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C-reactive protein as a prognostic marker in coronavirus disease-2019
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Coronavirus belongs to the family Coronaviridae, 
subfamily Orthocoronavirinae, and order Nidovirales. 
This novel virus was named as severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) by the WHO because 
of its similarity to SARS-CoV in its gene sequence. The 
first case of pneumonia caused by this virus was reported 
in Wuhan, China, in December 2019 [1]. The situation 
eventually took the form of a global pandemic. For the patients 
infected by SARS-CoV-2, it has been seen that some do not 
show signs of respiratory distress during the course of the 
disease, indicating the multifaceted nature of coronavirus 
disease-2019 (COVID-19) [1]. It has been observed that 
a number of patients with mild symptoms have suddenly 
progressed to severe illness [2]. Hence, it is important to 
timely diagnose and treat all patients to reduce the fatality 
rate and, hence, to improve the outcome. For this, a reliable 
and convenient diagnostic serological marker is essential to 
predict the severity of disease. A number of clinical studies 
have shown that altered levels of certain serological markers 
may be associated with disease severity [3-5]. Out of these 
markers, C-reactive protein (CRP) has been determined to be a 
valuable parameter which alters to significant levels in severe 
cases of COVID-19 disease [5]. CRP is an important acute-
phase reactant that can rise up to significant levels soon after 
the onset of inflammation, tissue injury, or cell damage. The 

raised CRP levels may be associated with the production of 
cytokines in complicated cases of disease caused by this virus. 
Just like SARS, patients critical of COVID-19 presented with 
raised plasma cytokine levels, suggesting the involvement 
of an inflammatory storm in disease pathogenesis [6]. CRP, 
a routinely measured inflammatory marker, was increased in 
most patients with COVID-19 and was also associated with 
disease severity [6-8]. Trends and threshold levels of CRP in 
severe cases of COVID-19 illness, if defined from a prognostic 
point of view, may help in risk stratification, guidance of 
clinical management of COVID-19 patients, and also help 
in monitoring of resource utilization. In this retrospective 
study, we aimed to determine the potential of CRP in outcome 
prediction of patients with COVID-19.

METHODS

Study Design and Participants

This retrospective, single-center study was conducted at 
Sharda Hospital, Greater Noida, from May 2020 to October 
2020. Sharda Hospital was requisitioned as a designated 
hospital for COVID-19. All patients with COVID-19 disease 
who had a clinical outcome (died or recovered) through 
May 2020 were enrolled in the study. Patients without CRP 
detection were excluded from the study. The confirmation 
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of severity of patients with COVID-19 was made according 
to guidelines issued by the Ministry of Health and Family 
Welfare, Directorate General of Health Services, Government 
of India. The study was approved by the Institutional Ethics 
Committee. Written consent was not required because of the 
retrospective nature of the study.

Data Collection

Information for each patient was obtained mainly by screening the 
health records and laboratory information systems provided by 
the hospital software. Epidemiological information including age, 
gender, underlying chronic diseases, and history of smoking and 
drinking was reviewed and assessed. The category of severity of 
COVID-19 and its corresponding CRP values was also reviewed 
and recorded.

Statistical Analysis

Statistical data analysis was performed using SPSS-21 software. 
Categorical variables were presented as numbers (%). The Chi-
square test was utilized to compare differences in categorical 
variables. Karl Pearson’s coefficient of correlation was used 
to analyze the correlation. p<0.05 was considered statistically 
significant. Multivariate analysis was carried out using a logistic 
regression model to analyze the association between mortality and 
related factors. Demographic factors (age and gender) and other 
variables, including comorbidities, were analyzed in multivariate 
analysis.

RESULTS

A total of 642 patients were enrolled in the study, which 
included 515 cases of mild illness, 78 cases of moderate illness, 

and 49 of severe illness. Out of the total patients, 620 recovered 
while 22 patients died of COVID-19. There were 398 males and 
244 females, with an age ranging from 10 to 85 years. There 
were 126 cases of hypertension, 104 cases of diabetes, 64 cases 
of coronary disease, 38 cases of chronic pulmonary disease, and 
48 cases of chronic renal disease. Although most patients who 
died were male, no significant difference was observed between 
gender and mortality (p>0.05). Age also had no significant 
effect on mortality (p>0.05). One hundred and eighteen 
(18.4%) patients had a history of smoking. No significant 
difference existed in the mortality rate of smokers and non-
smokers (p>0.05). Compared to survivors, the non-survivors 
had a significantly higher incidence of chronic diseases such 
as hypertension (p<0.05), diabetes (p<0.05), chronic pulmonary 
disease (p<0.05), and coronary disease (p<0.05), as shown 
in Table 1. However, no significant difference was observed 
between the survivors and non-survivors with chronic renal 
disease (p>0.05).

As indicated in Table 2, a strong positive correlation (r=0.989) 
was found between the values of CRP and mortality, which 
indicates that as the value of CRP increased, the chances of non-
survival of patients also increased. Hence, it can be deduced 
that CRP is a good prognostic marker for COVID-19 disease 
progression.

On multivariate analysis, it was observed that age (95% 
CI, 1.92–26.228; p=0.003), diabetes (95% CI, 0.01–0.372; 
p=0.002), hypertension (95% CI, 1.347–10.927; p=0.011), 
and CRP (95% CI, 0.094–0.899; p=0.032) were significantly 
associated with mortality of COVID-19 patients, as shown in 
Table 3.

On the basis of the above-mentioned facts, it can be deduced 
that CRP is a good prognostic marker in COVID-19 disease 
progression and, hence, can be used to predict the outcome of the 
disease.

Table 1: Epidemiological findings of patients with COVID-19
Finding Total patients (n=642) Survivors (n=620) Non-survivors (n=22) p value
Age (years) 0.101

<45 398 391 7
45–60 154 146 8
>60 90 83 7

Gender 0.291
Males 398 (62.0%) 382 (61.6%) 16 (72.7%)
Females 244 (38.0%) 238 (38.4%) 6 (27.3%)
Smoking 118 (18.4%) 114 (18.4%) 4 (18.2%) 0.799

Comorbidities
Hypertension 126 (19.6%) 116 (18.7%) 11 (50.0%) 0.000*
Diabetes 104 (16.2%) 100 (16.1%) 4 (18.2%) 0.041*
Coronary disease 64 (10.0%) 58 (9.4%) 6 (27.3%) 0.006*
Chronic pulmonary disease 38 (6.0%) 34 (5.5%) 4 (18.2%) 0.043*
Chronic renal disease 48 (7.5%) 42 (6.8%) 7 (31.8%) 0.063

*Statistically significant
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DISCUSSION

In this retrospective study, we tried to evaluate the significance 
of CRP in assessing the severity of COVID-19 illness. We also 
assessed the severity of disease as mild, moderate, and severe as 
per guidelines and correlated it with different epidemiological 
parameters and comorbidities.

On analyzing the possible factors associated with disease 
severity and mortality, it was found that comorbidities such as 
hypertension and diabetes along with age of patients and their 
CRP values were significantly associated with disease severity 
and hence mortality. This was in agreement with a study done 
in China where age and CRP were significantly associated with 
disease severity [9]. However, diabetes and hypertension were not 
significant contributing factors to disease severity according to 
that study [9]. On the other hand, a meta-analysis done in Brazil 
showed a positive association between diabetes and hypertension 
and COVID-19 severity and mortality [10].

In our study, we observed that the COVID-19 patients 
showed elevated CRP levels, which is in agreement with 
various other studies [5,11,12]. According to our study, CRP 
levels can well be associated with disease severity. This is 
in accordance with a study which reported that patients with 
severe disease had an average CRP concentration of 39.4 mg/L 
whereas those with mild symptoms had a CRP concentration 
of 18.8 mg/L [13]. Another study also reported increased 
levels of CRP in the severe group at the initial stage than 
those in the mild group [3]. The same study also reported a 
significant association between the concentration of CRP and 
the aggravation of non-severe patients with COVID-19 [3]. In 
another study also, it was found that the mean concentration 

of CRP was significantly higher in severe patients (46 mg/L) 
than in non-severe patients (23 mg/L) [14]. Another study 
conducted in China showed that the patients who died due to 
COVID-19 had about 10-fold higher levels of CRP than the 
survivors (median 100 vs. 9.6 mg/L) [9].

This study has few limitations. First, the relatively small 
number of patients limits the conclusions. For example, several 
indicators can be related to disease severity in univariate 
regression analysis, but only a few indicators, including CRP, 
remain significant in multivariate analysis. Future research 
should focus on these indicators as well. Second, the progression 
of disease is generally a dynamic process; thus, the CRP values 
which we have collected only at the time of admission to the 
hospital may not accurately reflect change in the condition. 
For that, time-to-time analysis of biomarkers is required. 
Furthermore, there is a need to evaluate the association between 
COVID-19 severity and other serological markers such as 
procalcitonin, lactate dehydrogenase, and ferritin which we have 
not done in this study.

CONCLUSION

It can be concluded from the above discussion that CRP levels are 
correlated well with the severity of COVID-19 illness. Therefore, 
it may be a suitable marker for assessing a patient’s condition 
along with other clinical parameters. Elevated CRP levels in 
COVID-19 patients might be an indication of high inflammatory 
stress and, hence, contribute toward severe illness or even death. 
Therefore, patients with significantly elevated CRP levels should 
be provided prompt attention and adequate treatment. However, 
the exact role of CRP in patients with COVID-19 still remains to 
be determined.
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