
Elnaggar et al. 
The Egyptian Journal of Bronchology            (2023) 17:3  
https://doi.org/10.1186/s43168-022-00176-0

RESEARCH

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Open Access

The Egyptian Journal
of Bronchology

CO-RADS score and its correlation 
with clinical and laboratory parameters 
in patients with COVID-19
Marwa Elsayed Elnaggar1*  , Abeer Mohamed Rawy1, Marwa Seif El‑Melouk2, Al‑Shaimaa Mahmoud Al‑Tabbakh2, 
Hamasat Abdel‑hafeez Abdel‑Khalik3, Eman Fathy Abdelkhalek4 and Rehab Elsayed Elsawy1 

Abstract 

Background Polymerase chain reaction (PCR) based SARS‑CoV‑2 RNA detection and serological antibody tests give 
a proof of Coronavirus Disease 2019 (COVID‑19) infection. Several variables can influence the consequences of these 
tests. Inflammatory markers among mild and severe patients of COVID‑19 showed dissimilarity in inflammatory mark‑
ers while computed tomography (CT) in patients infected with COVID‑19 used to evaluate infection severity. The aim 
of this study is to investigate the application of the COVID‑19 Reporting and Data System (CO‑RADS) classification in 
COVID‑19 patients and its relation to clinical and laboratory finding.

Results One hundred patients suspected to have COVID‑19 infection were involved. Their age was 49.6 ± 14.7. Fever 
and cough were the frequent presenting symptoms. Patients with positive PCR were significantly associated with 
dyspnea and higher inflammatory markers. Lymphopenia had sensitivity of 63.6% and specificity of 91.7%. Combina‑
tion of PCR and lymphopenia increased both sensitivity and specificity. CT findings in relation to PCR showed sensitiv‑
ity of 90.5% and specificity of 25%. CO‑RADS score showed positive correlation with age and inflammatory biomarkers 
and negative correlation with absolute lymphocyte count (ALC).

Conclusions CT finding was more prominent in older patients with COVID‑19 and associated with higher inflam‑
matory biomarkers and lower ALC which were correlated with CO‑RADS score. Patients with positive PCR had more 
symptoms and inflammatory marker. Combination of PCR with either lymphopenia or CT finding had more sensitivity, 
specificity and accuracy in diagnosis
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Introduction
Close to the completion of 2019, a flare-up of pneu-
monia brought about by a novel human coronavi-
rus (severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2)) showed up in Wuhan, in the Hubei area 
in China. The novel emerging virus has spread quickly 
across China and all through the world [1]. At present, 
polymerase chain reaction (PCR) based SARS-CoV-2 

RNA discovery from respiratory samples and serological 
antibody tests give immediate proof of Coronavirus Dis-
ease 2019 (COVID-19) infection [2].

Some variables can influence the consequences of 
PCR and serological antibody tests [3]. Additionally, the 
strength of the immune response is a typical component 
that influences both PCR and serological antibodies test 
by the capacities of virus clearance and creation of anti-
bodies [4]. A hindered immune system is the overwhelm-
ing element of COVID-19 infection, as proven by an 
immediate upregulated inflammatory reaction leading to 
the following inflammatory storm [5].
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Lymphopenia and elevated lactate dehydrogenase 
(LDH) were related to higher rate of intensive care unit 
(ICU) entry. Patients who were transmitted to the ICU 
had a lower nadir count of lymphocyte, monocyte, and 
hemoglobin, higher neutrophil (NEU) count and LDH 
levels contrasted with patients who did not need ICU 
stay [6].

A non-contrast high-resolution CT chest imaging 
assumes a crucial and fundamental part in the early dis-
ease identification, especially in patients with mislead-
ing negative RT-PCR results, as well as in directing and 
observing the course of disease [7].

Radiological evaluation of patients with SARS-Cov-2 
infection particularly by chest computed tomography 
(CT) has a reported high sensitivity and enhances the 
clinical decision that is based on the degree of lung affec-
tion [8]. Moreover, the COVID-19 Reporting and Data 
System (CO-RADS) included information of clinical and 
labs finding that add to CT records. The level of suspicion 
ranged from very low to very high (CO-RADS categories 
1–5), while classification 0 indicates negative infection 
and category 6 lays out RT-PCR-positive SARS-Cov-2 
infection at time of assessment [9].

The purpose of this study is to investigate the appli-
cation of the CO-RADS classification in COVID-19 
patients and its relation to clinical and laboratory finding.

Patients and methods
This prospective observational study was done in Benha 
University hospital on 100 patients presented with fever 
and/or respiratory symptom suggesting COVID-19 
infection in the period between January and June 2021. 
The patients were assessed in the emergency department, 
outpatient clinic or admitted at chest department. The 
study was approved by Ethical Committee of Benha Uni-
versity, Faculty of Medicine (No. RC 5-6-2021). A written 
informed consent was obtained from all participants.

All patients were subjected to full medical his-
tory and clinical examination, nasopharyngeal swabs 

were taken by health care providers. Specimens were 
placed into viral transport medium (VTM) immedi-
ately after collection to preserve viral ribonucleic acid 
(RNA). Real-time polymerase chain reaction (RT-PCR) 
assay for SARS-CoV-2; RNA extraction was done using 
(QIAamp® viral RNA Mini Kit lot no 166029612 QIA-
GEN GmbH, Germany) then viral RNA detection by 
DTprime 4M1-DNAA technology, SN A5G206 Russia) 
following the manufacturer instruction of (The genesig® 
Real-Time PCR Coronavirus COVID-19 CE IVD lot no 
JN-02780-0121,UK). Laboratory tests were done and 
included complete blood count (CBC) with differential, 
assessment of CRP, D-dimer, LDH, and serum ferritin 
level. All patients underwent non-contrast CT chest 
image in the supine position at the end of inspiration 
using Toshiba (Zoe termer) Activion 16 Multislice CT 
system.

Analysis of image: The radiologist interpreted all CT 
images according to COVID-19 Reporting and Data 
System (CO-RADS) classification without knowing the 
clinical feature or laboratory finding. The scans were first 
assessed by the radiologist whether negative or positive 
for typical findings of COVID-19 pneumonia (bilateral, 
multilobar, posterior peripheral ground-glass opacities) 
as defined by the Radiological Society of North America 
(RSNA) Consensus statement followed by CO-RADS 
classification (Table 1) [9].

Pregnant women were excluded due to risk of CT, and 
also, patients with interstitial lung diseases, tuberculosis, 
and pulmonary malignancy were excluded to avoid inter-
ference with radiological presentation of COVID-19. All 
data were collected and statistically analyzed.

Statistical analysis
The collected data were analyzed using Statistical Pack-
age for Social Science (IBM Corp. Released 2017. IBM 
SPSS Statistics for Windows, Version 25.0. Armonk, NY: 
IBM Corp.). Student’s t test was used to assess the sta-
tistical significance of the difference between two study 

Table 1 CO‑RADS classification [9]

CORAD COVID-19 Reporting and Data System, RT-PCR real-time polymerase chain reaction

Level of suspicion for pulmonary involvement of 
COVID-19

Summary

CO‑RADS 0 Not interpretable Scan technically insufficient for assigning a score

CO‑RADS 1 Very low Normal or non‑infectious

CO‑RADS 2 Low Typical for other infection but not COVID‑19

CO‑RADS 3 Equivocal/unsure Feature compatible with COVID‑19, but also other diseases

CO‑RADS 4 High Suspicious for COVID‑19

CO‑RADS 5 Very high Typical for COVID‑19

CO‑RADS 6 Proven RT‑PCR positive for SARS‑CoV‑2
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group means. Mann-Whitney test (U test) was used to 
assess the statistical significance of the difference of a 
non-parametric variable between two study groups. 
Chi-square test was used to examine the relationship 
between two qualitative variables. Fisher’s exact test was 
used to examine the relationship between two qualita-
tive variables when the expected count is less than 5 in 
more than 20% of cells. The receiver operating charac-
teristic (ROC) curve was used to evaluate the sensitiv-
ity and specificity for quantitative diagnostic measures. 
The optimum cut off point was defined as that which 
maximized the area under the curve (AUC) value. AUC 
greater than 0.9 has high accuracy, while 0.7–0.9 indi-
cates moderate accuracy, 0.5–0.7, low accuracy and 0.5 a 
chance result. Correlation analysis was used to assess the 
strength of association between two quantitative vari-
ables. A p value was considered significant if < 0.05 at 
confidence interval 95%.

Results
One hundred patients suspected to have COVID-19 
infection were involved, 88 of them had CT finding that 
suggest SARS-CoV infection, from those 76 patient had 
positive PCR. While from those who had negative CT 
finding, 8 patients had positive PCR test (Fig. 1).

The mean age of the patients was 49.6 ± 14.7 with 
equal sex distribution. Fever and cough were the 
frequent presenting symptoms. The mean lympho-
cyte count was 1.1 ± 0.4. The frequent CT finding 
included CO-RADS III and IV (Table 2). Patients with 
positive CT findings suggesting COVID were older, 
predominantly males, had lower absolute lymphocytic 
count (ALC) and had higher level of inflammatory 
biomarkers (Table 3). Patients with positive PCR were 
significantly associated with dyspnea, higher total leu-
cocyte count (TLC), CRP, ferritin, LDH, and D-dimer 
(Table  4). Lymphopenia (ALC < 1) had sensitivity of 

63.6%, specificity of 91.7% while combination of PCR 
and lymphopenia increased performance characteris-
tics as shown in (Table  5). Regarding CT findings in 
relation to PCR, it showed sensitivity of 90.5% and 
specificity of 25% (Table 6). ROC curve of total TLC, 
ALC, CRP, ferritin, LDH, and D-dimer was conducted 
for discrimination between negative and positive CT. 
Low accuracy AUC was found for TLC, while ALC, 
CRP, ferritin, LDH, and D-dimer had high accuracy 
AUC. Best cut-off values, performance characteris-
tics are shown in Table  7 and Fig.  2. CORADS score 
was found to positively correlate with age and inflam-
matory biomarkers while it was negatively correlated 
with ALC (Table 8).

Discussion
In excess of 8 million individuals were infected from 
COVID-19 and around 450,000 individuals passed on 
from COVID-19 worldwide [10]. Early determination of 
COVID-19 infection is vital for the prevention and con-
trol. The RT-PCR utilized as the gold standard diagnos-
tic tool in COVID-19 illness has a few restrictions, for 
example, high false-negative outcomes rate, sample col-
lection, inadequate stock of nucleic acid kits, and limited 
lab equipment [11].

The common discoveries in CT of COVID-19 patients 
were patchy, rounded segmental and sub-segmental 
ground glass opacities that might be worsened to con-
solidation [12]. In our 100 patients, the predominant 
symptoms were fever and dyspnea with the mean age 
49.6 ± 14.7 (ranged from 29 to 82 years) with equal sex 
distribution. Most of patients showed lymphopenia, 
variable level of inflammatory markers, and positive CT 
finding suggesting COVID infection. Twelve percent 
of the studied group had negative RT-PCR result for 
COVID-19. Ozel and his colleagues in a similar study 
found that the age of their studied group was 45.9 ± 15.9 

Fig. 1 Flow chart of studied cases
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years and ranged from 18 to 91 years old, average ALC 
count of 1.7 ± 2.7 with minimal increases in inflamma-
tory markers including PLT, CRP, LDH, and D-dimer. 
They demonstrated 60.4% of cases with negative PCR 
from 280 hospitalized patients diagnosed with COVID-
19 pneumonia [13]. In a similar study on 200 COVID-
19 patients, including 111 males and 89 females with 
their ages ranging from 20 to 87 years, the most com-
mon presenting symptoms were lower respiratory 
symptoms (66%) and fever (69.5%) [14]. No CT find-
ing was present in 8 patients confirmed with PCR and 
4 patients suspected to have COVID-19 by presence of 
symptoms. In a study done by Bernheim and cowork-
ers, they found negative CT finding in 27 out of 121 
patients (22%) [15].

In our study, patients with positive CT finding were 
significantly older, male gender, had more symptoms 
and significant lymphopenia with higher inflammatory 

markers. Also in this study, 12 patients had CT find-
ing suggesting COVID-19 infection but with negative 
RT-PCR. In agreement with this finding, Zayed et  al. 
found that dyspnea, cough, lymphopenia, CRP, and 
other inflammatory markers were significantly evident 
in patients (especially males) with severe and critically ill 
COVID-19 patient with evident CT finding [16]. Chen 
and his colleagues concluded that the more pulmonary 
consolidation found in CT, the greater possibility of posi-
tive initial RT-PCR [17]. The harm that occurred in the 
lung was strongly connected to changes in laboratory 
finding, even in the presence of negative RT-PCR [18]. 

Table 2 Patients’ features

WBCs White blood cells (4000–10000/mm3), ALC Absolute lymphocyte count 
(1000–4800/mm3), CRP C-reactive protein (0–5 mg/L), Ferritin (41–400 μg/L), 
LDH Lactate dehydrogenase (135–225 U/L), D-dimer (<0.5 μg/ml), CT computed 
tomography, CORAD COVID-19 Reporting and Data System, RT-PCR Real-time 
polymerase chain reaction

Total
N = 100

Age (years) Mean ± SD 49.6 ± 14.7

Minimum‑maximum 29–82

Males N(%) 50 (50%)

Females N(%) 50 (50%)

Fever N(%) 71 (71%)

Cough N(%) 44 (44%)

Dyspnea N(%) 60 (60%)

WBCs Mean ± SD 8.3 ± 2.6

Minimum‑maximum 1–15

ALC Mean ± SD 1.1 ± 0.4

Minimum‑maximum 0.4–2

CRP (mg/L) Median 9.5

Minimum‑maximum 1.5–152

FERRITIN (μg/L) Median 425.5

Minimum‑maximum 30–2000

LDH (U/L) Median 250

Minimum‑maximum 100–1808

D‑dimer (μg/ml) Median 0.4

Minimum‑maximum 0.1–3.2

CT Negative 12(12%)

Positive 88(88%)

CO‑RADS 1 12(12%)

3 29(29%)

4 35(35%)

5 24(24%)

RT‑PCR Negative 16(16%)

Positive 84(84%)

Table 3 Comparison of studied parameters between negative 
and positive CT

WBCs White blood cells (4000–10000/mm3), ALC Absolute lymphocyte count 
(1000–4800/  mm3), CRP C-reactive protein (0–5 mg/L), Ferritin (41–400 μg/L), 
LDH Lactate dehydrogenase (135–225 U/L), D-dimer (< 0.5 μg/ml), CT computed 
tomography, CORAD COVID-19 Reporting and Data System, RT-PCR Real-time 
polymerase chain reaction

Negative CT
N = 12

Positive CT
N = 88

p

Age (years) Mean ± SD 31.8 ± 6.9 52.0 ± 13.8 < 0.001

Minimum‑
maximum

26–46 29–82

Males N(%) 2 (16.7%) 48 (60.0%) 0.014

Females N(%) 10 (83.3%) 40 (50.0%)

Fever N(%) 0 (0%) 71 (88.8%) < 0.001

Cough N(%) 0 (0%) 44 (55.0%) 0.001

Dyspnea N(%) 0 (0%) 60 (75.0%) < 0.001

WBCs Mean ± SD 7.5 ± 1.7 8.5 ± 2.6 0.222

Minimum‑
maximum

5–12 1–15

ALC Mean ± SD 1.6 ± 0.2 1.0 ± 0.3 < 0.001

Minimum‑
maximum

1–2 0.4–2

CRP (mg/L) Median 4 10 < 0.001

Minimum‑
maximum

1.7–10 1.5–152

Ferritin (μg/L) Median 100 450 < 0.001

Minimum‑
maximum

80–595 30–2000

LDH (U/L) Median 125 300 < 0.001

Minimum‑
maximum

100–202 100–1808

D‑dimer (μg/
ml)

Median 0.24 0.45 0.020

Minimum‑
maximum

0.2–0.3 0.1–3.2

CORAD 1 12(100%) 0(0%) < 0.001

3 0(0%) 29(33%)

4 0(0%) 35(39.8%)

5 0(0%) 24(27.3%)

RT‑PCR Negative 4(33.3%) 12(13.6%) 0.098

Positive 8(66.7%) 76(86.4%)
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So, diagnosis might be assumed in light of CT findings in 
patients with moderate to severe features of COVID-19 
regardless of absence of test positivity [19].

In this study, CO-RADS score did not differ sig-
nificantly between positive and negative RT-PCR. In a 
study done on 195 patients with COVID-19 infection 

(proved by positive RT-PCR) and underwent CT chest, 
they found that false negative result of CO-RADS 
reached 27.3%, and they concluded that CO-RADS 
system cannot be reliable to exclude the likelihood of 
infection [20].

On the contrary, Fujioka et al. noticed that CO-RADS 
maintains remarkable performance and perfect inter 

Table 4 Comparison of studied parameters between negative and positive PCR

WBCs White blood cells (4000–10000/mm3), ALC Absolute lymphocyte count (1000–4800/mm3), CRP C-reactive protein (0–5 mg/L), Ferritin (41–400 μg/L), LDH Lactate 
dehydrogenase (135–225 U/L), D-dimer (< 0.5 μg/ml), CT Computed tomography, CORAD COVID-19 Reporting and Data System, RT-PCR Real-time polymerase chain 
reaction

Negative RT-PCR
N = 16

Positive RT-PCR
N = 84

p

Age (years) Mean ± SD 43.4 ± 13.7 50.8 ± 13.9 0.065

Minimum‑maximum 9–73 16–82

Males N(%) 7 (43.8%) 43 (51.2%) 0.585

Females N(%) 9 (56.3%) 41 (48.8%)

Fever N(%) 9 (56.3%) 62 (73.8%) 0.227

Cough N(%) 8 (50.0%) 36 (42.9%) 0.598

Dyspnea N(%) 4 (25.0%) 56 (66.7%) 0.002

WBCs Mean ± SD 7.1 ± 1.3 8.6 ± 2.7 0.039

Minimum‑maximum 5–10 1–15

ALC Mean ± SD 1.1 ± 0.4 1.1 ± 0.4 0.952

Minimum‑maximum 0.5–1.8 0.4–2

CRP (mg/L) Median 6.5 11 0.004

Minimum‑maximum 2–55 1.5–152

Ferritin (μg/L) Median 200 453 0.001

Minimum‑maximum 80–650 30–2000

LDH(U/L) Median 190 300 0.003

Minimum‑maximum 100–350 107–1808

D‑dimer (μg/ml) Median 0.24 0.4 0.006

Minimum‑maximum 0.1–0.9 0.1–3.2

CT Negative 4(25.0%) 8(9.5%) 0.098

Positive 12(75.0%) 76(90.5%)

CORAD 1 4(25.0%) 8(9.5%) 0.314

3 5(31.3%) 24(28.6%)

4 5(31.3%) 30(35.7%)

5 2(12.5%) 22(26.2%)

Table 5 Performance characteristics of PCR and lymphopenia in 
relation to CT chest

RT-PCR Real-time polymerase chain reaction, PPV Positive predictive value, NPP 
Negative predictive value

Lymphopenia RT-PCR + 
lymphopenia

Sensitivity (%) 63.6 88.6

Specificity (%) 91.7 91.7

PPV (%) 98.2 88.6

NPV (%) 25.6 91.7

Accuracy (%) 67.0 89.0

Table 6 Performance characteristics of CT in relation to RT‑PCR

CT Computed tomography, RT-PCR Real-time polymerase chain reaction, PPV 
Positive predictive value, NPP Negative predictive value

CT

Sensitivity (%) 90.5

Specificity (%) 25

PPV (%) 86.4

NPV (%) 33.3

Accuracy (%) 80
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observer agreement by using chest CT images for pre-
dicting COVID-19 pneumonia [21].

In the current study, lymphopenia had sensitivity of 
63.6% and specificity of 91.7% in diagnosis detection. 
Furthermore, combination of PCR and lymphocyte 
count increased performance characteristics to diagnose 
COVID-19 infection. Also, CT chest showed sensitivity 
of 90% and specificity of 25% in relation to PCR.

In a retrospective analysis done by Davis and Gilder-
man at a tertiary academic medical center in central 
Pennsylvania, they found that lymphopenia had a sen-
sitivity of 13.9% and a specificity of 96% to diagnose 
COVID-19 infection [22]. He et al enrolled 82 hospital-
ized patients due to COVID-19. The sensitivity of RT-
PCR and CT to identify COVID-19 were 79% and 77%, 
while the specificity was 100% and 96% respectively. 

Table 7 Validity of TLC, ALC, CRP, ferritin, LDH, and D‑dimer for discrimination between negative and positive CT

WBCs White blood cells (4000–10000/mm3), ALC Absolute lymphocyte count (1000–4800/mm3), CRP C-reactive protein (0–5 mg/L), LDH Lactate dehydrogenase 
(135–225 U/L), AUC  Area under the curve, CI confidence interval, PPV Positive predictive value, NPP Negative predictive value

WBCs ALC CRP Ferritin LDH D-dimer

AUC 0.625 0.927 0.900 0.931 0.940 0.801

95% CI 0.487–0.764 0.869–0.985 0.818–0.981 0.834–1 0.878–1 0.715–0.887

Cut off 7.9 1.4 5.5 135 151 0.31

Sensitivity (%) 54.5 88.6 83 94.3 93.2 63.6

Specificity (%) 75 91.7 91.7 91.7 83.3 91.7

PPV (%) 54.5 88.6 83.0 94.3 93.2 63.6

NPV (%) 75.0 91.7 91.7 91.7 83.3 91.7

Accuracy (%) 57.0 89.0 84.0 94.0 92.0 67.0

Fig. 2 ROC curve of TLC, ALC, CRP, ferritin, LDH, and D‑dimer for discrimination between negative and positive CT
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With the initial RT-PCR plus CT strategy, the sensitivity 
improved to 94% and the specificity was 100% [23].

Similarly, Bai et  al. demonstrated that the accuracy of 
three Chinese radiologists to differentiate COVID-19 
from non-COVID-19 pneumonia was 83%, 80%, and 60% 
[24]. Another study revealed sensitivity of CT in COVID-
19 is as high as 98% [25]. Similarly, a large group study of 
Wuhan patients announced a sensitivity of 97% for chest 
CT, with 308/601 patients showing representative CT 
manifestations before RT-PCR test was positive [26].

To discriminate between negative and positive CT 
finding suggesting COVID, ROC curve showed low accu-
racy AUC for TLC, while ALC, CRP, ferritin, LDH, and 
D-dimer had high accuracy AUC.

In a similar study recruited 566 individuals, it was 
found that CRP, LDH, ferritin and D-dimer had AUC of 
0.7, 0.69, 0.73, and 0.56 respectively which increased to 
0.85 when combined with 75% sensitivity and 87% speci-
ficity [27]. Also, Colak et  al. concluded that as CT pro-
gressed from mild to severe, CRP, LDH, and ferritin levels 
gradually increased. The multinomial logistic regression 
analysis showed that CRP, lymphocyte, and monocyte 
were independent factors for COVID-19 [28].

In a systematic review done by Kermali et  al., they 
found that CRP, LDH, D-dimer, and other inflammatory 
biomarkers showed significantly higher levels in patients 
with severe complications of COVID-19 infection. Also, 
lymphocytes and platelet count were significantly in 
lower levels in severe compared to non-severe patients. 
Furthermore, they presumed that biomarkers act over the 
span of the illness could help clinicians in distinguishing 
severe disease earlier and accordingly refine the progno-
sis [29]. Mardani and his colleagues in a study demon-
strated AUC for WBCS, lymphocyte, positive CRP, and 
LDH of 0.075, 0.112, 0.87, and 0.835 respectively with 
very good accuracy in predicting cases with positive RT-
PCR for COVID-19 [30].

In the current study, CO-RADS score found to have 
significant positive correlation with age, CRP, serum fer-
ritin, LDH, and D-dimer while it had a negative correla-
tion with lymphocytic count.

In a comparable study, 462 patients with positive CT 
scans for interstitial pneumonia due to COVID-19 were 
included and a significant positive correlation was found 
for the entire sample with lymphocytopenia, LDH, CRP, 
fibrinogen, and D-dimer [18].

In another study done by Patel and his colleagues on 324 
patients with fever and acute respiratory symptoms sug-
gesting COVID-19 infection, high-resolution CT (HRCT) 
was done in addition to RT-PCR and laboratory tests. They 
observed that ferritin, CRP, and LDH were significantly 
higher in patients with COVID-19 whose CT showed dis-
tinct multifocal pneumonia and extensive ground glass 
opacity (GGO) while platelet and ALC were significantly 
low [31]. Also, Abdelmoty et  al found significant validity 
of lymphopenia, increased D-dimer, LDH, CRP, and serum 
ferritin to predict severity of COVID-19 infection [32]. On 
the contrary, Sadek and his colleagues found no correla-
tion between CO-RADS score and different CBC parame-
ters; neither lymphopenia nor high neutrophil/lymphocyte 
ratio predicts the CO-RADS score [33].

Study limitations
This study was performed in a single center. Likewise, the 
numbers of cases in the CO-RADS categories were not 
equal (with no significant difference) and generally small. 
Furthermore, 16% of participants had negative RT-PCR 
test results. Still, the false negative is usual for PCR in 
COVID-19.

Conclusion
CT findings suggesting COVID-19 infection were more 
prominent in older patients and associated with higher 
inflammatory biomarkers and lower ALC which correlate 
significantly with CO-RADS score. Patients with positive 
PCR had increased inflammatory marker. Combination 
of PCR with either lymphopenia or CT finding had more 
sensitivity, specificity, and accuracy in diagnosis.

Abbreviations
SARS‑Co V‑2  Severe acute respiratory syndrome coronavirus 2
PCR  Polymerase chain reaction
COVID‑19  Coronavirus Disease 2019
IL‑6  Interleukin‑6
GLU  Glucose
TT  Thrombin time
FIB  Fibrinogen
CRP  C‑reactive protein
LDH  Lactate dehydrogenase
ICU  Intensive care unit
NEU  Neutrophil
CT  Computed tomography

Table 8 Correlation of CORAD with other studied parameters

CORAD COVID-19 Reporting and Data System, WBCs White blood cells (4000–
10,000/mm3), ALC Absolute lymphocyte count (1000–4800/mm3), CRP C-reactive 
protein (0–5 mg/L), LDH Lactate dehydrogenase (135–225 U/L)

CORAD

Correlation coefficient p

Age 0.449 < 0.001

WBCs 0.196 0.051

ALC − 0.272 0.006

CRP 0.470 < 0.001

FERRITIN 0.683 < 0.001

LDH 0.559 < 0.001

D dimer 0.533 < 0.001
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VTM  Viral transport medium
RNA  Ribonucleic acid
RT‑PCR  Real‑time polymerase chain reaction
CO‑RADS  COVID‑19 Reporting and Data System
ROC  Receiver operating characteristic
AUC   Area under the curve
TLC  Total leucocyte count
ALC  Absolute lymphocyte count
PCT  Procalcitonin
HRCT   High‑resolution computed tomography
GGO  Ground glass opacity

Acknowledgements
None

Authors’ contributions
ME made substantial subscription to the conception and plan the work. AR 
contributed in acquiring, evaluation, and explanation of evidence. MM con‑
tributed to the design of new software utilized in this work. AA outlined the 
work and rescripted it. HA participated in the data collection and the drafting 
of the manuscript. EA helped in data interpretation. RE helped to draft the 
manuscript. All authors read, approved, and authorized the final manuscript.

Funding
None

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
The research ethics committee at the Faculty of Medicine, Benha University, 
has approved the study and all patients provided a written consent before 
participation.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Chest Diseases, Faculty of Medicine, Benha University, Benha, Egypt. 2 Medical 
Microbiology and Immunology, Faculty of Medicine, Benha University, Benha, 
Egypt. 3 Clinical and Chemical Pathology, Faculty of Medicine, Benha University, 
Benha, Egypt. 4 Diagnostic and Interventional Radiology, Faculty of Medicine, 
Benha University, Benha, Egypt. 

Received: 6 February 2022   Accepted: 29 December 2022

References
 1. Li S, Jiang W, Huang J, Liu Y, Ren L, Zhuang L et al (2020) Highly sensi‑

tive and specific diagnosis of COVID‑19 by reverse transcription multi‑
ple cross‑displacement amplification‑labelled nanoparticles biosensor. 
ERS 56:2002060

 2. World Health Organization (2020) Laboratory testing of human sus‑
pected cases of novel coronavirus (nCoV) Infection. Interim guidance, 
Geneva v1 ed

 3. Zhang W, Du RH, Li B, Zheng XS, Yang XL, Hu B et al (2020) 
Molecular and serological investigation of 2019‑nCoV infected 
patients:implication of multiple shedding routes. Emerg. Microbes 
Infect. 9:386–389. https:// doi. org/ 10. 1080/ 22221 751. 2020. 17290 71

 4. Liu L, To KK, Chan KH, Wong YC, Zhou R, Kwan KY et al (2020) High 
neutralizing antibody titer in intensive care unit patients with COVID‑
19. Emerg. Microbes Infect 9:1664–1670. https:// doi. org/ 10. 1080/ 22221 
751. 2020. 17917 38

 5. Tang Y, Liu J, Zhang D, Xu Z, Ji J, Wen C (2020) Cytokine storm in 
COVID‑19: the current evidence and treatment strategies. Front. Immu‑
nol. 2020(11):1708. https:// doi. org/ 10. 3389/ fimmu. 2020. 01708

 6. Fan BE, Chong VCL, Chan SSW, Lim GH, Lim KGE, Tan GB et al (2020) 
Hematologic parameters in patients with COVID‑19 infection. Am J 
Hematol. 95:E131–E134. https:// doi. org/ 10. 1002/ ajh. 25774

 7. Liu J, Yu H, Zhang S (2020) The indispensable role of chest CT in the 
detection of coronavirus disease 2019 (COVID‑19). Eur J Nucl Med Mol 
Imaging. 47(7):1638–1639

 8. Inui S, Fujikawa A, Jitsu M, Kunishima N, Watanabe S, Suzuki Y et al 
(2020) Chest CT findings in cases from the cruise ship “diamond prin‑
cess” with coronavirus disease 2019 (COVID‑19). Radiol Cardiothorac 
Imaging. 2(2):e200110

 9. Prokop M, Van Everdingen W, Van Rees VT (2020) CO‑RADS: a categori‑
cal CT assessment scheme for patients suspected of having COVID‑19 
definition and evaluation. Radiology. 296(2):E97–E104

 10. World Health Organization. Coronavirus disease (COVID‑19) situation 
report‑150. Available from: https:// www. who. int/ docs/ defau lt‑ source/ 
coron aviru se/ situa tion‑ repor ts/ 20200 618‑ covid‑ 19‑ sitrep‑ 150. pdf? 
sfvrsn= aa9fe 9cf_4. Accessed 5 Aug 2020

 11. Xiao SY, Wu Y, Liu H (2020) Evolving status of the 2019 novel corona‑
virus infection: proposal of conventional serologic assays for disease 
diagnosis and infection monitoring. J Med Virol. 92:464–467. https:// 
doi. org/ 10. 1002/ jmv. 25702

 12. Chung M, Bernheim A, Mei X, Zhang N, Huang M, Zeng X et al (2020) 
CT imaging features of 2019 novel coronavirus (2019‑nCoV). Radiology. 
295:202–207

 13. Özel M, Aslan A, Araç S (2021) Use of the COVID‑19 Reporting and Data 
System (CO‑RADS) classification and chest computed tomography 
involvement score (CT‑IS) in COVID‑19 pneumonia. La Radiol Med 
126:679–687. https:// doi. org/ 10. 1007/ s11547‑ 021‑ 01335‑x)

 14. Hafez MAF (2020) The mean severity score and its correlation with 
common computed tomography chest manifestations in Egyptian 
patients with COVID‑2019 pneumonia. Egypt J Radiol Nucl Med. 
51:254. https:// doi. org/ 10. 1186/ s43055‑ 020‑ 00368‑y)

 15. Bernheim A, Mei X, Huang M, Yang Y, Fayad ZA, Zhang N et al (2020) 
Chest CT finding in coronavirus disease‑19 (COVID‑19): Relationship to 
duration of infection. Radiology. 295:685–691

 16. Zayed NE, Bessar MA, Lutfy S (2021) CO‑RADS versus CT‑SS scores in 
predicting severe COVID‑19 patients: retrospective comparative study. 
Egypt J Bronchol 15:13

 17. Chen D, Jiang X, Hong Y, Wen Z, Wei S, Peng G et al (2021) Can chest CT 
features distinguishing patients with negative from those with positive 
initial RT‑PCR results for coronavirus disease (COVID‑19)? AJR 216:66–70

 18. Orlacchio A, Gasparrini F, Roma S, Ravà MS, Salvatori E, Morosetti D et al 
(2021) Correlations between chest‑CT and laboratory parameters in 
SARS‑CoV‑2 pneumonia. Medicine. 100:e25310

 19. Rubin GD, Ryerson CJ, Haramati LB, Sverzellati N, Kanne JP, Raoof S et al 
(2020) The role of chest imaging in patient management during the 
COVID‑19 pandemic: a multinational consensus statement from the 
Fleischner Society. Radiology. 296(1):172–180

 20. Mohammed RR, Hosney M, Samy T (2022) Description of the CT chest 
findings in COVID‑19 infection and validation of CORADS criteria in 
establishing diagnosis. BMFJ 39:349–357

 21. Fujioka T, Takahashi M, Mori M, Tsuchiva J, Yamaga E, Horli T et al (2020) 
Evaluation of the usefulness of CO‑RADS for chest CT in patients 
suspected of having COVID‑19. Diagnostics 10:608. https:// doi. org/ 10. 
3390/ diagn ostic s1009 0608

 22. Davis J, Gilderman G (2022) Diagnostic accuracy of routine laboratory 
tests for COVID‑19. Reports 5:25. https:// doi. org/ 10. 3390/ repor ts503 0025

 23. He JL, Luo L, Luo ZD, Lyu JX, Ng MY, Shen XP et al (2020) Diagnostic per‑
formance between CT and initial real‑time RT‑PCR for clinically suspected 
2019 coronavirus disease (COVID‑19) patients outside Wuhan, China. 
Respir Med. 168:105980. https:// doi. org/ 10. 1016/j. rmed. 2020. 105980 
Epub 2020 Apr 21. PMID: 32364959; PMCID: PMC7172864

 24. Bai HX, Hsieh B, Xiong Z, Halsey K, Choi JW, Tran T et al (2020) Performance 
of radiologists in differentiating COVID‑19 from viral pneumonia on chest 
CT. Radiology. 296:46–54. https:// doi. org/ 10. 1148/ radiol. 20202 00823

 25. Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang P et al (2020) Sensitivity of 
chest CT for COVID‑19: comparison to RT‑PCR. Radiology. 296:115–117. 
https:// doi. org/ 10. 1148/ radiol. 20202 00432.)

https://doi.org/10.1080/22221751.2020.1729071
https://doi.org/10.1080/22221751.2020.1791738
https://doi.org/10.1080/22221751.2020.1791738
https://doi.org/10.3389/fimmu.2020.01708
https://doi.org/10.1002/ajh.25774
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200618-covid-19-sitrep-150.pdf?sfvrsn=aa9fe9cf_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200618-covid-19-sitrep-150.pdf?sfvrsn=aa9fe9cf_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200618-covid-19-sitrep-150.pdf?sfvrsn=aa9fe9cf_4
https://doi.org/10.1002/jmv.25702
https://doi.org/10.1002/jmv.25702
https://doi.org/10.1007/s11547-021-01335-x)
https://doi.org/10.1186/s43055-020-00368-y)
https://doi.org/10.3390/diagnostics10090608
https://doi.org/10.3390/diagnostics10090608
https://doi.org/10.3390/reports5030025
https://doi.org/10.1016/j.rmed.2020.105980
https://doi.org/10.1148/radiol.2020200823
https://doi.org/10.1148/radiol.2020200432.)


Page 9 of 9Elnaggar et al. The Egyptian Journal of Bronchology            (2023) 17:3  

 26. Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W et al (2020) Correlation of chest 
CT and RTPCR testing in Coronavirus Disease 2019 (COVID‑19) in China: a 
report of 1014 cases. Radiology. 296:E32–E40

 27. Kaftan AN, Hussain MK, Algenabi AA, Naser FH, Enaya MA (2021) Predic‑
tive value of C‑reactive protein, lactate dehydrogenase, ferritin and 
D‑dimer levels in diagnosing COVID‑19 patients: a retrospective study. 
Acta Inform Med. 29(1):45–50

 28. Colak A, Oncel D, Altin Z, Turken M, Arslan F, Iylilikkci V et al (2022) Useful‑
ness of laboratory parameters and chest CT in the early diagnosis of 
COVID‑19. Rev Inst Med Trop São Paulo. 64:e2

 29. Kermali M, Khalsa RK, Pillai K, Ismail Z, Harky A (2020) The role of biomark‑
ers in diagnosis of COVID‑19 ‑ A systematic review. Life Sci. 254:117788

 30. Mardani R, Ahmadi Vasmehjani A, Zali F, Gholami A, Mousavi Nasab SD, 
Kaghazian H et al (2020) Laboratory parameters in detection of COVID‑19 
patients with positive RT‑PCR; a diagnostic accuracy study. Arch. Acad 
Emerg Med. 8(1):e43

 31. Patel M, Chowdhury J, Zheng M, Abramian O, Verga S, Zhao H et al. High 
resolution chest CT (HRCT) evaluation in patients hospitalized with 
COVID‑19 infection. medRxiv preprint doi: https:// doi. org/ 10. 1101/ 2020. 
05. 26. 20114 082

 32. Abdelmoty AA, Abdeldayem WA, Metwally RH, ELshamy AM. (2022) 
Evaluation of laboratory parameters and their correlation with Covid‑19 
severity. The Egyptian. J Hosp Med 87:1602–1607

 33. Sadek MS, Abdelshafy SZ, Abed HA, Allam AH, Sweed EM, Mogahed MM 
et al (2022) CO‑RADS versus lymphopenia in diagnosing COVID‑19. Bmfj. 
https:// bmfj. journ als. ekb. eg/ artic le_ 239793_ 5c806 2f93c da0c3 09e66 
c9932 c9c33 7a

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1101/2020.05.26.20114082
https://doi.org/10.1101/2020.05.26.20114082
https://bmfj.journals.ekb.eg/article_239793_5c8062f93cda0c309e66c9932c9c337a
https://bmfj.journals.ekb.eg/article_239793_5c8062f93cda0c309e66c9932c9c337a

	CO-RADS score and its correlation with clinical and laboratory parameters in patients with COVID-19
	Abstract 
	Background 
	Results 
	Conclusions 

	Introduction
	Patients and methods
	Statistical analysis

	Results
	Discussion
	Study limitations

	Conclusion
	Acknowledgements
	References


