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Abstract

Since December 2019, coronavirus diseases-2019 (COVID-19) dispersed into 200 countries and affected more than 70
million people. The clear picture of the SARS-CoV-2 infection is still under investigation. In this review, we evaluated
whether C-reactive protein biomarker is able to predict the clinical outcomes or correlated with the severity of COVID-19
disease. The databases MEDLINE, Hinari, Google Scholar, and Google search were used to find potential studies published
from COVID-19 epidemic until May 2021. A format prepared in Microsoft Excel spreadsheet was used to extract the
appropriate details from each original report. For further review, the extracted data were exported to STATA/MP
version 16.0 software. Keywords including “COVID-19,” “SARS-CoV-2,” and “C-reactive protein,” among others were
used to search relevant articles. Only studies which reported the average C-reactive protein value and COVID-19
disease stage outcomes were included. Twenty articles were included in the review. All studies found considerably
higher level of C-reactive protein in patients with severe COVID-19 as compared to mildly infected patients. This review
evidenced that it is still there for a given biomarker to early identify the state of progression in asymptomatic and/or
mildly infected individuals into severe disease; the level of C-reactive protein may be used in predicting the likelihood
of disease progression. Findings from this review showed level of C-reactive protein is a good biomarker to predict
the severity of COVID-19 disease. Although COVID-19 researches are at the early stages, investigation of C-reactive
protein levels throughout the disease course may have paramount importance for clinicians in early detection of severe
manifestations and subsequently improve the prognosis. However, further large-scale studies are required to confirm
these findings.
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Introduction

From December 2019 to March 2020, COVID-19 has been
thought as epidemic in China.! It has then spread into more
than 200 countries, and declared as a global epidemic.?
Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), an etiologic agent, showed strong infectivity as
compared to other coronaviruses. Despite that fatality rate is
relatively lower than SARS-CoV and Middle East respira-
tory syndrome (MERS)-CoV, the increasing number of
COVID-19-related mortality needs especial attention.® The
infection with SARS-CoV-2 exhibits different clinical char-
acteristics; the majority of patients exhibit a clinical feature,
including fever, headache, cough, myalgia, diarrhea, haem-
optysis, and dyspnea. However, some individuals develop
severe form of the disease, such as acute respiratory distress
syndrome (ARDS).* There is also a possibility that non-
severe COVID-19 patients develop severe disease. Severely
infected patients are usually admitted in the intensive care
unit (ICU), while others in the isolation ward.>® Therefore, a
reliable and convenient biomarker that can reasonably esti-
mate the severity of COVID-19 disease is required.

Recent studies showed that C-reactive protein (CRP) is
positively correlated with the severity of different infections.
CRP is a plasma protein produced by the liver cells, called
hepatocytes, and its production can be induced by various
inflammatory mediators like IL-6. In addition to being a bio-
marker of acute inflammation, it has recently shown to be asso-
ciated with chronic inflammations, such as cardiovascular
diseases and Type II diabetes mellitus.” Also, the early expan-
sion of plasma CRP level is shown to increase the likelihood of
developing plasma leakage. Hence, CRP level could early pre-
dict COVID-19-associated severe pneumonia.® In this regard,
although there are blood markers that appear to be linked with
the degree of severity and mortality, the level of CRP was
sharply increased in severely SARS-CoV-2 infected patients.’
The pathological, physiological, and diagnostic methods of
COVID-19 are in the fact finding stage.!® Upon examination,
the clinical features can be interpreted more clearly through the
use of biological markers like CRP. Therefore, investigation of
the CRP level might have paramount importance for early
diagnosis and appropriate management of COVID-19-related
complications. This article aims to explore CRP in the context
of COVID-19 pathogenesis and assess how its level changes
with the severity of the disease.

Methods and materials

Search strategy

This systematic review was conducted to assess the correla-
tion between CRP level and COVID-19 disease among
infected patients. A comprehensive literature search was
done on PubMed/MEDLINE, Hinari, Google scholar, and
Google search to identify articles that discussed CRP and its
clinical implications for COVID-19 in agreement with

Preferred Reporting Item for Systematic Review and Meta-
analysis (PRISMA) guidelines.!' Besides the searching of
unpublished thesis, searches from some research centers and
library were done. All of the searches were restricted to
English language. The date of search was 27-30 April 2021
from all databases.

The terms “C Reactive Protein,” “Protein, C-Reactive,”
“C-reactive protein,” “S protein,” “severe acute respiratory
syndrome 2,” “2019-nCoV spike glycoprotein,” “coronavi-
rus disease 2019 virus spike glycoprotein,” “severe acute
respiratory syndrome coronavirus 2 spike glycoprotein,”
“SARS-CoV-2 S protein,” “SARS-CoV-2 spike protein,”
“COVID-19 virus spike protein,” “2019-nCoV spike pro-
tein,” “coronavirus disease 2019 virus spike protein,”
“COVID-19 virus S protein,” “S protein, SARS-CoV-2”
“Sprotein, COVID-19 virus,” and “COVID-19 virus spike
glycoprotein” were used in various combinations as primary
search keywords.

Inclusion and exclusion criteria

Studies were included if they have stated a correlation
between CRP and the severity of COVID-19, while consen-
sus documents, commentaries, and studies with no particular
report on the role of CRP in COVID-19 have been excluded.

Study selection

All studies identified through different databases were com-
bined, managed, and exported using Endnote software ver-
sion X9.2 (Thomson Reuters, Philadelphia, PA, USA). All
duplicated studies were removed and full text of the articles
was searched using Endnote software and manually.
Screening for eligibility of the individual articles was
assessed independently by two reviewers (G.Y.Y. and S.A.)
through review from title, abstract, and full text. The discrep-
ancy between reviewers were managed through discussion
and consultation with a third reviewer (F.Y.A. and G.W.A.).

Data extraction

Data were ascertained and obtained on a standardized form
used to record relevant items and entered into a database
(Microsoft excel). The following data were extracted and
recorded: study characteristics, authors, year of publication,
country, study design, average CRP value, and patient cate-
gory. The extracted data were checked by another reviewer
for accuracy.

Quality assessment

The modified version of a quality assessment tool for preva-
lence studies that is validated in previous study was used to
assess qualities of included studies. Two reviewers (G.Y.Y.
and S.A.) independently assess the quality of the included
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studies. This review addressed key domains: type of bio-
marker (CRP), level of the biomarker, correlation with sever-
ity of the disease, number of patients investigated, and
outcomes. The discrepancy between two reviewers was
solved through discussion and there are articles that were
included after consensus. The quality assessment tool meas-
ures a total of nine questions. Based on the value of the qual-
ity assessment tool, the highest score from all questions were
declared as having low risk of bias. Overall scores 0-3, 4-6,
and 7-9 were declared as low, moderate, and high risk of
bias, respectively!'? (Table 1).

Statistical analysis

It was impossible to do an appropriate meta-analysis because
of lack of research data among the studies on this subject.

Registration

The study was registered with PROSPERO, number
CRD42020202065.

Result

Study selection and identification

This systematic review includes published articles on CRP
among COVID-19 patients starting from the epidemic until
May 2021. A total of 630 articles were identified through data-
base search. The removal of duplicates leaves the articles into
141. Further screening was applied through reading the title
and abstract, another 105 duplicated articles were excluded.
Out of the remaining 34 articles, 14 were again excluded with
reasons. Eventually, 20 potential articles were included for
qualitative and quantitative synthesis, as summarized in
PRISMA flow diagram?3-10:13.15.17:20222527 (Fjgyre 1).

Characteristics of included studies

Ten of the 15 included studies have been done in China, '%1%-20:29

1 study was from Vietnam, 2 studies from United States,
2 studies from Iran,'®® 1 study from United Arab Emirates
(UAE),** 1 study from Turkey,?' another from United
Kingdom and China}810:13.15.1822232527 Fxcept one case
series study, all of the included studies are retrospective
cohort. A total of 15,434 study participants were included in
the review. The studies contain a minimum and maximum
sample size of 25 and 4514 participants, respectively®!”
(Table 2).

14,26

CRP and COVID-19 disease progression status

The clinical importance of CRP toward COVID-19 was
demonstrated by one of the retrospective single-center study
in China. The study showed that the majority of patients with
severe stage showed significantly higher level of CRP

compared to the non-severe cohort (100 vs 9.65mg/L)."3
Another retrospective cohort revealed the higher level of
CRP among severe clinical manifestations on CT scan than
those with moderate and mild manifestation 15 In addition, a
study done in Vietnam evidenced all COVID-19 patients
irrespective of the stage of the disease displayed a higher
level of CRP.'” In a separate study from China, individuals
died of COVID-19 exhibit higher CRP level (85.3mg/L)
than improved and discharged (53.5 mg/L).?°

A study in the United States showed CRP level was a
straightforward, quick, and cost-effective tool to estimate
the extent of tissue damage that is occurring in COVID-19
patients.'* In addition, a study in Turkey concluded that
inflammatory parameters, such as CRP, among others,
were associated with disease severity and could be used as
potentially important risk factors for COVID-19
progression.”!

Moreover, another study in China retrospectively assessed
the different biomarkers that could result in poor prognosis
among COVID-19 death individuals. Along with other mark-
ers, the level of CRP was showed to increase in 84.6% of
individuals of the last test before death as compared to the
first-time test.”” Therefore, except one article that showed
the higher level of CRP in all COVID-19 patients, all other
studies showed a sharp increase in the CRP level among
severe patients than mild and moderately infected individu-
als (Table 3).

Discussion

The number of infected individuals as well as death due to
COVID-19 is rapidly growing across the globe. Eventhough,
preparation of several vaccines and drugs are underway,
none of these are commercially available. It is clearly known
that an appropriate treatment of infected individuals has a
great implication in controlling the infectious diseases.
Hence, there is an urge of early indicator biomarker of sever-
ity in the era of COVID-19 that may help to initiate timely
and effective treatment strategies. '

This systematic review revealed that the average level of
CRP in mildly and severely ill patients were 33.27 and
81.28 mg/L, respectively. This indicates there is a net aver-
age difference of 48.041 mg/L between the groups. The ele-
vated level of CRP was witnessed in about 85% of severe
COVID-19 patients. It is not only indicating severe infec-
tion, but also shown to be a progression of poor outcome of
severe infection, since an elevated CRP level was observed
in 85% of patients before death.?’ This could be suggesting
that there is gradual inflammatory reaction in patients with
COVID-19.

In addition, the progression of non-severe to severe has
also been assessed, and all of them progresses to severe dis-
played elevated level of CRP. The CRP levels of those who
progressed to severe infection and those who remained non-
severe form was 43.8 and 12.1 mg/L, respectively. The study
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Figure |. PRISMA flow diagram of article selection for systematic review of CRP level and severity of COVID-I9.

Table 2. Characteristics of studies included for systematic review on the level of CRP and severity of COVID-19 disease, 2020.

S. No Author Country Study design Sample size
I Li et al.? China Retrospective 25

2 Han et al.? China Retrospective 185
3 Wang et al.? China Case series 209
4 Wang'® China Retrospective 27

5 Kermali et al.® United Kingdom Retrospective 4514
6 Pan et al.22 China Retrospective 124
7 Velavana et al."” Vietnam Retrospective 2652
8 Zhou et al.} China Retrospective 123
9 Luo et al.'? China Retrospective 298
10 Chen et al.' China Retrospective 249
Il Chen et al.® China Retrospective 76
12 Sadeghi-Haddad-Zavareh et al.'® Iran Retrospective 429
13 Potempa et al.'* United States Retrospective 140
14 Pepys'® United Kingdom Expert review Not available
15 Ali et al."” China Retrospective 63
16 Acar et al.?' Turkey Retrospective 148
17 Stringer et al.? United Kingdom Retrospective 1835
18 Statsenko et al.2* United Arab Emirates Retrospective 560
19 Cui et al.2® United States Retrospective 2707
20 Kazemi et al.2® Iran Retrospective 1070

CRP: C-reactive protein.
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also showed that CRP was the only marker which is related
to the progression of non-severe COVID-19 disease, specifi-
cally in every 1 unit increase in CRP level, the probability of
developing severe disease is increased by 5%.?> The notion
that CRP is correlated with diseases severity was supported
by another study. The study revealed the higher level of CRP
among non-survivors when compared to survivors.'?

In another study, upon admission, the severe COVID-19
patients were split up into discharge group and death event
group, and found a significant correlation between CRP and
death event.”>?® Likewise, a study demonstrated a progres-
sive increase in the CRP level from mild, moderate, and
severe pneumonia.® It is now well established that pneumo-
nia is the most common clinical feature of symptomatic
SARS-CoV-2 infection. Also, the severe form of pneumonia
resulting from excessive inflammation contributed to the
loss of lives related to COVID-19. CRP is an indicator of
systemic inflammation. Therefore, the level of CRP may
clearly show not only the progression of mildly infected
individuals but also dictate the recovery or adverse outcome
of severe patients. A study in the United Kingdom strongly
evidenced that the most accurate predictor of death was
found to be IL-6, with CRP coming in second.?’

In conclusion, infection with SARS-CoV-2 is character-
ized by exuberant inflammatory reaction, particularly of
severe form of the disease. It is still there for a given bio-
marker to early identify the state of progression in asympto-
matic and/or mildly infected individuals into severe disease.
With this in mind, the level of CRP may be appreciated in
predicting the likelihood of disease progression. The initia-
tion of early treatment option could be possible if regular
monitoring of its level for both symptomatic and asympto-
matic individuals. Furthermore, sharp increment of CRP
level from severity to death is also helpful to warn clinicians
for transfer of severe patients to intensive care unit.

Limitation of the review

The review lacks meta-analysis which may provide a more
powerful evidence than it was only systematic review. On
the contrary, most of the studies included in this article are
observational.

Conclusion

This systematic review showed that routine investigation of
CRP level had paramount contribution for predicting sever-
ity of COVID-19 disease and responding timely and appro-
priately. Moreover, large-scale multicenter studies is required
for its precision and accuracy.
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