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ABSTRACT

Background and objectives: In coronavirus disease 2019
(COVID-19), elevated serum levels of C-reactive protein (CRP),
a marker of systemic inflammation, are commonly observed. We
aimed to investigate the associations between CRP test results
and clinical characteristics in patients with COVID-19.

Method: In this cross-sectional study, data from 399
patients with COVID-19 were collected through a census
method. The patients were divided into a CRP-positive group
(n=335) and a CRP-negative group (n=64). Demographical data,
laboratory findings, clinical characteristics, and history of some
underlying diseases were compared between the two groups. All
analyses were carried out in SPSS (version 21).

Results: The frequency of hypertension was 40.1%
among the study population, 42.4 % among CRP-positive
patients, and 28.1% among CRP-negative patients. Diabetes and
heart disease were the most common comorbidities among the
patients. Dyspnea (60.4%), fever (52.7%), fatigue (45.4%), and
dry cough (40.1%) were the most commonly observed
symptoms. The mean duration of hospitalization was 8.14+6.18
days, and the mean duration of intensive care unit stay was
9.091£9.41 days. Moreover, CRP positivity was significantly
associated with hypertension, immunosuppressive therapy, and
higher duration of hospitalization (p<0.05).

Conclusion: Pre-existing hypertension, diabetes, and
heart disease with the coincidence of some clinical symptoms are
associated with higher levels of CRP in COVID-19 patients,
which results in longer hospitalization.

Keywords: COVID-19 Testing, SARS-CoV-2, C-reactive

protein.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19)
has resulted in a global catastrophe. Severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is the causative agent of the
disease, which can target both the respiratory
tract and the kidneys (1). The identification of
effective laboratory biomarkers and diagnostic
parameters can help determine the severity and
prognosis of COVID-19 in the affected
patients. Among laboratory factors, C-reactive
protein (CRP) is an acute-phase protein that
increases rapidly during infection. A higher
level of CRP was observed in COVID-19
patients with severe illness (2). Nonetheless,
for the assessment of host inflammatory status
and identification of viral infection in other
pathologies, acute-phase proteins, such as CRP
can provide more vital data for managing
clinical diagnosis and therapy (3-5).

Several conditions could elevate CRP,
including acute and chronic reactions, which
can be infectious or non-infectious etiologies
(2). Elevated CRP is not common in most viral
infections, but a study of 1,099 COVID-19
patients conducted in China showed that
60.7% of subjects had CRP levels above 10
mg/L (6). A study of 1,834 COVID-19
patients in Italy and the United Kingdom also
found a mortality rate of 15% for patients with
CRP levels below 40.0 mg/L compared with
31.9% for patients with CRP levels above 40.0
mg/L (7). The use of CRP as a biomarker in
COVID-19 may present a quick and accessible
tool for clinical management, especially in
patients with underlying diseases. Pre-existing
comorbidities such as cardiovascular disease,
diabetes, and hypertension have been reported
to be associated with the severity of COVID-
19 and serious complications including stroke,
septic complications, and even death (2,3,8,9).
Higher CRP levels could be a valuable
indicator of COVID-19 severity (5), which
could also help the timely initiation of
treatment. In this regard, we performed a study
to investigate the association between CRP
and the clinical characteristics of patients with
COVID-19.

MATERIALS AND METHODS

This cross-sectional study was performed on
399 COVID-19 patients aged 21-93 years who
were referred to the Razi Educational and
Medical Center in Rasht (Iran) from March
2020 to September 2020. Data were collected
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through a census method. According to the
result of the CRP test, patients were divided
into two groups: patients with positive CRP
results (n=335) and negative CRP results
(n=64). COVID-19 was confirmed by a
positive real-time polymerase chain reaction
(RT-PCR).  Patients  without complete
information were excluded from the study. All
study protocols were performed in accordance
with the relevant guidelines and regulations.
The Ethics Committee of Guilan University of
Medical Sciences approved this research
project  (IR.GUMS.REC.1399.377), and
informed consent was obtained from all
subjects and/or their legal guardian(s).
Demographical data and clinical
characteristics including gender, duration of
hospitalization, duration of stay in the
intensive care unit (ICU), intubation, and
laboratory factors including CRP, blood sugar
(BS), blood urea nitrogen (BUN), creatinine
(Cr), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), erythrocyte
sedimentation rate (ESR), white blood cell
(WBC) count, polymorph nuclear leukocytes
(PMNSs) count, lymphocyte count, prothrombin
time (PT), partial thromboplastin time (PTT),
and arterial blood gas (ABG) analysis were
recorded. Clinical symptoms, presence of
underlying diseases, outcomes, and mortality
rate were also recorded.

The biochemical parameters were analyzed
using an auto-analyzer (Mindray BS-800, UK;
ParsAzmoon, Iran & Biorexfars, Iran).
Hematological parameters were evaluated
using a hematology analyzer (Sysmex KX-
21N, Japan & Caretium XC-A30, China).
Moreover, blood gas was analyzed (ABL9
blood gas analyzer, USA), and coagulation test
was performed using a coagulometer (Sysmex
CA 620, Japan; Baharafshan, Iran). A CRP
level of >6 mg/L and <6 mg/L was identified
as positive and negative, respectively
(Biorexfars BXC0382, Iran)

Categorical variables were described as
frequency and percentage. The frequency of
underlying diseases in CRP-positive and -
negative groups were evaluated using the
Mann-Whitney U test and Fisher's exact test.
In addition, the chi-square and Mann-Whitney
U test were applied to determine the frequency
of patient outcomes among the two study
groups. Statistical analysis was performed
using the IBM SPSS software (version 21)



with a significant of 0.05.

RESULTS

The mean age of the patients was 60.89+15.91
years. Of 399 COVID-19 patients, 245
(61.4%) were male and 154 (38.6%) were
female. A total of 335 (84%) patients had
positive CRP results and 64 patients (16%)
had negative CRP results. The most frequent
underlying diseases  were hypertension,
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diabetes, cardiovascular  diseases, and
hyperlipidemia. Moreover, dyspnea (60.4%),
fever (52.7%), fatigue (45.4%), dry cough
(40.1%), chills (36.3%), and myalgia (23.6%)
were the most common clinical symptoms
among the patients. The mean duration of
hospitalization, ICU stay, and intubation was
8.1446.18, 9.09+9.41, and 6.63+9.13 days,
respectively. The mean mortality rate was
24.8% (Table 1).

Table 1- The frequency of clinical characteristics among patients with COVID-19

Variables Number Percentage
Anosmia 11 2.8%
Ageusia 4 1.0%
Hemoptysis 2 0.5%
Heart disease 99 24.8%
Diabetic Mellitus 131 32.8%
Hypertension 160 40.1%
Hyperlipidemia 73 18.3%
Cerebrovascular accident 20 5.0%
Chronic obstructive pulmonary disease 7 1.8%
Chronic kidney disease 15 3.8%
End-stage renal disease 11 2.8%
Asthma 17 4.3%
Cancer 17 4.3%
Cortone consumption 6 1.5%
Immunosuppressive therapy 5 1.3%
Dyspnea 241 60.4%
Fever 208 52.7%
Chills 145 36.3%
Dry cough 160 40.1%
Myalgia 94 23.6%
Productive cough 61 15.3%
Sore throat 6 1.5%
Fatigue 181 45.4%
Headache 27 6.8%
Nausea 84 21.1%
Vomit 70 17.5%
Diarrhea 48 12.0%
Loss of appetite 104 26.1%
Abdominal pain 31 7.8%
Mental status changes 40 10.0%
Dizziness 2 0.5%
Chest pain 84 21.1%
Death outcome 99 24.8%
ICU admission 55 13.8%
Need for intubation 63 15.8%

Table 2- Laboratory findings among the study population

Variables

Mean + standard deviation

BS

BUN

Cr

AST

ALT

ALP

ESR

WBC

PMN
Lymphocyte
Artery blood gas pH
PaCO,

PaOz

HCOs

O, saturation
PT

INR

PTT
CRP

164.13+91.12
24.45%17.71
1.55+1.44
56.74+101.03
48.41+118.94
287.29+631.15
53.45+27.49
8.45+5.20
74.87+18.11
18.54+11.86
7.55+3.89
45.35+12.89
61.73+46.06
24.17x7.78
71.24+22.60
12.91+2.09
1.15+0.52

33.56+8.38
80.57+74.86

Table 2 shows the mean level of hematological and biochemical parameters in the patients.
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BS: blood sugar; BUN: blood urea nitrogen;
Cr: creatinine; ~ AST: aspartate  amino
transferase; ALT: alanin amino transferase;
ESR: erythrocyte sedimentation rate; WBC:

white  blood cell; PMN: polymorph
nuclear leukocytes; PT: prothrombin time;
PTT: partial thromboplastin ~ time

Hospitalization duration, hypertension, and
immunosuppressive therapy were significantly
associated with CRP positivity in patients with
COVID-19. There was no significant
association between CRP level and mortality,
ICU admission, and the need for intubation
(Table 3).

Table 3- Comparison of the frequency of comorbidities and patient outcome between two study groups

Variables CRP-negative CRP-positive P-value
N (%) N (%)
Anosmia 2 (3.1%) 9 (2.7%) 0.692**
Ageusia 0 (0.0%) 4 (1.2%) >0.999**
Hemoptysis 0 (0.0%) 2 (0.6%) >0.999**
Heart disease 17 (26.6%) 82 (24.5%) 0.723*
Diabetic Mellitus 19 (29.7%) 112 (33.4%) 0.559*
Hypertension 18 (28.1%) 142 (42.4%) 0.033*
Hyperlipidemia 13 (20.3%) 60 (17.9%0) 0.649*
Cerebrovascular accident 4 (6.3%) 16 (4.8%) 0.542**
Chronic obstructive pulmonary 2 (3.1%) 5 (1.5%) 0.312**
disease
Chronic kidney disease 1 (1.6%) 14 (4.2%) 0.483**
End-stage renal disease 2 (3.1%) 9 (2.7%) 0.692**
Asthma 2 (3.1%) 15 (4.5%) >0.999%*
Cancer 4 (6.3%) 13 (3.9%) 0.495**
Croton consumption 2 (3.1%) 4 (1.2%) 0.248**
Immunosuppressive therapy 3(4.7%) 2 (0.6%) 0.031**
Death 16 (25.0%) 83 (24.8%) 0.970*
ICU admission 8 (12.5%) 47 (14.0%) 0.745*
Need for intubation 12 (18.8%) 51 (15.2%) 0.478*
Hospitalized duration 7.28%5.52 8.30+6.29 0.049**
Duration of stay in ICU 8.25+4.03 9.23+10.07 0.606**
Duration of intubation 7.25+7.35 6.49+9.56 0.783**
* Chi-square test ** Fisher's exact test
DISCUSSION
In the present study, the association of clinical Our results indicated that cardiovascular

characteristics of hospitalized patients with
COVID-19 and CRP level was studied. It is
well-established that CRP levels increase
during inflammatory events (10). This protein
can activate the complement system and
increase  phagocytosis by  binding to
microorganisms (11,12). Serum CRP levels
increase during inflammatory responses (13).
Liu et al. found that severe COVID-19 patients
expressed significantly higher CRP levels than
their non-severe counterparts (14). A meta-
analysis by Sahu et al. indicated that CRP
levels remained high in expired patients,
indicating the potential of CRP as an important
biomarker for mortality (15). As reported in
previous studies, elevated CRP levels can be
an early marker of COVID-19 severity.
Systemic inflammation is strongly associated
with critical illness in COVID-19 patients
(16,17). Previous studies have also shown that
CRP is associated with extra-pulmonary
disease in COVID-19, and there is a
correlation between CRP level and myocardial
injury in multiple series (18,19).
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complications and diabetes were the most
comorbidities in both CRP-positive and -
negative CRP COVID-19 patients. In line with
our results, cardiovascular complications and
hypertension were frequently reported in
patients with COVID-19 (20-22). The present
study showed that dyspnea, fever, fatigue, dry
cough, and chills were the most common
clinical symptoms among patients with
COVID-19. Similar to our findings, the results
of a meta-analysis study showed that fever in
81.2% of cases, cough in 58.5% of cases, and
fatigue in 38.5% of cases were the most
frequent symptoms among SARS-CoV-2
infected patients (23). In some studies, fever
was reported as the most common symptom in
patients with COVID-19, but not all patients
had fever (24,25). These symptoms usually
were accompanied by elevated CRP levels at
the early stages.

In our study, no significant association was
found between CRP and death in COVID-19
patients. However, CRP-positive patients had
a longer hospital stay. A study by Lentner et



al. illustrated a positive correlation between
the CRP levels of patients with COVID-19 and
death as well as the longer duration of
hospitalization (26). In addition to CRP,
among laboratory parameters, ESR is another
inflammatory indicator that becomes elevated
in patients with COVID-19, which could also
be used as a predictor of disease severity. As
reported in some studies, it has been suggested
that the levels of interleukin-6, tumor necrosis
factor-o, ESR, and CRP could be used for
predicting the severity of COVID-19 (27,28).
In the present study, the frequency of ICU
administration was only 13.8%. This may be
related to the limited ICU capacity of the
hospital that pushed clinicians to admit
patients requiring ICU admission into other
wards.

CONCLUSION

Our findings indicate that CRP positivity is
associated with longer hospitalization in
patients  with  COVID-19.  Moreover,
hypertension, diabetes, and heart disease are
the most common comorbidities in CRP-
positive patients. It can be concluded that the
main symptoms of COVID-19 can play a vital
role in the early diagnosis and prevention of
disease transmission.

ACKNOWLEDGMENTS
We would like to thank all hospital staff and
specialists for their cooperation.

DECLARATIONS

FUNDING

The authors received no financial support for
the research, authorship, and/or publication of
this article.

Ethics approvals and consent to participate

The Ethics Committee of Guilan University of
Medical Sciences approved this research
project (ethical approval code:
IR.GUMS.REC.1399.377), and informed
consent was obtained from all subjects and/or
their legal guardian(s).

CONFLICT OF INTEREST

The authors declare that there is no conflict of
interest regarding the publication of this
article.

24/ Association between C-Reactive. . .

REFERENCES

1. Sharma A, Tiwari S, Deb MK, Marty JL. Severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2): a
global pandemic and treatment strategies. Int J
Antimicrob Agents. 2020/06/10. 2020; 56(2): 106054.
[View at Publisher]
[DOI:10.1016/j.ijantimicag.2020.106054] [PubMed]
[Google Scholar]

2. Luan Y-Y, Yin C-H, Yao Y-M. Update Advances on
C-Reactive Protein in COVID-19 and Other Viral
Infections. Front Immunol. 2021;12:720363. [View at
Publisher] [DOI:10.3389/fimmu.2021.720363] [PubMed]
[Google Scholar]

3. Yaghubi T, Shakoori V, Nasiri S, Keivan M, Tavakol
C, Ahanjide S, et al. Clinical characteristics and
outcomes of COVID-19 patients with a history of
cardiovascular disease. J Curr Biomed Reports.
2022;3(1): 1-7. [View at Publisher]
[DOI:10.52547/jcbior.3.1.36] [Google Scholar]

4. Zeinali T, Faraji N, Joukar F, Khan Mirzaei M,
Kafshdar Jalali H, Shenagari M, et al. Gut bacteria,
bacteriophages, and probiotics: Tripartite mutualism to
quench the SARS-CoV2 storm. Microb Pathog. 2022;

105704. [View at Publisher]
[DOI:10.1016/j.micpath.2022.105704] [PubMed]

[Google Scholar]

5. Halaji M, Heiat M, Faraji N, Ranjbar R. Epidemiology
of COVID-19: An updated review. J Res Med Sci. 2021;
26: 82. [PubMed] [Google Scholar]

6. Eastin C, Eastin T. Clinical Characteristics of
Coronavirus Disease 2019 in China: Guan W, Ni Z, Hu
Y, et al. N Engl J Med. 2020 Feb 28 [Online ahead of
print] DOI: 10.1056/NEJM0a2002032. J Emerg Med
[Internet]. 2020/06/03. 2020 Apr;58(4):711-2. Available
from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7266766
/[DOI:10.1016/j.jemermed.2020.04.004]

7. Stringer D, Braude P, Myint PK, Evans L, Collins JT,
Verduri A . COPE Study Collaborators. The role of C-
reactive protein as a prognostic marker in COVID-19.
Int J Epidemiol. 2021 17;50(2):420-429 [View at
Publisher] [DOI:10.1093/ije/dyab012] [PubMed]
[Google Scholar]

8. Fu L, Wang B, Yuan T, Chen X, Ao Y, Fitzpatrick T,
et al. Clinical characteristics of coronavirus disease
2019 (COVID-19) in China: A systematic review and
meta-analysis. J Infect. 2020 Jun;80(6):656-65. [VView at
Publisher] [DOI:10.1016/j.jinf.2020.03.041] [PubMed]

[Google Scholar]

9. Fu L, Wang B, Yuan T, Chen X, Ao Y, Fitzpatrick T
et al. Clinical characteristics of coronavirus disease
2019 (COVID-19) in China: A systematic review and
meta-analysis. J Infect. 2020 Jun;80(6):656-665. [View
at  Publisher] [DOI:10.1016/j.neurad.2020.04.003]
[PubMed] [Google Scholar]

10. Rainer TH, Chan CPY, Leung MF, Leung W, Ip M,
Lee N, et al. Diagnostic utility of CRP to neopterin ratio
in patients with acute respiratory tract infections. J
Infect.  2009;58(2):123-30. [View at Publisher]
[DOI:10.1016/j.jinf.2008.11.007] [Google Scholar]

Medical Laboratory Journal, Nov-Dec, 2022; Vol 16: No 6


https://www.sciencedirect.com/science/article/pii/S0924857920302247
https://doi.org/10.1016/j.ijantimicag.2020.106054
https://pubmed.ncbi.nlm.nih.gov/32534188/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sharma+A%2C+Tiwari+S%2C+Deb+MK%2C+Marty+JL.+Severe+acute+respiratory+syndrome+coronavirus-2+%28SARS-CoV-2%29%3A+a+global+pandemic+and+treatment+strategies.+Int+J+Antimicrob+Agents.+2020%2F06%2F10.+20
https://www.frontiersin.org/articles/10.3389/fimmu.2021.720363/full?fbclid=IwAR0lj1pSBE1tJaOiZfBC-v3WfRcwk4dsyVc1b6TnsHnTMSVSRDO-eQgh01Q
https://www.frontiersin.org/articles/10.3389/fimmu.2021.720363/full?fbclid=IwAR0lj1pSBE1tJaOiZfBC-v3WfRcwk4dsyVc1b6TnsHnTMSVSRDO-eQgh01Q
https://doi.org/10.3389/fimmu.2021.720363
https://pubmed.ncbi.nlm.nih.gov/34447386/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Luan+Y-Y%2C+Yin+C-H%2C+Yao+Y-M.+Update+Advances+on+C-Reactive+Protein+in+COVID-19+and+Other+Viral+Infections.+Front+Immunol+%5BInternet%5D.+2021+Aug+10%3B12%3A720363.+Available+from%3A+https%3A%2F%2F
https://www.jcbior.com/index.php/JCBioR/article/view/135
https://doi.org/10.52547/jcbior.3.1.36
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yaghubi+T%2C+Shakoori+V%2C+Nasiri+S%2C+Keivan+M%2C+Tavakol+C%2C+Ahanjide+S%2C+et+al.+Clinical+characteristics+and+outcomes+of+COVID-19+patients+with+a+history+of+cardiovascular+disease.+J+Curr+Biomed
https://www.sciencedirect.com/science/article/pii/S0882401022003175
https://doi.org/10.1016/j.micpath.2022.105704
https://pubmed.ncbi.nlm.nih.gov/35948266/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zeinali+T%2C+Faraji+N%2C+Joukar+F%2C+Khan+Mirzaei+M%2C+Kafshdar+Jalali+H%2C+Shenagari+M%2C+et+al.+Gut+bacteria%2C+bacteriophages%2C+and+probiotics%3A+Tripartite+mutualism+to+quench+the+SARS-CoV2+stor
https://pubmed.ncbi.nlm.nih.gov/34759999/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Halaji+M%2C+Heiat+M%2C+Faraji+N%2C+Ranjbar+R.+Epidemiology+of+COVID-19%3A+An+updated+review.+J+Res+Med+Sci+%5BInternet%5D.+2021+Sep+30%3B26%3A82.+&btnG=
https://doi.org/10.1016/j.jemermed.2020.04.004
https://academic.oup.com/ije/article/50/2/420/6156754
https://academic.oup.com/ije/article/50/2/420/6156754
https://doi.org/10.1093/ije/dyab012
https://pubmed.ncbi.nlm.nih.gov/33683344/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+role+of+C-reactive+protein+as+a+prognostic+marker+in+COVID-19&btnG=
https://www.sciencedirect.com/science/article/pii/S0163445320301705
https://www.sciencedirect.com/science/article/pii/S0163445320301705
https://doi.org/10.1016/j.jinf.2020.03.041
https://pubmed.ncbi.nlm.nih.gov/32283155/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Clinical+characteristics+of+coronavirus+disease+2019+%28COVID-19%29+in+China%3A+A+systematic+review+and+meta-analysis&btnG=
https://www.sciencedirect.com/science/article/am/pii/S0150986120301590
https://www.sciencedirect.com/science/article/am/pii/S0150986120301590
https://doi.org/10.1016/j.neurad.2020.04.003
https://pubmed.ncbi.nlm.nih.gov/32283155/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Acute+ischemic+stroke+complicating+common+carotid+artery+thrombosis+during+a+severe+COVID-19+infection.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0163445308003940
https://doi.org/10.1016/j.jinf.2008.11.007
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Diagnostic+utility+of+CRP+to+neopterin+ratio+in+patients+with+acute+respiratory+tract+infections&btnG=

25/ Yaseri and colleagues

11. Gershov D, Kim S, Brot N, Elkon KB. C-Reactive
protein binds to apoptotic cells, protects the cells from
assembly of the terminal complement components, and
sustains an antiinflammatory innate immune response:
implications for systemic autoimmunity. J Exp Med.
2000; 192(9):1353-64. [DOI:10.1084/jem.192.9.1353]
[PubMed] [Google Scholar]

12. Nagasawa S. C-Reactive Protein: New Research.
Nova Science Publishers, Incorporated; 2009.

13. Coster D, Wasserman A, Fisher E, Rogowski O,
Zeltser D, Shapira I, et al . Using the kinetics of C-
reactive protein response to improve the differential
diagnosis between acute bacterial and viral infections.
Infection. 2020 ;48(2):241-248. [View at Publisher]
[DOI:10.1007/s15010-019-01383-6] [PubMed] [Google
Scholar]

14. Liu F, Li L, Xu M, Wu J, Luo D, Zhu Y, et al.
Prognostic value of interleukin-6, C-reactive protein,
and procalcitonin in patients with COVID-19. J Clin
Virol. 2020 ;127:104370. [View at Publisher]
[DOI:10.1016/j.jcv.2020.104370] [PubMed] [Google
Scholar]

15. Sahu BR, Kampa RK, Padhi A, Panda AK. C-
reactive protein: A promising biomarker for poor
prognosis in COVID-19 infection. Clin Chim Acta. 2020
;509:91-94. [View at Publisher]
[DOI:10.1016/j.cca.2020.06.013] [PubMed] [Google
Scholar]

16. Ali N. Elevated level of C-reactive protein may be an
early marker to predict risk for severity of COVID-19. J
Med Virol. 2020 ;92(11):2409-2411. [View at Publisher]
[DOI:10.1002/jmv.26097] [PubMed] [Google Scholar]

17. Smilowitz NR, Kunichoff D, Garshick M, Shah B,
Pillinger M, Hochman JS, et al . C-reactive protein and
clinical outcomes in patients with COVID-19. Eur Heart
J. 2021 14;42(23):2270-2279.
[DOI:10.1093/eurheartj/ehaal103] [PubMed] [Google
Scholar]

18. Basso C, Leone O, Rizzo S, De Gaspari M, van der
Wal AC, Aubry MC, et al. Pathological features of
COVID-19-associated myocardial injury: a multicentre
cardiovascular pathology study. Eur Heart J. 2020
14,41(39):3827-3835. [View at Publisher]
[DOI:10.1093/eurheartj/ehaa664] [PubMed] [Google
Scholar]

19. Shi S, Qin M, Cai Y, Liu T, Shen B, Yang F, et al.
Characteristics and clinical significance of myocardial
injury in patients with severe coronavirus disease 2019.
Eur Heart J. 2020 Jun;41(22):2070-9. [View at Publisher]
[DOI:10.1093/eurheartj/ehaad08] [PubMed] [Google
Scholar]

20. Pecly IMD, Azevedo RB, Muxfeldt ES, Botelho BG,
Albuquerque GG, Diniz PHP, et al. COVID-19 and
chronic kidney disease: a comprehensive review. J Bras
Nefrol. 2021;43(3):383-399. [View at Publisher]
[DOI:10.1590/2175-8239-jbn-2020-0203] [PubMed]
[Google Scholar]

21. Ajaimy M, Melamed ML. COVID-19 in Patients with
Kidney Disease. Clin J Am Soc Nephrol. 2020; 15(8):
1087 LP - 1089. [View at  Publisher]
[DOI:10.2215/CJIN.09730620]

How to Cite:

Yaseri M, Mortazavi Khatibani SS, Naeimi A, Fayazi HS [Association between C-Reactive Protein Test Result and Clinical

22. Wang Y, Zhang F, Byrd JB, Yu H, Ye X, He Y.
Differential COVID-19 Symptoms Given Pandemic
Locations, Time, and Comorbidities During the Early
Pandemic. Front Med (Lausanne). 2022; 9: 770031.
[View at Publisher] [DOI:10.3389/fmed.2022.770031]
[PubMed] [Google Scholar]

23. Alimohamadi Y, Sepandi M, Taghdir M,
Hosamirudsari H. Determine the most common clinical
symptoms in COVID-19 patients: a systematic review
and meta-analysis. J Prev Med Hyg. 2020; 61(3): E304-
12.

24. Huang C, Wang VY, Li X, Ren L, Zhao J, Hu Y, et al.
Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet [Internet]. 2020;
395(10223): 497-506. [DOI:10.1016/S0140-
6736(20)30183-5]

25. Yu N, Li W, Kang Q, Xiong Z, Wang S, Lin X, et al.
Clinical features and obstetric and neonatal outcomes of
pregnant patients with COVID-19 in Wuhan, China: a
retrospective, single-centre, descriptive study. Lancet
Infect Dis. 2020; 20(5): 559-64. [View at Publisher]
[DOI:10.1016/S1473-3099(20)30176-6] [PubMed]
[Google Scholar]

26. Lentner J, Adams T, Knutson V, Zeien S, Abbas H,
Moosavi R, et al. C-reactive protein levels associated
with COVID-19 outcomes in the United States. J
Osteopath  Med. 2021;121(12):869-73. [View at
Publisher] [DOI:10.1515/jom-2021-0103]

27. Mardani R, namavar M, ghorbi E, Shoja Z, Zali F,
Kaghazian H, et al. Association between serum
inflammatory parameters and the disease severity in
COVID-19 patients. J Clin Lab Anal [Internet]. 2022;
36(1): €24162. [View at Publisher]
[DOI:10.1002/jcla.24162] [Google Scholar]

28. Kaya T, Nalbant A, Karata G. The prognostic
significance of erythrocyte seacdimentation rate in
COVID-19. 2021; 67(9): 1305-10. [View at Publisher]
[DOI:10.1590/1806-9282.20210618] [PubMed]

Characteristics in Patients with COVID-19]. mljgoums. 2022; 16(6): 20-25 DOI: 10.29252/mlj.16.6.20

Medical Laboratory Journal, Nov-Dec, 2022; Vol 16: No 6



https://www.frontiersin.org/articles/10.3389/fmed.2022.770031/full
https://doi.org/10.3389/fmed.2022.770031
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8831795/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wang+Y%2C+Zhang+F%2C+Byrd+JB%2C+Yu+H%2C+Ye+X%2C+He+Y.+Differential+COVID-19+Symptoms+Given+Pandemic+Locations%2C+Time%2C+and+Comorbidities+During+the+Early+Pandemic+&btnG=
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://www.sciencedirect.com/science/article/pii/S1473309920301766
https://doi.org/10.1016/S1473-3099(20)30176-6
https://pubmed.ncbi.nlm.nih.gov/32220284/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yu+N%2C+Li+W%2C+Kang+Q%2C+Xiong+Z%2C+Wang+S%2C+Lin+X%2C+et+al.+Clinical+features+and+obstetric+and+neonatal+outcomes+of+pregnant+patients+with+COVID-19+in+Wuhan%2C+China%3A+a+retrospective%2C+single-
https://www.degruyter.com/document/doi/10.1515/jom-2021-0103/html
https://www.degruyter.com/document/doi/10.1515/jom-2021-0103/html
https://doi.org/10.1515/jom-2021-0103
https://onlinelibrary.wiley.com/doi/full/10.1002/jcla.24162
https://doi.org/10.1002/jcla.24162
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mardani+R%2C+namavar+M%2C+ghorbi+E%2C+Shoja+Z%2C+Zali+F%2C+Kaghazian+H%2C+et+al.+Association+between+serum+inflammatory+parameters+and+the+disease+severity+in+COVID-19+patients.+J+Clin+Lab+Anal+%5BIn
https://www.scielo.br/j/ramb/a/ymHvqGfnHvrMbJnHqh7qB8M/?lang=en
https://doi.org/10.1590/1806-9282.20210618
https://pubmed.ncbi.nlm.nih.gov/34816925/
https://doi.org/10.1084/jem.192.9.1353
https://pubmed.ncbi.nlm.nih.gov/11067883/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=C-Reactive+protein+binds+to+apoptotic+cells%2C+protects+the+cells+from+assembly+of+the+terminal+complement+components%2C+and+sustains+an+antiinflammatory+innate+immune+response%3A+implications+for+sy
https://link.springer.com/article/10.1007/s15010-019-01383-6
https://doi.org/10.1007/s15010-019-01383-6
https://pubmed.ncbi.nlm.nih.gov/31873850/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Using+the+kinetics+of+C-reactive+protein+response+to+improve+the+differential+diagnosis+between+acute+bacterial+and+viral+infections&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Using+the+kinetics+of+C-reactive+protein+response+to+improve+the+differential+diagnosis+between+acute+bacterial+and+viral+infections&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1386653220301128
https://doi.org/10.1016/j.jcv.2020.104370
https://pubmed.ncbi.nlm.nih.gov/32344321/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Prognostic+value+of+interleukin-6%2C+C-reactive+protein%2C+and+procalcitonin+in+patients+with+COVID-19.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Prognostic+value+of+interleukin-6%2C+C-reactive+protein%2C+and+procalcitonin+in+patients+with+COVID-19.&btnG=
https://www.sciencedirect.com/science/article/pii/S0009898120302771
https://doi.org/10.1016/j.cca.2020.06.013
https://pubmed.ncbi.nlm.nih.gov/32511972/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=C-reactive+protein%3A+A+promising+biomarker+for+poor+prognosis+in+COVID-19+infection.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=C-reactive+protein%3A+A+promising+biomarker+for+poor+prognosis+in+COVID-19+infection.&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1002/jmv.26097
https://doi.org/10.1002/jmv.26097
https://pubmed.ncbi.nlm.nih.gov/32516845/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Elevated+level+of+C-reactive+protein+may+be+an+early+marker+to+predict+risk+for+severity+of+COVID-19.+&btnG=
https://doi.org/10.1093/eurheartj/ehaa1103
https://pubmed.ncbi.nlm.nih.gov/33448289/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=C-reactive+protein+and+clinical+outcomes+in+patients+with+COVID-19.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=C-reactive+protein+and+clinical+outcomes+in+patients+with+COVID-19.+&btnG=
https://mayoclinic.pure.elsevier.com/en/publications/pathological-features-of-covid-19-associated-myocardial-injury-a-
https://doi.org/10.1093/eurheartj/ehaa664
https://pubmed.ncbi.nlm.nih.gov/32968776/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pathological+features+of+COVID-19-associated+myocardial+injury%3A+a+multicentre+cardiovascular+pathology+study&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pathological+features+of+COVID-19-associated+myocardial+injury%3A+a+multicentre+cardiovascular+pathology+study&btnG=
https://academic.oup.com/eurheartj/article/41/22/2070/5835730
https://doi.org/10.1093/eurheartj/ehaa408
https://pubmed.ncbi.nlm.nih.gov/32391877/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characteristics+and+clinical+significance+of+myocardial+injury+in+patients+with+severe+coronavirus+disease+2019.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characteristics+and+clinical+significance+of+myocardial+injury+in+patients+with+severe+coronavirus+disease+2019.&btnG=
https://www.scielo.br/j/jbn/a/NHTW8zh3KJyvV5w3TCp5dgG/abstract/?lang=en
https://doi.org/10.1590/2175-8239-jbn-2020-0203
https://pubmed.ncbi.nlm.nih.gov/33836039/
https://www.google.com/search?hl=en&q=COVID-19+and+chronic+kidney+disease:+a+comprehensive+review.+J+Bras+Nefrol+%5BInternet%5D.+2021%3B43(3):383-99
https://cjasn.asnjournals.org/content/15/8/1087.abstract
https://doi.org/10.2215/CJN.09730620
file:///E:/semnani/2020/4%20Jul-Aug%202020/1-article%20A-10-913-1-nasir/10.29252/mlj.14.4.1

