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Abstract: Abstract: BackgroundC-reactive protein (CRP) has prognostic value in hospitalized patients
with COVID-19; the importance of CRP in pre-hospitalized patients remains to be tested. Methods:
Individuals with symptoms of COVID-19 had a SARS-CoV-2 PCR oropharyngeal swab test, and a
measurement of CRP was performed at baseline, with an upper reference range of 10 mg/L. After
28 days, information about possible admissions, oxygen treatments, transfers to the ICU, or deaths
was obtained from the patient files. Using logistic regression, the prognostic value of the CRP and
SARS-CoV-2 test results was evaluated. Results: Among the 1006 patients included, the SARS-CoV-2
PCR test was positive in 59, and the CRP level was elevated (>10 mg/L) in 131. In total, 59 patients
were hospitalized, only 3 of whom were SARS-CoV-2 positive, with elevated CRP (n = 2) and normal
CRP (n = 1). The probability of being hospitalized with elevated CRP was 4.21 (95%CI 2.38–7.43,
p < 0.0001), while the probability of being hospitalized with SARS-CoV-2 positivity alone was 0.85
(95%CI 0.26–2.81, p = 0.79). Conclusions: CRP is not a reliable predictor for the course of SARS-CoV-2
infection in pre-hospitalized patients. CRP, while not a SARS-CoV-2 positive test, had prognostic
value in the total population of patients presenting with COVID-19-related symptoms.

Keywords: COVID-19; C-reactive protein; CRP; triage strategies; SARS-CoV-2

1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome
coronavirus 2, SARS-CoV-2 [1]. The virus was initially discovered in Wuhan, China, in
December 2019. In March 2020, the World Health Organization declared a COVID-19
pandemic, and, since then, the infection rate has increased exponentially worldwide [2]. As
of December 2021, the coronavirus disease has resulted in over 276,400,000 confirmed cases
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and more than 5,374,700 deaths globally [3]. In Denmark, on 26 December 2021, 675,844
people had been infected, resulting in 3187 deaths in total [4]. COVID-19 can result in the
development of acute respiratory distress syndrome (ARDS), which has high mortality [5].
ARDS is characterized by fibrin deposition, diffuse alveolar damage, with hyalin membrane
formation and perivascular T-cell infiltration [6].

SARS-CoV-2 infection causes an acute phase response, partly driven by the pro-
inflammatory cytokines interleukin-6 and TNF-a [7], which, again, induces a rise in the
levels of acute phase proteins, including C-reactive protein (CRP). CRP was initially found
to bind to the surface components (phosphorylcholine, PC) of pathogens, thereby activating
the complement system and causing opsonization, leading to phagocytosis [8]. CRP also
initiates the elimination of targeted cells by its interaction with both humoral and cellular
effector systems of inflammation [9]. In clinical medicine, measurements of the plasma
concentration of CRP are used as a multipurpose marker that, depending on the cut-off
level used, can be applied, among other tests, to screen for inflammatory diseases and to
differentiate bacterial from viral infections [10]. While other markers may be of value in
specific patient groups, e.g., troponin [11], CRP has the advantage of being readily available
in most clinics.

The lack of COVID-19 treatment resources threatens health systems worldwide. Costly
biomarkers that can assist in the triage of COVID-19 patients are needed. Worsening of the
virus infection, from the onset of symptoms to the development of ARDS, has been reported
to be associated with a concomitant increase in CRP [12], and CRP has prognostic value in
patients severely affected by COVID-19 [13]. Furthermore, the biomarker IL-6 has shown
prognostic value regarding in-hospital deaths [14], and since the CRP synthesis in the liver
is primarily driven by IL-6 [15], this supports the rationale behind investigating the role of
isolated CRP in the early stages, for predicting the course of the disease. The present study
included individuals with mild COVID-19-related symptoms, i.e., in the pre-hospital phase,
when presenting at test centers in the Copenhagen area. We hypothesized that by using one
simple biomarker (CRP), it would be possible to predict the likelihood of hospitalization
and/or ARDS among suspected COVID-19 patients. For this, a CRP above the defined
upper reference range of 10 mg/L at baseline was chosen as our pre-specified threshold
of interest. Our aim was to explore whether there was potential for an effective triage
strategy, based on the CRP result, to distinguish COVID-19 patients with an increased risk
of hospitalization.

2. Materials and Methods
2.1. Study Design

This prospective cohort study was designed as a two-center study, carried out using
prospective data from the corona check point (CCP) units at the Department of Acute
Medicine, Bispebjerg Frederiksberg Hospital (BFH) and from the Department of Infectious
Diseases, Rigshospitalet (RH) between May and July 2020. The study protocol was ap-
proved by the Danish Data Protection Agency (P-2020-395), while the project objective,
outcomes, and outline were submitted to ClinicalTrials.gov NCT04373798 before enrolling
participants. The pre-specified, approved, and registered protocol is available in File S1
(Supplementary Materials) and the statistical analysis plan in File S2 (Supplementary Materials).

2.2. Setting and Participants

Individuals (aged 18 and above) presenting with suspected COVID-19 during daytime
(8 a.m. to 5 p.m.) at the CCP units, whether referred from general practice (mainly BFH) or
non-referred (mainly RH), were asked to participate in the prospective data collection. All
participants presented with COVID-19-related symptoms, such as fever, muscle soreness,
headache and coughing. Exclusion criteria were examination at one of the CCP units or
hospitalization for the same diagnosis, within the past 28 days.

All participants signed an informed consent form, had a blood sample drawn and
a RT-PCR oropharyngeal swab specimen performed at the CCP. Participants were regis-
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tered in the electronic medical record system and followed record perusal for one month
(28 days). Data concerning test results, demographic details, possible hospitalizations,
oxygen treatments, transfers to the ICU or deaths were registered in a dedicated database
using the Research Electronic Data Capture software 10.6.18. (REDCap, Vanderbilt, TN,
USA). In this study, time is measured in days, and T = 0 is the time of SARS-CoV-2 PCR
testing, as the time of the onset of symptoms was uncertain.

2.3. Outcomes

The primary outcome was hospitalization (within the 28-day observation period)
combined with CRP levels (above 10 mg/L) at baseline, in patients with suspected COVID-
19. The secondary outcomes were transfer to the ICU, oxygen requirement and/or death
(within the 28-day observation period) in combination with CRP levels (above 10 mg/L) at
baseline, in patients with suspected COVID-19.

2.4. Data Extraction

Data extracted from the medical records included the CRP level, both at the time
of appearance at the CCPs and at eventual later measurements, SARS-CoV-2 test results,
and hospitalization. The data extraction included demographic information (sex and age),
length of admission, intensive care, assisted respiratory treatments and death. The test for
CRP was performed routinely at Rigshospitalet and Bispebjerg Frederiksberg Hospital.

2.5. Quantitative Variables

Initially, patients with a CRP above the clinical threshold (10 mg/L) were considered
as having a “high CRP” (unlike those below the threshold—“low CRP”). Secondarily, the
association between CRP and hospitalization was explored. Various thresholds, defined by
data-driven categories that relate to hospitalization within 28 days from presenting at the
CCPs with a suspicion of COVID-19, were used. For these exploratory purposes, a receiver
operating characteristic (ROC) curve was used to graphically show the connection/trade-
off between clinical sensitivity and specificity for every possible cut-off for the baseline
CRP levels.

2.6. SARS-CoV-2 Detection and CRP Measurements

In this study, samples for detecting SARS-CoV-2 were collected by oropharyngeal
swabs using the UTM swab set (COPAN, Brescia, Italy) followed by laboratory RT-qPCR
analyses using E-gene assay [16] using Roche FLOW system (Roche, Basel, Switzer-
land). CRP was measured in heparin plasma using the c702 analyzer (Roche Diagnostics,
Mannheim, Germany) [17]. The CV% was 7.5% at 7.6 mg/L. The upper limit for the
reference value (non-specific indication) for CRP was 10 mg/L.

2.7. Statistical Methods

The primary analyses were based on the intention-to-survey (ITS) population. This ITS
principle asserts the effect of the initial exposure (that is, the result of the SARS-CoV-2 and
CRP level at enrolment). Thus, our ITS population was exclusively participants who signed
the informed consent and had both CRP assessed and the result of SARS-CoV-2 available
at baseline. Accordingly, participants were eligible for a prognostic group (e.g., high CRP
vs. low CRP, and SARS-CoV-2 positive vs. negative test). They were followed up, assessed
and analyzed as members of that group, regardless of their clinical history, from that point
on (e.g., independent of withdrawals and cross-over phenomena) [18].

Logistic regression analysis models were used to describe data and to explain the
relationship between the dependent binary variable(s) and the two independent variables
(SARS-CoV-2 and CRP tests, respectively) [19]. Odds ratios (ORs) and 95% confidence
intervals (CIs) were estimated. To compare differences between groups in each 2 × 2
contingency table, Fisher’s exact test was used; a two-tailed p value < 0.05 was consid-
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ered statistically significant. All statistical analyses were performed using SAS software
(Statistical Analysis Software 9.4, SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Clinical Characteristics of Patients

SARS-CoV-2 and CRP measurements were obtained from 1006 individuals (623 pa-
tients at BFH and 383 at RH) from May to July 2020; this sample represents our ITS
population. As illustrated in Figure 1, only one patient was hospitalized in the group of
SARS-CoV-2 positive patients with low CRP (n = 47), while two patients were hospitalized
in the group of SARS-CoV-2 positive patients with high CRP (n = 12). In total, 59 patients
were hospitalized within a mean time period of 6.5 days. None of the patients in the
total ITS population were transferred to the ICU or died in the 28-day observation period.
There were three SARS-CoV-2 negative patients who needed oxygen treatment during
hospitalization, while none of the SARS-CoV-2 positive patients did.

Figure 1. Flow of participants through each stage of the prospective cohort study.

In the total ITS population, the mean age was 45 years and 32.7% were male (Table 1).
The individuals with a positive SARS-CoV-2 test (n = 59) had a mean age of 39.9 years and
17 (28.8%) of them were male. Among the SARS-CoV-2 negative patients (n = 947), the
mean age was 45.3 years and 32.9% were male.
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3.2. Baseline CRP Levels and Clinical Characteristics

In total, 59 patients (5.9%) were hospitalized. Three of them (5.1%) were SARS-CoV-2
positive and 21 of them (35.6%) had a CRP > 10 mg/L. Only two patients (3.2%) showed a
combination of being SARS-CoV-2 positive, having increased CRP, and being hospitalized.
The mean age of the hospitalized patients was 55.1 years and 49.2% were males. Three
patients (5.1%), all SARS-CoV-2 negative, required oxygen treatment during their stay. The
mean baseline CRP among the subsequently hospitalized patients was 39.4 mg/L (not
shown), which is noticeably higher than the mean CRP in the other groups (Table 1).

The mean CRP level among the SARS-CoV-2 positive patients (n = 59) was 9.1 mg/L,
and 8.1 mg/L among the SARS-CoV-2 negative patients (n = 947). In the group of SARS-
CoV-2 positive patients, the distribution of patients was 13.6%, 66.1%, and 20.3%, re-
spectively, in the categories CRP < 1 mg/L, CRP between 1 mg/L and 10 mg/L, and
CRP > 10 mg/L. In the group of SARS-CoV-2 negative patients, the percentages were 33.8%,
53.6%, and 12.6%, respectively (Table 1).

Table 1. Participant characteristics at baseline stratified according to subsequent SARS-CoV-2 test results.

SARS-CoV-2 Result

BFH RH Total Overall Total

Positive
n = 37

Negative
n = 586

Positive
n = 22

Negative
n = 361

Positive
n = 59

Negative
n = 947

All Participant
n = 1006

Males, no. (%) 10 (27) 220 (37.5) 7 (31.2) 92 (25.5) 17 (28.8) 312 (32.9) 329 (32.7)
Age, years (mean) 39.7 46.5 40.3 43.3 39.9 45.3 45.0

CRP level, mg/L (mean) 11.6 9.9 5.0 5.1 9.1 8.1 8.1
CRP < 1 mg/L, no. (%) 2 (5.4) 134 (22.9) 6 (27.3) 186 (51.2) 8 (13.6) 320 (33.8) 328 (32.6)
CRP between 1 mg/L and
10 mg/L, no. (%) 26 (70.2) 367 (62.6) 13 (59.0) 141 (39.1) 39 (66.1) 508 (53.6) 547 (54.4)

High CRP > 10 mg/L, no. (%) 9 (24.3) 85 (14.5) 3 (13.6) 34 (9.4) 12 (20.3) 119 (12.6) 131 (13.0)

SARS-CoV-2 positive, no. (%) 37 (100) 0 (0) 22 (100) 0 (0) 59 (100) 0 (0) 59 (5.9)
High CRP + SARS-CoV-2 positive,
no. (%) 9 (24.3) 0 (0) 9 (15.3) 9 (0.9)

3.3. Outcomes in Individuals with Suspected COVID-19

SARS-CoV-2 positivity alone had no predictive value regarding hospitalization in
the unadjusted model (OR 0.85, 95%CI 0.26 to 2.81, p = 0.79). In contrast, patients with
CRP levels above the clinical threshold (10 mg/L) at baseline had four times higher odds
(unadjusted) of being hospitalized than patients with CRP levels below the threshold
(OR T4.21, 95%CI 2.38 to 7.43, p < 0.001), meaning that CRP had significant predictive value
concerning the hospitalization of patients with suspected COVID-19 (Table 2). In total,
131 patients had high CRP at baseline and 16% of them (n = 21) were admitted during
the 28-day observation period. Only 4.3% (n = 38) of the patients admitted had low CRP
(not shown).

Among the patients with high CRP (>10 mg/L), male sex and higher age (in years)
corresponded with a higher risk of being hospitalized (Table 2) in the unadjusted model.
Differences between hospitals in the number of hospitalizations were noticeable; patients at
RH were 69% less likely to be hospitalized (OR 0.31, 95%CI 0.16 to 0.63, p = 0.001), according
to the unadjusted model, than patients at BFH. Oxygen requirement was not significantly
associated with high CRP, sex, SARS-CoV-2 positivity, or hospital.
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Table 2. Odds ratios (95% confidence intervals) and p values for the primary and secondary outcome
in individuals with suspected COVID-19 (n = 1006).

Outcomes 1

Odds Ratio (95%CI; p Value)

Simple Logistic Regression Logistic Regression
(With 2 Independent Variables)

Multiple Regression Analysis
(Adjusted for the Other Variables)

Y: Hospitalization
High CRP (>10 mg/L) 4.21 (2.38–7.43; p < 0.0001) 4.26 (2.41–7.53; p < 0.0001) 3.48 (1.91–6.33; p < 0.0001)
SARS-CoV-2 positive 0.85 (0.26–2.81; p = 0.79) 0.72 (0.22–2.43; p = 0.60) 0.81 (0.23–2.92; p = 0.75)
X1: Male sex 2.09 (1.23–3.54; p = 0.006) 1.59 (0.91–2.76; p = 0.10)
X2: Age in years 1.04 (1.03–1.06; p < 0.0001) 1.04 (1.02–1.05; p < 0.0001)
X3: Hospital 2 0.31 (0.16–0.63; p = 0.001) 0.42 (0.20–0.85; p = 0.02)

Y: Oxygen treatment
High CRP (>10 mg/L) 3.36 (0.30–37.29; p = 0.32) 3.50 (0.32–38.90; p = 0.31) 2.85 (0.25–33.01; p = 0.40)
SARS-CoV-2 positive n.a. (<0.98) n.a. (p = 0.98) n.a. (<0.98)
X1: Males 4.14 (0.37–45.76; p = 0.25) 3.65 (0.31–42.33; p = 0.30)
X2: Age in years 1.02 (0.96–1.10; p = 0.49) 1.02 (0.95–1.09; p = 0.58)
X3: Hospital2 0.81 (0.07–8.99; p = 0.87) 1.18 (0.10–14.10; p = 0.89)

1 No data were registered on transfers to the ICU or deaths. 2 Rigshospitalet vs. Bispebjerg Frederiksberg Hospital.

3.4. Hospitalizations and Risk Factors

SARS-CoV-2 positive patients with high CRP were associated with a higher risk of
hospitalization (OR 9.20, 95%CI 0.76–111.63) in the unadjusted model, but the association
did not show any significance (p = 0.08). In the adjusted model (multiple regression), the
likelihood of being hospitalized was equal (OR 1.00) in the two groups (high and low
CRP). Sex, age, and hospital were not significantly associated with hospitalizations among
SARS-CoV-2 positive patients (Table 3).

Table 3. Odds ratios (95% confidence intervals) and p values for hospitalizations stratified by the
results of the SARS-CoV-2 test.

Outcome Stratified by SARS-CoV-2 Test
Odds Ratio (95%CI; p Value)

Simple Regression Analysis Multiple Regression Analysis

Hospitalization among the SARS-CoV-2 positive individuals
(N = 59)
High CRP (>10 mg/L) 9.20 (0.76–111.63; p = 0.08) 1.00 (0.01–70.50; p = 0.99)
X1: Males 5.47 (0.46–64.77; p = 0.18) 3.91 (0.20–74.77; p = 0.37)
X2: Age in years 1.11 (1.02–1.21; p = 0.02) 1.09 (0.97–1.23; p = 0.16)
X3: Hospital 1 n.a. (0.96) n.a. (0.96)
Hospitalization among the SARS-CoV-2 negative
individuals (N = 947)
High CRP (>10 mg/L) 4.06 (2.25–7.34; p < 0.0001) 3.47 (1.88–6.41; p < 0.0001)
X1: Males 1.98 (1.15–3.41; p = 0.01) 1.53 (0.87–2.69; p = 0.14)
X2: Age in years 1.04 (1.02–1.06; p < 0.0001) 1.03 (1.02–1.05; p = 0.0001)
X3: Hospital 1 0.34 (0.17–0.67; p = 0.002) 0.44 (0.21–0.90; p = 0.02)

1 Rigshospitalet vs. Bispebjerg Hospital.

3.5. Receiver Operating Characteristic Curve

As illustrated in Figure 2, we used the receiver operating characteristic (ROC) curve
to show sensitivity as a function of 100%—specificity, determining a CRP threshold of
hospitalizations among patients with suspected COVID-19, derived from the observed data.
Using Youden’s index, the best predictive CRP cut-off level was 6 mg/L, with a sensitivity
of 49.2% and a specificity of 82.2%. However, the area under the curve (AUC) was 0.66
(CI 0.58–0.74), indicating only a poor degree of class separability, as well as predictability
of hospitalization.
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Figure 2. ROC curve with sensitivity as a function of 100%—specificity. CRP level vs. hospitalizations.

4. Discussion

Although the clinical triage value of CRP is important, this study did not demonstrate
a triage value of CRP in subjects with suspected COVID-19. However, in patients initially
presenting (at baseline) with symptoms of SARS-CoV-2 infection, we found that high CRP
was more likely to predict hospitalization in the total ITS population than low CRP (OR 4.21,
95%CI 2.38–7.43, p < 0.001), whereas SARS-CoV-2 positivity did not show any predictive
value regarding hospitalizations. This knowledge may be useful in future diagnostics of
patients presenting with mild signs of illness. In this material, a lack of significance for
a similar association between CRP > 10 mg/L at the onset of symptoms and subsequent
hospitalization among patients infected with SARS-CoV-2 was revealed. This may be due
to a type 2 error; thus, the odds of being admitted to a hospital within 28 days from the
baseline were 9.2 times higher in the group with high CRP compared to the group with
low CRP (OR 0.92, 95%CI 0.76–111.63, p = 0.08). None of the participants in our study were
affected to an extent that led to ARDS, and no conclusions can be made on the risk of being
transferred to the ICU, requiring oxygen treatment, or dying (secondary outcomes) due to
SARS-CoV-2 infection.

4.1. Handling of SARS-CoV-2

The current recommendations for the management of COVID-19 include large-scale
antigen/PCR testing for SARS-CoV-2. While such tests reveal whether an individual is
infected with SARS-CoV-2 or not, the demonstration of the virus has, to our knowledge,
no prognostic value for the ensuing course of the COVID-19 disease. In Denmark, due
to a high SARS-CoV-2 PCR and antigen testing capacity, the positive rate of the test has
varied from 0.2 to 7% at our hospitals. This is also reflected in this study population, which
had a very high percentage of negative tests, as the samples were collected in the last
part of the first wave. During periods with higher positive test rates, there is a need for
other measures to be taken, in order to identify the subjects who are at an increased risk of
developing COVID-19 complications, which has proved to be effective in other respiratory
diseases [20].

A cut-off value of 6 mg/L for CRP (regardless of SARS-CoV-2 positivity) was deter-
mined using the ROC curve, which is slightly lower than the official reference range of
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CRP, below 10 mg/L. This corresponded well with that observed with SARS-CoV-2 and
MERS, as well as the four coronaviruses that cause milder disease. In hospitalized patients
with COVID-19, similar ROC curves have suggested a cut-off for death from the disease of
41.4 CRP [13].

4.2. CRP in the Different Stages of COVID-19 Infections

In a recent systemic review [21], it was found that CRP levels are significantly higher
in severe COVID-19 patients than in non-severe patients. This meta-analysis intended
to deliver information to help physicians to distinguish between severe and non-severe
COVID-19 patients. Indeed, in hospitalized patients, CRP has prognostic value, even in
moderately affected COVID-19 patients [22–24]. However, no prognostic value of CRP in
pre-hospitalized patients was described. In this study, CRP was not a significant predictor
of the course of the COVID-19 disease, which indicates that the cytokine response and
subsequent rise in CRP occur in later stages of the disease. It may be speculated that the
immune reaction leading to CRP production only evolves from a certain level of disease,
which corresponds to the worse prognosis in hospitalized patients with very high CRP
levels. In severe COVID-19 cases, the serum concentrations of CRP are increased in non-
survivors compared to non-severe COVID-19 patients and survivors [21]. Accordingly,
CRP levels may be of value for monitoring the COVID-19 disease, once developed.

4.3. Reflections on Investigation

The 69% reduced risk of being admitted to Rigshospitalet, in comparison to Bispebjerg
Frederiksberg Hospital, indicates a difference in the patient groups at the two hospitals,
especially considering that the mean CRP was 6.6 mg/L higher in the SARS-CoV-2 positive
patients and 4.8 mg/L higher in the SARS-CoV-2 negative patients at Bispebjerg Fred-
eriksberg Hospital, compared to Rigshospitalet. This may reflect a more unwell group of
patients at BFH, having mostly been referred to the CCP’s by their general practitioner
(GP), as compared to the mostly non-referred patients arriving at RH.

This investigation had several limitations. Only a minority of the participants were
infected with SARS-CoV-2, which limited the relevance of the secondary outcomes, e.g., the
risk of being transferred to the ICU, requiring oxygen, or dying due to COVID-19. The
strength of the study was the inclusion of patients in the pre-hospital phase, as this group
is only vaguely described in the literature. Moreover, the addition of a simple and cheap
test, such as CRP, would provide the GP with a rapid tool for primary triage; the aim of
this being to choose the right candidates for more intensive follow-up after the test, or even
referral to the hospital. Thus, CRP may be one of the prognostic tools that predicts the
morbidity of the COVID-19 course, but only in severe cases.

5. Conclusions

In conclusion, our findings did not support the theory of CRP as a reliable predictor
for the course of the SARS-CoV-2 infection in pre-hospitalized patients. The mean CRP was,
in fact, slightly higher among SARS-CoV-2 positive patients than SARS-CoV-2 negative
patients, although there was no significant association between CRP among SARS-CoV-2
positive patients and hospitalizations. CRP had prognostic value in the total population
presenting with COVID-19-related symptoms (general signs of illness), while a SARS-CoV-2
positive test per se did not influence the outcome.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm11010201/s1, File S1: Original protocol, File S2: Statistical Analysis Plan.

Author Contributions: Conceptualization, E.O.B., I.M.B., L.J.F.-H., H.B.; methodology, M.H., R.C.,
L.J.F.-H., H.B.; software, M.H.; validation, M.H., R.C., L.J.F.-H., R.F.T., H.B.; formal analysis, E.O.B.,
M.H., R.C., L.J.F.-H.; investigation, E.O.B., I.M.B., H.N., S.D.N., C.P.; resources, L.J.F.-H., H.B.; data
curation, M.H., R.C., L.E.K.; writing—original draft preparation, E.O.B., L.J.F.-H., H.B.; writing—
review and editing, E.O.B., M.H., R.C., L.J.F.-H., H.B.; visualization, E.O.B., M.H., R.C.; supervision,

https://www.mdpi.com/article/10.3390/jcm11010201/s1
https://www.mdpi.com/article/10.3390/jcm11010201/s1


J. Clin. Med. 2022, 11, 201 9 of 10

J.H.R., F.E.N., L.J.F.-H., H.B.; project administration, J.H.R., L.J.F.-H., H.B.; funding acquisition, H.B.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received funding from Lundbeck Foundation (J.nr R349-2020-732). The Parker
Institute, Bispebjerg Frederiksberg Hospital is supported by a core grant from the Oak Foundation
(OCAY-18-774-OFIL).

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to the fact that all tests were part of routine treatment at the CCP and that no animals were involved.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patients to publish this paper.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Pulia, M.S.; O’Brien, T.P.; Hou, P.C.; Schuman, A.; Sambursky, R. Multi-tiered screening and diagnosis strategy for COVID-19: A

model for sustainable testing capacity in response to pandemic. Ann. Med. 2020, 52, 207–214. [CrossRef] [PubMed]
2. Chilimuri, S.; Sun, H.; Alemam, A.; Manthri, N.; Shehi, E.; Tejada, J.; Yugay, A.; Nayudu, S.K. Predictors of Mortality in Adults

Admitted with COVID-19: Retrospective Cohort Study from New York City. West. J. Emerg. Med. 2020, 21, 779–784. [CrossRef]
[PubMed]

3. World Health Organization. WHO Coronavirus Disease (COVID-19) Dashboard. Available online: https://covid19.who.int/
(accessed on 1 November 2021).

4. sst.dk. tal-og-overvaagning @ www.sst.dk 2021. Available online: https://www.sst.dk/da/corona/status-for-epidemien/tal-og-
overvaagning (accessed on 1 November 2021).

5. Zhang, X.; Li, S.; Niu, S. ACE2 and COVID-19 and the resulting ARDS. Postgrad. Med. J. 2020, 96, 403–407. [CrossRef] [PubMed]
6. Asselah, T.; Durantel, D.; Pasmant, E.; Lau, G.; Schinazi, R.F. COVID-19: Discovery, diagnostics and drug development. J. Hepatol.

2021, 74, 168–184. [CrossRef] [PubMed]
7. Copaescu, A.; Smibert, O.; Gibson, A.; Phillips, E.J.; Trubiano, J.A. The role of IL-6 and other mediators in the cytokine storm

associated with SARS-CoV-2 infection. J. Allergy Clin. Immunol. 2020, 146, 518–534.e1. [CrossRef] [PubMed]
8. Slaats, J.; ten Oever, J.; van de Veerdonk, F.L.; Netea, M.G. IL-1β/IL-6/CRP and IL-18/ferritin: Distinct Inflammatory Programs

in Infections. PLoS Pathog. 2016, 12, e1005973. [CrossRef]
9. Volanakis, E.J. Human C-reactive protein: Expression, structure, and function. Mol. Immunol. 2001, 38, 189–197. [CrossRef]
10. Escadafal, C.; Incardona, S.; Fernandez-Carballo, B.L.; Dittrich, S. The good and the bad: Using C reactive protein to distinguish

bacterial from non-bacterial infection among febrile patients in low-resource settings. BMJ Glob. Health 2020, 5, e002396. [CrossRef]
11. Arcari, L.; Luciani, M.; Cacciotti, L.; Musumeci, M.B.; Spuntarelli, V.; Pistella, E.; Martolini, D.; Manzo, D.; Pucci, M.; Marone, C.;

et al. Incidence and determinants of high-sensitivity troponin and natriuretic peptides elevation at admission in hospitalized
COVID-19 pneumonia patients. Intern. Emerg. Med. 2020, 15, 1467–1476. [CrossRef]

12. Keddie, S.; Ziff, O.; Chou, M.; Taylor, R.; Heslegrave, A.; Garr, E.; Lakdawala, N.; Church, A.; Ludwig, D.; Manson, J.; et al.
Laboratory biomarkers associated with COVID-19 severity and management. Clin. Immunol. 2020, 221, 108614. [CrossRef]

13. Luo, X.; Zhou, W.; Yan, X.; Guo, T.; Wang, B.; Xia, H.; Ye, L.; Xiong, J.; Jiang, Z.; Liu, Y.; et al. Prognostic Value of C-Reactive
Protein in Patients with Coronavirus 2019. Clin. Infect. Dis. 2020, 71, 2174–2179. [CrossRef]

14. Liu, Y.-P.; Li, G.-M.; He, J.; Liu, Y.; Li, M.; Zhang, R.; Li, Y.-L.; Wu, Y.-Z.; Diao, B. Combined use of the neutrophil-to-lymphocyte
ratio and CRP to predict 7-day disease severity in 84 hospitalized patients with COVID-19 pneumonia: A retrospective cohort
study. Ann. Transl. Med. 2020, 8, 635. [CrossRef]

15. Sproston, N.R.; Ashworth, J.J. Role of C-Reactive Protein at Sites of Inflammation and Infection. Front. Immunol. 2018, 9, 754.
[CrossRef]

16. Corman, V.; Landt, O.; Kaiser, M.; Molenkamp, R.; Meijer, A.; Chu, D.; Bleicker, T.; Brünink, S.; Schneider, J.; Luisa Schmidt, M.; et al.
Detection of 2019 novel coronavirus (2019-nCoV) by real-time RT-PCR. Eurosurveillance 2020, 25, 1–8. [CrossRef]

17. Von Eckardstein, A.; Roth, H.J.; Jones, G.; Preston, S.; Szekeres, T.; Imdahl, R.; Conti, M.; Blanckaert, N.; Jose, D.; Thiery, J.; et al.
Cobas 8000 Modular Analyzer Series Evaluated under Routine-like Conditions at 14 Sites in Australia, Europe, and the United
States. J. Lab. Autom. 2013, 18, 306–327. [CrossRef] [PubMed]

18. White, I.R.; Horton, N.; Carpenter, J.; Pocock, S.J. Strategy for intention to treat analysis in randomised trials with missing
outcome data. BMJ 2011, 342, d40. [CrossRef] [PubMed]

19. Guyatt, G.; Walter, S.; Shannon, H.; Cook, D.; Jaeschke, R.; Heddle, N. Basic statistics for clinicians: 4. Correlation and regression.
Can. Med. Assoc. J. 1995, 152, 497–504.

20. Jeon, J.-S.; Rheem, I.; Kim, J.K. C-Reactive Protein and Respiratory Viral Infection. Korean J. Clin. Lab. Sci. 2017, 49, 15–21.
[CrossRef]

21. Mahat, R.K.; Panda, S.; Rathore, V.; Swain, S.; Yadav, L.; Sah, S.P. The dynamics of inflammatory markers in coronavirus
disease-2019 (COVID-19) patients: A systematic review and meta-analysis. Clin. Epidemiol. Glob. Health 2021, 11, 100727.
[CrossRef]

http://doi.org/10.1080/07853890.2020.1763449
http://www.ncbi.nlm.nih.gov/pubmed/32370561
http://doi.org/10.5811/westjem.2020.6.47919
http://www.ncbi.nlm.nih.gov/pubmed/32726241
https://covid19.who.int/
https://www.sst.dk/da/corona/status-for-epidemien/tal-og-overvaagning
https://www.sst.dk/da/corona/status-for-epidemien/tal-og-overvaagning
http://doi.org/10.1136/postgradmedj-2020-137935
http://www.ncbi.nlm.nih.gov/pubmed/32522846
http://doi.org/10.1016/j.jhep.2020.09.031
http://www.ncbi.nlm.nih.gov/pubmed/33038433
http://doi.org/10.1016/j.jaci.2020.07.001
http://www.ncbi.nlm.nih.gov/pubmed/32896310
http://doi.org/10.1371/journal.ppat.1005973
http://doi.org/10.1016/S0161-5890(01)00042-6
http://doi.org/10.1136/bmjgh-2020-002396
http://doi.org/10.1007/s11739-020-02498-7
http://doi.org/10.1016/j.clim.2020.108614
http://doi.org/10.1093/cid/ciaa641
http://doi.org/10.21037/atm-20-2372
http://doi.org/10.3389/fimmu.2018.00754
http://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
http://doi.org/10.1177/2211068212472183
http://www.ncbi.nlm.nih.gov/pubmed/23321915
http://doi.org/10.1136/bmj.d40
http://www.ncbi.nlm.nih.gov/pubmed/21300711
http://doi.org/10.15324/kjcls.2017.49.1.15
http://doi.org/10.1016/j.cegh.2021.100727


J. Clin. Med. 2022, 11, 201 10 of 10

22. Wang, L. C-reactive protein levels in the early stage of COVID-19. Med. Mal. Infect. 2020, 50, 332–334. [CrossRef] [PubMed]
23. Pepys, M.B. C-reactive protein predicts outcome in COVID-19: Is it also a therapeutic target? Eur Heart J. 2021, 42, 2280–2283.

[CrossRef] [PubMed]
24. 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, 2409–2411. [CrossRef] [PubMed]

http://doi.org/10.1016/j.medmal.2020.03.007
http://www.ncbi.nlm.nih.gov/pubmed/32243911
http://doi.org/10.1093/eurheartj/ehab169
http://www.ncbi.nlm.nih.gov/pubmed/33778886
http://doi.org/10.1002/jmv.26097
http://www.ncbi.nlm.nih.gov/pubmed/32516845

	Introduction 
	Materials and Methods 
	Study Design 
	Setting and Participants 
	Outcomes 
	Data Extraction 
	Quantitative Variables 
	SARS-CoV-2 Detection and CRP Measurements 
	Statistical Methods 

	Results 
	Clinical Characteristics of Patients 
	Baseline CRP Levels and Clinical Characteristics 
	Outcomes in Individuals with Suspected COVID-19 
	Hospitalizations and Risk Factors 
	Receiver Operating Characteristic Curve 

	Discussion 
	Handling of SARS-CoV-2 
	CRP in the Different Stages of COVID-19 Infections 
	Reflections on Investigation 

	Conclusions 
	References

