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Abstract

Background: As the pandemic of coronavirus disease 2019 (COVID-19) in Wuhan raised public health concerns, many studies
were conducted to reveal the risk factors of the disease and predictive prognostic indicators to plan the treatment strategies
and commence therapies earlier. Although specific parameters, including age, gender, chronic diseases, D-dimer, and neutrophil-
lymphocyte-ratio play a curial role in COVID-19, the association between mortality and the extent of lung involvement in the initial
computerized tomography (CT) scan of patients diagnosed with COVID-19 has not been well documented in the literature.
Objectives: We compared two groups (CT-1 and CT-2) in terms of lung involvement in the initial CT of patients admitted to the
emergency unit and then hospitallzed with COVID-19.
Methods: Using the digital data system of İzmir Bozyaka Training and Research Hospital, Turkey, subjects diagnosed with COVID-19
in April 2020 were retrospectively screened. For each of the 90 patients, the initial CT scans on admission were evaluated for the
extent of lung involvement and classified as CT-1 (≤ 5% of lung involvement, n: 45) and CT-2 (> 5% of lung involvement, n: 45).
Results: There was not any statistical significance between two different CT groups regarding mortality and length of stay of pa-
tients in hospital with COVID-19 (P = 0.72 and P = 0.51, respectively). Neutrophil counts were found to be statistically significant and
higher in CT-2 group than the CT-1 (P = 0.02) group. The length of stay in hospital was correlated with age, neutrophil-lymphocyte
ratio (NLR), neutrophils, lymphocyte, and only the correlation between length of stay in hospital and age was significant (P = 0.01).
Conclusions: The size of involvement is not a predictive indicator for mortality and length of stay in hospital in patients with
COVID-19.
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1. Background

A novel coronavirus with a characteristic crown mor-
phology at scanning electron microscopy, causing coron-
avirus disease 2019 (COVID-19) that is spread by human-
to-human transmission due to close contacts, was identi-
fied in China and announced by the World Health Organi-
zation (WHO) as a pandemic on Mar 11, 2020 (1). No spe-
cific antiviral drugs are available to treat COVID-19; thus,
early detection and adherence to medical isolation are cru-
cial (2). To date, computerized tomography (CT) images
are used by physicians for a fast and effective diagnosis
of COVID-19 (3). Based on the literature, patchy ground-
glass opacities with interlobular septal and vascular thick-
ening, consolidative opacities with a rounded pattern, and
a peripheral distribution are the basic findings of COVID-19
in chest CT (4). These findings are helpful to the radiolo-
gist in the early detection and diagnosis of patients. Early
disease recognition can speed up treatments and prompt
rapid patient isolation (5). Chest CT cannot alone fully ex-

clude the diagnosis of COVID-19, particularly in the early
stage of the infection (3, 4). Because of the prodromal
phase of COVID-19, viral infection manifests with symp-
toms before the emergence of imaging manifestations (6).
A normal chest CT scan does not exclude the diagnosis, and
also CT findings can vary as pneumonia progresses (4, 5).
The data of CT findings for COVID-19 in the literature in-
dicate similar features to the other coronaviruses (severe
acute respiratory syndrome (SARS) and the Middle East res-
piratory syndrome (MERS) (7). The diagnosis of COVID-
19 with CT scan is more sensitive than the initial reverse
transcription-polymerase chain reaction (RT-PCR) and is
also relatively simple and quick (8). Because of its invasive-
ness and objectivity, CT scan is also used to follow up pa-
tients with COVID-19. Although the chest CT examination
plays a crucial role in the initial diagnosis of COVID-19, the
relationship between the initial CT findings, including the
extent of the involvement, and mortality and length of stay
in hospital has not well been documented yet.

The neutrophil-lymphocyte ratio (NLR) was known as
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an indicator of inflammatory status, and a higher level of
NLR in a patient with COVID-19 has been proved as a risk fac-
tor of mortality (9, 10). The negative outcomes of COVID-19
were found to be associated with a higher NLR, mostly an
NLR of > 3.13 (11). Thus, the higher NLR levels were known
as an indicator of the severity of COVID-19 as well as a hy-
perinflammatory state (11). However, the counts of neu-
trophil, NLR, and lymphocyte have not been studied in de-
tail to compare the extent of lung involvement in CT. Fur-
thermore, the association of mortality with the extent of
lung involvement in the initial CTs of patients diagnosed
with COVID-19 has not well been documented in the litera-
ture.

2. Objectives

Finding the answer to the question of whether the size
of infected areas in the lung is associated with mortality
and length of stay in hospital in patients with COVID-19 is
essential. The present study aimed at revealing whether
the extent of COVID-19 lung involvement in CT could pre-
dict the disease aggravation and assessing the association
between the extent of lung involvement and the mortality
and length of stay in hospital.

3. Methods

3.1. Data Collection and Study Design

Patients diagnosed with COVID-19 were retrospectively
screened using the digital data system of İzmir Bozyaka
Training and Research Hospital, Turkey. Inclusion criteria
were the age of 18 years or more and hospital admission
with COVID-19 from April 1, 2020, to April 30, 2020. G-Power
(ver. 3.1.9.4) software was used to estimate the sample size
considering a type 1 of 5% error and test power of 85%. Us-
ing random sampling, the participants were selected from
the hospital data system in April 2020. The exclusion crite-
rion was the subjects who did not meet the inclusion cri-
teria. Radiologists reported all initial CT images as the per-
centage of lung involvement during admission in the pan-
demic office of the emergency unit. The time interval from
disease to CT was the same for all the cases, and it was re-
ported during the admission phase. For each of the 90 pa-
tients, the initial CT scans on admission were evaluated for
the percentage of lung involvement, and then we classified
the patients as CT-1 (≤ 5% of lung involvement, n = 45) and
CT-2 (over 5% of lung involvement, n = 45).

3.2. Statistical Analysis

An independent t-test and one-way analysis of vari-
ance (ANOVA) were employed to compare the variables.

The results were presented using descriptive statistics;
mean ± standard deviation (SD) for continuous variables,
and the number and percentage for categorical variables.
For numeric variables, first, the normal distribution of
the data was tested using the one-sample Kolmogorov-
Smirnov test, and according to the results of this test, the
results of numeric variables were described using mean±
SD, minimum, and maximum. For the statistical analysis,
the Statistical Package for the Social Sciences (SPSS) soft-
ware (IBM SPSS for Windows, ver.24) was used. P-values of
< 0.05 were considered statistically significant.

4. Results

4.1. Patients

A total of 90 patients with 49 (54.4%) men (M = 60.9
years, SD = 16.1) and 41 (45.6%) women (M = 66.9, SD = 17.8)
were included in the present study. The mean age was 66.76
years (SD = 19.10) in the CT-1 group and 61.67 years (SD =
14.97) in the CT-2 group. The mean age between the two
groups was not statistically significant (P = 0.16). When
the patients were compared in terms of gender, no statis-
tical significance was found between length of stay in hos-
pital, mortality, and lung involvement in CT between men
and women (P = 0.14, P = 0,78, and P = 0.67, respectively).
When mortality rates were compared with the parameters,
including neutrophils, NLR, lymphocyte using an indepen-
dent t-test, a statistically significant difference was found
between mortality rates and parameters, including neu-
trophils and NLR (P = 0.06 and P = 0.02, respectively). In
other words, as NLR and neutrophil values increased, mor-
tality rates increased. The length of stay in hospital was cor-
related with age, NLR, neutrophils, and lymphocyte, but
only the age was positively correlated with length of stay
in hospital (P = 0.00).

4.2. The Extent of Lung Involvement and the Length of Stay in
Hospital

The length of stay in hospital was 8.24 days (SD = 1.083)
in the CT-1 group and 7.34 days (SD = 0.832) in the CT-2
group. The mean length of stay between the two groups
was not statistically significant (P = 0.51).

4.3. The Extent of Lung Involvement andMortality

The total number of fatal cases was 9 (% 10), includ-
ing six men (12.2%) and three women (7.3%). CT-1 and CT-2
groups were compared with the Chi-square test for mortal-
ity, and the percentage of fatal cases was 8.9% (n = 4) in the
CT-1 group and 11.1% (n = 5) in the CT-2 group. However, no
statistically significant difference was found between the
extent of lung involvement and mortality (P = 0.72).
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4.4. Comparison theCounts of theNeutrophil and Lymphocytes,
and NLR with the Extent of Lung Involvement

The following results were found in the CT-1 group:
NLR: 5.7 (SD = 9.82), neutrophil: 5.06 × 103/µL (SD = 3.13),
and lymphocyte: 1.61 × 103/µL (SD = 2.61), whereas they
were as follows in the CT-2 group: NLR: 6.6 (SD = 8.82), neu-
trophil: 7.52 × 103/µL (SD = 6.49), and lymphocyte: 1.62
× 103/µL (SD = 0.83). We compared CT-1 and CT-2 groups
for NLR, neutrophil, and lymphocyte. Only neutrophil lev-
els were found with a statistically significant difference
between both groups. In other words, neutrophil counts
were statistically higher in the CT-2 group (P = 0.02).

5. Discussion

In the early days of the emergence of COVID-19, most of
the cases were determined to report exposure to food from
the Huanan Seafood Wholesale Market (12). The pathogene-
sis of COVID-19 is still not wholly understood, and cytokine
storm is thought to play crucial roles in disease severity
(13). However, around 81% of patients with COVID-19 de-
velop a mild type of disease, and they never need hospi-
talization (14). The severity of COVID-19 varies from mild
to severe, and it cannot be easily predicted using a spe-
cific tool or criteria beforehand. However, in several stud-
ies, some of the parameters have been shown to be asso-
ciated with mortality and length of stay in hospital in pa-
tients with COVID-19. İn a study on 191 patients diagnosed
with COVID-19 from China, the most crucial risk factors
were age, having higher sequential organ failure assess-
ment (SOFA) scores, and D-dimer of over 1µg/mL, and these
findings could give physicians an idea about poor progno-
sis at an early stage (15). In 338 patients diagnosed with
COVID-19 in New York from March 10 - 26, 2020, a chest x-ray
severity score was predictive of risk for hospital admission
and intubation (16). Wang et al. revealed that C-reactive
protein (CRP) could be a predictive marker in COVID-19,
and its threshold value was 26.9 mg/L to anticipate the pos-
sibility of aggravation (17). In the present study, we com-
pared two CT groups that were separated based on the ex-
tent of lung involvement (less than 5% or over) in patients
with COVID-19, and we aimed at revealing whether there
was a significant difference in mortality and length of stay
in hospital between two groups. There were no statistically
significant differences in these parameters from between
CT-1 and CT-2 groups (t-test; P = 0.517; Chi-square test, P =
0.725). We could not find another study comparing the ex-
tent of lung involvement in the initial CT of patients with
COVID-19. Thus, we hope that these findings can be valu-
able for further studies.

Viruses can trigger NETosis, the process of neutrophil
extracellular traps (NETs) generation, and several diseases,

including venous thromboembolism, cancer, diabetes,
and infections involved in NETosis (18). Virus-induced NETs
can generate inflammation in an uncontrolled way (19).
The effect of COVID-19 on both venous and arterial throm-
boembolism has been shown in many studies (15, 20). The
relationship between thromboembolism and COVID-19 is
a crucial factor regarding fatal cases because NETosis was
proved to trigger the development of thromboembolism
(21, 22). In the present study, the parameters of NLR, lym-
phocyte, and neutrophil were compared both in the CT-1
and CT-2 groups, and only a statistically significant differ-
ence was found in neutrophil that was higher in the CT-2
group (P = 0.02). Even though the neutrophil count was
higher in the CT-2 group, the mortality and length of stay
in the hospital showed no significant difference between
the two CT groups. However, in all participants, as the age
and parameters, including NLR and neutrophil, increased,
mortality rates increased significantly (P < 0.05). These
findings can be an answer to the question of why the mor-
tality is not related to the extent of lung involvement in
initial CT of patients with COVID-19, but the NLR and neu-
trophil are associated. The most crucial reason for fatal
cases might be associated with NETosis, but not the extent
of involvement. Therefore, the initial CTs of patients with
COVID-19 would not be a predictor of mortality. We need
more data to find a rapid tool for the diagnosis and pro-
gression of the disease, including machine learning or arti-
ficial intelligence other than CT, clinical, or laboratory find-
ings (23).

This study had several limitations. First, the study in-
cluded only one center with a small sample, and no patient
had a follow-up chest CT after admission. Second, only 90
patients diagnosed clinically and radiologically were in-
cluded; negative results or other viruses were not included
in the analyses. Also, we did not consider the final survival
outcome, and the exact causes of death were not known.

5.1. Conclusion

Patients diagnosed with COVID-19 need to be evaluated
as soon as possible, and the prognosis should be predicted
based on specific parameters, including NLR, gender, age,
etc. The extent of lung involvement in COVID-19 was not as-
sociated with mortality in the present study, but we need to
explore the unknown features of COVID-19 with large sam-
ples and further studies.
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