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Abstract

Over the recent decades, a number of new pathogens have emerged within specific and

diverse populations across the globe, namely, the Nipah virus, the Ebola virus, the Zika

virus, and coronaviruses (CoVs) to name a few. Recently, a new form of coronavirus was

identified in the city of Wuhan, China. Interestingly, the genomic architecture of the virus

did not match with any of the existing genomic sequencing data of previously sequenced

CoVs. This had led scientists to confirm the emergence of a new CoV strain. Originally,

named as 2019-nCoV, the strain is now called as SARS-CoV-2. High serum levels of

proinflammatory mediators, namely, interleukin-12 (IL-12), IL-1β, IL-6, interferon-gamma

(IFNγ), chemoattractant protein-1, and IFN-inducible protein, have been repeatedly

observed in subjects whowere infectedwith this virus. In addition, the virus demonstrated

strong coagulation activation properties, leading to further the understanding on the

SARS-CoV2. To our understanding, these findings are unique to the published literature.

Numerous studies have reported anomalies, namely, decline in the number of lympho-

cytes, platelets and albumins; and a rise in neutrophil count, aspartate transaminase,
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alanine aminotransaminase, lactate dehydrogenase, troponins, creatinine, complete biliru-

bin, D-dimers, and procalcitonin. Supplementation of calcium during the SARSCoV-2 asso-

ciated hyperactive stage of calcium-sensing receptors (CaSR) may be harmful to the

cardio-renal system. Thus, pharmacological inhibition of CaSRmay prevent the increase in

the levels of intracellular calcium, oxidative, inflammatory stress, and cardio-renal cellular

apoptosis induced by high cytokines level in COVID-19 infection.
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1 | INTRODUCTION

COVID-19 is a deadly viral illness which may lead to the development of

severe respiratory distress. On 11 March 2020, the WHO declared the

epidemic a global pandemic, as COVID-19 spread rapidly across the globe

(Singh, Gupta, Satija, Pabreja, et al., 2020). In a major reported survey,

15.7% of COVID-19 patients undergoing hospitalization experienced seri-

ous illness, 5% have been admitted to ICU, 2.3% required intubation and

1.4% of the subjects eventually died due to multiple organ failure (Baud

et al., 2020; Wang, Du, et al., 2020). Cardiovascular risks, such as, acute

myocardial injury (12%) (Yang et al., 2020), heart failure (Azevedo

et al., 2020), and arrhythmias (44%) (Wang, Hu, et al., 2020), have been

recorded in recent SARS-CoV2 infections. Further, in a study, 12% of

COVID-19 patients who did not have a history of CVDs reported elevated

troponin levels that led to cardiac arrest during the time of hospitalization

(Zheng et al., 2020). According to the reports from hospitalized patients,

the prevalence of acute kidney injury for serious cases was 29%, whereas,

it was 69.57% in the 60 year old age category and above (Diao

et al., 2020).

Due to elevated serum proinflammatory mediators, such as, IL-1β,

IL-6, IL-12, MCP-1, IFNγ, and IFN-inducible protein, the SARS-CoV2

is correlated with coagulation activation (Huang et al., 2020). As far as

we know, these findings are specific to published literature. Several

studies have documented abnormalities in COVID-19 laboratory

experiments, namely, decline in the number of lymphocytes, decline in

the number of platelets, and declined albumin levels. In addition, there

was an abnormal rise in neutrophil count, D-dimers, AST, ALT, LDH,

troponins, complete bilirubin, creatinine, prothrombin time (PT), pro-

calcitonin and C-reactive protein (CRP). Calcium shifts were not yet

observed. However, there were data of patients that suggested a drop

in overall serum calcium (TCa, mmol/L) and real ionizing total blood

calcium (Ca2+, mmol/L). We also analyzed blood pH levels from vari-

ous studies to assess the probability of raised pH in COVID-19

patients as a consequence of hyperventilation which could induce

Ca2+ reductions (Cappellini et al., 2020). The calcium ion not only

functions as an intracellular signaling molecule but also associates the

stimulation of extracellular receptors to intracellular events. However,

a drop in the serum calcium levels during COVID-19 is known to be a

significant event, which involve the activation of different nucleases,

proteases, and, indirectly, the production of cytokines, prostaglandins,

and superoxide radicals that could cause cell damage and death

(Cappellini et al., 2020; Zaloga, 1992).

1.1 | Selection of literature for review

Technically relevant findings were gathered from Medline/Mendeley/

ScienceDirect/Google Scholar/PubMed and Springer link databases.

Several keywords were used in the literature search, alone and in

combination. Some of the keywords employed were, “COVID-19

infection,” “Epidemiology of Cardiac and renal pathology in COVID-

19 infection,” “Pathophysiology of SARS-CoV-2,” “Involvement of

viral envelop protein E of SARS-CoV-2,” “Mechanism of Calcium

Sensing Receptor,” and “Hyperactivated state of Calcium Sensing

Receptor-mediated cardio-renal cell injury.” The present paper consid-

ered journal articles that were written only in English language. More-

over, reference lists of the sources were screened to search for

related journal content that were not found during the initial search.

1.2 | Role of SARS CoV-2 envelop protein E during
COVID-19 infection

SARS-CoV-2 is a type of Beta-CoV that is composed of the viral lineage

B. Taxonomically, this strain is closely related to coronaviruses transmitted

by bats, with a total identity of 96% (Singh, Gupta, Mishra, Chellappan, &

Dua, 2020). The virus is now reported to infect host cells through amecha-

nism where it interacts with TMPRSS2, the serine protease and ACE2

receptors that are located largely on the plasmamembranes of the epithe-

lial cells found in the respiratory tract and the upper esophagus (Hoffmann

et al., 2020). Singh et al., have demonstrated that, this virus often infects

many other cell forms, including, epithelial stratified cells, colonic cells,

enterocytes that are absorbent in function, specialized cells such as

cholangiocytes, proximal tubular cells of the nephron, renal cells, andmyo-

cardial cells (Singh, Gupta, Satija, Negi, et al., 2020). GenBank entries of 1b

alpha, beta, and gamma CoV genomic sequences extracted with Open

Reading Frames (ORFs) demonstrate that Ca2+ is vital to the growth.,

entry, gene-expression, maturation, and for the release of viruses during

viral infections (Zhou et al., 2009). The coronaviral genome is encoded

with the spike (S) protein, nuclear protein (N), membrane (M), and
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envelope (E) proteins, all of which are sufficient to generate the structur-

ally complete viral particle of the coronavirus. In vivo and in vitro models

of SARS-CoV infection have shown that, the SARS-CoV E gene encodes a

small ion channel-participation transmembrane protein, which is synthe-

sized profusely during infection. This is located predominantly in the inter-

mediate ERGIC and Golgi apparatus. These channels are Ca2+-permeable

that alter calciumhomeostasis in the cell and have been shown to facilitate

activation of inflammatory pathways leading to increased levels of TNF-α,

IL-6 and IL-1b, that are associated with cardio-renal cell injury (Gabarre

et al., 2020; Lubrano & Balzan, 2020; Nieto-Torres et al., 2014; Nieto-

Torres et al., 2015).

Physiologically, the cargo proteins synthesized by ER must be disso-

ciated from their ERGIC receptors for effective anterograde transmission

from the ERGIC to the Golgi. The cell acidification studies performed in

cultures reveal inhibition of ERGIC-53's interaction with its transported

procathepsin Z. It is also understood that, the neutralization of organelle

pH with chloroquine directly impairs its dissociation into the ERGIC

(Appenzeller-Herzog et al., 2004). It is well known that calcium is

required to bind ERGIC-53 to its substrates (Appenzeller et al., 1999; Itin

et al., 1996). A mechanism that maintains lower ERGIC calcium levels

would therefore be able to facilitate the release of pH-induced transport

of protein substrates. Imaging of total calcium in fast-frozen, freeze-dried

PC12 cells (i.e. the volume of free and bound calcium) has shown high

calcium concentrations in ER and Golgi. However, calcium was not

detected in ERGIC components (Pezzati et al., 1997). This route is differ-

ent from the traditional ERAD route, which essentially focusses on ER

preservation of misfolded proteins. The shifts in free calcium and pH

from the ER to the ERGIC may be a crucial factor, which warrants thor-

ough investigation during the SARS CoV-2 infection (Figure 1).

1.3 | Pathophysiology of viral envelop protein E of
SARS CoV-2 associated hyperactivation of CaSR-
mediated cardio-renal cell injury

The extracellular CaSR is a superfamily member of GPCRs observed

to be expressed in the heart, kidney, parathyroid, and various other

tissues including the gastrointestinal tract and immune cells that par-

ticipate in systemic calcium homeostasis modulation. Its primary phys-

iological role is to detect minor shifts in extracellular Ca2+,

F IGURE 1 Exploration of calcium sensing receptor (CaSR) hyper activation through viral envelop protein E of SARS CoV2 mediated cardio-
renal cell damage in COVID-19 infection
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modulating the PTH release and maintaining a steady concentration

of Ca2+ in blood. A recent study has reported that, CaSR activation

may result in intracellular calcium release through G-PLC-IP3 path-

ways. In addition to CaSR's function in the management of parathy-

roid secretion and reabsorption of calcium from the kidneys, there are

several other evidences that suggest the importance of CaSR activa-

tion in the progression of a range of different cardio-renal disorders.

During COVID-19 infection, serum calcium dyshomeostasis arises due

to enhanced calcium utilization by SARS CoV-2 envelope E protein

which leads to a change in extracellular calcium concentration. Fur-

thermore, extracellular Ca2+, CaSR may also be activated by different

stimuli such as, ionic strength, polyamines, polyvalent cations, l-

aromatic amino acids, and pH (Riccardi et al., 2009; Saidak

et al., 2009). CaSR has been shown to stimulate various downstream

cellular signaling pathways in response to extracellular Ca2+ bindings,

including, Gq-coupled phosphatidylinositol phospholipase C stimula-

tion, Gi-coupled inhibition of adenylyl cyclase, and multiple protein

kinases activation, including extracellular signal-reliant kinase 1/2

(ERK1/2) and phosphatidylinositol 3-kinase (PP) (AKT). Cellular pH

transition changes in COVID-19 infection triggers the CaSR, leading

to G-protein-dependent activation by Gq/11 from PLC action. This in

turn triggers IP3 and rapid intracellular ion release (Ca++)1 followed

by extracellular ions of calcium (Ca++)0 (Thakker, 2012) through the

opening of various channels including TRPC and L-type calcium chan-

nels in cardiac tissues. Thus, the triggered calcium is now sensed via

sarcoplasmic endoplasmic reticulum calcium ATPase (SERCA) and

stored in the sarcoplasmic endoplasmic reticulum (SER). The SER con-

centration of calcium increases at each contraction of the myocar-

dium, which produces a heavy release of calcium via a ryanodine-1

channel. In addition, there are reported evidences suggesting the pres-

ence of CaSR on immune cell surfaces, including, neutrophils and T

lymphocytes. CaSR activation in isolated neutrophils has resulted in

enhanced secretion and overexpression of the pro-inflammatory pro-

tein, NFkB and the enzyme, myeloperoxidase (Zhai et al., 2017). T

lymphocyte CaSR expression in COVID-19 causes apoptosis, TNF-α

stimulation, and IL-4 cytokine production (Wu et al., 2015). These

results indicate that CaSR may contribute to neutrophil activation,

repression of T cells, and inflammatory cytokine release, contributing

to cardiomyocyte damage and myocardial consequences in COVID-19

infection.

On the other hand, in the renal system, calcium ion is a well-

known regulator of the activity of podocytes under physiological and

pathological circumstances. Podocytes are specific cells that form fil-

tration splits between glomerular filtration barrier foot systems,

thereby preventing leakage of proteins into urine. The rise in

podocyte-calcium influx triggers a contractile phenotype in podocytes

and could weaken the dynamics of the podocyte cytoskeleton (Faul

et al., 2008). Furthermore, in vitro studies have shown the overuse of

CaSR activator induced calcium influx in podocytes by TRPC-6 (Zhang

et al., 2017). It is therefore rational to assume that calcium imbalance

mediated harm to podocytes may attribute to the activation of CaSR,

which may lead to mesangial expansion, proteinuria, apoptosis, and

glomerular injury (Kwak et al., 2005).

2 | CONCLUSION

We conclude that, the supplementation of calcium during SARS

CoV-2 associated hyperactive stage of CaSR may harm the cardio-

renal system. Furthermore, inhibition of CaSR may also regulate

increased levels of intracellular calcium, oxidative stress, pro-

inflammatory mechanisms, and cardio-renal cellular apoptosis, which

are adversely induced by high cytokine levels in COVID-19 infection.

CONFLICT OF INTEREST

The authors state that the study was undertaken without any com-

mercial or financial arrangements that might be interpreted as a

potential conflict of interest.

DATA AVAILABILITY STATEMENT

Data sharing not applicable to this article as no datasets were gener-

ated or analyzed during the current study.

ORCID

Imran Kazmi https://orcid.org/0000-0003-1881-5219

Kamal Dua https://orcid.org/0000-0002-7685-7145

Gaurav Gupta https://orcid.org/0000-0001-7941-0229

REFERENCES

Appenzeller, C., Andersson, H., Kappeler, F., & Hauri, H. P. (1999). The lec-

tin ERGIC-53 is a cargo transport receptor for glycoproteins. Nature

Cell Biology, 1(6), 330–334. https://doi.org/10.1038/14020
Appenzeller-Herzog, C., Roche, A.-C., Nufer, O., & Hauri, H.-P. (2004). pH-

induced Conversion of the Transport Lectin ERGIC-53 Triggers Glyco-

protein Release. Journal of Biological Chemistry, 279(13),

12943–12950. https://doi.org/10.1074/jbc.M313245200

Azevedo, R. B., Botelho, B. G., Hollanda, J. V. G., Ferreira, L. V. L.,

Junqueira de Andrade, L. Z., Oei, S. S. M. L., … Muxfeldt, E. S. (2020).

Covid-19 and the cardiovascular system: a comprehensive review.

Journal of Human Hypertension, 35, 4–11. https://doi.org/10.1038/

s41371-020-0387-4

Baud, D., Qi, X., Nielsen-Saines, K., Musso, D., Pomar, L., & Favre, G.

(2020). Real estimates of mortality following COVID-19 infection. The

Lancet, 20(7), 773. https://doi.org/10.1016/s1473-3099(20)30195-x

Cappellini, F., Brivio, R., Casati, M., Cavallero, A., Contro, E., & Brambilla, P.

(2020). Low levels of total and ionized calcium in blood of COVID-19

patients. Clinical Chemistry and Laboratory Medicine (CCLM), 58(9),

e171–e173. https://doi.org/10.1515/cclm-2020-0611

Diao, B., Wang, C., Wang, R., Feng, Z., Tan, Y., Wang, H., … Chen, Y.

(2020). Human Kidney is a Target for Novel Severe Acute Respiratory

Syndrome Coronavirus 2 (SARS-CoV-2) Infection. medRxiv. https://

doi.org/10.1101/2020.03.04.20031120.

Faul, C., Donnelly, M., Merscher-Gomez, S., Chang, Y. H., Franz, S.,

Delfgaauw, J., … Mundel, P. (2008). The actin cytoskeleton of kidney

podocytes is a direct target of the antiproteinuric effect of cyclosporine

A. Nature Medicine, 14(9), 931–938. https://doi.org/10.1038/nm.1857

Gabarre, P., Dumas, G., Dupont, T., Darmon, M., Azoulay, E., & Zafrani, L.

(2020). Acute kidney injury in critically ill patients with COVID-19.

Intensive Care Medicine, 46(7), 1339–1348. https://doi.org/10.1007/
s00134-020-06153-9

Hoffmann, M., Kleine-Weber, H., Schroeder, S., Krüger, N., Herrler, T.,

Erichsen, S., … Pöhlmann, S. (2020). SARS-CoV-2 cell entry depends on

ACE2 and TMPRSS2 and is blocked by a clinically proven protease inhib-

itor. Cell, 181(2), 271–280. https://doi.org/10.1016/j.cell.2020.02.052

SINGH ET AL. 787

https://orcid.org/0000-0003-1881-5219
https://orcid.org/0000-0003-1881-5219
https://orcid.org/0000-0002-7685-7145
https://orcid.org/0000-0002-7685-7145
https://orcid.org/0000-0001-7941-0229
https://orcid.org/0000-0001-7941-0229
https://doi.org/10.1038/14020
https://doi.org/10.1074/jbc.M313245200
https://doi.org/10.1038/s41371-020-0387-4
https://doi.org/10.1038/s41371-020-0387-4
https://doi.org/10.1016/s1473-3099(20)30195-x
https://doi.org/10.1515/cclm-2020-0611
https://doi.org/10.1101/2020.03.04.20031120
https://doi.org/10.1101/2020.03.04.20031120
https://doi.org/10.1038/nm.1857
https://doi.org/10.1007/s00134-020-06153-9
https://doi.org/10.1007/s00134-020-06153-9
https://doi.org/10.1016/j.cell.2020.02.052


Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y., … Cao, B. (2020). Clini-

cal features of patients infected with 2019 novel coronavirus in

Wuhan, China. Lancet, 395(10223), 497–506. https://doi.org/10.

1016/s0140-6736(20)30183-5

Itin, C., Roche, A. C., Monsigny, M., & Hauri, H. P. (1996). ERGIC-53 is a

functional mannose-selective and calcium-dependent human homo-

logue of leguminous lectins. Molecular Biology of the Cell, 7(3),

483–493. https://doi.org/10.1091/mbc.7.3.483

Kwak, J.-O., Kwak, J., Kim, H.-W., Oh, K.-J., Kim, Y. T., Jung, S.-M., &

Cha, S. H. (2005). The extracellular calcium sensing receptor is

expressed in mouse mesangial cells and modulates cell proliferation.

Experimental & Molecular Medicine, 37(5), 457–465. https://doi.org/10.
1038/emm.2005.56

Lubrano, V., & Balzan, S. (2020). Cardiovascular risk in COVID-19 infec-

tion. American Journal of Cardiovascular Disease, 10(4), 284–293.
Nieto-Torres, J. L., DeDiego, M. L., Verdiá-Báguena, C., Jimenez-

Guardeño, J. M., Regla-Nava, J. A., Fernandez-Delgado, R., …
Enjuanes, L. (2014). Severe acute respiratory syndrome coronavirus

envelope protein ion channel activity promotes virus fitness and path-

ogenesis. PLoS Pathogens, 10(5), e1004077. https://doi.org/10.1371/

journal.ppat.1004077

Nieto-Torres, J. L., Verdiá-Báguena, C., Jimenez-Guardeño, J. M., Regla-

Nava, J. A., Castaño-Rodriguez, C., Fernandez-Delgado, R., Torres, J.,

Aguilella, V. M., & Enjuanes, L. (2015). Severe acute respiratory syn-

drome coronavirus E protein transports calcium ions and activates the

NLRP3 inflammasome. Virology, 485, 330–339.
Pezzati, R., Bossi, M., Podini, P., Meldolesi, J., & Grohovaz, F. (1997).

High-resolution calcium mapping of the endoplasmic reticulum-

Golgi-exocytic membrane system. Electron energy loss imaging

analysis of quick frozen-freeze dried PC12 cells. Molecular Biology of

the Cell, 8(8), 1501–1512. https://doi.org/10.1091/mbc.8.8.1501

Riccardi, D., Finney, B. A., Wilkinson, W. J., & Kemp, P. J. (2009). Novel regula-

tory aspects of the extracellular Ca2+-sensing receptor, CaR. Pflugers

Archiv, 458(6), 1007–1022. https://doi.org/10.1007/s00424-009-0681-z
Saidak, Z., Brazier, M., Kamel, S., & Mentaverri, R. (2009). Agonists and

allosteric modulators of the calcium-sensing receptor and their thera-

peutic applications. Molecular Pharmacology, 76(6), 1131–1144.
https://doi.org/10.1124/mol.109.058784

Singh, Y., Gupta, G., Mishra, A., Chellappan, D. K., & Dua, K. (2020). Gen-

der and Age Differences Reveal Risk Patterns in COVID-19 Outbreak.

Alternative Therapies in Health and Medicine, 26(S2), 54–55.
Singh, Y., Gupta, G., Satija, S., Negi, P., Chellappan, D. K., & Dua, K. (2020).

RAAS blockers in hypertension posing a higher risk towards the

COVID-19. Dermatologic Therapy, 33(4), 13501.

Singh, Y., Gupta, G., Satija, S., Pabreja, K., Chellappan, D. K., & Dua, K.

(2020). COVID-19 transmission through host cell directed network of

GPCR. Drug Development Research, 81(6), 647–649.

Thakker, R. V. (2012). Calcium-sensing receptor: Role in health and dis-

ease. Indian Journal of Endocrinology and Metabolism, 16(Suppl 2),

S213–S216. https://doi.org/10.4103/2230-8210.104041
Wang, D., Hu, B., Hu, C., Zhu, F., Liu, X., Zhang, J., … Peng, Z. (2020). Clini-

cal Characteristics of 138 hospitalized patients with 2019 novel

coronavirus-infected pneumonia in Wuhan, China. JAMA, 323(11),

1061–1069. https://doi.org/10.1001/jama.2020.1585

Wang, T., Du, Z., Zhu, F., Cao, Z., An, Y., Gao, Y., & Jiang, B. (2020). Com-

orbidities and multi-organ injuries in the treatment of COVID-19. The

Lancet, 395(10228), e52. https://doi.org/10.1016/S0140-6736(20)

30558-4

Wu, C. L., Wu, Q. Y., Du, J. J., Zeng, J. Y., Li, T. T., Xu, C. Q., & Sun, Y. H.

(2015). Calcium-sensing receptor in the T lymphocyte enhanced the

apoptosis and cytokine secretion in sepsis. Molecular Immunology, 63

(2), 337–342. https://doi.org/10.1016/j.molimm.2014.08.007

Yang, X., Yu, Y., Xu, J., Shu, H., Xia, J., Liu, H., … Shang, Y. (2020). Clinical

course and outcomes of critically ill patients with SARS-CoV-2 pneu-

monia in Wuhan, China: a single-centered, retrospective, observational

study. The Lancet, 8(5), 475–481. https://doi.org/10.1016/s2213-

2600(20)30079-5

Zaloga, G. P. (1992). Calcium Homeostasis during Sepsis. Berlin: Heidelberg.

Zhai, T.-Y., Cui, B.-H., Zou, L., Zeng, J.-Y., Gao, S., Zhao, Q., … Sun, Y.-H.

(2017). Expression and Role of the Calcium-Sensing Receptor in Rat

Peripheral Blood Polymorphonuclear Neutrophils. Oxidative medicine

and cellular longevity, 2017, 3869561. https://doi.org/10.1155/2017/

3869561

Zhang, L., Ji, T., Wang, Q., Meng, K., Zhang, R., Yang, H., … Jiao, J. (2017).

Calcium-Sensing Receptor Stimulation in Cultured Glomerular

Podocytes Induces TRPC6-Dependent Calcium Entry and RhoA Acti-

vation. Cell Physiol Biochem, 43(5), 1777–1789. https://doi.org/10.

1159/000484064

Zheng, Y. Y., Ma, Y. T., Zhang, J. Y., & Xie, X. (2020). COVID-19 and the

cardiovascular system. Nat Rev Cardiol, 17(5), 259–260. https://doi.
org/10.1038/s41569-020-0360-5

Zhou, Y., Frey, T. K., & Yang, J. J. (2009). Viral calciomics: Interplays

between Ca2+ and virus. Cell Calcium, 46, 1–17.

How to cite this article: Singh Y, Ali H, Alharbi KS, et al.

Calcium sensing receptor hyperactivation through viral

envelop protein E of SARS CoV2: A novel target for cardio-

renal damage in COVID-19 infection. Drug Dev Res. 2021;82:

784–788. https://doi.org/10.1002/ddr.21810

788 SINGH ET AL.

https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1016/s0140-6736(20)30183-5
https://doi.org/10.1091/mbc.7.3.483
https://doi.org/10.1038/emm.2005.56
https://doi.org/10.1038/emm.2005.56
https://doi.org/10.1371/journal.ppat.1004077
https://doi.org/10.1371/journal.ppat.1004077
https://doi.org/10.1091/mbc.8.8.1501
https://doi.org/10.1007/s00424-009-0681-z
https://doi.org/10.1124/mol.109.058784
https://doi.org/10.4103/2230-8210.104041
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1016/S0140-6736(20)30558-4
https://doi.org/10.1016/S0140-6736(20)30558-4
https://doi.org/10.1016/j.molimm.2014.08.007
https://doi.org/10.1016/s2213-2600(20)30079-5
https://doi.org/10.1016/s2213-2600(20)30079-5
https://doi.org/10.1155/2017/3869561
https://doi.org/10.1155/2017/3869561
https://doi.org/10.1159/000484064
https://doi.org/10.1159/000484064
https://doi.org/10.1038/s41569-020-0360-5
https://doi.org/10.1038/s41569-020-0360-5
https://doi.org/10.1002/ddr.21810

	Calcium sensing receptor hyperactivation through viral envelop protein E of SARS CoV2: A novel target for cardio-renal dama...
	1  INTRODUCTION
	1.1  Selection of literature for review
	1.2  Role of SARS CoV-2 envelop protein E during COVID-19 infection
	1.3  Pathophysiology of viral envelop protein E of SARS CoV-2 associated hyperactivation of CaSR-mediated cardio-renal cell...

	2  CONCLUSION
	  CONFLICT OF INTEREST
	  DATA AVAILABILITY STATEMENT

	REFERENCES


