conditions as evidenced by elevated levels of TNF-alpha,
IL-6, cytokine antagonists, etc, as described earlier and these could be investigated further to elucidate
the mechanism of inflammatory response due to virus infection.

Finally, this article has certain limitations. It was limited to a certain period and only included studies
published since the origin of COVID-19 (since 2019 only). We find that there is a lack of research on
identifying risk factors in comorbid patients. The COVID-19 pandemic is a scientific, medical and social
challenge. Individuals with pre-existing illnesses or chronic diseases or age-related seniors or obese
patients were at increased risk of developing COVID-19. Also, their causes of death were not established
systematically due to the prevailing non-autopsy situation during the pandemic. Furthermore, this article
endorses the importance of clinical autopsies for a full understanding of the actual death of the patients.
To determine the severity of COVID-19 disease development, an understanding of the dysregulation of
the immune system is vital. 

CONCLUSION
Highest mortality in COVID-19 cases could be related to the co-morbid conditions, the most common
comorbid conditions include heart diseases or diabetes. More than half of the patients had two or more
comorbidities. The biomarker research on COVID-19 is still expanding, as validation poses a great
challenge. The world is likely to have many more years of COVID-19 decision-making ahead as there is
no magic solution available at present. For the present we agree to the entire list of biomarkers listed in
this article, however research must continue to identify novel predictive and diagnostic biomarkers for
patient care and for clinicians to decide targeted therapy. This can be done by taking the comorbid
conditions of patients into account.  The decisions of global agencies and governments, as well as the
behaviors: of citizens in every society and every country, will greatly affect the biomarker discovery ahead.

SIGNIFICANCE STATEMENT
This study is based on the fact that SARS-CoV-2 has a broad spectrum of clinical manifestations, with a
high capacity of mutations, hence, it is essential to accelerated research to understand biomarkers of the
disease to develop prevention, diagnosis and treatment strategies against the pandemic. Biomarkers  can
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predict the immune response associated with infection and how they correlate with disease severity. This
article throws light on the fact that the pandemic due to SARS-CoV-2 is owing to a host of confounding
factors which have been identified during the early days of COVID-19 outcomes. But the need to direct
research on identifying pathological mechanisms to detect the disease conditions at early stages was not
challenged. Hence the need to systematically segregate the patients on the basis of their comorbid
conditions has been essential, which has been attempted in this article further we discussed a diversity
of genetic and protein biomarkers. COVID-19 being unpredictive and weirdest disease which we face,
hence expanding our research into newer fields of predictive, prognostic and diagnostic areas may benefit
the society and the world at large by pursuing novel biomarkers. 
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