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Summary

The current pandemic caused by SARS‐CoV‐2 virus infection is known as Covid‐19
(coronavirus disease 2019). This disease can be asymptomatic or can affect multiple

organ systems. Damage induced by the virus is related to dysfunctional activity of

the immune system, but the activity of molecules such as C‐reactive protein (CRP)

as a factor capable of inducing an inflammatory status that may be involved in the

severe evolution of the disease, has not been extensively evaluated. A systematic

review was performed using the NCBI‐PubMed database to find articles related to

Covid‐19 immunity, inflammatory response, and CRP published from December

2019 to December 2020. High levels of CRP were found in patients with severe

evolution of Covid‐19 in which several organ systems were affected and in patients

who died. CRP activates complement, induces the production of pro‐inflammatory

cytokines and induces apoptosis which, together with the inflammatory status

during the disease, can lead to a severe outcome. Several drugs can decrease the

level or block the effect of CRP and might be useful in the treatment of Covid‐19.
From this review it is reasonable to conclude that CRP is a factor that can

contribute to severe evolution of Covid‐19 and that the use of drugs able to lower

CRP levels or block its activity should be evaluated in randomized controlled clinical

trials.
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1 | INTRODUCTION

SARS‐CoV‐2 starts its pathogenetic process through renin‐
angiotensin system (RAS) activation, binding to the angiotensin II

converting enzyme (ACE2) and originating a series of pro‐
inflammatory events that can induce a cytokine storm.1,2 The

C‐reactive protein (CRP) is a molecule produced by the interaction of

SARS‐CoV‐2 with ACE2,3‐5 which is not only an indicator of acute

phase of inflammation but also has been related to prognosis and

severity of Covid‐19.5‐7 Therefore, CRP can be an important factor in

the cellular damage during Covid‐19. This review aims to describe

the different mechanisms by which SARS‐CoV‐2 can induce cell

Abbreviations: Covid‐19, coronavirus 2019 disease; SARS‐CoV‐2, severe acute respiratory syndrome coronavirus 2; CRP, C‐reactive protein; RAS, Renin‐Angiotensin System; ACE2,

angiotensin II converting enzyme; ACE, angiotensin I converting enzyme; nCRP, native C reactive protein; mCRP, monomeric C reactive protein; mCRPm, mixed C reactive protein; IL‐6,
interleukin‐6; IL‐1, interleukin‐1; PaO2/FiO2, partial pressure of arterial oxygen to fraction of inspired oxygen ratio; RNA, ribonucleic acid; TMPRSS2, transmembrane serine protease 2;

Ang II, angiotensin II; Ang 1‐7, angiotensin 1‐7; ADAM17, disintegrator and metalloproteinase 17; AT1, angiotensin II receptor 1; AT2, angiotensin II receptor 2; NF‐kB, nuclear factor‐
kappa B; TNF, tumour necrosis factor; GADD153, growth arrest and DNA damage 153; JAK, janus kinase.
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damage during the infectious process by increasing CRP and the

options that could be considered to counteract CRP in this disease.

2 | METHODS

A literature search of Covid‐19 and immunity, inflammatory response

and C reactive protein using the NCBI‐PubMed database to find the

articles published from December 2019 to December 2020 was

performed. All terms were searched as general terms to obtain the

maximum search results.

3 | C‐REACTIVE PROTEIN OVERVIEW

C‐reactive protein is an inflammatory protein of the pentraxin family

and is produced in response to the acute inflammatory phase. It was

first discovered in 1930 by Tillet and Francis8 in response to pneu-

mococcal infection. Transcriptional induction of the CRP gene pri-

marily occurs in hepatocytes in response to increased levels of

inflammatory cytokines, especially interleukin‐6 (IL‐6) with IL‐1
enhancing the effect.9‐12 The human CRP gene is found at 1q23.2 on

the long arm of chromosome 1, and to date, there have been no allelic

variations or genetic deficiencies discovered for this gene, although

some polymorphisms have been identified.13 C‐reactive protein

shows high expression during inflammatory conditions such as

rheumatoid arthritis, some cardiovascular diseases and infection.14

There are many factors that can alter CRP levels, including age, sex,

smoking status, weight, lipid levels and blood pressure.13

The increase of CRP in infections occurs mainly in bacterial

infections; however, it cannot identify the type of bacterial infec-

tion.15,16 The main role of CRP in bacterial inflammation tends to

centre around the activation of the complement molecule C1q

leading to opsonisation of pathogens. In the presence of calcium, CRP

binds to polysaccharides such as phosphocholine on the microor-

ganisms and triggers complement activation by the classical pathway

activating C1q.17 In addition, CRP binds to Fc receptors on the cell

surface leading to the release of pro‐inflammatory cytokines.18 Thus,

CRP is not only a marker of inflammation, but also contributes to the

inflammatory response. Regarding to increased levels of CRP in

SARS‐CoV‐2 infection, high levels of CRP have been associated with

mortality from this infection.6 CRP has been identified as a molecule

capable of causing damage during SARS‐CoV‐2 infection.19,20

4 | LEVELS OF C REACTIVE PROTEIN AND COVID‐
19 EVOLUTION

C‐reactive protein has been used for a long time as an indicator of

acute phase inflammation,9,12; however, in the current Covid‐19
pandemic it is related to tissue damage and poor prognosis of the

disease. In this regard, high levels of CRP in the early stage of

Covid‐19 have been associated with lung damage and the severity of

the disease.3‐5 Analysis of lung alterations assessed by computerized

tomography shows that high levels of CRP are present before the

appearance of lung lesions, giving to CRP predictive values of

severity.21 The progression to pneumonia has been associated and

correlated to the increased circulating CRP levels.22,23 Studies

involving CRP levels and respiratory function showed inverse cor-

relation between elevated CRP levels with decreased partial pressure

of arterial oxygen to fraction of inspired oxygen ratio (PaO2/FiO2),

suggesting that CRP is a predictor factor of lung failure.24 Other

studies show the association of CRP with other parameters in the

evolution of Covid‐19. In this context, high levels of CRP with low

levels of albumin have been associated with increased mortality.3,6

Elevated CRP/lymphocyte ratio has been used as important predictor

factor for the use of intensive care unit.19 Analysis of CRP and other

cytokines show predictive value for the severity of Covid‐19. High
levels of CRP and IL‐6 (a hepatic inducer of CRP) and IL‐10 have been

used as predictive factors for Covid‐19.25,26 High correlation has

been reported between CRP levels and IL‐10.26 Increased levels of

CRP and IL‐6 were predictive for the severity of COVID‐19 in hy-

pertensive patients.27 Meta‐analysis studies show that high levels of

CRP with leukocytosis are predictive of poor prognosis in patients

with Covid‐19.28 The persistence of high levels of CRP in individuals

who have died from Covid‐19, suggests that CRP is a predictor for

SARS‐CoV‐2 induced lethality.29 Although high levels of CRP have

been associated with poor prognosis and mortality from Covid‐19,
the type of CRP isoforms should be studied since some isoforms have

pro‐inflammatory properties and others are anti‐inflammatory mol-

ecules.7 Considering these findings, the presence of elevated CRP

levels in association with the deleterious evolution of Covid‐19,
suggest that CRP is involved in the cellular damage that leads to the

failure of different organ systems in this infection.

5 | SARS‐COV‐2 INFECTION AND C‐REACTIVE
PROTEIN PRODUCTION

An important step in SARS‐CoV‐2 infection is the binding of viral S

protein to its receptor ACE2, a member of the RAS.1 This viral

infection causes a disease with multi‐organ dysfunctions involving

the respiratory, renal, cardiovascular, central nervous and gastroin-

testinal systems.2

Structurally, SARS‐CoV‐2 is a spherical virus covered by a lipid

envelope. Its genome, formed by a chain of RNA in a positive sense, is

covered by a nucleocapsid. Externally, this virus presents important

proteins for its pathogenesis. The S protein (spikes) that is important

for the binding to its ACE2 receptor, the M protein that provides the

structural support, the E protein necessary for the assembly of the

virus and a haemagglutinin esterase.30,31 The viral S protein binds to

ACE2 after proteolytic modification of both. Before protein S binding

to ACE2 occurs, protein S is proteolytically modified by several

proteases, especially TMPRSS2 (transmembrane serine protease 2),

L‐cathepsin and B‐cathepsin, but other proteins such as trypsin,

factor X, elastase and furin may also be involved.32‐34 Binding of the
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modified S protein to ACE2 facilitates the entry of the virus into the

cell and decreases the expression of ACE2 on the cell surface.35,36

The ACE2‐bound virus is introduced into the cell by endocytosis.37

Initially, ACE2 plays a protective role against the harmful effects of

angiotensin II (Ang II) (inflammation, fibrosis, oxidative stress, vaso-

constriction, cancer) by transforming Ang II into Ang 1‐7, which
acting on its receptor Mas, generates effects contrary to Ang II.38 The

cellular internalization of the virus/ACE2 complex leaves an

increased Ang II activity and represents a stimulus for the expression

of ADAM17 (a disintegrin and metalloproteinase 17) on the cellular

surface. ADAM17 has a proteolytic action on ACE2 leaving a

decrease of this molecule on the cell surface.39 As a result of the

increased activity of Ang II on its AT‐1 receptor and through the

nuclear translocation of NF‐kB,40 Ang II induces the production of

CRP, pro‐inflammatory cytokines, oxidative stress, fibrosis, vaso-

constriction and increases the activity of ADAM17,41 among other

harmful effects. In addition, ADAM17 has a proteolytic action on pro‐
TNF‐alpha in the cell membrane, transforming it into the active form

of the molecule, which, when released into the extracellular medium,

interacts with its receptor inducing the production of additional

ADAM17.42,43 As a result of the increased ADAM17 activity on ACE2

and the internalization of the virus/ACE2 complex, there is a drastic

reduction of ACE2 on the cell surface and an increase of this mole-

cule in the extracellular space.39 This process leads to an exaggerated

function of Ang II due to the deterioration of the conversion of Ang II

into Ang 1‐7, which leads to inflammatory effects and a drastic in-

crease in the production of cytokines with the consequent delete-

rious effects mediated by the RAS.39,44 Under this mechanism SARS‐
CoV‐2 can induce the production of CRP mediated by increased Ang

II activity (Figure 1). Therefore, the hyperactivity of Ang II is involved

in the severity of Covid‐19. Decreasing RAS activity by blocking Ang

II receptors (AT1) and by using ACE inhibitors improve Covid‐19
evolution and decrease the production of proinflammatory cytokines,

especially IL‐6 a high inducer of hepatic CRP.45 In the same context,

the blockade of Ang II production reduces the content of CRP in the

circulation.46 Other studies show that ACE inhibition decreased the

presence of pneumonia in Covid‐19 accompanied by decreased

circulating levels of CRP.47 These data indicate the role of Ang II as

an inducer of CRP production during Covid‐19.

6 | MECHANISMS OF CELL DAMAGE MEDIATED
BY C‐REACTIVE PROTEIN

The pathogenesis of CRP is mediated by its isoform types. CRP has

three different isoforms, native CRP (nCRP), monomeric (mCPR) and

mixed isoform (mCRPm). In this respect, the nCRP is the native

protein that is formed by five monomers (penta‐monomeric).48 This

molecule presents two ligands at opposite sides of the molecule, one

of which binds calcium and the other interacts with the C1q of the

complement and with Fc receptors.14 This isoform is synthesized

mainly in the liver but is also synthesized by other cells such as

endothelial cells, macrophages, lymphocytes, muscle cells and

adipocytes.49‐52 This form is stored in the endoplasmic reticulum and

is slowly released into the circulation, except in states of inflamma-

tion, where it is rapidly eliminated to the circulation by the action of

pro‐inflammatory cytokines.53 The nCRP dissociates and gives rise to

monomers (mCRP).54 These two isoforms have different biological

properties during the inflammatory process,55 a phenomenon related

to the points where the ligands of each molecule join.56 There is a

third isoform, mCRPm, which originates when nCRP partially disso-

ciates and leaves an isoform that retains part of nCRP. This occurs

when nCRP is bound to the cell membrane, leaving mCRPm with a

high capacity to activate complement.57

Complement activation is a crucial stage in CRP biology.58 This

molecule activates complement through the classical pathway acti-

vating C1q.59 In this regard, the activation of C1q induces the chain

activation of C4, C2 and C3. Activated C3 can induce the following

effects: opsonisation, through the production of C3b and C4b;

cellular lysis, through the activation of C5‐C9 leading to the mem-

brane attack complex (MAC); and inflammation, through the pro-

duction of C3a and C5a.60 C‐reactive protein is most effective

activating the early stages of complement inducing inflammatory and

opsonisation effects.48 C‐reactive protein is known to rise in infec-

tious and inflammatory processes, but the role of each isoform is

little known. mCRP can bind to the classical complement activation

inhibitor C4bp, obtaining high degree of control over this comple-

ment activation.61 There is evidence that mCRP has greater proin-

flammatory capacity than nCRP, by activating more complement and

producing more MAC and inducing chemotaxis of monocytes and

attraction of leukocytes to sites of inflammation through activation

of the Fcy‐RI and Fcy‐RIIa pathways.58 C‐reactive protein is depos-

ited locally at the sites of inflammation and tissue damage and binds

to the damaged cell membrane activating complement and contrib-

uting to the inflammatory process.62,63 However, other studies

report that CRP is preferably found in the fluid phase rather than on

the inflamed tissue.64 Although the main action of CRP is comple-

ment activation, this molecule when binding to Fc receptors induces

the production of proinflammatory cytokines.9 In addition, this

molecule has the capacity to recognize both its own and foreign

antigens.59

CRP induces apoptosis by several mechanisms: (1) induction of

pro‐apoptotic cytokines such as TNF‐α and IL‐1‐β and induction of

reactive oxygen species through activation of Fc‐γ receptors.65,66

(2) Induction of p53 up‐regulation altering the cell cycle through

activation of Fc‐γRII.67 (3) Activation of genes related to the

expression of adhesion molecules and chemotactic cytokines.68

(4) Induction of GADD153 gene expression related to cell cycle ar-

rest and DNA damage.69 (5) Activation of caspase‐370 which addi-

tionally promotes the opsonisation of apoptotic cells.71,72

Other studies have shown that nCRP inhibits endothelial nitric

oxide synthase leading to deleterious effects by decreasing nitric

oxide production, increasing adhesion molecule expression and

inducing vasoconstriction and inflammation.73‐76 This effect is

mediated by the activation of the NADPH oxidase and the p38

mitogen‐activated protein kinase (MAP kinase) pathways.48

MOSQUERA‐SULBARAN ET AL. - 3 of 8



Due to the multiple deleterious effects on the body mediated by

CRP, the relationship of increased CRP levels to the poor prognosis

and severity of Covid‐19 is plausible (Figure 2).

7 | DRUGS THAT BLOCK C‐REACTIVE PROTEIN
WITH A POTENTIAL THERAPEUTIC EFFECT ON
COVID‐19

Tetracycline is an antibiotic with antiviral properties that has been

proposed to treat Covid‐19.77 Anti‐CRP properties of tetracyclines

have also been demonstrated. Doxycycline decreases the oxidizing

effect of CRP in the production of 5‐α‐dihydrotestosterone by os-

teoblasts through its antioxidant capacity.78 Doxycycline also de-

creases circulating levels of CRP and other markers of inflammation

and improves glucose metabolism in db/db diabetic mice.79 Human

studies show that doxycycline reduces circulating CRP levels in

patients with peripheral arterial disease,80 with small abdominal

aortic aneurysms81 and, with periodontal disease.82 The reduction

of CRP levels may be related to the anti‐inflammatory property of

tetracyclines.77 Doxycycline can also induce the expression of Ang II

AT2 receptors83 which when stimulated can induce effects contrary

to the AT1 receptor involved in the production of CRP. Minocycline

diminishes the vasopressor and inflammatory effects of Ang II in

rats treated with continuous infusion of Ang II84 and in

spontaneously hypertensive rats.85 These studies suggest that tet-

racyclines may alter the production and/or the effect of CRP by

acting on the production of Ang II‐induced CRP.

F I GUR E 1 Renin angiotensin system (RAS) in the pathogenesis of SARS‐CoV‐2 infection. The viral S protein binds to Angiotensin I

converting enzyme‐2 (ACE2) after proteolytic modification by TMPRSS2 (serine transmembrane protease 2) and cathepsin L. The binding of
the ACE2‐modified S protein facilitates the entry of the virus into the cell and decreases the expression of ACE2 on cell surface. The cellular
internalization of the virus/ACE2 complex decreases ACE2 and increases the activity of Angiotensin II (Ang II) and the expression of ADAM17

(disintegrin and metalloproteinase 17) on the cell surface, which, when acting on ACE2, decreases the expression of this molecule on the cell
surface and increases it in the extracellular environment (sACE2). The increased activity of Ang II on AT1 receptor induces the production of
pro‐inflammatory cytokines, oxidative stress (ROS), fibrosis, vasoconstriction, C‐reactive protein (CRP) and increases the activity of ADAM17.

ADAM17 also acts on pro‐TNF‐alpha in the membrane producing the active molecule that interacts with its receptor and induces the
production of additional ADAM17. The activity of ADAM17 on ACE2 and the internalization of the virus/ACE2 complex reduces ACE2 on the
cell surface and increases this molecule in the extracellular space. This process induces an increase of Ang II activity by means of a
deteriorated conversion of Ang II into Ang 1‐7 that leads to a drastic increase of cytokine production with the consequent deleterious effects

F I GUR E 2 Possible mechanism of C‐reactive protein (CRP)

damage during Covid‐19. After binding of SARS‐CoV‐2 to its ACE2
receptor, the complex is internalized in the cell and determines the
hyperactivity of angiotensin II (Ang II), which among other effects

induces the production of CRP and pro‐inflammatory cytokines.
CRP induces deleterious effects in the organism mediated by
activation of complement, binding to Fc receptors and induction of

apoptosis. Both the production of cytokines and CRP can together
be part of the cytokine storm reported in Covid‐19.
Abbreviations: C, complement; MAC, membrane attack complex;

FcR, Fc receptor; eNOS, endothelial nitric oxide sintase; NO, nitric
oxide.
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Janus kinase (JAK: JAK1/JAK2) is involved in the induction of

pro‐inflammatory cytokines.86 Inhibition of Janus kinase represses

induction of CRP in human hepatocytes,87 thus blocking drugs of

this pathway represents a reasonable therapeutic strategy. Several

JAK inhibitors have been reported. Baricitinib is a drug involved

in blocking the passage of SARS‐CoV‐2 by endocytosis into the

cell88 and is also a potent inhibitor of the JAK1/JAK2 pathway

inhibiting the proinflammatory signal of several cytokines espe-

cially IL‐6 which promotes CRP synthesis involved in the cytokine

storm reported in Covid‐19.88,89 Ruxolitinib another JAK1/JAK2

inhibitor has been used in patients with advanced HER2‐negative
breast cancer with increased CRP, obtaining favourable change in

health‐related quality of life.90 Other JAK inhibitors such as

tofacitinib and GSK2586184 have been reported as decreasing

CRP drugs.91

Several other drugs that decrease circulating CRP concentra-

tions have been reported. In this context, beta‐blockers may affect

CRP concentrations.92,93 Inhibitors of cyclooxygenase (celecoxib,

rofecoxib),94 platelet aggregation (clopidogrel, abciximab)95 and, ACE

(ramipril, captopril, fosinopril),96 decreasing lipid agents (statins,

ezetimibe, fenofibrate),97 antioxidants (α‐Tocopherol),98 Ang II

receptor blockers (valsartan, irbesartan, olmesartan, telmisartan),99

and anti‐diabetic agents (rosiglitazone and pioglitazone)100 represent

some of the drugs that decrease CRP levels (Figure 3).

8 | CONCLUSION

During Covid‐19, SARS‐CoV‐2 can alter the renin‐angiotensin
system and induce increased Ang II activity, which induces CRP

production with subsequent tissue damage and increased severity of

Covid‐19. The use of drugs that act by reducing CRP production

represents a reasonable therapeutic approach that should be tested

in controlled clinical trials.
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