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A B S T R A C T

Background: The novel coronavirus disease 2019 (COVID-19) first broke out in Wuhan, China, spread over 227
countries and caused approximately 0.3 million death worldwide. Several biomolecules have been explored for
possible biomarkers for prognosis outcome. Although increased C reactive protein (CRP) is associated with death
due to COVID-19 infections, results from different populations remain inconsistent. For a conclusive result, the
present meta-analysis was performed.
Methods: We conducted a literature search in PubMed and Scopus database for the association of CRP con-
centration with COVID-19 disease outcomes. A total of 16 eligible studies were enrolled in the present analysis
comprising of 1896 survivors and 849 non-survivors cases. Concentrations of CRP were compared and analyzed
by a meta-analysis.
Results: Egger’s regression analysis (intercept = 0.04, P = 0.98, 95%CI = −5.48 to 5.58) and funnel plot
revealed an absence of publication bias in the included studies. Due to the presence of significant heterogeneity
across the studies (Q = 252.03, Pheterogeneity = 0.000, I2 = 93.65) random model was used for the analysis of the
present study. The results of the meta-analysis demonstrated a significant role of CRP in COVID-19 infection
outcome (Standard difference in means = 1.371, P = 0.000).
Conclusions: Concentrations of CRP remained high in patients who died of COVID-19 infection and could be a
promising biomarker for assessing disease lethality.

1. Introduction

The first case of Novel coronavirus disease 2019 (COVID-19) was de-
tected in Wuhan, China, in late December, that broke out worldwide, af-
fecting over 227 countries and caused approximately three lakhs deaths
till date (https://www.worldometers.info/coronavirus/ accessed on 13/
05/2020). The mortality rate remained 14.50% worldwide (https://www.
worldometers.info/coronavirus/ accessed on 13/05/2020). World Health
Organisation had declared COVID-19 as pandemic disease (http://www.
euro.who.int/en/health-topics/health-emergencies/coronavirus-covid-19/
news/news/2020/3/who-announces-covid-19-outbreak-a-pandemic). As
of today (13/05/2020), the United States of America contributed the
highest number of infected cases and death due to COVID-19 in compar-
ison to other populations (https://www.worldometers.info/coronavirus/
accessed on 13/05/2020). COVID-19 infection displays a wide range of
clinical manifestations. A recent study [1] highlighted cough, sputum

production, diarrhoea, nausea/vomiting, and shortness of breath as more
frequent clinical phenotypes in critical/non-survived COVID-19 patients,
and in contrast, fever and headache were
less prevalent. Furthermore, the pathogenesis of the diseases is
regulated by several host factors. Various biomolecules such as
aspartate aminotransferase, creatinine, high-sensitive cardiac troponin,
procalcitonin, lactate dehydrogenase, and D-dimer has been increased in
COVID-19 critical patients in comparison to those with non-severe infected
cases [1].

The upregulation of C reactive protein (CRP) has been reported
during severe acute respiratory syndrome (SARS) outbreak in 2002 and
associated with respiratory dysfunctions and death of the patients [2].
Based on these observations, various studies were carried out in COVID-
19 patients hypothesizing CRP as one of the possible biomolecules
linked with the death of the infected patients. However, the observa-
tions of the reports remained contradictory.
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2. Materials and methods

2.1. Literature search strategy

Two authors, RKK and BRS searched various databases (Medline,
ScienceDirect, and Scopus) to trace eligible studies for the present meta-
analysis. The keywords used for the search were “COVID-19, cor-
onavirus 2019, 2019-nCoV, SARS-CoV-2, CRP, C-reactive protein, sur-
vivors, non-survivors, death, (till 10th May 2020). The title and ab-
stracts of the articles obtained were screened, and apposite papers were
downloaded. Furthermore, various preprint servers (bioRxiv, medRxiv
and SSRN) were also screened with the above-mentioned keywords.

2.2. Inclusion and exclusion criteria

Various inclusion and exclusion criteria were considered in the
present investigation. Inclusion of a report in the current meta-analysis
must have a) added analysis for death and survivors, b) plasma/serum
CRP concentrations, c) data must be presented in mean ± standard
deviation (S.D) or median (interquartile range). Exclusion of the articles
was based on the following conditions: a) duplicate articles, b) research
articles, including only survivors or death cases, c) lack of CRP con-
centrations data d) review article, summaries, or case report.

2.3. Data extraction

Two authors BRS and AP extracted data such as authors' details,
years of publication, population, number of COVID-19 infected sub-
jects, death and survivors, CRP concentrations in mean ± S.D. or
median (interquartile range), significance value. Details are shown in
Table 1.

2.4. Statistical analysis

The meta-analysis was performed by comprehensive meta-analysis
V3.1 software (Biostat). Begg’s funnel plot and Eggers linear regression
analysis were employed to test publication bias. CRP data was available
in the median (interquartile range) format in most of the included re-
ports, and those were converted into mean ± standard deviation ac-
cording to an earlier report [3]. Association of CRP concentrations with
COVID-19 disease prognosis was analyzed, and the combined standard
difference in means and P-values were calculated. The Q test and I2

statistics evaluated heterogeneity among included reports. Based on the
results of heterogeneity statistics, random (heterogeneous), or fixed

model (non-heterogenous) were deployed for analysis. Furthermore, a
sensitivity analysis was performed to test the robustness of the meta-
analysis.

3. Results and discussion

A total of 122 and 153 articles were obtained after searching
PubMed and Scopus, respectively. After screening the titles, abstracts,
and full text based on inclusion and exclusion criterias, 14 articles,
including data of 15 different cohorts were enrolled for the present
analysis. Further, we found two articles related to our searched norms
from preprint servers. Baseline data from all eligible publications were
extracted and presented in Table 1. CRP data in median (interquartile
range) were converted into the required format of CMA V3.1 software
(mean ± S.D and sample number)[3].

Both Egger’s regression analysis (intercept = 0.04, 95% confidence
interval = -5.48 to 5.58 and P = 0.98) and Begg’s funnel plot
(Supplementary Fig.-1) revealed absence of publication bias in the
studied reports. Further, significance heterogeneity across enrolled
studies was observed (Q = 252.03, Pheterogeneity = 0.000, I2 = 93.65),
suggesting a random model as an appropriate model for testing of as-
sociation between CRP concentrations and mortality from COVID-19
infection.

The result of the meta-analysis is shown in Fig. 1. Patients, who died
of COVID-19 infections, displayed significantly higher CRP concentra-
tions compared to the survivors (P = 0.000, the standard difference in
means = 1.371). Sensitivity analysis by the exclusion of a study each
time demonstrated a significant association of CRP with mortality,
further strengthen the observation of the present analysis (Supple-
mentary Fig.-2). CRP is an acute-phase protein responsible for the
clearance of pathogens through the complement system and enhanced
phagocytosis. The most common complications in non-survivors
COVID-19 infected patients include acute respiratory distress syn-
drome, acute cardiac injury, acute kidney injury, shock, disseminated
intravascular coagulation, and a significant alterations in CRP level
have been observed in these subjects [4]. A positive correlation be-
tween CRP concentrations with the lung lesion in COVID-19 infected
patients has been demonstrated [2]. Furthermore, the induction of
acute kidney damage [5] and the extent of the cardiac injury [6] has
been directly linked with the CRP concentrations. Possibly for clearance
of viral infections, immune system responded more vigorously by pro-
ducing various immune molecules and production of CRP [7] beyond
threshold limit may lead to dysfunction of various organ system in
COVID-19 infected patients. Production of CRP is controlled by genetic

Fig. 1. Forest plot of the association between C-reactive protein and survival status of COVID-19 infected patients. Data from earlier published articles were analyzed
in Comprehensive meta-analysis software.
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makeup of the subject [8] and it would be interesting to investigate
candidate genetic approach in different populations to obtain firm
conclusion. The results of the present analysis and earlier observations
altogether highlighted the importance of CRP as a possible biomarker
for mortality by COVID-19 infection. However, more studies are re-
quired in different populations to validate the findings of the present
report.
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