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Summary 

Background: Data for predicting severity of patients with
COVID-19 infection are sparse and still under investiga-
tion. We retrospectively studied whether the admission
serum C-reactive protein level (CRP) can serve as nearly
predictor of disease severity during COVID-19 infection in
comparison with other hematologic and inflammatory
markers.
Methods: We included all consecutive patients who were
admitted in Cheikh Khalifa International University
Hospital, Casablanca, Morocco, between February to April
2020, with a confirmed diagnosis of COVID-19 infection
using SARS-CoV-2 viral nucleic acid via RT-PCR. The com-
plete blood count and serum CRP level were routinely
measured on admission. All clinical and laboratory data of
patients were collected and analyzed. The classification of
the disease severity was in accordance with the clinical
classification of the WHO interim guidance, and the man-
agement of patients were adapted to the national manage-
ment guideline. We estimated receiver operating character-
istic (ROC) curves of blood routine parameters as well as
their association with COVID-19 disease severity.
Results: 145 COVID-19 patients were included in the
study. The median age (range) was 50 (32–63) years, and

Kratak sadr`aj

Uvod: Podaci za predvi|anje te`ine stanja pacijenata sa
infekcijom COVID-19 su retki i jo{ uvek se istra`uju. Retro -
spektivno smo istra`ili da li nivo C-reaktivnog proteina
(CRP) mo`e da poslu`i kao rani indikator ozbiljnosti bolesti
pri infekciji virusom COVID-19 u pore|enju sa drugim
hematolo{kim i upalnim markerima.
Metode: Uklju~ili smo sve pacijente koji su uzastopno
primljeni u Me|unarodnu univerzitetsku bolnicu [eik Kalifa
u Kazablanki, Maroko, u periodu od februara do aprila
2020. godine, sa dijagnozom COVID-19 infekcije potvr -
|enom pomo u virusne nukleinske kiseline COVID-19
putem RT-PCR. Kompletna krvna slika i nivo seruma CRP
rutinski su mereni na prijemu. Svi klini~ki i laboratorijski
podaci pacijenata su prikupljeni i analizirani. Klasifikacija
te`ine bolesti bila je u skladu sa klini~kom klasifikacijom
privremenih uputstava SZO, a le~enje pacijenata prilago -
|eno me|unarodnim smernicama. Izvr{ili smo procenu
ROC krive parametara analize krvi kao i njihovu povezanost
sa te`inom bolesti COVID-19.
Rezultati: U istra`ivanje je uklju~eno 145 pacijenata sa
infekcijom COVID-19. Srednja vrednost starosti bila je 50
godina (32–63 godine), a 75 pacijenata (51,7%) bili su
mu{karci. U lak{u grupu svrstan je 101 pacijent, a u te`u
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Introduction 

The novel coronavirus (COVID-19) pandemic is
the defining global health crisis of the moment and
the greatest threat we have faced during this century.
As a highly contagious virus, the infection has
emerged in China in January 2020 (1). After Asia, it
has then rapidly spread globally. The United States,
Brazil, Russia, and Europe are the most affected
regions today. According to the World Health
Organizations’(WHO) data, in May 2020, five million
of the global population has been infected, with more
than 340,000 deaths (2).

According to the WHO interim guidance (3), the
clinical manifestations of COVID-19 disease are het-
erogeneous, including severe and non-severe forms.
The management of patients is therefore adapted to
the severity of the clinical situation. According to
recent experiences, the majority of infected persons
are not severely affected and can recover without
medical intervention, whereas a small number of
cases need to be carefully treated and hospitalized in
an intensive unit (4, 5). Many publications have docu-
mented the clinical, biological, and radiological char-
acteristics of COVID-19 infection, and several interna-
tional learned societies have developed protocols for
disease management, and proposed some prognosis
indicators. The biological analysis, especially the
inflammatory and hematologic one, represents a
major tool in the diagnosis (6), and in the detection of
severe forms (7). Many prognosis factors including
lymphocyte count, lactate dehydrogenase, interleukin
6, procalcitonin, and CRP, were evaluated (8), but the
predictive power of each of these indicators in disease
classification and prognosis remains largely unclear.

Previous studies have indicated that the aberrant
host immune response and cytokine storm may play
an important role in the severity of COVID-19 (9).
CRP is an acute-phase protein that serves as an early
marker of inflammation or infection. The CRP serum

level is routinely measured in early diagnosis of pneu-
monia(10), and some Chinese publications have
reported the prognosis value of CRP (11). 

In this study, we retrospectively analyzed the
clinical and biological characteristics of the COVID-
19 infected patients, and investigated the ability of
CRP to predict at an earlier time the disease severity,
in comparison with other biomarkers.

Materials and Methods

Study population and design

We performed a retrospective study including all
patients with COVID-19, admitted in the International
University Cheikh Khalifa Hospital, during the period
from February to April 2020. We included only the
laboratory-confirmed cases, as the diagnosis was per-
formed by a real-time reverse-transcriptase poly-
merase-chain reaction (RT-PCR) assay to test nasal
and pharyngeal swab specimens according to the
WHO guidance. Epidemiological characteristics
including demographics, recent exposure history,
clinical symptoms and signs, and laboratory findings,
were obtained from electronic medical records (DX-
care and LIMS informatics system). We classified the
disease severity according to the clinical classification
of the WHO interim guidance (3). Non-severe
patients were all patients in mild, moderate, or
asymptomatic group, and severe patients were those
in a critical or severe group (12, 13). All patients were
managed according to the Moroccan protocol of the
Ministry of Health (14).

Clinical and laboratory data 

In terms of epidemiological information, we
con  sidered patient demographic characteristics

75 (51.7%) were men. 101 patients were classified in the
non-severe group and 44 patients in the severe group.
Based on disease severity, significant differences were
observed in the age, gender, comorbidities, and respiratory
symptom. Similarly, the biological analysis found significant
differences for the neutrophil count, lymphocyte count,
eosinophil count, and CRP level. However, according to
ROC curves of these laboratory biomarkers, the AUC of
CRP at 0.872 was significantly higher than all other param-
eters. Further, CRP was independently associated with-
severity of COVID-19 disease (OR = 1.11, 95% IC (1.01–
1.22) and OR = 1.13, 95% IC (1.04–1.23)).
Conclusions: This study found that the CRP level at admis-
sion represent a simple and independent factor that can be
useful for early detection of severity during COVID-19 and
the easy guidance of primary care.

Keywords: COVID-2019; SARS-CoV-2; C-reactive
Protein; early predictor; severity

44. Na osnovu te`ine bolesti primecene su zna~ajne razlike
u starosti, polu, komorbiditetima i respiratornim simptomi-
ma. Sli~no tome, biolo{ka analiza otkrila je zna~ajne razlike
u broju neutrofila, broju limfocita, broju eozinofila i nivou
CRP-a. Me|utim, prema ROC krivama ovih laboratorijskih
biomarkera, AUC (oblast ispod krive) CRP-a na 0,872 bio
je zna~ajno veci od svih ostalih parametara. Dalje, CRP je
nezavisno povezan sa te`inom bolesti COVID-19 (OR =
1,11, 95% IC (1,01–1,22) i OR = 1,13, 95% IC (1,04–
1,23)).
Zaklju~ak: Ovo istra`ivanje je otkrilo da nivo CRP-a pri pri-
jemu predstavlja jednostavan i nezavisan faktor koji mo`e
biti koristan za rano otkrivanje te`ine bolesti COVID-19 i
lako sprovo|enje primarne nege.

Klju~ne re~i: COVID-2019, SARS-CoV-2, C-reaktivni
protein, rani pokazatelj, ozbiljnost
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including age and gender; comorbidities including
hypertension, diabetes, cardiovascular disease, respi-
ratory disease, and other disease; clinical symptoms
including fever, general symptom, respiratory symp-
tom, ear, nose and throat (ENT) symptom, and diges-
tive symptom; and clinical outcomes including dis-
ease severity and death. 

Nasal-pharyngeal swabs and venous blood sam-
ples were collected and examined by the National
Reference Laboratory, Mohammed VI University of
Health Sciences, Casablanca, Morocco. Laboratory
confirmation of SARS-CoV-2 was achieved by the RT-
PCR assay conducted in accordance with the protocol
established by the WHO. Laboratory tests on admis-
sion comprised complete blood count, blood chem-
istry, and biomarkers including leucocyte, neutrophil,
lymphocyte, monocyte, eosinophil, hemoglobin,
platelet, and CRP.

Statistical analysis

For the descriptive analysis, we described contin-
uous variables as medians with interquartile ranges
(IQRs) and categorical variables as percentages and
frequencies. Patients from severe and non-severe risk
categories were compared in terms of demographics
characteristics, comorbidities, clinical symptoms, and
laboratory findings, using Mann–Whitney–Wilcoxon
test for continuous variables and using the Fisher
exact test for categorical variables.

To determine and compare the accuracy of
hematological factors and CRP level on admission in
severity prediction, the receiver operating characteristic
(ROC) curve analysis was performed, and the differ-
ence in the area under the curve (AUC) was tested.

We finally examined the association between
CRP level and severity of COVID-19 disease. First,
univariate analysis was performed for all variables.
Second, multivariate logistic regression was imple-
mented to examine the independent association of
CRP level with severity of COVID-19 disease. All sig-
nificant variables in the univariate analysis were
included in the multivariate logistic regression. We
also performed stepwise multivariate analysis based
on a bidirectional elimination in order to take into
account the higher correlation that may exist between
some variables particularly those of comorbidities and
of laboratory markers. Results were reported as odds
ratios (ORs) and 95% confidence intervals (CIs). 

All statistical analyses were performed using
STATA. All P-values were two-sided, and those <
0.05 were considered as statistically significant.

Ethics

The study was approved by the institutional
ethics board of Cheikh Khalifa IbnZaid International

University Hospital. No patient consent was required
as the study did include only unidentified information,
in accordance with the national law.

Results

From February to April 2020, 145 COVID-19
patients were admitted to Cheikh Khalifa Inter -
national University Hospital. Based on the severity of
disease, 101 patients were classified in the non-
severe group, and 44 patients were in the severe
group. Among the severe cases, 14 patients died. 

The characteristics of our population are sum-
marized in Table I. The median age (range) was 50
(32–63) years, and 75 (51.72%) were men. Of the
145 patients, the most common comorbidities were

Table I Characteristics of the study population.

ENT, ear, nose and throat; CRP, C-reactive protein.

Median (IQR) or N (%)

Demographics

Age, years 50 (32–63)

Male 75 (51.72)

Comorbidities

Hypertension 36 (24.83)

Diabetes 18 (12.41)

Cardiovascular disease 16 (11.03)

Respiratory disease 14 (9.66)

Other disease 31 (21.38)

Clinical symptoms

Fever 62 (42.76)

General symptom 56 (38.62)

Respiratory symptom 82 (56.55)

ENT symptom 42 (28.97)

Digestive symptom 34 (23.45)

Blood routine

Leucocyte (×109 per L) 6.31 (4.88–7.35)

Neutrophil (×109 per L) 3.87 (2.67–5.23)

Lymphocyte (×109 per L) 1.57 (1.02–2.14)

Monocyte (×109 per L) 0.46 (0.36–0.64)

Eosinophil (×109 per L) 0.03 (0.01–0.06)

Haemoglobin (g/L) 139 (129–149)

Platelet (×109 per L) 226 (187–280)

CRP (mg/L) 7.7 (2–60.4)

Outcome

Disease severity 44 (30.34)

Death 14 (9.66)
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hypertension (24.83%), other disease (21.38%), dia-
betes (12.41%), and cardiovascular disease
(11.03%). The most common symptoms were respi-
ratory symptom (56.55%), fever (42.76%), fatigue
and general symptom (38.62%). Laboratory findings
for all patients on admission showed that the median
white blood cell count, lymphocyte count, hemoglo-
bin, and CRP level were all in the normal range. 

As shown in Table II, compared with non-severe
cases, severe COVID-19 patients were  significantly
older (median age, 63 vs 40 years; P-value < 0.001),

predominantly male (79.55% vs 39.6%; P-value <
0.001), and characterized by a high proportion of
comorbidities including hypertension (43.18% vs
16.83%; P-value = 0.001), diabetes (22.73% vs
7.92%; P-value = 0.025), cardiovascular disease
(25% vs 4.95%; P-value = 0.001), and other disease
(36.36% vs 14.85%; P-value = 0.007). They also
presented higher rates of respiratory symptom than
non-severe cases (79.55% vs 46.53%; P-value <
0.001). The biological comparison found significant
differences for neutrophil count (median, 4.74 vs

Table II Characteristics of the study population according to their disease severity.

ENT, ear, nose and throat; CRP, C-reactive protein.

Non-severe COVID-19 
N = 101

Severe COVID-19
N = 44 P-value

Demographics

Age, years, Median (IQR) 40 (26–57) 63 (53.5–72) 0.000

Male, N (%) 40 (39.6) 35 (79.55) 0.000

Comorbidities

Hypertension, N (%) 17 (16.83) 19 (43.18) 0.001

Diabetes, N (%) 8 (7.92) 10 (22.73) 0.025

Cardiovascular disease, N (%) 5 (4.95) 11 (25.00) 0.001

Respiratory disease, N (%) 7 (6.93) 7 (15.91) 0.125

Other disease, N (%) 15 (14.85) 16 (36.36) 0.007

Clinical symptoms

Fever, N (%) 38 (37.62) 24 (54.55) 0.069

General symptom, N (%) 35 (34.65) 21 (47.73) 0.144

Respiratory symptom, N (%) 47 (46.53) 35 (79.55) 0.000

ENT symptom, N (%) 32 (31.68) 10 (22.73) 0.323

Digestive symptom, N (%) 22 (21.78) 12 (27.27) 0.525

Blood routine

Leucocyte (×109 per L) 5.93 (4.63–7.27) 6.62 (5.45–8.15) 0.074

Neutrophil (×109 per L) 3.56 (2.28–4.86) 4.74 (3.4–6.8) 0.000

Lymphocyte (×109 per L) 1.73 (1.3–2.25) 1.02 (0.72–1.36) 0.000

Monocyte (×109 per L) 0.46 (0.38–0.59) 0.49 (0.35–0.7) 0.658

Eosinophil (×109 per L) 0.04 (0.01–0.08) 0.01 (0–0.04) 0.000

Haemoglobin (g/L) 137 (130–149) 141 (123.5–147.5) 0.636

Platelet (×109 per L) 232 (194–280) 210.5 (167–291.5) 0.398

CRP (mg/L) 3.4 (1.08–16.7) 86.4 (21.69–145.8) 0.000

Outcome

Death 0 14 (31.82) 0.000



504 Ahnach et al.: C-Reactive Protein and COVID-19 Severity

3.56; P-value < 0.001), lymphocyte count (median,
1.02 vs 1.73; P-value < 0.001), eosinophil count
(median, 0.01 vs 0.04; P-value < 0.001), and CRP
level (median, 86.4 vs 3.4; P-value < 0.001).

According to ROC curves of hematologic
parameters and CRP admission level,  the AUCs of
leucocyte count, neutrophil count, monocyte count,
hemoglobin count, and CRP level were 0.594,
0.691, 0.523, 0.475, and 0.872, respectively (Figure
1). The AUC for severity prediction of CRP was signif-
icantly higher than leucocyte count (P-value <
0.001), and neutrophil count (P-value < 0.001). 

As represented in Table III, CRP level was asso-
ciated with COVID-19 severity in the univariate analy-
sis (OR=1.22, 95% IC (1.13–1.33)). For the multi-
variate analysis, we found that CRP level was

Table III Independent discriminators (predictors) of disease severity.

OR, odds ratio; CI, confidence interval; ENT, ear, nose and throat; CRP, C-reactive protein.
Note: eosinophil count is multiplied by ten, and the CRP level is divided by ten in order to produce ORs that are easier to read.

Univariate 

OR (95% CI) 

Multivariate 
Model 

OR (95% CI) 

Multivariate 
Model (stepwise) 

OR (95% CI) 

Demographics

Age, years 1.07 (1.04–1.10) 1.04 (1.00–1.08) 1.05 (1.02–1.09)

Male 5.93 (2.58–13.66) 3.90 (1.24–12.33) 3.35 (1.20–9.36)

Comorbidities

Hypertension 3.76 (1.70–8.29) 0.88 (0.24–3.21)

Diabetes 3.42 (1.25–9.38) 0.95 (0.21–4.27)

Cardiovascular disease 6.40 (2.07–19.79) 3.74 (0.76–18.29)

Respiratory disease 2.54 (0.83–7.74)

Other disease 3.28 (1.44–7.46) 3.19 (0.96–10.55)

Clinical symptoms

Fever 1.99 (0.97–4.08)

General symptom 1.72 (0.84–3.54)

Respiratory symptom 4.47 (1.95–10.25) 4.26 (1.31–13.89) 3.11 (1.11–8.74)

ENT symptom 0.63 (0.28–1.44)

Digestive symptom 1.35 (0.60–3.04)

Blood routine

Leucocyte (×109 per L) 1.15 (1.00–1.32)

Neutrophil (×109 per L) 1.36 (1.14–1.61) 1.01 (0.76–1.34)

Lymphocyte (×109 per L) 0.33 (0.18–0.60) 0.60 (0.33–1.07)

Monocyte (×109 per L) 2.11 (0.57–7.88)

Eosinophil (×109 per L) 0.35 (0.14–0.83) 0.61 (0.22–1.75)

Haemoglobin (g/L) 0.99 (0.97–1.01)

Platelet (×109 per L) 1.00 (1.00–1.00)

CRP (mg/L) 1.22 (1.13–1.33) 1.11 (1.01–1.22) 1.13 (1.04–1.23)

Figure 1 Receiver operating characteristic (ROC) curves of
parameters of blood routine for the diagnosis (discriminating)
of disease severity on admission.
CRP, C-reactive protein.
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independently associated with COVID-19severity
(OR=1.11, 95% IC (1.01–1.22) for the multivariate
regression model; and OR=1.13, 95% IC (1.04–
1.23) for the stepwise multivariate regression model).

With a cut-off value of 10 mg/L, CRP exhibited
sensitivity of 86.36%, specificity of 70.3%, positive
predictive value (PPV) of 55.88%, and negative pre-
dictive value (NPV) of 92.21%.

Discussion

Our hospital took care of the first cases of
COVID-19 in Casablanca city, Morocco. Since
February 2020, 145 cases were admitted including
44 severe cases. Among the severe cases, 14 patients
died. The assessment of the disease prognosis and
factors of severity are therefore necessary to guide the
appropriate therapeutic strategy and reduce the mor-
tality rate especially in a developing country with lim-
ited medical resources.

A pattern of hematologic, biochemical, inflam-
matory, and immune biomarker abnormalities has
been identified in patients with severe disease com-
pared to mild systemic disease, and warrant inclusion
in risk stratification models. In the present study,
based on the analysis obtained from 145 Moroccan
patients with COVID-19, we assessed the impact of
clinical and biological factors on the severity of the
COVID-19 disease(15).  The purpose of this study
was to evaluate, according to routine tests usually
prescribed on admission, the main parameters that
can be used for the rapid assessment of severity.

According to the comparison based on the
severity of the disease, our results detected the effect
of several reported indicators for disease severity and
prognosis. Indeed, we found significant differences
image, gender, comorbidities, respiratory symptom,
neutrophil count, lymphocyte count, eosinophil
count, and CRP level. Our results were similar to what
was recently published: clinically severe COVID-19
patients were older and with more comorbidities and
breath complications than non-severe patients (16,
17). In a recent meta-analysis, lymphopenia was
defined as a good biomarker associated with an
increased risk of severe COVID-19 infection (18).
Regarding our results, higher lymphopenia level was
found in the severe cases, but the assessment of the
prognosis value of the biological parameters in corre-
lation with the severity of the disease demonstrated
that CRP level was more relevant.

The interpretation of ROC curves of hematolog-
ical parameters and CRP level in our study confirmed
that the CRP was a robust predictor of adverse dis-
ease outcome. CRP was also an independent discrim-
inator of severe/critical illness on admission in com-
parison with other biological factors. These results
were in agreement with similar report of Luo et al. in

Wuhan, which found an AUC of CRP for discriminat-
ing disease severity on admission at 0.783. With a
cut-off value of 41.3, CRP exhibited similar results of
our study with sensitivity of 65%, specificity of 83.7%,
positive predictive value (PPV) of 81.6%, and nega-
tive predictive value (NPV) of 68.2% (19).

Moreover, some studies evaluated the severity
prediction of the COVID-19 using different factors
such as age, gender, comorbidities, high neutrophil
count, lymphopenia, high CRP level, and high lactate
dehydrogenase level. However, the earliness, sensitivi-
ty, specificity, and selection of the best independent
factor is still under study. None of these factors were
considered as an independent and sensitive prognosis
factor. Many biomarkers of inflammation and infection
were identified as factors of disease severity (8, 20–
22). The pathological mechanism of COVID-19 is not
well elucidated, but the part of inflammation was con-
sidered having a primordial role in evolution of the dis-
ease (22, 23). CRP is an acute-phase protein that
serves as an early marker of inflammation or infection
(24–26). Generally, the level is much higher in bacte-
rial infections. The protein is synthesized in the liver
and is normally found at concentrations of less than
10 mg/L in the blood (24, 25). During infectious or
inflammatory disease states, CRP levels can activate
the classical complement cascade of the immune sys-
tem and modulates the activity of phagocytic cells,
supporting the role of CRP in the opsonization of
infectious agents and dead or dying cells (28). In
COVID-19, the exact effect of CRP remains unclear,
but it was reported that their level can be used for early
diagnosis of pneumonia (10), and assessment of
severe pulmonary infectious diseases (29).

Our findings were consistent with recent publi-
cations, which indicated that the CRP level on admis-
sion was a sensitive and early indicator for COVID-19
severity (19, 30, 31). Moreover, CRP level was posi-
tively correlated with lung lesion at tomographic
scans (32). In common practice for urgent stratifica-
tion, it is difficult to perform a large panel of biologi-
cal analyses on admission but the routine test of CRP
could predict disease severity and guide management
of COVID-19 patients to different extents.

Our study has many strengths. We included all
admitted patients for COVID-19 disease. Our data
were collected by a trained team of physicians from
electronic medical records of patients. Medical inves-
tigators collected and reviewed all patient data which
made it of high quality. Notably, we had no missing
values about the variables included in the analysis.
Further, we had access to different patient character-
istics including demographics, comorbidities, clinical
symptoms, and routine laboratory markers. However,
our study may have some limitations. First, it was a
retrospective single-centre study. Second, only 145
patients were included and a larger cohort study may
verify our results. Third, we did not include other
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inflammatory biomarkers, such as interleukin 6 or
procalcitonin, because they were performed after
admission and in few severe cases only. 

Conclusion

Compared to other routine laboratory parame-
ters, we found that CRP level was significantly associ-
ated withCOVID-19 severity. Therefore, CRP on
admission represents a simple and independent fac-
tor that can be useful for early detectionofCOVID-19
severity and thereby facilitates the guidance of treat-
ment decisions.

Author Contributions

CE, MA, SN and FO provided the data. SZ anal-
ysed the data. MA and SZ interpreted the data. MA

and SZ wrote up the manuscript. CE, SN and FOread
and reviewed the final manuscript.

Data Availability Statement

The authors declare that the data is not publicly
available.

Funding

The authors declare the existence of no support
or funding.

Conflict of interest statement

The authors stated that they have no conflicts of
interest regarding the publication of this article.

References

1. Phelan AL, Katz R, Gostin LO. The novel coronavirus
originating in Wuhan China: challenges for global health
governance. JAMA 2020; 323 (8): 709–10.

2. World health Organization. Coronavirus disease 2019
(COVID-19): Situation report-128.2020.https://www.
who.int/docs/default-source/coronaviruse/situation-
reports/20200527-covid-19-sitrep-128.pdf?sfvrsn
=11720c0a_2.

3. World Health Organization. Clinical management of
severe acute respiratory infection (SARI) when COVID-
19 disease is suspected: interim guidance, 13 March
2020. https://apps.who.int/iris/handle/10665/331446.

4. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L,
Fan G, Xu J, Gu X, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China.
Lancet 2020; 395: 497–506.

5. LiL Q, Huang T, Wang YQ, Wang ZP, Liang Y, Huang TB,
Zhang HY, Sun W, and Wang Y. COVID-19 patients’ clin-
ical characteristics, discharge rate, and fatality rate of
meta-analysis. J Med Virol 2020; 92 (6): 577–83. 

6. Lippi G, Plebani M. Laboratory abnormalities in patients
with COVID-2019 infection. Clin Chem Lab Med 2020;
58 (7): 1131–4.

7. Zhang J, YuM,Tong S et al. Predictive factors for disease
progression in hospitalized patients with Coronavirus
Disease 2019 in Wuhan, China. J Clin Virol 2020.https://
doi.org/10.1016/j.jcv.2020.104392. 

8. Tan L, Kang X, Ji Xet al. Validation of predictors of dis-
ease severity and outcomes in COVID-19 patients: a
descriptive and retrospective study. Med 2020.
https://doi.org/10.1016/j.medj.2020.05.002.

9. Zhou Y, Fu B, Zheng X, Wang D, Zhao C, qi Yet
al.Aberrant pathogenic GM-CSF+ T cells and inflamma-
tory CD14+CD16+monocytes in severe pulmonary syn-
drome patients of a new coronavirus. Bio Rxiv 2020.
https://doi.org/10.1101/ 2020.02.12.945576. 

10. Warusevitane A, Karunatilake D, Sim J, Smith C, Roffe C.
Early diagnosis of pneumonia in severe stroke: clinical
features and the diagnostic role of C-reactive protein. PloS
one 2016. http://dx.doi.org/10.1371/journal.pone.
0150269. 

11. Liu F, Li L, Xu M et al. Prognostic value of interleukin-6,
C-reactive protein, and procalcitonin in patients with
COVID-19. J Clin Virol 2020. https://doi.org/10.1016/
j.jcv.2020.104370.

12. Peng F, Tu Let al. Management and Treatment of COVID-
19: The Chinese Experience. Can J Cardiol 2020; 36 (6):
915-930.https://doi.org/10.1016/j.cjca.2020.04.010. 

13. World Health Organization. Laboratory testing for 2019
novel coronavirus (2019nCoV) in suspected human
cases. 2020 January 17; https://www.who.int/publica-
tions-detail/laboratory-testing-for-2019-novelcoron-
avirus-in-suspected-human-cases.

14. Ministry of Health of Morocco. Coronavirus disease
COVID-19.2020.http://www.covidmaroc.ma/Pages/
ProfessionnelSanteAR.aspx. 

15. Ponti G, Maccaferi M, Ruini C et al. Biomarkers associat-
ed with COVID-19 disease progression. Crit Rev Clin Lab
Sci 2020. https://doi.org/10.1080/10408363.2020.
1770685

16. Wang D, Hu B, Hu C, et al. Clinical characteristics of 138
hospitalized patients with 2019 novel coronavirus-infect-
ed pneumonia in Wuhan, China. JAMA 2020; 323(11):
1061-1069.

17. Zhu N, Zhang D, Wang W, et al. A novel coronavirus
from patients with pneumonia in China, 2019. N Engl J
Med 2020; 382: 727–33. 

18. Zhao Q, Meng M, Kumar R et al.  Lymphopenia is asso-
ciated with severe coronavirus disease 2019 (COVID-19)
infections: A systemic review and meta-analysis. Int J
Infect Dis 2020; 96: 131–5. 



J Med Biochem 2020; 39 (4) 507

19. Luo X, Zhou W, Yan X et al. Prognostic value of C-reac-
tive protein in patients with COVID-19. Clin Infect
Dis2020. https://doi.org/10.1093/cid/ciaa641. 

20. Wang L. C-reactive protein levels in the early stage of
COVID-19. Med Mal Infect 2020; 50: 332–4.

21. Zhang J,Yu M,Tong S, Liu L, Tang L. Predictive factors for
disease progression in hospitalized patients with coron-
avirus disease 2019 in Wuhan, China. J Clin Virol 2020.
https://doi:10.1016/j.jcv.2020.104392.

22. Qin C, Zhou L, Hu Z, et al. Dysregulation of immune
response in patients with COVID-19 in Wuhan, China.
Clin Infect Dis 2020. https://doi:10.1093/cid/ciaa248.

23. Yuki K , Fujiogi M, Koutsogiannaki S. COVID-19 patho-
physiology: A review. Clinical Immunology 2020; 215.
https://doi.org/10.1016/j.clim.2020.108427. 

24. Mortensen RF. C-reactive protein, inflammation, and
innate immunity. Immunol Res 2001; 24 (2):163–176. 

25. Nehring SM, Goyal A, Bansal P, Patel BC. C Reactive
Protein (CRP). Treasure Island (FL): StatPearls publish-
ing; 2020; PMID : 28722873NBK441843. 

26. Marnell L, Mold C, Du Clos TW. C-reactive protein: lig-
ands, receptors and role in inflammation. Clin Immunol
2005; 117: 104–11. 

27. Coster D, Wasserman A, Fisher E, et al. Using the kinetics
of C-reactive protein response to improve the differential
diagnosis between acute bacterial and viral infections.
Infection 2020; 48: 241–8. 

28. Ballou SP, Kushner I. C-reactive protein and the acute
phase response. Adv Intern Med 1992; 37: 313–36.

29. Chalmers S, Khawaja A, Wieruszewski PM, Gajic O,
Odeyemi Y. Diagnosis and treatment of acute pulmonary
inflammation in critically ill patients: the role of inflamma-
tory biomarkers. World J Crit Care Med 2019; 8(5): 59–
71. http://dx.doi.org/10.5492/wjccm.v8.i5.59. 

30. Chen W, Zheng KI, et al. Plasma CRP level is positively
associated with the severity of COVID-19. Ann Clin
Microbiol Antimicrob 2020; 19 (1): 18; https://doi.org/
10.1186/s12941-020-00362-2.

31. Wang G,Wu C et al. C-Reactive Protein Level May Predict
the Risk of COVID- 19 Aggravation. Open Forum Infect
Dis 2020; 7 (5). https://doi: 10.1093/ofid/ofaa153. 

32. Tan C, Huang Y et al. C-reactive protein correlates with
computed tomographic findings and predicts severe
COVID-19 early. J Med Virol 2020; 1–7.

   Received: July 17, 2020
     Accepted: August 26, 2020


	Maryame Ahnach_12

