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Abstract

Coronavirus disease 2019 (COVID-19) is an infectious disease that can develop multiple complications and even be life-
threatening. The aim of this study is to summarize current evidence of C-reactive protein’s (CRP) predictive value for disease
severity and survival of COVID-19 patients, focusing on curing patients and reducing the risk of death. We systematically
searched related studies from four large databases: Web of Science, PubMed, China National Knowledge Infrastructure
(CNKI), and Wanfang Database, all published between December 2019 and June 2021. Then, we implemented meta-analysis
using random-effects models through STATA 15.1 and Review Manager 5.3. We also implemented sensitivity analysis and
used funnel plots to check publication bias. From the systematic search of the four databases, we were able to identify 18 stud-
ies containing a total of 3052 patients. Meta-analysis results showed that 1) CRP levels were lower in non-severe patients than
in severe patients (Standardized Mean Difference (SMD)= —0.87 mg/L, 95% Confidence Interval (CI)=[ —1.27, —0.47],
p<0.001); 2) CRP levels were lower in non-intensive care unit (ICU) patients than in ICU patients (SMD=—1.39 mg/L, 95%
CI=[-1.68,—1.11], p<0.001), and 3) CRP levels were lower in survivors than in non-survivors (SMD =—1.32 mg/L., 95%
CI=[-1.95, -0.69], p<0.001). Sensitivity analysis showed these results were stable. Funnel plots indicated no publication
bias. The CRP level may timely reflect disease severity and predict survival of COVID-19 patients and may be worthy of
further popularization and application in clinic practice.
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Introduction

Coronavirus disease 2019 (COVID-19) is characterized
by high infectivity, high pathogenicity, and atypical clini-
cal symptoms [1]. According to studies, it spreads faster
and is more contagious than SARS [2]. Thus, COVID-19
poses a great threat to the health and safety of global public
health [3]. With accumulating studies, scientists have real-
ized that comprehensive monitoring of disease severity and
effective early intervention are critical to reduce COVID-
19 mortality [4]. Inflammatory markers can better monitor
disease severity and detect mortality rate. Therefore, they
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play a significant role in the association of high-risk devel-
opment to severe COVID-19 [5, 6]. These inflammatory
markers include procalcitonin, serum ferritin, erythrocyte
sedimentation rate, C-reactive protein (CRP), and interleu-
kin-6. CRP is one of the sensitive markers of non-specific
inflammatory response in human body. The literature CRP
also increases in viral infection, although not as substan-
tially as in bacterial infection [7]. Meanwhile, detection of
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CRP has the advantages of various methods, speed, point-
of-care test, and low price. Therefore, besides the differential
diagnosis of bacterial versus viral infection [8], CRP can be
used for the diagnosis, differential diagnosis, and prognosis
prediction of novel coronavirus infection [9].

To date, although multiple studies have reported the
relationship between CRP levels and COVID-19 severity,
the conclusions are inconsistent, and a systematic review is
lacking. To fill this gap, we conducted this systematic review
and meta-analysis to summarize the current evidence for the
relationship of CRP levels with disease severity and survival
of COVID-19 patients.

Methods
Search strategy

To identify studies eligible for inclusion, we conducted a
comprehensive and systematic search of the literature pub-
lished between December 2019 and June 2021. We searched
the following electronic databases: Web of Science, Pub-
Med, China National Knowledge Infrastructure (CNKI), and
Wanfang Database. Then, we used the following keywords,
both separately and in combination, as part of the search
strategy in each database: “COVID-19” “2019-nCoV” and
“C-reactive protein”. The detailed search strategy was saved
for future inquiries and usages.

Selection criteria

We applied the following criteria to select eligible studies.
Inclusion criteria: (1) patients diagnosed with COVID-19
and had a SARS-CoV-2 RNA-positive result; (2) patients
divided into the intensive care unit (ICU) group and non-
ICU group, or survivor group and non-survivor group; (3)
relevant data of CRP level are available. Exclusion criteria:
(1) studies with no control group; (2) no clear diagnostic cri-
teria for COVID-19; (3) duplicate reports, incomplete data,
or unusable literature; (4) reviews, case reports, and con-
ference papers. In this meta-analysis, we classified patients
with severe or critical COVID-19 as severe, and those with
mild or moderate COVID-19 as non-severe.

Data extraction and quality assessment

The authors (LC & SW) screened the records of the ini-
tial search to rule out any duplicate and unrelated studies.
The following data were extracted: first author, publica-
tion date, region, cases, age, sex, outcome, and CRP levels
in diverse groups. We resolved all disagreements through
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group discussions with senior author (JL). To assess the
quality of all potentially eligible studies, we used the New-
castle-Ottawa Scale (NOS). The NOS has a full score as
nine, with four to six as “moderate,” and seven to nine as
“high” quality research.

Statistical analysis

We converted continuous data to mean + SD (standard devia-
tion) and calculated the 95% confidence intervals (CI) for
weighted mean differences between patient groups. Stand-
ardized mean differences (SMD) were used to build forest
plots of continuous data and to evaluate differences in CRP
levels between COVID-19 patients with non-severe versus
severe, non-ICU vs. ICU, or survivors vs. non-survivors.
Heterogeneity of SMD across studies was tested by using
the Q statistic (significance level at p <0.10). The I* statis-
tic, a quantitative measure of inconsistency across studies,
was also calculated (I2 <25%, no heterogeneity; I? between
25 and 50%, moderate heterogeneity; I% between 50 and
75%, large heterogeneity; and I” > 75%, extreme heteroge-
neity) [10]. To assess potential impact of omitted studies,
we implemented sensitivity analysis, and used the one-way
sensitivity analysis. To detect potential publication bias, we
used the funnel plots [11] together with the Egger asym-
metry test [12]. For Meta-Analysis, we used the STATA
software package, version 15.1 (Stata Corporation, College
Station, Texas, USA) and the Review Manager 5.3 [13].

Results
Literature search and studies characteristics
From the initial literature search, we identified a total of

3052 records with 189 studies subsequently excluded due to
duplication (Fig. 1). After reviewing the titles and abstracts,
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Fig. 1 Literature search and filtering of studies
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we excluded 2,799 studies according to the inclusion and
exclusion criteria and obtained 44 studies. We further
excluded 26 studies by scrutinizing the full text and included
18 studies in our meta-analysis. All these studies were pub-
lished in 2020 and involved 5,381 patients. We classified
nine studies into non-severe and severe groups, two into non-
ICU and ICU groups, and eight into COVID-19 survivors
and non-survivors.

Individual study characteristics and patient demograph-
ics are shown in Table 1, and their qualities according to the
Newcastle—Ottawa Scale (NOS) are listed in Table 2. Based
on the NOS, all the 18 enrolled studies have high quality,
with the NOS scores ranged from 7 to 9. Eighteen stud-
ies (n=15381) described CRP levels in patients diagnosed

Table 1 Characteristics of the 18 enrolled studies in the meta-analysis

with COVID-19. The mean age of patients included in the
study was 59.25 +19.07 years, and 54.56% were male. Fif-
teen studies were conducted in China (the other three were
performed in the USA, Morocco, and England), all of which
involved hospitalized patients.

Association of CRP levels with the severity
of COVID-19

Overall, elevated CRP levels were found in patients with
COVID-19 in all included studies. The results of random-
effects model showed that for patients grouped according to
COVID-19 severity, CRP levels were higher in patients with

First author Year Country Design Cases Age (years, Sex (male, %) Non- non-ICU/ICU Survivors/
Mean +SD) severe/ (n) non-survivors
severe (n) (n)
Hu, Xingsheng 2020 China Retrospective 213 45.40+1791 102 (47.8) 175/38 193/20 -
[14] cohort
Huang, Hui- 2020 China Retrospective 64 47.80+18.50 37 (57.8) 43/21 - -
huang [15] cohort
JV Thompson 2020 England Retrospective 470  68.70+17.40 255 (54.3) 301/169 - -
[16] cohort
Li, Jian [17] 2020 China Retrospective 326  60.95+15.64 171 (52.5) - - 96/230
cohort
Luo, Xiaomin 2020 China Retrospective 298  55.25+21.60 150 (50.3) - - 214/84
[18] cohort
Maryame, 2020 Morocco Retrospective 145  48.24+23.21 75 (51.7) 101/44 - -
Ahnach [19] cohort
Miao, Yang [20] 2020 China Retrospective 108  50.65+23.29 42 (38.9) 84/24 - —
cohort
Milad Sharifpour 2020 USA Retrospective 268  63.00+15.00 149 (55.6) - - 201/67
[21] cohort
Pan, Feng [22] 2020 China Retrospective 124 63.59+21.00 85 (68.6) - - 35/89
cohort
Wang, Jing-Bo 2020 China Retrospective 56 48.89+44.89 24 (42.9) 45/11 - -
[23] cohort
Wang, Jun-Hong 2020 China Retrospective 1135 60.25+14.10 545 (48.0) - - 1074/61
[24] cohort
Wei, Zhang [25] 2020 China Retrospective 65 45.50+14.40 37 (56.9) 49/16 - -
cohort
Yang, Chongtu 2020 China Retrospective 203 59.89+14.93 115 (56.7) - - 145/58
[26] cohort
Yu, Caizheng 2020 China Retrospective 1663  62.25+14.10 838 (50.4) 799/864 - -
[27] cohort
Zhang, Jin-jin 2020 China Retrospective 140  56.30+46.44 71 (50.7) 82/58 - -
[28] cohort
Zhang,Lin [29] 2020 China Retrospective 101 60.78 +12.98 87 (64.9) - - 101/33
cohort
Zheng, Yongli 2020 China Retrospective 99 49.39+18.45 51(52.0) 67/32 - -
[30] cohort
Zhou, Jian [31] 2020 China Retrospective 201 45.98+18.82 102 (50.7) - 156/45 -

cohort
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more severe disease. (SMD=-0.87 mg/L, 95% CI=[—1.27,
—0.47], p<0.001) (Fig. 2A). According to the outcomes of
COVID-19 patients, CRP levels in non-survivors were 1.32
times higher than those in survivors (SMD =—1.32 mg/L,
95% CI=[-1.95, —0.69], p<0.001) (Fig. 2B). In addition,
CRP levels were reported in two studies that categorized
COVID-19 patients according to whether they required ICU
treatment. Like fixed-effect results, CRP levels were sig-
nificantly higher in ICU patients than in non-ICU patients
(SMD=-1.39mg/L, 95% CI=[-1.68, —1.11], p<0.001)
(Fig. 2C).

Investigation of heterogeneity

Extreme heterogeneity between studies was observed
(I*=91% or 97%; p <0.001). Sensitivity analysis showed
that the heterogeneity decreased significantly from 91 to
71% after Yu’s study was deleted between the non-severe

Std. Mean Difference
IV, Random, 95% CI

group and the severe group (Fig. 3A). This prompts us to
remove the study from the meta-analysis, while hetero-
geneity among studies remained high. Additionally, the
exclusion of any study between the non-survivor and sur-
vivor groups did not affect the results (Fig. 3B).

Visual funnel plots were examined (Fig. 4), and Egger’s
linear regression test was performed to evaluate publica-
tion bias. The results showed that no significant publica-
tion bias was detected between the survival group and the
non-survival group (P=0.241). However, evidence of pub-
lication bias was observed between the non-severe group
and the severe group (P =0.006). The combined effect size
did not significantly change after the trim-and-fill method
(before trim-and-fill: —0.87 [—1.27, —0.47] after trim-
and-fill: —0.88 [—1.28, —0.47]). Therefore, publication
bias had no significant impact on the results of the meta-
analysis. Due to the limited number of available studies
included in the ICU and non-ICU groups, no publication
bias assessment was performed.

Std. Mean Difference
IV, Random, 95% CI

A
Non-severe severe

Study or Subgrouy Mean SD Total Mean SD Total Weight
Huetal.2020 1311 16.07 175 2919 29.97 |/ MI%
Huang et al 2020 638 683 43 2363 252 21 10.4%
Maryame etal 2020 726 1175 101 8452 9511 44 11.5%
Miao et al. 2020 19.31 2557 84 5233 3333 24 10.8%
Wang et al.2020 5299 98.14 45 5528 87.24 11 9.6%
Wiel etal.2020 486 435 43 5544 T71.61 16 9.9%
Yu et al.2020 2664 3706 799 3475 5042 864 12.8%
Zhang a etal.2020 3018 3218 82 5202 50.55 58 11.9%
Zheng et al.2020 1293 1848 67 49.63 4811 32 1MA%
Total (95% Cl) 1445 1108 100.0%

Heterogeneity: Tau®=0.33; Chi*= 8269, df= 8 (P < 0.00001), F=91%
Testfor overall effect: Z=4.24 (P < 0.0001)
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Fig. 2 Forest plots of CRP levels among subgroups of COVID-19 patients: A. Non-Severe vs. Severe; B. non-ICU vs. ICU; and C. Survivors vs.

Non-survivors
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Fig.3 Sensitivity analyses. A. Severe and non-severe patients. B.
Survivors and non-survivors

Discussion

CRP is an extremely sensitive systemic marker of the acute
phase of inflammation, infection, and tissue injury and can
be used as an indicator of inflammation [32]. In this study,
we found a significant increase in serum CRP levels in
severe COVID-19 disease, consistent with the findings of
an earlier study [4]. Meta-analysis showed that this increase
was significantly associated with adverse clinical outcomes,
including ICU admission and death. CRP levels were 0.87
times higher in patients with severe COVID-19 than in
patients without severe COVID-19 and 1.32 times higher in
non-survivors than in survivors. More precisely, the higher
the CRP level, the worse the prognosis.

In recent years, large numbers of CRP deposits have
been found in inflammatory lesions of vascular endothelium
infected with pathogens [33]. However, CRP usually has the
largest deposits and is accompanied by the most obvious
inflammatory reactions [34]. It is extremely sensitive in the
acute stage of the disease while patients have tumor infec-
tion or inflammation. The concentration of CRP in plasma
will rise rapidly, which is 2000 times the normal level [35].
At present, due to the different sensitivity of measurement
methods, the normal value of CRP remains controversial,
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19 patients and B. survivors and non survivors

most people believe that it is less than 10 mg/L [36]. But an
increasing number of studies have shown that even a slight
increase in CRP indicates the presence of inflammation
[37]. In this study, we found that the serum CRP content of
severe COVID-19 patients was significantly higher than that
of non-severe patients, and CRP was consistently expressed
at an elevated level during persistent infection. This finding
suggests that CRP increased rapidly in inflammation, and
the extent of increase was correlated with the severity of
inflammation. On the contrary, the extent of increase was
not obvious in viral infection. CRP increased significantly
in critically ill patients. We speculated the reason was these
patients were accompanied by bacterial infection along with
the development of the disease. In addition, endotoxin or
cytokines were inhibited and decomposed. This resulted in
an increase in the content of CRP, which indirectly indicated
that some patients with COVID-19 rapidly develop severe
disease. Additionally, Vitamin D (VD) and its active metab-
olites have immunomodulatory effects and may play an
important role in COVID-19 infection [38]. However, vita-
min D deficiency (VDD) is common in the general popula-
tion [39]. VDD (<20 ng/dL) increases the risk of respiratory
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infections, promotes the progression of pulmonary disease,
and is associated with poor outcomes for patients in inten-
sive care units [40]. Meanwhile, studies have shown that
hypocalcemia (serum total calcium < 8 mg/dL) patients had
poorer clinical and laboratory parameters, higher rates of
organ failure and septic shock, and higher 28-day mortality
[41]. Therefore, we propose that combined the detection of
vitamin D and CRP levels in the body to better predict the
severity of disease in patients.

One comprehensive review on COVID-19 and the endo-
crine system [42] is instrumental to our study. In that review
[42], Lisco and colleagues thoroughly summarized topics
related to COVID-19 and the endocrine system. They found
that patients with COVID-19 were not necessarily at higher
risk for endocrine disorders or dysfunction. But the risk is
higher if the patient's disease is related to the hypothalamic-
pituitary region, thyroid and parathyroid glands, calcium
phosphate homeostasis and osteoporosis, or adrenal glands
and gonads. In the current COVID-19 pandemic, it is recom-
mended to strengthen the education of high-risk groups and
the management of endocrine diseases. Medical consulta-
tion, laboratory testing and digital telemedicine should be
used to further improve the capacity of epidemic prevention
and control. Therefore, this study paves the road to explore
and apply our findings.

To our knowledge, the novel coronavirus pneumonia has
been studied by [43—45], among others. It is confirmed that
CRP is an important indicator to predict deterioration of
the COVID-19 condition and poor prognosis. But it does
not reflect the level and change of the level of the patients
under different conditions (such as severe and non-severe,
ICU and non-ICU, AND survivors and non-survivors). It
also failed to deeply explore the application value of CRP
in the evaluation of the condition and prognosis of patients
with covid-19. This study is filling this gap.

Admittedly, our meta-analysis has limitations. First, most
studies had heterogeneity, which could not be eliminated
despite sensitivity analysis. Second, the studies included in
this meta-analysis were from China, and further investiga-
tion is needed to determine whether the conclusions of other
countries are consistent. Finally, this study is not enough to
explore the potential molecular mechanism between CRP
and COVID-19 severity, and in-depth studies are warranted.

In conclusion, our systematic review of studies in China
found that the level of inflammation marker CRP may
be positively correlated with the severity of COVID-19,
and that measuring CRP levels may be helpful for clini-
cians to monitor and evaluate the severity and prognosis of
COVID-19.

Acknowledgements We are deeply grateful to the Editor and the anon-
ymous reviewers for their instrumental and constructional comments,
which substantially improved the quality of this manuscript during
several rounds of revision. We also sincerely thank Ms. Aaliyah Yan at

Northeastern University, Boston, USA, and former Editor-in-Chief of
Algonquin Harbinger High School Newspaper, Northborough, Massa-
chusetts, USA, for her tireless, thorough, and excellent English editing
of the manuscript.

Author’s contributions Conceptualization was contributed by LC, SW,
CY, and JL. Data curation was contributed by LC, SW, and XW. For-
mal analysis was contributed by LC, SW, XW, CY, and JL. Funding
acquisition was contributed by JL. Investigation was contributed by
LC, SW, XW, CY, and JL. Methodology was contributed by LC, SW,
CY, and JL. Project administration was contributed by LC, SW, and
XW. Resources were contributed by JL. Supervision was contributed
by CY and JL. Validation was contributed by LC, SW, XW, CY, and
JL. Visualization was contributed by LC, SW, XW, CY, and JL. Writ-
ing—original draft was contributed by LC, SW, XW, and JL. Writ-
ing—review and editing was contributed by LC, SW, XW, CY, and JL.

Funding None.

Declarations

Conflict of interest The authors declare that they have no competing
interests.

Ethical approval All analyses were based on previous published stud-
ies; thus, no ethical approval is required.

Informed consent All analyses were based on previous published stud-
ies; thus, no informed consent is required.

References

1. LuH, STRATTON CW, TANG. YW. Outbreak of pneumonia of
unknown etiology in Wuhan China: the mystery and the miracle.
J Med Virol. 2020;92(4):401-2.

2. Wang K, He Y, Li F, Shi Y. Epidemiological characteristics of
novel coronavirus pneumonia and severe acute respiratory syn-
drome and strategies for prevention and control of neonatal novel
coronavirus pneumonia. J Pediatr Pharm. 2020;26(4):46-8.

3. Miyah Y, Benjelloun M, Lairini S, et al. COVID-19 Impact on
public health, environment, human psychology, global socioec-
onomy, and education. Sci World J. 2022;2022(4):1-8.

4. Zeng F, Huang Y, Guo Y, Yin M, Chen X, Xiao L, Deng G. Asso-
ciation of inflammatory markers with the severity of COVID-19:
a meta-analysis. Int J Infect Dis. 2020;96(7):467-74.

5. Cheng K, Wei M, Shen H, Wu C, Chen D, Xiong W, et al. Clini-
cal characteristics of 463 patients with common and severe type
coronavirus disease. Shanghai Med J. 2020;43(4):224-32.

6. Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al. Dysregula-
tion of immune response in patients with COVID-19 in Wuhan.
China Clin Infect Dis. 2020;71(15):762-8.

7. Zhao J. The value of PCT and CRP in patients with bacterial
infection. Front Med. 2020;10(3):2.

8. Fan S, Ma L, Yan L, et al. The diagnostic value of C-reactive
protein, interleukin-6 and procalcitonin combined detection in
infectious diseases. J InnerMong Med Univ. 2017;39(3):239-43.

9. Tang J, Xuan C, Lin J, et al. Clinical significance of detecting
c-reactive protein, interleukin-6 and procalcitonin in COVID-19.
J Pract Med. 2020;36(7):839-41.

10. Paliogiannis P, Mangoni AA, Cangemi M, et al. Serum albumin
concentrations are associated with disease severity and outcomes

@ Springer



Clinical and Experimental Medicine

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

in coronavirus 19 disease (COVID-19): a systematic review and
meta-analysis. Clin Exp Med. 2021;21(3):343-54.

. Sterne JA, Egger M. Funnel plots for detecting bias in meta-

analysis: guidelines on choice of axis. J Clin Epidemiol.
2001;54(10):1046-55.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in
meta-analysis detected by a simple, graphical test. BMJ.
1997;315:629-34.

Zhong W, Wu Y, Gu L. Review Manager (RevMan)-clinician’s
Bridge to Meta-analysis. Evid Based Med. 2003;3(4):13.

Hu X, Hu C, Yang Y, et al. Clinical characteristics and risk fac-
tors for severity of COVID-19 outside Wuhan: a double-center
retrospective cohort study of 213 cases in Hunan China. Ther Adv
Respir Dis. 2020;14:1753466620963035.

Huang H, Song B, Xu Z, et al. Predictors of coronavirus disease
2019 severity: a retrospective study of 64 cases. Jpn J Infect Dis.
2020;74(1):54-60.

Thompson JV, Meghani NJ, Powell BM, et al. Patient character-
istics and predictors of mortality in 470 adults admitted to a dis-
trict general hospital in England with Covid-19. Epidemiol Infect.
2020;148: 285.

LiJ, Yang L, Zeng Q, et al. Determinants of mortality of patients
with COVID-19 in Wuhan, China: a case-control study. Annals
of palliative medicine. 2020;10(4):3937-50.

Luo X, Zhou W, Yan X, et al. Prognostic Value of C-reactive
protein in patients with coronavirus 2019. Clin Infect Dis.
2020;71(16):2174-9.

Ahnach M, Zbiri S, Nejjari S, Ousti F, Elkettani C. C-reactive pro-
tein as an early predictor of COVID-19 severity. ] Med Biochem.
2020;39(4):500-7.

Yang M, Chen X, Xu Y. A retrospective study of the c-reactive
protein to lymphocyte ratio and disease severity in 108 patients
with early COVID-19 pneumonia from January to March 2020 in
Wuhan. China Med Sci Monit. 2020;26: €926393.

Sharifpour M, Rangaraju S, Liu M, et al. C-Reactive protein as
a prognostic indicator in hospitalized patients with COVID-19.
PLoS ONE. 2020;15(11): €0242400.

PanF, Yang L, Li Y, et al. Factors associated with death outcome
in patients with severe coronavirus disease-19 (COVID-19): a
case-control study. Int J Med Sci. 2020;17(9):1281-92.

Wang J, Chen R, Yang H, et al. Inflammation-associated factors
for predicting in-hospital mortality in patients with COVID-19.J
Med Virol. 2020;93(5):2908-17.

Wang J, Wang H, Wang L, et al. Epidemiological and clinical
characteristics of fifty-six cases of COVID-19 in Liaoning Prov-
ince. China W J Clin Cases. 2020;8(21):5188-202.

Zhang W, Ban Y, Wu Y, et al. Epidemiological and clinical char-
acteristics of 65 hospitalized patients with COVID-19 in Liaon-
ing. China W J Clin Cases. 2021;9(10):2205-17.

Yang C, Liu F, Liu W, et al. Myocardial injury and risk factors for
mortality in patients with COVID-19 pneumonia. Int J Cardiol.
2020;326:230-6.

YuC, Lei Q, Li W, et al. Epidemiological and clinical character-
istics of 1663 hospitalized patients infected with COVID-19 in
Wauhan, China: a single-center experience. J Infect Public Health.
2020;13(9):1202-9.

Zhang J, Dong X, Cao Y, et al. Clinical characteristics of 140
patients infected with SARS-CoV-2 in Wuhan. China Allergy.
2020;75(7):1730-41.

@ Springer

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Zhang L, Huang B, Xia H, et al. Retrospective analysis of clinical
features in 134 coronavirus disease 2019 cases. Epidemiol Infect.
2020;148: e199.

Zheng Y, Xu H, Yang M, et al. Epidemiological characteristics
and clinical features of 32 critical and 67 noncritical cases of
COVID-19 in Chengdu. J Clin Virol. 2020;127: 104366.

Zhou J, Sun J, Cao Z, et al. Epidemiological and clinical features
of 201 COVID-19 patients in Changsha city Hunan China. Med
Baltim. 2020;99(34):¢21824.

Pepys MB, Hirschfield GM. C-reactive protein: a critical update.
J Clin Invest. 2003;111(12):1805-12.

Yang J, Wang W, Kang L, Zheng H. The value of serum cal-
citoninogen and C-reactive protein in the diagnosis of bacterial
infectious diseases. J Xinxiang Med Coll. 2015;32(3):233-4.
Qiu F. The value of c-reactive protein in judging inflammation and
prognosis. J Pract Med Technol. 2007;14(1):47-8.

Wang L, Xu L, Liu FR, et al. Relationship between heat shock pro-
tein 70 gene polymorphism and severity and prognosis of sepsis.
Chin Emerg Med. 2019;39(4):327-31.

Yu F. Clinical significance of C-reactive protein and blood routine
test. Qual saf Insp. 2022;32(1):90-2.

Ning Z, Su Y. Clinical application of C-reactive protein detection.
J Mudanjiang Med Coll. 2009;30(3):76-7.

Bouillon R, Marcocci C, Carmeliet G, et al. Skeletal and extraskel-
etal actions of vitamin d: current evidence and outstanding ques-
tions. Endocr Rev. 2019;40(4):1109-51.

Holick MF. Medical progress: vitamin D deficiency. N Engl J
Med. 2007;357(3):266-81.

Tramontana F, Napoli N, El-Hajj Fuleihan G, Strollo R. The
D-side of COVID-19: musculoskeletal benefits of vitamin D and
beyond. Endocrine. 2020;69(2):237-40.

Ali A, Mohamed S, Elkhidir I, et al. The association of lym-
phocyte count, crp, d-dimer, and 1dh with severe coronavirus
disease 2019 (COVID-19): a meta-analysis. Sudan J Med Sci.
2020;15(2):9-23.

Lisco G, De Tullio A, Stragapede A, et al. COVID-19 and the
endocrine system: a comprehensive review on the theme. J Clin
Med. 2021;10(13):2920.

Booth CM, Matukas LM, Tomlinson GA, et al. Clinical features
and short-term outcomes of 144 patients with SARS in the greater
Toronto area. ] Am Med Assoc. 2003;289(21):2801-9.

Celestin D, Endomba F, Nkeck JR, et al. A meta-analysis of poten-
tial biomarkers associated with severity of coronavirus disease
2019 (COVID-19). Biomark Res. 2020;8(1):2008-12.

Kazemi E, Nejat RS, Ashkan F, et al. The laboratory findings
and different COVID-19 severities: a systematic review and meta-
analysis. Ann Clin Microbiol Antimicrob. 2021;20(1):17-17.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.



	Predictive value of C-reactive protein for disease severity and survival in COVID-19 patients: a systematic review and meta-analysis
	Abstract
	Introduction
	Methods
	Search strategy

	Selection criteria
	Data extraction and quality assessment
	Statistical analysis
	Results
	Literature search and studies characteristics

	Association of CRP levels with the severity of COVID-19
	Investigation of heterogeneity
	Discussion
	Acknowledgements 
	References




