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Severe coronavirus disease 2019 (COVID-19) can manifest as a viral-induced hyperinflammation with multiorgan dysfunction. It has been documented that severe COVID-19 is associated with higher levels of inflammatory mediators than a mild disease, and tracking these markers may allow early identification or even prediction of disease progression. It is well known that C-reactive protein (CRP) is the acute-phase protein and the active regulator of host innate immunity, which is highly predictive of the need for mechanical ventilation and may guide escalation of treatment of COVID-19-related uncontrolled inflammation. There are numerous causes of an elevated CRP, including acute and chronic responses, and these can be infectious or non-infectious in etiology. CRP are normally lacking in viral infections, while adaptive immunity appears to be essential for COVID-19 virus clearance, and the macrophage activation syndrome may explain the high serum CRP contents and contribute to the disease progression. Nevertheless, for the assessment of host inflammatory status and identification of viral infection in other pathologies, such as bacterial sepsis, the acute-phase proteins, including CRP and procalcitonin, can provide more important information for guiding clinical diagnosis and antibiotic therapy. This review is aimed to highlight the current and most recent studies with regard to the clinical significance of CRP in severe COVID-19 and other viral associated illnesses, including update advances on the implication of CRP and its form specifically on the pathogenesis of these diseases. The progressive understanding in these areas may be translated into promising measures to prevent severe outcomes and mitigate appropriate treatment modalities in critical COVID-19 and other viral infections.
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Highlights

	CRP is normally lacking in viral infections, while adaptive immunity appears to be essential for COVID-19 virus clearance, and the macrophage activation syndrome may explain the elevated serum CRP contents.

	CRP can be used as diagnostic parameter, and also reflect the severity and prognosis of COVID-19.

	CRP is associated with CVD in COVID-19, but lacks clinical studies to support the notion that the common variation in CRP gene might have an alternative impact on the CVD.

	CRP is mainly synthesized by hepatocytes, and a small amount is produced by macrophages in inflammatory areas. How does CRP produce in COVID-19? How does CRP activate complement system and amplify the inflammatory insults?





Introduction

The outbreak of pneumonia (coronavirus disease 2019, COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a serious threat to global public health safety. The World Health Organization (WHO) has listed it as a global pandemic. As of June 4, 2021, the cumulative number of deaths has exceeded 3.7 million. There is an urgent need for effective treatment strategies. SARS-CoV-2 is highly infectious, its pathogenicity and mortality increase with age, and has strong individual differences, so it is particularly important to understand its biological characteristics. Structural analysis has elucidated the viral binding region, mutation, and host specific proteins, such as angiotensin converting enzyme 2 (ACE2) and transmembrane protease serine 2 (TMPRSS2), which are related to the entry of virus into cells and the formation of infectivity (1). Epigenetic studies have shown that DNA methylation, ACE2 gene methylation and post-translational histone modification may lead to differences in host tissue (2). NAD dependent histone deacetylase Sirtuin1 (SIRT1), could also regulate ACE2 in cell energy stress, which was upregulated in lung tissue of severe new coronavirus pneumonia patients (3). Further, cytokine release syndrome (CRS), also known as “cytokine storm”, is an important clinical feature of severe patients with COVID-19. It is characterized by the secretion of proinflammatory cytokines and chemokines, which appears to be involved in the critical and adverse prognosis of multiple organ damage and functional failure (4, 5). The identification of effective laboratory biomarkers to classify patients based on their risks is imperative in being able to guarantee prompt treatment.

C-reactive protein (CRP) is a kind of acute protein and rapidly increased in circulation in the infected conditions. In hepatocytes, CRP induction is principally regulated by interleukin (IL)-6 at transcription level, which can be enhanced by IL-1β. IL-6 and IL-1β control the expression of many acute phase protein genes by activating transcription factors including signal transducer and activator of transcription (STAT)3, C/EBP family members and Rel protein (nuclear factor [NF]-κB). The unique regulation of each acute phase gene is achieved by the specific interaction of these and other transcription factors in its promoter induced by cytokines. In addition to C/EBP binding sites, there are STAT3 and Rel binding sites in the proximal promoter region of CRP gene. The interaction between these factors makes C/EBP family members bind to DNA stably, leading to gene maximization. Extrahepatic synthesis of CRP has been documented in neurons, atherosclerotic plaques, monocytes, and lymphocytes. The latter synthesis may have physiological significance in local area but has little effect on the increase of plasma concentration. Nitric oxide (NO) can induce the decrease of CRP production through cytokine formation. As a pattern recognition molecule, CRP is usually combined with specific molecular configurations (pathogen related molecular patterns) on the surface of pathogens (6). It has certain functions similar to immunoglobulin, such as promoting agglutination, binding of complement, swelling of bacterial capsule, phagocytosis, and complex of polycation as well as polyanion (7, 8).

Of note, recent reports indicated that COVID-19 patients presented elevated CRP contents, and high levels of CRP were closely associated with more severe forms of COVID-19, where age was considered the main risk factor for poor outcome (9, 10). Likely, COVID-19 had relationship with cardiovascular disease (CVD), type 2 diabetes mellitus (T2DM), stoke, and septic complications. These diseases were also closely related to CRP levels in COVID-19. In this review, we emphasize the current state of knowledge regarding known CRP for COVID-19 and other viral infections, and potential predictive significance of CRP for organ dysfunction in patients with severe complications and poor outcomes.



CRP and COVID-19


CRP and Inflammation in COVID-19

Excessive inflammation is considered to be the main cause of critical illness and death in patients with COVID-19. CRP is a sensitive index to evaluate the tissue injury. Serum CRP levels are obviously increased when there are acute inflammation, major insults, and coronary heart diseases. After inflammation is subsided, it might return to normal range. It is stable in vivo and is not affected by trauma and hormones. CRP can recognize various pathogens and injured or necrotic cell components by combining with C-polysaccharide on the bacterial cell wall. It forms various complexes with C-polysaccharide and phospholipid and can activate the complement system in classical way to remove these pathogens and necrotic cells.

As we well known, CRP can enhance the phagocytosis of phagocytes through specific CRP receptor, and remove various pathogenic microorganisms. During the process of COVID-19 pneumonia, a cytokine response storm (CRS) can be triggered, which is associated with high mortality in COVID-19 (11). The cytokines such as IL-6, TNF-α, stimulate hepatocyte to produce CRP (Figure 1). CRP is the biomarker that most strongly correlates with COVID-19 progression, is significantly elevated during the early stage of inflammation (12, 13) and also prior to indications of critical findings with CT. Several retrospective comparison studies between survivors and non-survivors showed an increasing trend of acute-phase proteins, including CRP, procalcitonin (PCT), and IL-6, in non-survivors, and a stable or downward trend in survivors (14), CRP was verified to be independent outcome predictor and independent discriminator of disease severity (15–17), indicating that the diagnostic value of CRP for COVID-19 might be useful in clinical practice. In a multicenter retrospective study, it was reported higher level of CRP in thrombotic complication events after COVID-19 infection (18). In addition, obesity and metabolic syndrome in COVID-19 were associated with chronic systemic inflammation, including atherosclerosis and hypertension, which affected the outcomes of COVID-19 (19). A group of metabolic ill patients with obesity and COVID-19 infection showed a positive correlation with CRP (16). Likewise, the observational study of elderly Iran patients with higher body mass index by Alamdari et al. (20) demonstrated lymphopenia, hypomagnesemia, elevated CRP and/or raised creatinine on admission were at higher risk of mortality due to the COVID-19 infection. Taken together, CRP might play a vital role in the process of inflammatory response, and it can be used to assess the severity of COVID-19 and be independently associated with the risk of COVID-19.




Figure 1 | The immune regulatory mechanism of CRP in the pathogenesis of COVID-19. In the development of COVID-19, a cytokine response storm can be triggered, the cytokines such as IL-6, TNF-α, stimulate hepatocyte to produce CRP. On one hand, CRP activates complement system and amplifies the inflammatory insults; on the other hand, in severe or critical patients with COVID-19, the integrity of alveolar epithelial and endothelial barrier is severely damaged. After SARS-CoV-2 virus infection, a large number of cytokines and chemokines can be induced by alveolar macrophages and epithelial cells. During this process, adaptive immunity is difficult to start effectively due to the significant decreases in lymphocyte number together with T-cell mediated immunosuppression. Thus, uncontrolled viral infection can result in severe macrophage infiltration, further aggravating acute lung injury in the setting of COVID-19.





CRP and CVD in COVID-19

Although SARS-Cov-2 passes through the upper respiratory tract, its affinity and selective binding with ACE2 receptor cause COVID-19 to be a kind of vascular infection. Arterial or venous thrombosis is the marker of COVID-19 with CVD, which is associated with strong systemic inflammation and release of vascular injury and pro-thrombogenic cytokines. A group of CVD patients with COVID-19 revealed a consistent association between bad progression and serum CRP concentrations (21). A retrospective cohort study including 288 confirmed COVID-19 patients also demonstrated that CVD with older and higher levels of troponin I (TnI), CRP, and creatinine were more prone to develop into severe or critically severe cases (22). Moreover, 2147 patients with COVID-19 were enrolled in European, patients with cardiovascular comorbidities displayed markedly higher levels of troponin and CRP, which were markers of myocardial injury and thrombo-inflammatory activation in the uncomplicated phase of COVID-19 (23). When infected by COVID-19, patients with underlying CVD were more likely to exhibit elevation of troponin T (TnT) levels, which was a high and markedly positive linear correlation with plasma high sensitivity CRP (hs-CRP) level (24). Epidemiological studies suggested that inflammation plays an important role in various stages of CVD, including the early formation of atherosclerotic plaque, acute rupture of atherosclerotic plaque, plaque shedding leading to myocardial infarction and even death. The clinical and the basal experimental studies showed that CRP is involved in various stages of CVD through its direct influence on the pathophysiological processes such as the activation of endothelial cells and macrophages, inhibition of apoptosis of neutrophils and production of endothelial NO synthase via destabilizing endothelial NO synthase (eNOS), stimulation of the complement cascade (25–27). Further, CRP genetic variants is associated with the elevated mortality risk of heart diseases (28, 29). Although several studies have noticed the correlation between CRP and COVID-19 severity in patients with CVD, its potential significance in various CVD types is lacking and needs to be further investigated.



CRP and Stroke in COVID-19

Although COVID-19, the most relevant symptom caused by SARS-CoV-2 is severe pneumonia and respiratory problems, many studies also identified other potential consequences, and some patients with severe COVID-19 are at greater risk of stroke (30). COVID-19 can result in neurological dysfunction through different ways, the brain might be damaged by hypoxia or coagulation disorders, thereby contributing to ischemic or hemorrhagic stroke. Meanwhile, SARS-CoV-2 directly infects the brain and meninges. In addition, the host immune response to infection can lead to inflammation, which can damage the brain and nerves. Several prospective studies reported that patients with COVID-19 associated ischemic stroke had severe functional outcome and high mortality (31, 32). Elevated CRP is clearly recognized in the major acute-phase response following ischemic or hemorrhagic stroke, and it is related to the development of vascular complications (33). From clinical observations, it was noted elevated concentration of D-D dimer, fibrinogen, and CRP in COVID-19 patients with acute ischemic stroke, suggesting systemic hyperinflammatory and hypercoagulable state (34). In a retrospective, observational cohort study, CRP was found to be correlated between stroke onset and the peak of acute phase reactants in COVID-19 (35). Furthermore, CRP was the mortality predictor, and its expression might be correlated with the formation of ischemia in COVID-19 associated strokes (36).



CRP and T2DM in COVID-19

Emerging evidence from epidemiological observations, as well as reports from Centers for Disease Control (CDC) and other national health centers and hospitals, show that among patients with COVID-19, the risk of death of diabetes is 50% higher than those without diabetes, especially in elderly patients with T2DM. There is a bidirectional relationship between COVID-19 and diabetes (37). On the one hand, diabetes is associated with an increased risk of severe COVID-19. On the other hand, COVID-19 may induce new onset diabetes in normal people. During T2MD, inflammation can promote metabolic abnormalities, but metabolic factors can also regulate immune cell functions (38). The impaired immune system together with metabolic imbalance also increases the susceptibility of patients to several pathogenic agents such as the SARS-CoV-2 (38). Cross-sectional and prospective studies verified a relationship between high levels of CRP and elevated risk for T2DM (39). A comparative study revealed that symptomatic COVID19 positive T2DM patients had significantly higher CRP and absolute neutrophilic counts, lower counts of lymphocytes and eosinophils (40). Of note, many cases of T2DM with COVID-19 showed markedly increased CRP levels (41–43) (Table 1). Based on the multitude of clinical observations, CRP appears to be positively correlated with hemoglobin A1c (HbA1c), which is the indicator of overall glycemic control in diabetics and mortality correlation with COVID-19 (44). Further, during diabetes, many previous studies have demonstrated that CRP can bind its receptor (CD32b) to induce the inflammation process by activating Smad3-mTOR pathway, ERK/p38 MAPK or NF-κB signaling (68, 69). Collectively, serum CRP might aid in assessment the severity and improvement of T2DM in COVID-19.


Table 1 | CRP in COVID-19 and other viral infections.





CRP and COVID-19 Induced Sepsis

From the perspective of the clinical manifestations, the essence of COVID-19 should be viewed as a sepsis induced by viral infection. COVID-19 is closely related to sepsis, which indicates that most deaths in ICU may be the direct consequence of septic complications caused by SARS-CoV-2 infection (70). The viral sepsis induced by SARS-CoV-2 has the typical pathophysiological characteristics of sepsis, that is, the early cytokine storm and the subsequent immunosuppressive stage. There are similarities and differences between severe COVID-19 and sepsis. In mild patients with SARS-CoV-2 infection, pulmonary macrophages activate the inflammatory response and phagocytize the virus, innate and adaptive immune responses can effectively inhibit the replication of the virus. However, in severe or critical patients with COVID-19, the integrity of alveolar epithelial and endothelial barrier is severely damaged. SARS-CoV-2 virus not only attacks alveolar epithelial cells, but also attacks pulmonary capillary cells, resulting in a large number of serous components leaking into the alveolar cavity. Upon SARS-CoV-2 virus challenge, alveolar macrophages and epithelial cells release a large number of cytokines and chemokines (71–73). Monocytes and neutrophils may be recruited to the site of infection and clear the exudate containing virus particles and infected cells, in turn leading to uncontrolled inflammatory response. During this process, adaptive immunity is difficult to start effectively due to the significant decrease of lymphocyte number and T-cell mediated immune dysfunction. Uncontrolled viral infection leads to severe macrophage infiltration, further aggravating acute lung injury. Simultaneously, the spread of SARS-CoV-2 can directly attack other organs, immune response contributes to systemic inflammatory storm as well as microcirculation disorders, these factors work together, and finally lead to viral sepsis. A retrospective analysis of COVID-19 deaths was performed and found that acute respiratory failure (ARF) and sepsis were correlated with disease severity and might be the main causes of death (74).

Inflammatory mediators are the most active proinflammatory factors throughout the development of sepsis. At different stages of sepsis, a variety of inflammatory cytokines is noticed to be the characteristics of time-dependent release, which can reflect the condition and prognosis of septic patients. It has been documented that CRP is correlated with acute physiology and chronic health evaluation II (APCHE II) and sequential organ failure assessment (SOFA) score, which reflect the severity and prognosis of sepsis (45–47). As the part of non-specific immune mechanism, CRP can bind to Streptococcus pneumoniae capsular C-polysaccharide, bind to phosphocholine on the membrane in the presence of calcium ion, bind to chromatin, activate the complement in classical way, enhance the phagocytosis of leukocytes, and act as opsonin when stimulating the activation of lymphocytes or monocytes/macrophages (Figure 2). A single-centered, observational study conducted the elevated CRP, neutrophil lymphocyte ratio (NLR), and lactate dehydrogenase in non-survivors, and non-survivors were more likely to develop acute respiratory distress syndrome, CRS, and sepsis (48). Therefore, with the deep understanding of the clinical significance of CRP in the diagnosis, treatment, and prognosis of sepsis in SARS-CoV-2 infection is helpful to the early rational use of phased antibiotics.




Figure 2 | The critical role of CRP in acute or chronic inflammatory diseases. CRP may be critically involved in various pathophysiological stages of acute or chronic inflammatory diseases, including the activation of endothelial cells and macrophages, inhibition of apoptosis of neutrophils and expression of endothelial NO synthase, platelet aggregation, accumulation of lipid and thrombosis, complement activation, fibrosis, and upregulation of proinflammatory cytokine expression. ICAM-1, intercellular cell adhesion molecule-1; VCAM-1, vascular cell adhesion protein 1; ARDS, acute respiratory distress syndrome; CVD, cardiovascular disease.






CRP and Other Viral Infections


CRP and SARS

Coronaviruses have a “crown” of proteins, known as pepsomers, that protrude from the center of the virus in all directions. These proteins help the virus recognize whether it can infect the host. The disease, known as severe acute respiratory syndrome (SARS), is also associated with a highly infectious coronavirus in the early 21st century. SARS is an infectious disease with rapid onset, rapid transmission, and high mortality (75–78). Most of the infected patients are directly or indirectly contacted with patients or live in the epidemic area. The clinical manifestations are hypoxia, cyanosis, respiratory acceleration or respiratory distress syndrome, shortness of breath, and lung lesions in different degrees showed in X-ray (47, 48, 75–80). The SARS CoV-2 is the same family member as SARS, but there are differences in structure and amino acid composition between SARS and COVID-19, which is more infectious than SARS. Although only four amino acids of ACE-2, being the common receptor of SARS, are mutated, COVID-19 is 100 times more infectious than SARS. The pathological alterations of SARS and COVID-19 are very similar, while lung lesions in SARS appear to be more serious.

The lung and immune system are the main target organs of SARS and COVID-19, manifesting focal and patchy necrosis of lymph nodes and spleens, together with remarkable decreases in lymphocyte counts (81–83). COVID-19 has this kind of performance, but it is not as obvious as SARS. The prospective studies showed that increased CRP levels were associated with progressive abnormalities in patients with SARS related pneumonia and could be predictive of severity and death (49–53). Following 8 years of SARS, the association between SARS epidemic and Chinese older people revealed that community SARS exposure in the Chinese older adults was more strongly related to high CRP levels (54).



CRP and MERS-CoV Infection

Since the 21st century, there have been three major outbreaks of human coronavirus, including SARS in 2003, Middle East respiratory syndrome (MERS) in 2012, and the COVID-19 pneumonia (Figure 3). The clinical symptoms in MERS are similar to SARS, MERS-CoV is mainly prevalent in the Middle East, but there are cases of infection and transmission in Europe, Asia, and North America. The pathological changes of MERS mainly target at both lungs, causing diffuse injury, edema, and hyaline membrane formation. It shows alveolar epithelial injury and inflammatory cell infiltration characterized by monocyte/macrophage and lymphocyte exudation. Since 2003, the research on SARS-CoV and MERS-CoV has made significant progress, including natural origins, epidemiology, pathogenic mechanism, antiviral development, and vaccine design (84, 87–90). No specific laboratory parameter related to MERS-CoV infection has been found. A retrospective observational study documented an obviously higher CRP level in MERS (55). In addition, MERS-CoV infected patients was reported to have high levels of serum creatinine, LDH, and CRP, which were correlated with severity and death (56).




Figure 3 | Timeline of advances in the research on various viral infections. SARS, severe acute respiratory syndrome; MERS, Middle East respiratory syndrome; ARDS, acute respiratory distress syndrome; EBOV, Ebola virus.





CRP and H7N9 Infection

Avian influenza virus belongs to influenza A virus of orthomyxoviridae. H7N9 avian influenza infected in human is an acute respiratory infectious disease caused by H7N9 subtype avian influenza virus. Avian influenza virus H7N9, as a new subtype of influenza virus, can cause cytokine overproduction and result in severe pneumonia and acute respiratory distress syndrome (85, 91). Compared with H1N1 virus, higher levels of CRP were induced by H7N9 virus, leading to cytokine storms. CRP levels were observed to have significantly positive relationship with several cytokines and chemokines, including macrophage chemotactic protein-1, interferon-inducible protein-10, and IL-6 (57, 58) (Figure 2). Strikingly, the correlation analysis of biomarkers with disease severity was performed, it was shown that plasma CRP, PCT, plasma thromboplastin antecedent (PTA) contents, and virus positive days were associated with mortality of H7N9 infection, but plasma CRP was an independent predictor of mortality in H7N9 infection (59). Likely, another study indicated that elevated CRP levels were induced and correlated with complement activation in patients infected with severe influenza A, and higher levels were induced in fatal patients (60).



CRP and Influenza A/H1N1

H1N1 subtype of influenza A virus, known as H1N1 virus, is a kind of influenza A virus and one of the most common influenza viruses infected by human (86). Influenza A virus can be divided into several subtypes according to the antigenicity of hemagglutinin on the surface of the virus. Although there are two different types of respiratory viral pneumonia between influenza virus pneumonia and COVID-19, many clinical manifestations are similar. The biological marker such as CRP has diagnostic or prognostic value in lower respiratory tract infections and pneumonia (61, 62). Studies with regard to the relationship between CRP, oxygen exchange, and H1N1 influenza revealed that oxygen exchange and CRP could predict safe discharge from hospital (63). Retrospective observational study including 364 confirmed A/H1N1 flu patients demonstrated CRP<10 mg/dl was independently associated with A/H1N1 etiology (64), and high levels of CRP was consistently with a severe disease outcome in H1N1 influenza patients (65).

In addition, CRP might be involved in the pathogenesis of Ebola virus (EBOV) disease, which is a severe infectious disease that can cause human and other primates to produce Ebola hemorrhagic fever (92, 93). It was reported that high aspartate aminotransferase, alanine aminotransferase, CRP, and IL-6 levels were closely associated with poorer outcome of Ebola virus disease (66, 67).




Conclusions

The large number of research papers including preprints that are published almost every day, COVID-19 spread immediately and challenged medicine, economics, and public health worldwide. Hence, early detection and isolation of suspected patients appear to be of importance in controlling such outbreak. Currently, diagnostic and monitoring methods for COVID-19 are numerous, nevertheless each of the described techniques is lack of high sensitivity and specificity. Accumulating evidence have indicated that CRP, a nonspecific marker of inflammation, is markedly associated with the severity and prognosis of excessive inflammatory responses, such as CVD, T2DM, hemorrhagic stroke, and sepsis in COVID-19 pneumonia. In this regard, CRP is not only an excellent biomarker of inflammation but also acts as a direct participant in the pathological process. Although the potential mechanisms underlying COVID-19 infection and virus-host interactions are incompletely elucidated, intensive studies on these virological profiles of COVID-19 will provide the basis for the development of preventive and therapeutic strategies against COVID-19. Furthermore, the heterogeneity of patients with COVID-19 infection suggests that multiple biomarkers should be used to evaluate the dynamic changes and treatment effect of COVID-19, and ultimately improve the clinical outcome. Finally, COVID-19 is challenging all human beings. Tackling this epidemic is a long-term job which requires efforts of every individual, and international collaborations by scientists, authorities, and the public.



Author Contributions

All authors contributed to the article and approved the submitted version.



Funding

This study was supported, in part, by grants from the National Natural Science Foundation of China (Nos. 81873943, 81730057), the National Key Research and Development Program of China (No. 2017YFC1103302).



References

1. Hoffmann, M, Kleine-Weber, H, Schroeder, S, Krüger, N, Herrler, T, Erichsen, S, et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor. Cell (2020) 181(2):271–80.e8. doi: 10.1016/j.cell.2020.02.052

2. Hou, Y, Zhao, J, Martin, W, Kallianpur, A, Chung, MK, Jehi, L, et al. New Insights Into Genetic Susceptibility of COVID-19: An ACE2 and TMPRSS2 Polymorphism Analysis. BMC Med (2020) 18:216. doi: 10.1186/s12916-020-01673-z

3. Jit, BP, Qazi, S, Arya, R, Srivastava, A, and Gupta, N. Sharma A. An Immune Epigenetic Insight to COVID-19 Infection. Epigenomics (2021) 13:465–80. doi: 10.2217/epi-2020-0349

4. Robinson, JC. Funding of Pharmaceutical Innovation During and After the COVID-19 Pandemic. JAMA (2021) 325:825–6. doi: 10.1001/jama.2020.25384

5. Poland, GA, Ovsyannikova, IG, and Kennedy, RB. SARS-CoV-2 Immunity: Review and Applications to Phase 3 Vaccine Candidates. Lancet (2020) 396:1595–606. doi: 10.1016/S0140-6736(20)32137-1

6. Volanakis, JE. Human C-Reactive Protein: Expression, Structure, and Function. Mol Immunol (2001) 38:189–97. doi: 10.1016/s0161-5890(01)00042-6

7. Du Clos, TW. Function of C-Reactive Protein. Ann Med (2000) 32:274–8. doi: 10.3109/07853890009011772

8. Sproston, NR, and Ashworth, JJ. Role of C-Reactive Protein at Sites of Inflammation and Infection. Front Immunol (2018) 9:754. doi: 10.3389/fimmu.2018.00754

9. Bonetti, G, Manelli, F, Patroni, A, Bettinardi, A, Borrelli, G, Fiordalisi, G, et al. Laboratory Predictors of Death From Coronavirus Disease 2019 (COVID-19) in the Area of Valcamonica, Italy. Clin Chem Lab Med (2020) 58:1100–5. doi: 10.1515/cclm-2020-0459

10. Yamada, T, Wakabayashi, M, Yamaji, T, Chopra, N, Mikami, T, Miyashita, H, et al. Value of Leukocytosis and Elevated C-Reactive Protein in Predicting Severe Coronavirus 2019 (COVID-19): A Systematic Review and Meta-Analysis. Clin Chim Acta (2020) 509:235–43. doi: 10.1016/j.cca.2020.06.008

11. Azar, MM, Shin, JJ, Kang, I, and Landry, M. Diagnosis of SARS-CoV-2 Infection in the Setting of the Cytokine Release Syndrome. Expert Rev Mol Diagn (2020) 20:1087–97. doi: 10.1080/14737159.2020.1830760

12. Ponti, G, Maccaferri, M, Ruini, C, Tomasi, A, and Ozben, T. Biomarkers Associated With COVID-19 Disease Progression. Crit Rev Clin Lab Sci (2020) 57(6):389–99. doi: 10.1080/10408363.2020.1770685

13. Chan, JF, Yuan, S, Kok, KH, To, KK, Chu, H, Yang, J, et al. A Familial Cluster of Pneumonia Associated With the 2019 Novel Coronavirus Indicating Person-to-Person Transmission: A Study of a Family Cluster. Lancet (2020) 395:514–23. doi: 10.1016/S0140-6736(20)30154-9

14. Chen, R, Sang, L, Jiang, M, Yang, ZW, Jia, N, Fu, WY, et al. Longitudinal Hematologic and Immunologic Variations Associated With the Progression of COVID-19 Patients in China. J Allergy Clin Immunol (2020) 146:89–100. doi: 10.1016/j.jaci.2020.05.003

15. Luo, X, Zhou, W, Yan, X, Guo, T, Wang, B, Xia, H, et al. Prognostic Value of C-Reactive Protein in Patients With Coronavirus 2019. Clin Infect Dis (2020) 71(16):2174–9. doi: 10.1093/cid/ciaa641

16. Bisoendial, RJ, Kastelein, JJ, Levels, JH, Zwaginga, JJ, Van Den Bogaard, B, Reitsma, PH, et al. Activation of Inflammation and Coagulation After Infusionof C-Reactive Protein in Humans. Circ Res (2005) 96:714–6. doi: 10.1161/01.RES.0000163015.67711.AB.18

17. Elliott, P, Chambers, JC, Zhang, W, Clarke, R, Hopewell, JC, Peden, JF, et al. Genetic Loci Associated With C-Reactive Protein Levels and Risk of Coronary Heart Disease. JAMA (2009) 302:37–48. doi: 10.1001/jama.2009.954

18. Al-Samkari, H, Karp Leaf, RS, Dzik, WH, Carlson, JCT, Fogerty, AE, Waheed, A, et al. COVID-19 and Coagulation: Bleeding and Thrombotic Manifestations of SARS-CoV-2 Infection. Blood (2020) 136:489–500. doi: 10.1182/blood.2020006520

19. Chiappetta, S, Sharma, AM, Bottino, V, and Stier, C. COVID-19 and the Role of Chronic Inflammation in Patients With Obesity. Int J Obes (Lond) (2020) 44:1790–2. doi: 10.1038/s41366-020-0597-4

20. Alamdari, NM, Afaghi, S, Rahimi, FS, Tarki, FE, Tavana, S, Zali, A, et al. Mortality Risk Factors Among Hospitalized COVID-19 Patients in a Major Referral Center in Iran. Tohoku J Exp Med (2020) 252(1):73–84. doi: 10.1620/tjem.252.73

21. Li, M, Dong, Y, Wang, H, Guo, W, Zhou, H, Zhang, Z, et al. Cardiovascular Disease Potentially Contributes to the Progression and Poor Prognosis of COVID-19. Nutr Metab Cardiovasc Dis (2020) 30(7):1061–7. doi: 10.1016/j.numecd.2020.04.013

22. He, F, Quan, Y, Lei, M, Liu, R, Qin, S, Zeng, J, et al. Clinical Features and Risk Factors for ICU Admission in COVID-19 Patients With Cardiovascular Diseases. Aging Dis (2020) 11:763–9. doi: 10.14336/AD.2020.0622

23. Cremer, S, Jakob, C, Berkowitsch, A, Borgmann, S, Pilgram, L, Tometten, L, et al. Elevated Markers of Thrombo-Inflammatory Activation Predict Outcome in Patients With Cardiovascular Comorbidities and COVID-19 Disease: Insights From the LEOSS Registry. Clin Res Cardiol (2020) 110:1–12. doi: 10.1007/s00392-020-01769-9

24. Morawietz, H, Julius, U, Bornstein, SR, Tessitore, E, Carballo, D, Poncet, A, et al. Mortality and High Risk of Major Adverse Events in Patients With COVID-19 and History of Cardiovascular Disease. Open Heart (2021) 8:e001526. doi: 10.1136/openhrt-2020-001526

25. Fordjour, PA, Wang, Y, Shi, Y, Agyemang, K, Akinyi, M, Zhang, Q, et al. Possible Mechanisms of C-Reactive Protein Mediated Acute Myocardial Infarction. Eur J Pharmacol (2015) 760:72–80. doi: 10.1016/j.ejphar.2015.04.010

26. Schwedler, SB, Filep, JG, Galle, J, Wanner, C, and Potempa, LA. C-Reactive Protein: A Family of Proteins to Regulate Cardiovascular Function. Am J Kidney Dis (2006) 47:212–22. doi: 10.1053/j.ajkd.2005.10.028

27. Zhu, JQ, Song, WS, Hu, Z, Ye, QF, Liang, YB, and Kang, LY. Traditional Chinese Medicine’s Intervention in Endothelial Nitric Oxide Synthase Activation and Nitric Oxide Synthesis in Cardiovascular System. Chin J Integr Med (2015). doi: 10.1007/s11655-015-1964-1

28. Kittel-Schneider, S, Kaspar, M, Berliner, D, Weber, H, Deckert, J, Ertl, G, et al. CRP Genetic Variants are Associated With Mortality and Depressive Symptoms in Chronic Heart Failure Patients. Brain Behav Immun (2018) 71:133–41. doi: 10.1016/j.bbi.2018.04.002

29. Wang, LY, Lu, XF, Li, Y, Li, HF, Chen, SF, and Gu, DF. Functional Analysis of the C-Reactive Protein (CRP) Gene -717A>G Polymorphism Associated With Coronary Heart Disease. BMC Med Genet (2009) 10:73. doi: 10.1186/1471-2350-10-73

30. Tan, YK, Goh, C, Leow, AST, Tambyah, PA, Ang, A, Yap, ES, et al. COVID-19 and Ischemic Stroke: A Systematic Review and Meta-Summary of the Literature. J Thromb Thrombolysis (2020) 50:587–95. doi: 10.1007/s11239-020-02228-y

31. Ntaios, G, Michel, P, Georgiopoulos, G, Guo, Y, Li, W, Xiong, J, et al. Characteristics and Outcomes in Patients With COVID-19 and Acute Ischemic Stroke: The Global COVID-19 Stroke Registry. Stroke (2020) 51:e254–8. doi: 10.1161/STROKEAHA.120.031208

32. Zhang, S, Zhang, J, Wang, C, Chen, X, Zhao, X, Jing, H, et al. COVID-19 and Ischemic Stroke: Mechanisms of Hypercoagulability (Review). Int J Mol Med (2021) 47:21. doi: 10.3892/ijmm.2021.4854

33. Di Napoli, M, Elkind, MS, Godoy, DA, Singh, P, Papa, F, and Popa-Wagner, A. Role of C-Reactive Protein in Cerebrovascular Disease: A Critical Review. Expert Rev Cardiovasc Ther (2011) 9:1565–84. doi: 10.1586/erc.11.159

34. Chen, S, Pan, C, Zhang, P, Tang, Y, and Tang, Z. Clinical Characteristics of Inpatients With Coronavirus Disease 2019 and Acute Ischemic Stroke: From Epidemiology to Outcomes. Curr Neurovasc Res (2020) 17:760–4. doi: 10.2174/1567202617999201110200410

35. McAlpine, LS, Zubair, AS, Maran, I, Chojecka, P, Lleva, P, Jasne, AS, et al. Ischemic Stroke, Inflammation, and Endotheliopathy in COVID-19 Patients. Stroke (2021) 52:e233–8. doi: 10.1161/STROKEAHA.120.031971

36. Tun, ÇA, ÜnlÜba, ŞY, Alemdar, M, and AkyÜz, E. Coexistence of COVID-19 and Acute Ischemic Stroke Report of Four Cases. J Clin Neurosci (2020) 77:227–9. doi: 10.1016/j.jocn.2020.05.018

37. Rubino, F, Amiel, SA, Zimmet, P, Alberti, G, Bornstein, S, Eckel, RH, et al. New-Onset Diabetes in COVID-19. N Engl J Med (2020) 383:789–90. doi: 10.1056/NEJMc2018688

38. Daryabor, G, Atashzar, MR, Kabelitz, D, Meri, S, and Kalantar, K. The Effects of Type 2 Diabetes Mellitus on Organ Metabolism and the Immune System. Front Immunol (2020) 11:1582. doi: 10.3389/fimmu.2020.01582

39. Ragy, MM, and Kamal, NN. Linking Senile Dementia to Type 2 Diabetes: Role of Oxidative Stress Markers, C-Reactive Protein and Tumor Necrosis Factor-Alpha. Neurol Res (2017) 39:587–95. doi: 10.1080/01616412.2017.1312773

40. Soliman, AT, Prabhakaran Nair, A, Al Masalamani, MS, De Sanctis, V, Abu Khattab, MA, Alsaud, AE, et al. Prevalence, Clinical Manifestations, and Biochemical Data of Type 2 Diabetes Mellitus Versus Nondiabetic Symptomatic Patients With COVID-19: A Comparative Study. Acta BioMed (2020) 91:e2020010. doi: 10.23750/abm.v91i3.10214

41. Liang, JJ, Liu, J, Chen, Y, Ye, B, Li, N, Wang, X, et al. Characteristics of Laboratory Findings of COVID-19 Patients With Comorbid Diabetes Mellitus. Diabetes Res Clin Pract (2020) 167:108351. doi: 10.1016/j.diabres.2020.108351

42. Lei, M, Lin, K, Pi, Y, Huang, X, Fan, L, Huang, J, et al. Clinical Features and Risk Factors of ICU Admission for COVID-19 Patients With Diabetes. J Diabetes Res (2020) 2020:5237840. doi: 10.1155/2020/5237840

43. Cheng, Y, Yue, L, Wang, Z, Zhang, J, and Xiang, G. Hyperglycemia Associated With Lymphopenia and Disease Severity of COVID-19 in Type 2 Diabetes Mellitus. J Diabetes Complications (2021) 35:107809. doi: 10.1016/j.jdiacomp.2020.107809

44. Holman, N, Knighton, P, Kar, P, O’Keefe, J, Curley, M, Weaver, A, et al. Risk Factors for COVID-19-Related Mortality in People With Type 1 and Type 2 Diabetes in England: A Population-Based Cohort Study. Lancet Diabetes Endocrinol (2020) 8:823–33. doi: 10.1016/S2213-8587(20)30271-0

45. Memar, MY, Alizadeh, N, Varshochi, M, and Kafil, HS. Immunologic Biomarkers for Diagnostic of Early-Onset Neonatal Sepsis. J Matern Fetal Neonatal Med (2019) 32:143–53. doi: 10.1080/14767058.2017.1366984

46. Hofer, N, Zacharias, E, Müller, W, and Resch, B. An Update on the Use of C-Reactive Protein in Early-Onset Neonatal Sepsis: Current Insights and New Tasks. Neonatology (2012) 102:25–36. doi: 10.1159/000336629

47. Pang, X, Zhu, Z, Xu, F, Guo, J, Gong, X, Liu, D, et al. Evaluation of Control Measures Implemented in the Severe Acute Respiratory Syndrome Outbreak in Beijing, 2003. JAMA (2003) 290:3215–21. doi: 10.1001/jama.290.24.3215

48. Groneberg, DA, Hilgenfeld, R, and Zabel, P. Molecular Mechanisms of Severe Acute Respiratory Syndrome (SARS). Respir Res (2005) 6:8. doi: 10.1186/1465-9921-6-8

49. Rogers, JP, Chesney, E, Oliver, D, Pollak, TA, McGuire, P, Fusar-Poli, P, et al. Psychiatric and Neuropsychiatric Presentations Associated With Severe Coronavirus Infections: A Systematic Review and Meta-Analysis With Comparison to the COVID-19 Pandemic. Lancet Psychiatry (2020) 7:611–27. doi: 10.1016/S2215-0366(20)30203-0

50. Badawi, A, and Ryoo, SG. Prevalence of Comorbidities in the Middle East Respiratory Syndrome Coronavirus (MERS-CoV): A Systematic Review and Meta-Analysis. Int J Infect Dis (2016) 49:129–33. doi: 10.1016/j.ijid.2016.06.015

51. Hosseiny, M, Kooraki, S, Gholamrezanezhad, A, Reddy, S, and Myers, L. Radiology Perspective of Coronavirus Disease 2019 (COVID-19): Lessons From Severe Acute Respiratory Syndrome and Middle East Respiratory Syndrome. Am J Roentgenol (2020) 214:1078–82. doi: 10.2214/AJR.20.22969

52. Taye, B, Chen, H, Yeo, DS, Seah, SG, Wong, MS, Sugrue, RJ, et al. A System Based-Approach to Examine Host Response During Infection With Influenza a Virus Subtype H7N9 in Human and Avian Cells. Cells (2020) 9:448. doi: 10.3390/cells9020448

53. The Lancet Infectious Diseases. A Proportionate Response to H7N9. Lancet Infect Dis (2013) 13:465. doi: 10.1016/S1473-3099(13)70134-8

54. Wu, W, Shi, D, Fang, D, Guo, F, Guo, J, Huang, F, et al. A New Perspective on C-Reactive Protein in H7N9 Infections. Int J Infect Dis (20) 44:31–6. doi: 10.1016/j.ijid.2016.01.009

55. Gao, H, Yao, H, Yang, S, and Li, L. From SARS to MERS: Evidence and Speculation. Front Med (2016) 10:377–82. doi: 10.1007/s11684-016-0466-7

56. Taneja, R, and Batra, P. Biomarkers as Point of Care Tests (POCT) in Neonatal Sepsis: A State of Science Review. J Neonatal Perinatal Med (2020). doi: 10.3233/NPM-200581

57. Vijayanand, P, Wilkins, E, and Woodhead, M. Severe Acute Respiratory Syndrome (SARS): A Review. Clin Med (2004) 4:152–60. doi: 10.7861/clinmedicine.4-2-152

58. Tam, CW, Pang, EP, Lam, LC, and Chiu, HF. Severe Acute Respiratory Syndrome (SARS) in Hong Kong in 2003: Stress and Psychological Impact Among Frontline Healthcare Workers. Psychol Med (2004) 34:1197–204. doi: 10.1017/s0033291704002247

59. Stadler, K, Masignani, V, Eickmann, M, Becker, S, Abrignani, S, Klenk, HD, et al. SARS: Beginning to Understand a New Virus. Nat Rev Microbiol (2003) 1:209–18. doi: 10.1038/nrmicro775

60. Chong, PY, Chui, P, Ling, AE, Franks, TJ, Tai, DY, Leo, YS, et al. Analysis of Deaths During the Severe Acute Respiratory Syndrome (SARS) Epidemic in Singapore: Challenges in Determining a SARS Diagnosis. Arch Pathol Lab Med (2004) 128:195–204. doi: 10.1043/1543-2165(2004)128<195:AODDTS>2.0.CO;2

61. Choi, WS, Kang, CI, Kim, Y, Choi, JP, Joh, JS, Shin, HS, et al. Clinical Presentation and Outcomes of Middle East Respiratory Syndrome in the Republic of Korea. Infect Chemother (2016) 48:118–26. doi: 10.3947/ic.2016.48.2.11

62. Bleibtreu, A, Bertine, M, Bertin, C, Houhou-Fidouh, N, and Visseaux, B. Focus on Middle East Respiratory Syndrome Coronavirus (MERS-CoV). Med Mal Infect (2020) 50:243–51. doi: 10.1016/j.medmal

63. Lu, S, Li, T, Xi, X, Chen, Q, Liu, X, Zhang, B, et al. Prognosis of 18 H7N9 Avian Influenza Patients in Shanghai. PloS One (2014) 9:e88728. doi: 10.1371/journal.pone.0088728

64. Gao, R, Wang, L, Bai, T, Zhang, Y, Bo, H, and Shu, Y. C-Reactive Protein Mediating Immunopathological Lesions: A Potential Treatment Option for Severe Influenza a Diseases. EBioMedicine (2017) 22:133–42. doi: 10.1016/j.ebiom.2017.07.010

65. Sullivan, SJ, Jacobson, RM, Dowdle, WR, and Poland, GA. H1N1 Influenza. Mayo Clin Proc (2010) 85:64–76. doi: 10.4065/mcp.2009.0588

66. Vernet, MA, Reynard, S, Fizet, A, Schaeffer, J, Pannetier, D, Guedj, J, et al. Clinical, Virological, and Biological Parameters Associated With Outcomes of Ebola Virus Infection in Macenta, Guinea. JCI Insight (2017) 2:e88864. doi: 10.1172/jci.insight.88864

67. Panter-Brick, C, Wiley, K, Sancilio, A, Dajani, R, and Hadfield, K. C-Reactive Protein, Epstein-Barr Virus, and Cortisol Trajectories in Refugee and Non-Refugee Youth: Links With Stress, Mental Health, and Cognitive Function During a Randomized Controlled Trial. Brain Behav Immun (2020) 87:207–17. doi: 10.1016/j.bbi.2019.02.015

68. Lai, W, Tang, Y, Huang, XR, Ming-Kuen Tang, P, Xu, A, Szalai, AJ, et al. C-Reactive Protein Promotes Acute Kidney Injury via Smad3-Dependent Inhibition of CDK2/Cyclin E. Kidney Int (2016) 90:610–26. doi: 10.1016/j.kint.2016.06.010

69. You, YK, Huang, XR, Chen, HY, Lyu, XF, Liu, HF, and Lan, HY. C- Reactive Pro-Tein Promotes Diabetic Kidney Disease in Db/Db Micevia the CD32b-Smad3-mTOR Signalling Pathway. Sci Rep (2016) 6:26740. doi: 10.1038/srep26740

70. Zafer, MM, El-Mahallawy, HA, and Ashour, HM. Severe COVID-19 and Sepsis: Immune Pathogenesis and Laboratory Markers. Microorganisms (2021) 9:159. doi: 10.3390/microorganisms9010159

71. Merad, M, and Martin, JC. Pathological Inflammation in Patients With COVID-19: A Key Role for Monocytes and Macrophages. Nat Rev Immunol (2020) 20(6):355–62. doi: 10.1038/s41577-020-0331-4

72. Rodríguez, Y, Novelli, L, Rojas, M, De Santis, M, Acosta-Ampudia, Y, Monsalve, DM, et al. Autoinflammatory and Autoimmune Conditions at the Crossroad of COVID-19. J Autoimmun (2020) 114:102506. doi: 10.1016/j.jaut.2020.102506

73. Wang, J, Jiang, M, Chen, X, and Montaner, LJ. Cytokine Storm and Leukocyte Changes in Mild Versus Severe SARS-CoV-2 Infection: Review of 3939 COVID-19 Patients in China and Emerging Pathogenesis and Therapy Concepts. J Leukoc Biol (2020) 108(1):17–41. doi: 10.1002/JLB.3COVR0520-272R

74. Wang, K, Qiu, Z, Liu, J, Fan, T, Liu, C, Tian, P, et al. Analysis of the Clinical Characteristics of 77 COVID-19 Deaths. Sci Rep (2020) 10:16384. doi: 10.1038/s41598-020-73136-7

75. Guo, Y, Korteweg, C, McNutt, MA, and Gu, J. Pathogenetic Mechanisms of Severe Acute Respiratory Syndrome. Virus Res (2008) 133:4–12. doi: 10.1016/j.virusres.2007.01.022

76. Cameron, MJ, Bermejo-Martin, JF, Danesh, A, Muller, MP, and Kelvin, DJ. Human Immunopathogenesis of Severe Acute Respiratory Syndrome (SARS). Virus Res (2008) 133:13–9. doi: 10.1016/j.virusres.2007.02.014

77. Wang, JT, Sheng, WH, Fang, CT, Chen, YC, Wang, JL, Yu, CJ, et al. Clinical Manifestations, Laboratory Findings, and Treatment Outcomes of SARS Patients. Emerg Infect Dis (2004) 10:818–24. doi: 10.3201/eid1005.030640

78. Peiris, JSM, Chu, CM, Cheng, VCC, Chan, KS, Hung, IFN, Poon, LLM, et al. Clinical Progression and Viral Load in a Community-Outbreak of Coronavirus-Associated SARS Pneumonia: A Prospective Study. Lancet (2003) 361:1767–72. doi: 10.1016/S0140-6736(03)13412-5

79. Chiang, CH, Shih, JF, Su, WJ, and Perng, RP. Eight-Month Prospective Study of 14 Patients With Hospital-Acquired Severe Acute Respiratory Syndrome. Mayo Clin Proc (2004) 79:1372–9. doi: 10.4065/79.11.1372

80. Sheng, WH, Chiang, BL, Chang, SC, Ho, HN, Wang, JT, Chen, YC, et al. Clinical Manifestations and Inflammatory Cytokine Responses in Patients With Severe Acute Respiratory Syndrome. J Formos Med Assoc (2005) 104:715–23.

81. Jang, TN, Yeh, DY, Shen, SH, Huang, CH, Jiang, JS, and Kao, SJ. Severe Acute Respiratory Syndrome in Taiwan: Analysis of Epidemiological Characteristics in 29 Cases. J Infect (2004) 48:23–31. doi: 10.1016/j.jinf.2003.09.004

82. Wang, H, Stokes, JE, and Burr, JA. Depression and Elevated Inflammation Among Chinese Older Adults: Eight Years After the 2003 SARS Epidemic. Gerontologist (2021) 61:273–83. doi: 10.1093/geront/gnaa219

83. Jafarzadeh, A, Chauhan, P, Saha, B, Jafarzadeh, S, and Nemati, M. Contribution of Monocytes and Macrophages to the Local Tissue Inflammation and Cytokine Storm in COVID-19: Lessons From SARS and MERS, and Potential Therapeutic Interventions. Life Sci (2020) 257:118102. doi: 10.1016/j.lfs.2020.118102

84. Khan, S, Rauf, A, Khan, A, Rizwan, M, Patel, S, Khan, H, et al. Comprehensive Review on Ebola (EBOV) Virus: Future Prospects. Infect Disord Drug Targets (2018) 18:96–104. doi: 10.2174/1871526517666170817100828

85. Peiris, JS, Guan, Y, and Yuen, KY. Severe Acute Respiratory Syndrome. Nat Med (2004) 10:S88–97. doi: 10.1038/nm1143

86. Franquet, T, Jeong, YJ, Lam, HYS, Wong, HYF, Chang, YC, Chung, MJ, et al. Imaging Findings in Coronavirus Infections: SARS-CoV, MERS-CoV, and SARS-CoV-2. Br J Radiol (2020) 93:20200515. doi: 10.1259/bjr.20200515

87. Cheng, QL, Ding, H, Sun, Z, Kao, QJ, Yang, XH, Huang, RJ, et al. Retrospective Study of Risk Factors for Mortality in Human Avian Influenza a(H7N9) Cases in Zhejiang Province, China, March 2013 to June 2014. Int J Infect Dis (2015) 39:95–101. doi: 10.1016/j.ijid.2015.09.008

88. Coelho, L, Póvoa, P, Almeida, E, Fernandes, A, Mealha, R, Moreira, P, et al. Usefulness of C-Reactive Protein in Monitoring the Severe Community-Acquired Pneumonia Clinical Course. Crit Care (2007) 11:R92. doi: 10.1186/cc6105

89. Keramat, F, Ghasemi Basir, HR, Abdoli, E, Shafiei Aghdam, A, and Poorolajal, J. Association of Serum Procalcitonin and C-Reactive Protein Levels With CURB-65 Criteria Among Patients With Community-Acquired Pneumonia. Int J Gen Med (2018) 11:217–23. doi: 10.2147/IJGM.S165190

90. Morton, B, Nweze, K, O’Connor, J, Turton, P, Joekes, E, Blakey, JD, et al. Oxygen Exchange and C-Reactive Protein Predict Safe Discharge in Patients With H1N1 Influenza. QJM (2017) 110:227–32. doi: 10.1093/qjmed/hcw176

91. Baqi, S, Naz, A, Sayeed, MA, Khan, S, Ismail, H, Kumar, V, et al. Clinical Characteristics and Outcome of Patients With Severe COVID-19 Pneumonia at a Public Sector Hospital in Karachi, Pakistan. Cureus (2021) 13:e13107. doi: 10.7759/cureus.13107

92. Reyes, S, Montull, B, Martínez, R, Córdoba, J, Molina, JM, Martí, V, et al. Risk Factors of a/H1N1 Etiology in Pneumonia and Its Impact on Mortality. Respir Med (2011) 105:1404–11. doi: 10.1016/j.rmed.2011.04.011

93. Vasileva, D, and Badawi, A. C-Reactive Protein as a Biomarker of Severe H1N1 Influenza. Inflamm Res (2019) 68:39–46. doi: 10.1007/s00011-018-1188-x




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Luan, Yin and Yao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-12-720363-g001.jpg
J®I0, ma

@ g

cosTean

D S
NK cell /
,fV -

Avs and complement consumprion






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Update Advances on C-Reactive Protein in COVID-19 and Other Viral Infections

      

        		

          Highlights

        



        		

          Introduction

        



        		

          CRP and COVID-19

        

          		

            CRP and Inflammation in COVID-19

          



          		

            CRP and CVD in COVID-19

          



          		

            CRP and Stroke in COVID-19

          



          		

            CRP and T2DM in COVID-19

          



          		

            CRP and COVID-19 Induced Sepsis

          



        



        



        		

          CRP and Other Viral Infections

        

          		

            CRP and SARS

          



          		

            CRP and MERS-CoV Infection

          



          		

            CRP and H7N9 Infection

          



          		

            CRP and Influenza A/H1N1

          



        



        



        		

          Conclusions

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-12-720363-g003.jpg
Nearly 30,000 cases of

EBOV was discovered | | HIN1 virus had been HTNS was a new subtype
forthe firsttime in 1976, | | confimed across 74 of influenza vins, which
and could produce Ebola | | counties by Jun 1, leaded 10 severe pneumonia

hemonhagic fever [54]. | | 2009(65): and ARDS [$2.53].

2003 I 2012 ] 2019

—_—

197 2009 l 2017 l

‘SARS was an infectious MERS, associated SARS-CoV2,a newly
disease with rapid with infection by a emerged pathogen in
transmission and high novel CoV. occued December 2019, marked as
‘mortaty in China at the in 2012 in Jordan[49. one of the highly

end of 2003(57-59.55]. 50.51.83.56). pathogenic CoV [1-5].






OEBPS/Images/fimmu.2021.720363_cover.jpg
, frontiers
in Immunology

Update Advances on C-Reactive
Protein in COVID-19 and Other
Viral Infections





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu-12-720363-g002.jpg
o

Cell activation or death

N

® @

&£

cre

Tnfection, damage

5

£ )

4

Platelet aggregation  Thrombosis

Endothelial cells Macrophages  Neutrophils. phagocyticcells  cardiovascular
ICAMCLVCAN1] || Tissue actor! || PI3K-Akt £ Complement | [ Fibrotsisori
No | Caspase3, activation nolysis

Apoptosis ARDS VD






OEBPS/Images/table1.jpg
Etiology

COVID-19
Inflammation
CVvD

Stroke
T2DM
Sepsis
Other viral infections
SARS
MERS
H7NO/H1N1
EBOV

CRP

Positive correlation and risk factor

Independent predictor and severity correlation

Vascular complication correlation and mortality predictor
Insulin correlation and risk factor

Diagnostic value and prognostic value

Progression correlation and mortality predictor
Positive correlation and severity correlation
Independent predictor and severity correlation
Positive correlation and severity correlation

References

CRP, C-reactive protein; CVD, cardiovascular disease; T2DM, type 2 diabetes mellitus; SARS, severe acute respiratory syndrome; MERS, Middle East respiratory syndrome; EBOV, Ebola virus.





