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The relationship between CRP at admission and thorax CT
findings in patients diagnosed with COVID-19
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Abstract

Introduction: The current study aims to evaluate the relationship between C-reactive
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protein (CRP) levels, thorax CT findings and CT-SS in patients presenting to the emer-
gency department with COVID-19.
Methods: Patients diagnosed with COVID-19 by nasopharyngeal rt-PCR (+) in the

emergency department were included in the study. In addition to the CRP, ferritin
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and D-dimer examinations of patients at admission, thorax CT involvement findings
and CT-SS results were recorded. The relationship of CRP value with CT-SS and clini-
cal outcome was evaluated.

Results: A total of 974 COVID-19 patients, 572 males (58.7%) and 402 females
(41.3%), with a mean age of 59.64 + 17.34 years, were included in the study. The CRP
values of the patients who needed intensive care and needed respiratory support
were also significantly higher at admission (95.1 mg/dL vs 31.05 mg/dL) (P < .001).
The CRP values of the patients who developed any complications during the treat-
ment of COVID-19 were higher (79.9 mg/dL vs 41.85 mg/dL) (P < .001).

In the case of CRP >124.5, a thorax CT density score 7.35 times higher was deter-
mined to be severe. In addition, it was determined that there was a 9.09-fold increase
in the incidence of negative imaging findings in terms of COVID-19 in cases where
the CRP value was <12.5 mg/dL.

Conclusion: The CRP levels of COVID-19 patients measured upon admission to the
emergency room are correlated with the severity of lung involvement and are an
important predictor of clinical outcomes.

declared a global public health emergency and a pandemic on March

1 | INTRODUCTION

In December 2019, a severe viral pneumonia case series of 41 peo-
ple, the causative agent of which could not be revealed, was reported
in the city of Wuhan, in the Hubei Province of China.! Subsequent
whole-genome sequencing and phylogeny analysis showed that
SARS-CoV-2 belonged to the betacoronavirus 2b lineage, which be-
longs to the same group as the Severe Acute Respiratory Syndrome
coronavirus (SARS-CoV), a highly virulent pathogen in humans.?
On January 30, 2020, the SARS-CoV-2 infection (COVID-19) was

11 by the World Health Organization (WHO).3#

The disease is transmitted by inhalation or contact with in-
fected droplets and the incubation period varies between 2-14 days.
Symptoms are usually fever, cough, sore throat, shortness of breath.
In most asymptomatic cases, the signs of the disease are mild.
However, the disease may progress to pneumonia, acute respiratory
distress syndrome and multi-organ dysfunction in some patients
(usually the elderly and those with comorbidities). According to re-
cent reports, the death rate from COVID-19 is 5.6%-20.3%, while

the mortality rate in severe patients can reach 30%-60%.°

Abbreviations: COVID-19, coronavirus disease 2019; CT, computed tomography; SARS, severe acute respiratory syndrome; WHO, World Health Organization.

Int J Clin Pract. 2021;75:€14962.
https://doi.org/10.1111/ijcp.14962

wileyonlinelibrary.com/journal/ijcp

© 2021 John Wiley & Sons Ltd 10f10


www.wileyonlinelibrary.com/journal/ijcp
mailto:﻿
mailto:pinaryuruk@windowslive.com

BEYDOGAN anp YURUK ATASOY

20f 10 @[8Y THE INTERNATIONAL JOURNAL OF
WILEY-CLINICAL PRACTICE

COVID-19 is mainly diagnosed by reverse transcription-
polymerase chain reaction (RT-PCR) to detect SARS CoV-2 nucleic
acid in a nasopharyngeal swab (NS) sample. However, because of
inappropriate clinical sampling, low patient viral load, and differ-
ences in detection rates of different RT-PCR kits, the sensitivity of
RT-PCR for COVID-19 infection is approximately 71%. In addition,
direct chest radiographs (x-ray) are less sensitive than thoracic CT,
especially in the early stage of COVID-19.7 According to current re-
ports, CT can detect the disease before the development of clinical
symptoms.®? Therefore, thorax CT is vital in preclinical screening
and is highly recommended as a first-line strategy for investigating
possible cases of COVID-19.° In addition, the combination of rou-
tine laboratory biomarkers (CRP, LDH, and ferritin +D- dimer) can
be used for the diagnosis of COVID-19 with an accepted sensitivity
and specificity before making a definitive diagnosis by RT-PCR.!
However, different results have been reported between CRP levels
and the severity of thorax CT involvement, clinical outcomes and
disease prognosis in patients diagnosed with COVID-19.1%4

This study demonstrates that the increase in CRP levels in cor-
relation with CT-SS in patients with COVID-19 presenting to the
emergency department successfully predicted adverse clinical

outcomes.

2 | MATERIALS AND METHODS
2.1 | Patients

Patients who met the inclusion criteria from among those who came
to the emergency room with the suspicion of COVID-19 from April
01, 2020 and December 31, 2020 were included in the study. The
medical records of the patients included in the study were ana-
lysed through the hospital data processing database. Patients aged
18 years and older who applied to the emergency department of
our hospital, for whom the COVID-19 diagnosis code (U07.3) was
entered according to the ICD-10 classification, were included in
the study. Patients younger than 18 years of age, for whom the
COVID-19 diagnosis code was not entered, and patients with the
COVID-19 diagnosis code but did not have RT-PCR and Thorax CT

examination were excluded from the study.

2.2 | Diagnosis of COVID-19 pneumonia

A confirmed case of COVID-19 was identified based on the
Coronavirus Pandemic Outbreak Method Guide published by the
National Health Commission of the Turkish Ministry of Health
Science Board. According to this guideline, positive sputum in a na-
sopharyngeal swab (NS) or endotracheal aspirates (RT-PCR) is ac-
cepted as the gold standard in the diagnosis of COVID-19. Disease
onset date, clinical classification, RNA test results during hospitali-
sation and personal demographic information were obtained from

clinical records.

What'’s known

Chest CT is vital in preclinical screening and is highly rec-
ommended as a first-line strategy for investigating possible
cases of COVID-19.

What'’s new

CRP levels and CT-SS increase, the risk in relation to the

patient's need for intensive care increases.

Cases with SARS-CoV-2 detected by molecular methods, among
the cases suitable for a possible COVID-19 case definition, were in-
cluded in the study. Patients over 18 years of age and with a hospital
stay of 48 hours or more were included in the study. On the contrary,
patients who were found to have another infection focus within the

first 48 hours were excluded from the study.

2.3 | Real-time RT-PCR

rRT-PCR analysis was performed on materials obtained by NS
from patients admitted to the emergency department. A 1-step
real-time RT-PCR assay (Bio-Speedy, Turkey) targeting the nucle-
ocapsid gene and open reading frame 1 ab gene was performed
with 5 ulL of total nucleic acid according to the manufacturer's in-
structions (2B010271500RD, COVID-19/Flu-RT-qPCR, Bioeksen
Ar-GE).

2.4 | Thorax CT protocol

CT imaging was performed in the supine position with the arms
raised and at the end of inspiration (Toshiba Alexion/Advance,
Toshiba Medical Systems Corporation Nashua). Patients were in-
structed to hold their breath if clinically possible. Two radiologists
experienced in thoracic CT radiology, respectively, reviewed the
thin-section CT images and a decision was reached by consensus.
Readers identified predominant appearances in CT images such as
ground-glass density, crazy-paving pattern, consolidation and other
findings. Both radiologists were unaware of the PCR test results as
these were only available after 12-24 hours.

2.5 | Thorax CT image analysis

Two experienced radiologists with 11 and 15 years of clinical
experience in thoracic CT radiology, respectively, reviewed the
thin-slice CT images and reached a consensus. They classified
the dominant patterns on CT scans as ground-glass opacification
(GGO, hazy areas of increasing attenuation that do not block un-

derlying vessels), cobblestone appearance (GGO with interlobular
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and intralobular septal thickening) and consolidation (homogene-
ous opacification of the parenchyma). Some other minor findings
such as air bronchogram, cavitation, bronchiectasis, pleural effu-
sion, pericardial effusion, pneumothorax and mediastinal lymphad-
enopathy (>1 cm in short axis diameter) were also recorded in the
scans. A pulmonary nodule was defined as a well- or ill-defined
round opacity less than 3.0 cm in diameter.’® Pleural effusions
were recorded. In the current study, a semi-quantitative CT se-
verity scoring suggested by the RSNA, taking into account the
severity of radiological involvement, was calculated separately for
6 lung zones as follows: 1, <0%-25% involvement; 2, 25-50% in-
volvement; 3, 50%-75% involvement; 4, 75%-100% involvement.
The overall CT score was calculated as the sum of the individual
zonal scores, and the maximum score was 24.

2.6 | Statistical analysis

The SPSS 26.0 (IBM Corporation, Armonk, New York, United States)
program was used to analyse the variables. The suitability of the
data for normal distribution was evaluated with the Kolmogorov-
Smirnov test and the Shapiro-Wilk Francia test. The Mann-Whitney
U test was used together with the Monte Carlo results to compare
two independent groups with each other according to the quantita-
tive data. The Kruskal-Wallis H test was used with the Monte Carlo
simulation technique to compare more than two groups with each
other according to the quantitative data, while the Dunn’s test was
used for post hoc analyses. The Spearman's rho test was used to ex-
amine the correlations of the variables with each other. Sensitivity,
specificity and diagnostic accuracy likelihood odds were analysed
and expressed by ROC (receiver operating curve) curve analysis for
the relationship between the classification separated by the cut-off
value calculated according to the CRP of the groups and the actual
classification. Odds ratio values were calculated with 95% confi-
dence intervals according to these cut-off values. While quantitative
variables were expressed as mean (standard deviation) and median
(minimum/maximum) and median (percentile 25/percentile 75) in
the tables, categorical variables were shown as n (%). Variables were
analysed at a 95% confidence level and a P < .05 was considered

significant.

3 | RESULTS
3.1 | Demographics

A total of 974 COVID-19 patients, 572 men (58.7%) and 402 women
(41.3%), with a mean age of 59.64 + 17.34 years, were included in
the study. At least one comorbidity was current in 564 (58.6%) of
the patients. The distribution of the most common comorbidities
was found to be HT (21.2%), T2DM (15%), CVD (13.4%) and COPD
(10.8%), in order of frequency, similar to that in the literature. The

distribution of other comorbidities is summarised in Table 1.

- WILEY--22%
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3.2 | Symptoms

The most common complaints of patients presenting to the emer-
gency department were found to be shortness of breath (29.1%),
cough (21.7%), fatigue (11.5%) and fever (11.4%). However, 111
(5.3%) patients were found to be asymptomatic (contact). Other ap-
plication complaints are summarised in Table 2.

3.3 | Laboratory results

Laboratory tests performed during the patients’ admission to the
emergency department are summarised in Table 1. The median CRP
value was 56.2 (0.26-460) mg/dL, the median ferritin value was
324.65 (61-3130) mg/dL and the median D-dimer level was 226 (12-
43453) mg/dL.

The mean leucocyte level measured at the time of admission of
the patients was 7.86 + 6.05 cells/mm3, the lymphocyte count was
1.29 + 0.1 h/mm?® and the mean neutrophil count was 5.88 + 3.83 h/
mm?®. The median NLR value was 4.09 (0.25-71.85) (Table 1).

3.4 | Radiological results

Thorax CT findings obtained during the patients' admission to the
emergency department are summarised in Table 1. Thorax CT find-
ings consistent with typical COVID-19 were detected in 677 patients.
While 90 patients had partially significant involvement, 40 patients
had involvement consistent with atypical pneumonic infiltrates, 167
patients had negative CT findings for COVID-19 pneumonia despite
rt-PCR test positivity. While no signs of involvement were observed
on thorax CT in 203 patients (21%), there were findings consistent
with mild lung involvement in 403 patients (41.8%), moderate in 212
patients (22%) and severe lung involvement in 145 patients (15%)
(details in Table 1).

3.5 | COVID-19 treatment

Antiviral treatment (favipiravir) was initiated in all patients because
of rt-PCR positivity. In addition, 595 (33.4%) of the patients were
given additional antibiotic therapy, while 85 (4.8%) were also given
convalescent immune plasma therapy (Table 4).

3.6 | Clinical outcome

The median hospital stay of the patients was 8 (1-95) days, while
the mean thorax CT-SS was 7.59 + 4.2. It was determined that
307 (31.5%) patients were treated without complications. While
the need for intensive care developed in 56 patients (36.9%), the
need for additional respiratory support (NIMV or MV) developed in
290 patients (29.9%) during admission or follow-up. A total of 318
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TABLE 1 Demographicinformation

Gender
Female
Male
Lung density
Mild involvement
Moderate involvement
Severe involvement
Lung radiology
Typical
Partially significant findings
Atypical findings
Negative
Course of disease
No complication
Mild-Moderate course
Severe course without mortality
Mortal
Ventilation support (NIMV or MV)
Absent
Present

Intensive care unit

Absent
Present
N

Age 974
Length of Hospitalisation (days) 974
Chest CTSS 768
CRP (mg/dL) 963
Leucocyte 971
Lymphocyte 970
Neutrophil 966
NLR 965
D-dimer (mg/dL) 726
Ferritin (mg/dL) 864

Abbreviation: SD, standard deviation.

(32.7%) patients were diagnosed with severe COVID-19 and mortal-
ity developed in 217 (22.3%) patients (Table 1).

Different complications were observed in 298 (30.6%) patients
during the follow-up period after the diagnosis of COVID-19. There
was impaired liver function in 153 patients (15.3%), acute kidney in-
jury in 71 patients (6.06%), acute coronary syndrome in 15 patients
(1.54%), atrial fibrillations (AF) in 13 patients (1.13%), pneumotho-
rax in 10 patients (1.03%), and diabetic ketoacidosis developed in
10 patients (1.03%). However, while thrombocytopenia and muco-

sal bleeding, fluid electrolyte imbalance, stroke and acute abdomen

n %

402 41.3

572 58.7

408 53.1

214 27.9

146 19.0

677 69.5
90 9.2
40 4.1

167 171

307 31.5

349 35.8

101 10.4

217 22.3

681 70.1

290 29.9

617 63.4

356 36.6

Mean (SD) Median (min-max)
59.64 (17.34) 1(18/101)
10.87 (9.46) 8(1/95)

7.59 (4.72) 6(1/24)

78.69 (83.97) 56.20 (0.26/460)
7.86 (6.05) 6.63(1.06/133.10)
1.29 (0.71) 1.17(0.11/5.88)
5.88(3.83) 4.77 (0.32/35.80)
6.55(7.73) 4.09 (0.25/71.85)

667.67 (2707.31) 226(12/43453)

487.78 (483.09) 324.65 (7.61/3130)

were determined in order of frequency, they were at lower rates
(Tables 3 and 4).

3.7 | Relationship between CRP and clinical findings

CRP values measured at admission were higher in males than fe-
males (73.55 vs 35.4) (P < .001). It was determined that patients
with comorbidities had higher CRP values (70.65 vs 41.85 mg/

dL). The CRP values of the patients, who needed intensive care
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TABLE 2 Complaints and comorbidities of patients presenting to
the emergency department

n %
Complaint
Shortness of breath 614 291
Cough 459 21.7
Weakness 242 11.5
Fever 240 11.4
Myalgia 170 8.0
Asymptomatic 111 5.3
Lack of appetite 88 4.2
Headache 54 2.6
Nausea-vomiting 45 21
Sputum 41 1.9
Diarrhoea 20 0.9
Changes in consciousness 19 0.9
Taste-smell loss 8 0.4
Stomach ache 2 0.1
Comorbidity
HT 309 21.2
T2DM 218 15.0
CVD 196 134
COPD 157 10.8
CKD 36 2.5
Liver disease 5 0.3
Neurological disease 53 3.6
Malignity 27 1.9
Obesity 9 0.6
Psychiatric illness 21 1.4
Other 20 1.4

Abbreviations: CKD, chronic kidney disease; COPD, chronic obstructive
pulmonary disease; CVD, cardiovascular disease; HT, hypertension;
T2DM, type 2 diabetes mellitus.

and needed respiratory support, were also found to be signifi-
cantly higher at admission (95.1 mg/dL vs 31.05 mg/dL) (P < .001)
(Table 2).

While a positive correlation was determined between CRP and
patients’ ages, the length of hospital stay (r = 0.118), lung density
level (r = 0.445), leucocyte count (r = 0.367), neutrophil count
(r = 0.474), D-dimer (r = 0.408) and ferritin levels (r = 0.539), there
was a negative correlation with lymphocyte levels (r = 0.367). The
CRP values of the patients who developed any complications during
the treatment of COVID-19 were higher (79.9 mg/dL vs 41.85 mg/
dL) (P < .001) (Table 2).

In the analysis performed to predict the severity of clinical find-
ings and the need for respiratory support, it was determined that a
CRP value >32.6 mg/dL increased the need for additional respira-
tory support by 5.05 times. In addition, when the cut-off value of
CRP > 65.95 was taken, it was determined that there was a 3.81-fold

50f 10
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increase in the risk of death. If the CRP value was >125 mg/dL, mor-
tality increased significantly (Table 5).

3.8 | Relationship between Thorax CT and CRP

It was determined that the increase in the severity of involvement
in thorax CT was positively correlated with CRP (P < .001). Patients
with typical COVID-19 thorax CT findings had higher CRP levels
compared with those in other patients. If the CRP value was >124.5,
there was a 7.35 times higher thorax CT density score. In addition,
it was determined that there was a 9.09-fold increase in the inci-
dence of negative imaging findings in terms of COVID-19 in cases
where the CRP value was <12.5 mg/dL. The cut-off value for detect-
ing COVID-19 lung involvement with negative imaging findings was
determined to be 12.35 mg/dL (Table 5).

4 | DISCUSSION

The symptoms of symptomatic COVID-19 range widely from
mild fever (>37.5°C) and cough to acute respiratory distress syn-
drome (ARDS) and death, and the disease follows an unpredict-
able course. This variability has led to the need for rational use of
biomarkers of disease severity and imaging modalities to manage
patients appropriately and prevent fatal complications. Based on
this, the planned study shows that the increase in CRP levels in
patients with a diagnosis of COVID-19 admitted to the emergency
department successfully predicts adverse clinical outcomes in cor-
relation with CT-SS.

Many studies have shown that serious iliness and death occur in
patients with certain risk factors, including advanced age and under-
lying medical comorbidities. In a case series study of 5,700 patients
with COVID-19 infection in New York, the most common comor-
bidities in hospitalised patients were hypertension (56.6%), obesity
(41.7%), and diabetes (33.8%).7 In addition, a retrospective cohort
study of 124 patients with SARS-CoV-2 infection found obesity to
be an important risk factor with respect to the need for intubation.

Typical symptoms of COVID-19 are fever, dry cough and fatigue,
and in more severe cases, shortness of breath. Less common symp-
toms include increased sputum, headache, haemoptysis, diarrhoea,
anorexia, sore throat, chest pain, chills, and nausea and vomiting.1
In most people, symptoms appear after an incubation period of
1-14 days (usually about 5 days), and dyspnoea and pneumonia de-
velop within an average of 8 days from disease onset. In addition,
smell and taste disorders stand out as important symptoms.*8 In the
current study, the most common complaints in patients presenting to
the emergency department were dyspnoea (29.1%), cough (21.7%),
malaise (11.5%), and fever (11.4%). In the patient-based evaluation, it
was observed that the patients had multiple complaints at the time
of their admission and their first complaints were included in the
study. However, the fact that 111 (5.3%) patients were asymptom-

atic (contact) is also seen as an important finding.
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TABLE 3 Comparison of radiological and clinical findings of COVID-19 patients with CRP

Gender
Female
Male
Lung density
Mild involvement
Moderate involvement
Severe involvement
Lung radiography
Typical
Partially significant findings
Atypical findings
Negative
Course of disease
No complication
Mild-moderate course
Severe course
Mortal
Complication
Absent
Present
Comorbidity
Absent
Present
Complaint
Absent
Present
Additional respiratory support
Absent
Present
Intensive Care
Absent

Present

Age

Follow-up time

PCR (+) to Discharge (Days)
Chest CT SS

Leucocyte

Lymphocyte

Neutrophil

NLR

D-Dimer (mg/dL)

Ferritin (mg/dL)

Note: Bold indicates statistical significance P values.

397
566

4032
212°
145¢

670°
89°
39°
1654

2992
347°
101°
2164

668
295

399
564

109
854

670
290

606
356

963
963
963
760
962
961
957
956
724
860

BEYDOGAN anp YURUK ATASOY

CRP

Median (q1/93)

35.4(11.3/82.9)
73.55(20.5/131)

41.7 (16.3/84.6)
79.45 (32.65/131.5)?
138 (79.4/204)*

72.95 (22.5/125)
56.8 (21.4/93.6)
34.3(13.9/79.3)

8.9 (3.29/49.5)

14.6 (5.22/55.3)
64.1 (19.6/110)
81.3(33.4/138)
102.5 (52/170.5)*

41.85(11/101.8)
79.9 (28.9/134)

32.42(7.1/95.1)
70.65 (22.3/117.5)

10.6 (4.09/31)
67.4(19.6/118)

34.3(10.2/92.2)
100.8 (44.6/165)

31.05(8.94/86.4)
95.1(41.8/156.7)

r
0.305
0.118
0.193
0.445
0.367
-0.367
0.474
0.581
0.480
0.539

P
<.001"
<.001*
p(a-b) < 001
p(a-c) <.001
p(b-c) <.001
<.001*
p(a-b) =.186 p(b-c) =.999
p(a-c) =.029 p(b-d) <.001
p(a-d) <.001 p(c-d) =.073
<0001*
p(a-b) < .001 p(b-c) = .189
p(a-c) <.001 p(b-d) <.001
p(a-d) < .001 p(c-d) =.139
<.001"
<.001"
<.001"
<.001"
<.001"
<.001*
<.001°
<.001°
<.001°
<.001*
<.001*
<.001°
<.001°
<.001°
<.001*

’Mann-Whitney U Test (Monte Carlo), “Kruskal Wallis Test (Monte Carlo), Post Hoc Test: Dunn's Test, *Spearman's rho Test, aledexpresses significance

by groups.

Abbreviations: CT SS, computed tomography severity score; NLR, neutrophile to Lmyphocyte ratio; PCR, polymerase chain reaction; q1, percentile

25; g3, percentile 75; R, correlation coefficient.
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TABLE 4 Treatments applied to patients and complications in
follow-up

n %
Treatment
Antiviral therapy 973 54.6
Antibiotherapy (additional) 595 33.4
Pulse steroid (additional) 130 7.3
Immune plasma therapy 85 4.8
Complications
Impairment in liver function tests 153 15.30
Acute kidney injury 71 6.06
Acute coronary syndrome 15 1.54
Atrial fibrillation 13 1.13
Pneumothorax 10 1.08
Diabetic ketoacidosis 10 0.92
Bleeding (Thrombocytopenia) 9 0.72
Fluid-electrolyte disorder 7 0.62
Stroke 6 0.62
Acute abdomen (appendicitis, ileus) 4 0.31

CRP is a nonspecific acute phase protein produced by hepato-
cytes and is elevated in acute infection or inflammation.*’ High CRP
levels have been observed in COVID-19 patients and are used as an
important adjunctive test in triage, diagnosis and predicting progno-
sis.}?20 Elshazli et al?** while examining various haematological and
immunological markers, emphasised that CRP is a valid biomarker
of death from COVID-19. It is also thought that the association of
higher CRP with worse outcomes may depend on the severity of
the disease, which is consistent with the “cytokine storm” theory
of COVID-19, in which the innate immune system is activated by
increasing TNF-alpha, IL-6 and IL-1 levels. Studies addressing the
clinical utility of CRP have mostly reported a positive association be-
tween disease severity and baseline values.

Ali et al?? emphasised that for each unit increase in CRP level,
there is a 5% greater risk that the course of COVID-19 infection in
patients will be severe and emphasised that the CRP level can pre-
dict a worsening of the disease in non-serious cases. In addition,
CRP levels were found to be 10 times higher in patients who died
from COVID-19 than those who survived.??%% However, it should
be noted that in the review conducted by Ali et al, only studies
dealing with the positive relationship between CRP level and dis-
ease severity were included. In contrast, other studies have doc-
umented no significant differences in CRP levels between mild,
severe, and critically ill patients, and sample sizes have been rela-
tively small.?42°

In some studies, it has been shown that there are more fre-
quent changes in some laboratory parameters in COVID-19 patients
(such as lymphocyte count, CRP, LDH, D-dimer and fibrinogen).?¢?’
Lymphopenia, CRP, LDH, D-dimer and fibrinogen elevation can be
used as an auxiliary diagnostic tool in suspected patients with high

clinical and thorax CT scanning features, despite a double negative
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RT-PCR test.?® In addition, systemic inflammation as measured by
CRP is strongly associated with VTE, AKI, critical illness and mor-
tality in COVID-19. Evaluating the associations between CRP con-
centrations and respiratory failure requiring mechanical ventilation,
patients with a recent CRP > 5 mg/dL had an approximately five-
fold greater reported risk for acute respiratory distress syndrome
(ARDS).27%0 |n light of the studies mentioned above, it is clear that
high CRP, ESR, IL-6, procalcitonin and serum ferritin levels are asso-
ciated with worse outcomes and increased mortality in COVID-19
patients. CRP-based approaches to risk stratification and treatment
should be tested.®?

In the current study, CRP levels were high in severe and fatal
COVID-19 patients. Patients with severe COVID-19 had signifi-
cantly higher CRP levels compared with those in patients with
non-serious disease [57.9 (20.9-103.2) mg/dL vs 33.2 (8.2-59.7)
mg/dL].32 In this study, it was determined that the CRP values of
the patients, who developed any complications during the treat-
ment of COVID-19, were higher (79.9 mg/dL vs 41.85 mg/dL)
(P <.001).

A CRP level of >4 mg/dL has been shown to be beneficial in
the triage of PCR (+) cases presenting with respiratory symptoms/
fever [odds ratio (OR) 4.75; 95% Cl 3.28-6.88].%% In most of these
studies, CRP with a dual-threshold value was used. Recommended
values for estimating in-patient mortality ranged from >10 to
>76mg/dL. In addition to a dual threshold, CRP was also studied in
a trichotomised model with two thresholds at >40 and >100 mg/
dL.3* In the current study, in the analysis performed to predict
the need for respiratory support according to the severity of clin-
ical findings, it was determined that a CRP value of >32.6 mg/
dL increased the need for additional respiratory support by 5.05
times. In addition, it was determined that when the CRP value was
>65.95, there was a 3.81-fold increase in the risk of death, and
if the CRP value was >125 mg/dl, the mortality rate increased
significantly.

Recently, with the increase in clinical data, the relationship be-
tween liver injury and clinical outcomes of COVID-19 has been
further investigated. Ponziani et al® found that the baseline level
of liver enzyme abnormality was associated with an increased risk
of intensive care unit admission (OR: 2.19 [1.24-3.89], P = .007).
However, further studies have shown that liver enzyme abnormal-
ity is an independent predictor of poor prognosis for COVID-19
patients. Yip et al *¢ found that COVID-19 patients who devel-
oped adverse clinical outcomes (including ICU admission, use of
invasive mechanical ventilation, and/or death) had a significantly
higher incidence of elevated ALT/AST and acute liver injury com-
pared with those who did not (ALT/AST elevation: 70.9% vs 19.1%,
P < .001, acute liver injury: 14.5% vs 0.9%, P < .001). Similarly,

Piano et al®’

showed that liver enzyme abnormality is an indepen-
dent predictor of ICU admission or death. Therefore, according
to the available evidence, it is necessary to regularly monitor the
liver functions of patients with COVID-19. In the current study,
the highest incidence rate recorded (15.3%) was that in relation to

impaired liver function. Although this condition is often related to
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the treatments used for the patients, it may also develop second-
arily to viral load and hypoxemia.

While the median hospital stay of the patients in this study was
8 (1-95) days, the mean of thorax CT-SS was 7.59 + 4.2. While 307 of
the patients recovered without any complications, 349 patients had
mild to moderate COVID-19. While the need for intensive care de-
veloped in 356 (36.9%) patients, the need for additional respiratory
support developed in 290 patients at admission or during follow-up.
A total of 318 patients were diagnosed with severe COVID 19 and
mortality developed in 217 (22.2%) patients. In the current study,
the significantly higher mortality rate compared with that in the lit-
erature was thought to be related to a number of factors, including
the fact that our hospital is a tertiary centre (as a result of its location
within the region), the admission of complicated cases, the evalua-
tion of patients with multiple comorbidities and prolonged stay at
hospital after symptom onset.

In a large series of 1,014 patients, Ai et al®® found that thorax CT
had a 97% sensitivity for the diagnosis of COVID-19, while the mean
time interval between initial negative and positive RT-PCR was de-
fined as approximately 5 days. Therefore, CT can play a crucial role in
the early detection and treatment of COVID-19 pneumonia, at least
for patients who have been symptomatic for more than 3 days.’
Indeed, 56% of patients screened within the first 2 days of symptom
onset have normal CT findings. Given the important role of thoracic
CT, it is important for radiologists to be familiar with the typical CT
features associated with this new infection, as well as the imaging
criteria for an alternative diagnosis. In our centre, where the patients
included in the current study were evaluated and the density of the
pandemic was quite high, we showed a liberal approach to CT im-
aging of the thorax in patients with suspected COVID-19 and used
the imaging option as early as possible regardless of symptom onset.
Therefore, in this study, the time between symptom onset and hos-
pital admission and CT imaging after PCR positivity was detected
was very short. This seems to have resulted in negative results with
regard to thoracic CT and an increase in the frequency of thorax CT
applications even in asymptomatic cases.

In the current study, we aimed to determine the benefit of CRP
levels and thorax CT-SS results in determining the clinical outcome
and prognosis based on this information. It was determined that
patients with typical COVID-19 thorax CT findings had higher CRP
levels compared with those of other patients, and thorax CT-SS was
positively correlated with CRP (P < .001). In addition, it was deter-
mined that a cut-off value of CRP > 124.5 mg/dL increased the risk
of severe involvement of thorax CT-SS 7.35 times, and negative im-
aging findings in terms of COVID-19 were detected more frequently
in cases where the CRP value was <12.5 mg/dL, and the CRP cut-
off value should be >12.35 mg/dL to detect COVID-19-related lung
involvement in any severe condition. This study demonstrates that
the thorax CT severity score constitutes a useful tool for the initial
assessment of COVID-19 patients, as it positively correlates with
markers of disease severity and offers promising efficacy in predict-

ing critical illness and intensive care unit admissions.

- WILEY--22%
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5 | LIMITATIONS

There are some inevitable limitations in relation to our study, which
was conducted using a retrospective file-scanning-based method.
Some of these deficiencies are the contact status of the patients,
information about the incubation period, and the inability to access
medical treatment and examination histories before presentation at
the emergency department. In addition, some clinical features were
not recorded regularly in some patients in this study, except fever
and length of hospital stay. Therefore, only the basic clinical features
at presentation, the dynamic change of clinical features, and the re-
lationship between clinical features and CT findings could be ana-
lysed. However, in the current study, the evaluation of a high number
of PCR (+) patients with laboratory tests, CT images and clinical out-

come characteristics is a strength.

6 | CONCLUSION

As a result, as CRP levels and CT-SS increase, the risk in relation to
the patient's need for intensive care increases. This information will
help guide the management of patients and determine the appropri-
ate treatment. CRP levels measured at emergency room admission
of COVID-19 patients are correlated with the severity of lung in-

volvement and are an important predictor of clinical outcomes.
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