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ABSTRACT

The corona virus is now known as the severe acute respiratory syndrome corona virus 2 (SARS-CoV-2). Risk
predictors and novel predictors associated with COVID-19 is required to enable the risk stratification, guide
interventional studies to target patients at enhanced risk of developing severe disease risk and optimize the allocation
of limited human and technical resources in the ongoing pandemic all over the globe. The present review focused on
potential laboratory biomarkers associated with COVID-19. We carried out an electronic search in Medline (PubMed
central), Scopus, Web of Science and using the keywords laboratory, biomarkers, novel biomarkers, corona virus
2019 or COVID-19. We observed that limited data were found that related to homocysteine and angiotensin Il in
COVID-19 patients. Hence original research on these novel biomarkers which associated with the complication of
COVID-19 might be given new clues especially that mediate anti-inflammatory and anti-fibrotic effects leading to
cardiovascular, renal-protective actions. The present review proposed by the available literature, these predictors
might be the potent biomarkers to improve management of corona virus. Further, large cohort studies will be required

to support conclusions of present review.
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INTRODUCTION

WHO declared that in response to corona virus disease
2019 (COVID-19) pandemic serious situation, it a public
health crisis of global concern on 30 January 2020 and
called for mutual efforts of all countries in the globe to
prevent the rapid spread of corona virus. In the present
battle against COVID-19 situations, the emergency
requirement is urgent detection of clinical and laboratory
biomarkers of disease progression towards severe and
fatal forms.>? It was reported that the early biomarkers
such as interleukin-6 (IL-6), D-dimers, C-reactive protein
(CRP) and white cell count (WCC), lactate
dehydrogenase (LDH), platelet count, cardiac troponin

and renal markers in COVID-19.2 In previous reports,
reported that procalcitonin and platelet count as potential
predictors of COVID-19 severity.*S Previous studies
from other countries (China, Singapore in 2020) reported
that early biomarkers and their crucial role in patients
with  COVID-19.  Although,  biomarkers like
homocysteine and angiotensin established in cardio-
vascular disease risk in other diseased conditions.
However, potential utility of these biomarkers in severity
of COVID-19 and association with their complications
not known.®> Research is going on these current
laboratory biomarkers of COVID-19 but yet Indian
studies were not found related to novel laboratory
biomarkers in patients with COVID-19. Hence the

International Journal of Research in Medical Sciences | June 2021 | Vol 9 | Issue 6 Page 1834



Sahoo S et al. Int J Res Med Sci. 2021 Jun;9(6):1834-1839

present review initiative to guide further studies to target
potential predictors of COVID-19 in who were at
increased risk of developing severe illness due to
complications and their utility for timely management of
disease.

Material and methods
Search data extraction

The present study was searched an electronically in
Medline (PubMed central), Scopus, Web of Science and
using the keywords laboratory biomarkers, biomarkers,
corona virus 2019 or COVID-19 between 2019 to till date
(November 2020). The reference list of all recognized
study articles was scrutinized with the aim of identifying
additional potentially suitable studies.

DISCUSSION

In SARS- CoV-2, signs and symptoms may appear in the
incubation period of two to fourteen days after exposure.
Common signs and symptoms were fever, cough and
tiredness. Other symptoms can include loss of taste or
smell, shortness of breath, muscle aches, chills, sore
throat, runny nose, headache, chest pain and
conjunctivitis. Moreover, the severities of COVID-19
symptoms can extent from mild to severe. These
subjective clinical symptoms can be interpreted more
confidently with the use of laboratory biomarkers. These
might be provided objective values throughout the
progression of the COVID-19 disease.? In future,
categorizing patients COVID-19 into mild, moderate and
severe or critical ill subjects becomes more defined,
allowing for earlier interventions.® Previous literature
explores the significance of different laboratory
biomarkers in the disease pathogenesis of COVID-19 and
assesses how their levels vary depending on the severity
of the disease. By doing these investigations so, which
predominantly helps to clinicians to identify the group of
patients and predict prognosis and mortality. Current
huge research is going on laboratory biomarkers to
identifying of COVID-19 in all over the globe. It was
found that the CRP, IL-6, WCC, LDH, D-dimers, platelet
count, cardiac troponin and renal markers as early
biomarkers in COVID-19 and these biomarkers were
incorporated as routine investigations in clinical set up
for COVID-19 screening profile (Table 1).2% In previous
reports, reported that procalcitonin and platelet count as
potential predictors of COVID-19 severity.*5 However,
with greater than before volume of COVID-19 reports
now available, it has enabled a more wide-ranging
analysis of laboratory data that is urgently needed by the
medical as well as scientific communities. The present
review focused to enlighten the new path for ongoing
research and discussed about laboratory potential
biomarkers of COVID-19 positive patients, which might
be useful to assess how their levels vary depending on the
severity of the COVID-19 disease and complications.*®

Homocysteine and COVID-19

Homocysteine (Hcy) discovered in 1932 and it was
reported that high plasma levels of Hcy significantly
increase the incidence of vascular damage in large and
small vessels, increased levels above the 90th percentile
are associated with increased risk of degenerative and
cause the atherosclerotic mechanisms in the coronary,
cerebral and  peripheral  circulatory  systems.5
Contradictory to the above, though Hcy is an effective
cardiovascular disease (CVD) marker, however the
cardiovascular complications are critical in hospitalized
in patients with COVID-19, it has not been adopted and
well-studied and published prospective studies focused
on laboratory markers useful for clinical evaluation of
COVID-19. Earlier research proposed that the definition
of hyper homocysteinemia differs between studies.'® This
was defined as a medical condition characterized by an
abnormally high level of Hcy in the blood (>15 pmol/I).%
The total fasting Hcy levels in plasma of healthy
individuals is low, between 5.0 and 15.0 pumol/l when
measure with the use of high-performance liquid
chromatography, but 5.0-12.0 umol/l when immunoassay
methods are used. When the level is between 16 and 30
pmol/l, it is classified as moderate, 31-100 pmol/l is
considered as intermediate and a value >100 pmol/l is
classified as severe hyperhomocysteinemia.'>'® The
previous research was found to have associations of
hyperhomocysteinemia to  cardiovascular  disease,
diabetes, CKD and fatty liver disease.’%%* The study
done by Ponti et al preliminary clinical observations in a
COHORT of 40 patients suggested that routine
determination of plasma Hcy as a potential marker for
severe disease in SARS-CoV-2 patients. This laboratory
test can be easily performed on blood EDTA samples at
diagnosis.®> Very recently Omer et al comment on an
article:  homocysteine as a potential predictor of
cardiovascular risk in patients with COVID-19. They
proposed that B-vitamins could medication of choice in
the treatment when harmful hyperhomocysteinemia
coexisting with COVID-19. Finally, they were
encouraging other professionals on making future efforts,
as well as investigations and discussions about this
topic.’® Very recent short communication published in
dermatologic therapy journal explained that role of Hcy
mediated trans-sulfuration pathway in COVID-19
infection. They proposed that vitamins (vitamin B6, folic
acid and vitamin B12) should be merged in the treatment
regimen for corona virus infections to suppress
complications, as the virus mediates altered host cell
metabolism. However, further interventional studies will
be required to conclude the beneficial effects of vitamins
association with Hcy mediated trans-sulfuration pathway
in COVID-19 infection.'’

Very recent data demonstrated a predictive value of Hcy
(in addition with age, MLR and the period from onset of
disease to hospital admission) for severe pneumonia on
chest computer tomography at the first week from
COVID-19 patients, but did not report on additional
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organ involvement. They opined that MLR was reported that Ang Il levels were found to be significantly
significantly higher in imaging progression patients increased in the kidneys, hearts and plasma of ACE2 null
compared to imaging progression-free ones. Allocation mice." The level of Ang Il was also significantly
preliminary observations on potential biomarkers for increased in the avian influenza-A infected patients,
severe disease during a pandemic can lead to rapid indicating that Ang Il is a biomarker for lethality in flu
enhancement of current knowledge and significant benefit infections.®?° It was reported that a strong correlation
for patients.8 has been found between increases in IL-6 and vascular

macrophage accumulation and the degree of endothelial
Angiotensin-11 dysfunction produced by Ang I1.2X Animal study model

reported that ACE2 and Ang-(1-7) infusion were shown
Angiotensin converting enzyme (ACE2) is a type- to be protective via down regulation of RhoA/Rho kinase
transmembrane metallocarboxy peptidase with homology (ROCK) pathway. This ROCK pathway is deeply
to ACE, functions as a regulator of the renin-angiotensin involved in changes of vascular tone and structure
system (RAS), modulating endogenous levels of leading to hypertension and cardiovascular-renal
angiotensin (Ang) 1 and Ang 1. Animal models were remodeling, and it has a relevant role in the induction of

lung fibrosis.?
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Figure 1: Blood biomarkers in patients with COVID-19.

Table 1: Changes in levels of predictors in patients with severe or fatal COVID-19.

Parameters Changes in levels of laboratory biomarkers COVID-19
Hematologic  Elevated: WBC count, neutrophil count,
biomarkers Decreased: lymphocyte count, platelet count, eosinophil count, hemoglobin

Elevated: alanine aminotransferase, aspartate aminotransferase, total bilirubin, blood urea nitrogen,

B.|ochem|cal creatinine, creatine kinase, lactate dehydrogenase, myoglobin, creatine kinase-MB, cardiac troponin |
biomarkers . .

Decreased: albumin
Coagulation . . .
biomarkers Elevated: prothrombin time and D-dimer
Ipflammatory Elevated: erythrocyte sedimentation rate, CRP, serum ferritin, PCT, IL-2R, IL-6, IL-8, IL-10
biomarkers
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Figure 2: Molecular mechanisms of alamandine.

Angiotensin-(1-7), Angiotensin-(1-9)

ACE converts Ang Il to Ang-(1-7) and Ang | to Ang (1-
9). Ang-(1-7) and Ang-(1-9) produce biological effects
through the mas receptor (MasR) and AT2 receptor
(AT2R), respectively. The available literature showed
that Ang-(1-7) induces regional and systemic
vasodilation, diuresis and natriuresis. Ang-(1-9) increases
nitric oxide (NO) bioavailability by stimulating
bradykinin (BK) release.?® Hence, activation of these
pathways mediates anti-inflammatory and anti-fibrotic
effects leading to cardiovascular, renal-protective actions,
and acute lung injury protection.?42

Molecular perspective of alamandine and COVID-19

Alamandine is produced by the action of ACE2 on Ang-
A through a decarboxylation reaction on Ang-(1-7) in the
N-terminal aspartate amino acid residue. Alamandine as
like Ang-(1-7), which effect on vasodilation and
antifibrosis.?® It modulates peripheral and central blood
pressure regulation and cardiovascular remodeling.?
Philosophical theory information from related corona
viruses suggests that SARS-CoV-2 infection may down

regulate ACEZ2, that leads to fulminant myocarditis. The
Ang Il level in the plasma samples from SARS-CoV-2
infected patients was markedly higher and linearly
associated with viral load and lung injury. Up to date,
there are no data regarding Ang-(1-7), Ang-(1-9) and
alamandine plasma levels in COVID-19 patients.?® The
present study suggested that there was an urge to conduct
large cohort and interventional research to innovate novel
biomarkers that associated with the pathways that
mediate anti-inflammatory and anti-fibrotic effects
leading to cardiovascular, renal-protective actions (Figure
2).

CONCLUSION

The present review proposed from the current available
data that the following bio markers mainly the loss of
ACE?2 function, elevated level of Hcy, Ang-11 and lower
levels of Ang-(1-7), Ang-(1-9) and alamandine in
severely infected patients with COVID-19 might be novel
predictors to improve management of COVID-19
infection. Genomics and large COHORT interventional
clinical trials will be required to conclude the present
review opinions and the biomarkers association with
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commodities of COVID-19 might be given clues for

novel

pathological mechanisms for pharmacological

interventions.

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Not required

REFERENCES

1.

10.

11.

12.

13.

14.

Pierce JD, McCabe S, White N, Clancy RL.
Biomarkers: an important clinical assessment tool.
Am J Nurs. 2012;112(9):52-8.

Sasikala T, Mukherjee B, Sahoo S, Sahoo AK.
Vitamin-D deficiency as a predisposing cause for
COVID-19 morbidities. JCR. 2020;7(8):2522-6.
Gong J, Dong H, Xia SQ, Huang Z, Wang D, Zhao
Y, et al. Correlation analysis between disease
severity and inflammation-related parameters in
patients with COVID-19 pneumonia. Medrxiv,
2020.

Lippi G, Plebani M, Henry BM. Thrombocytopenia
is associated with severe coronavirus disease 2019
(COVID-19) infections: a meta-analysis. Clin Chim
Acta. 2020;506:145-8.

Lippi G, Plebani M. Procalcitonin in patients with
severe coronavirus disease 2019 (COVID-19): a
meta-analysis. Clin Chim Acta. 2020;505:190-1.
Ganguly P, Alam SF. Role of homocysteine in the
development of cardiovascular disease. Nutr J.
2015;14:6.

Balint B, Jepchumba VK, Gueant JL, Guéant-
Rodriguez R. Mechanisms of homocysteine-induced
damage to the endothelial, medial and adventitial
layers of the arterial wall. Biochimie. 2020;173:100-
6.

Pushpakumar S, Kundu S, Sen U. Endothelial
dysfunction: the link between homocysteine and
hydrogen sulfide. Curr Med Chem.
2014;21(32):3662-72.

Graham IM, Daly LE, Refsum HM, Robinson K,
Brattstrom LE, Ueland PM, et al. Plasma
homocysteine as a risk factor for vascular disease.
The European Concerted Action Project. JAMA.
1997;277(22):1775-81.

Faeh D, Chiolero A, Paccaud F. Homocysteine as a
risk factor for cardiovascular disease: should we
(still) worry about? Swiss Med Wkly. 2006;136(47-
48):74-56.

Guo H, Chi J, Xing Y, Wang P. Influence of folic
acid on plasma homocysteine levels & arterial
endothelial function in patients with unstable
angina. Indian J Med Res. 2009;129(3):279-84.
Baszczuk A, Kopczynski Z. Hyperhomocysteinemia
in patients with cardiovascular disease. Postepy Hig
Med Dosw. 2014,68:579-89.

Hankey GJ, Eikelboom JW. Homocysteine and
vascular disease. Indian Heart J. 2000;52(7):18-26.
Crackower MA, Sarao R, Oudit GY, Yagil C,
Kozieradzki 1, Scanga SE, et al. Angiotensin

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

converting enzyme 2 is an essential regulator of
heart function. Nature. 2002;417(6891):822-8.

Ponti G, Ruini C, Tomasi A. Homocysteine as a
potential predictor of cardiovascular risk in patients
with COVID-19. Medical Hypotheses.
2020;143:109859.

Ibrahimagi¢ OC, Smajlovi¢ D, Dostovi¢ Z, Vidovi¢
M. Comment on an article: homocysteine as a
potential predictor of cardiovascular risk in patients
with COVID-19. Medical Hypotheses.
2020;143:110107.

Singh Y, Gupta G, Kazmi I, Al-Abbasi FA, Negi P,
Chellappan DK, et al. SARS CoV-2 aggravates
cellular metabolism mediated complications in
COVID-19 infection. Dermatol Ther.
2020;33:13871.

Yang Z, Shi J, He Z, L0 Y, Xu Q, Ye C, et al.
Predictors for imaging progression on chest CT
from coronavirus disease 2019 (COVID-19)
patients. Aging. 2020;12(7):6037-48.

Zou Z, Yan Y, Shu Y, Gao R, Sun Y, Li X, et al.
Angiotensin-converting enzyme 2 protects from
lethal avian influenza A HS5NL1 infections. Nat
Commun. 2014;5:3594.

Huang F, Guo J, Zou Z, Liu J, Cao B, Zhang S, et
al. Angiotensin Il plasma levels are linked to disease
severity and predict fatal outcomes in H7N9-
infected patients. Nat Commun. 2014;5:3595.
Gomolak JR, Didion SP. Angiotensin Il-induced
endothelial dysfunction is temporally linked with
increases in interleukin-6 and vascular macrophage
accumulation. Front Physiol. 2014;5:396.

Calo LA, Rigato M, Bertoldi G. ACE2/angiotensin
1-7 protective anti-inflammatory and antioxidant
role in hyperoxic lung injury: support from studies
in Bartter’s and Gitelman’s syndromes. QJM Int J
Med. 2020;113(6):440-1.

Mendoza-Torres E, Oyarzun A, Mondaca-Ruff D,
Azocar A, Castro PF, Jalil JE, et al. ACE2 and
vasoactive peptides: novel players in
cardiovascular/renal remodeling and hypertension.
Ther Adv Cardiovasc Dis. 2015;9(4):217-37.
Arendse LB, Danser AHJ, Poglitsch M, Touyz RM,
Burnett JC, Llorens-Cortes C, et al. Novel
therapeutic approaches targeting the renin-
angiotensin system and associated peptides in
hypertension and heart failure. Pharmacol Rev.
2019;71(4):539-70.

Prestes TRR, Rocha NP, Miranda A, Teixeira AL,
Simoes-E-Silva  AC. The anti-inflammatory
potential of ACE2/angiotensin(1-7)/Mas receptor
axis: evidence from basic and clinical research. Curr
Drug Targets. 2017;18(11):1301-13.

Qaradakhi T, Apostolopoulos V, Zulli A.
Angiotensin (1-7) and alamandine: similarities and
differences. Pharmacol Res. 2016;111:820-6.
Hrenak J, Paulis L, Simko F. Angiotensin
Alalamandine/MrgD  axis:  another clue to
understanding cardiovascular pathophysiology. Int J
Mol Sci. 2016;17(7):1098.

International Journal of Research in Medical Sciences | June 2021 | Vol 9 | Issue 6 Page 1838



Sahoo S et al. Int J Res Med Sci. 2021 Jun;9(6):1834-1839

28. Hanff TC, Harhay MO, Brown TS, Cohen JB, Cite this article as: Sahoo S, Sasikala T, Kumar SV,
Mohareb AM. Is there an association between Lakshmanna N. Could homocysteine, angiotensin
COVID-19 mortality and the renin-angiotensin and alamandine be used as potential biomarkers in
system-a call for epidemiologic investigations. Clin management of COVID-19? Int J Res Med Sci
Infect Dis. 2020;71(15)2870-4. 2021:9:1834-9.

International Journal of Research in Medical Sciences | June 2021 | Vol 9 | Issue 6 Page 1839



