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BACKGOUND/AIMS
Our objective was to identify the chest X-ray (CXR) features of the patients with coronavirus disease 2019 (COVID-19) and to evaluate
the relationship between CXR scores and age and gender. Also, we aimed to detect the sensitivity, positive predictive value (PPV), and
negative predictive value (NPV) of CXRs in patients with COVID-19 pneumonia.

MATERIAL and METHODS
A total of 35 patients who underwent CXR and computed tomography (CT) and had a positive real-time reverse transcriptase-
polymerase chain reaction test result were included in the study. The initial CXRs of all patients were evaluated and scored using the
Brixia scoring system. Then, chest CT scans were assessed the presence of pneumonia.

RESULTS
Of the 35 patients, CXRs of 13 patients (6 male and 7 female) were normal, and 22 patients had unilateral or bilateral opacities, which
was considered to indicate pneumonia. The sensitivity, PPV, NPV, and accuracy of the CXRs in the detection of pneumonia were 81.4%,
100%, 61.5%, and 85.7%, respectively. The median Brixia score of patients without pneumonia was less than that of the patients with
pneumonia (4 [1-6] vs 7 [4-12]; P < .01).

CONCLUSION
This scoring system might be useful for identifying the highest-risk patients at an early stage and determine who requires early medical
management in the pandemic service or intensive care unit.
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INTRODUCTION
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a novel coronavirus that was first detected in
Wuhan, Hubei Province of China, in December 2019.1 The disease was named as coronavirus disease 2019 (COVID-19)
and affected a large number of people in a short time. COVID-19 disease was announced as a global pandemic on
March 11, 2020 by the World Health Organization.2 By January 30, 2021, more than 100 million cases and 2 million deaths
have been reported around the world.3

The precise diagnostic test for COVID-19 disease is a reverse transcription-polymerase chain reaction (RT-PCR) assay.4

However, the RT-PCR results may be negative due to an inadequate nasopharyngeal or oropharyngeal swab sample. In
addition, the RT-PCR results are usually available within 1–2 days. Therefore, radiological imaging methods have become
critical in the early detection and treatment, especially patients with suspected pneumonia. Although its sensitivity to
detect pneumonia is not very high, chest radiography is the first radiological imaging method that should be performed,
especially children and young adults with suspected pneumonia. The most commonly reported chest X-ray (CXR) fea-
tures of the COVID-19 pneumonia are bilateral pulmonary infiltration and consolidation, often involving the lower lobes.5

Wong et al.6 conducted a study including 64 patients that evaluated the frequency and pattern of CXR features and
reported the sensitivity of CXR in the detection of SARS-CoV-2 pneumonia, which was 69% [95% CI: 56-80%]. Evaluating
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the CXR can be confusing, especially in patients with chronic
disease such as heart failure and chronic lung disease. The
Brixia scoring system, which is a semiquantitative scoring
method, was established to evaluate the severity of COVID-19
on a CXR due to the high virulence and mortality of the disease,
especially in patients with comorbid diseases, such as hyper-
tension, diabetes mellitus, and cardiovascular and oncological
diseases.7 This scoring system might help to determine who is
under high risk and who require specific treatment modality.7

Due to the close relationship between pulmonary involvement
and mortality, we aimed to (i) explain the CXR findings in
patients with SARS-CoV-2 infection who had a positive RT-
PCR test finding, (ii) evaluate the relationship between CXR
scores and age and gender, and (iii) determine the sensitivity,
positive predictive value (PPV), and negative predictive value
(NPV) of CXR in patients with SARS-CoV-2 pneumonia.

MATERIAL and METHODS
This retrospective study was approved by the institutional
review board of our hospital, and a written informed consent
was waived due to the outbreak of COVID-19 disease (2020/
450).

Patients
Between March 11 and June 10, 2020, we identified 100 patients
who had a positive nasopharynx or oropharynx RT-PCR test
result and admitted to the emergency service with complaints
of fever, dyspnea, dry cough, and weakness. A total of 35
patients who underwent CXR and chest CT were included in
the study. Of these 35 patients, 15 (42.9%) were female, and 20
(57.1%) were male. The age, gender, medical history, and pres-
ence of comorbidities were retrospectively evaluated with
data from the electronic medical record of our hospital. This is
a blinded study. The initial CXRs of all patients were evaluated
and scored by one radiologist (C� .C� .) experienced in thoracic
radiology. Then, the other radiologist (A.T.S.) reviewed all chest
CT scans for the presence of pneumonia.

CXR Scoring System
Posteroanterior (PA) CXRs were obtained by having the
patient stand in the upright position with full inspiration. Ante-
roposterior (AP) CXRs were acquired in patients who were
unable to stand when using a mobile chest radiograph
machine. All CXRs were acquired as computed or digital radio-
graphs following usual local protocols in the emergency
department. Sometimes, CXRs may have relatively low quality
due to emergency service circumstances. All isolation rules

against contamination of a possible infection were obeyed in
the radiology unit. The radiologist described the presence,
localization, and characterization of infiltrations in the PA or
AP radiographs without the knowledge of the CT findings.

We used the Brixia scoring system, which was defined by Bor-
ghesi and Maroldi, to score the patients’ CXRs.4 We ranked pul-
monary involvement on an 18-point severity scale according to
the extent and characteristics of lung abnormalities.

The Brixia scoring system includes two steps. In the first step,
the lungs are divided into six regions as follows:

Upper zones (A and D): above the inferior wall of the aortic
arch.

Middle zones (B and E): below the inferior wall of the aortic
arch and above the inferior wall of the right inferior pulmonary
vein.

Lower zones (C and F): below the inferior wall of the right infe-
rior pulmonary vein.4

In the second step, we gave point (from 0 to 3) for each side
based on lung abnormalities identified on PA or AP radio-
graphs as follows:

• Score 0: no lung abnormalities

• Score 1: interstitial infiltrates

• Score 2: interstitial and alveolar infiltrates (interstitial
predominance)

• Score 3: interstitial and alveolar infiltrates (alveolar
predominance)4

Then, all scores of the six regions were summed to obtain a
total score between 0 and 18. After defining and scoring the
CXR findings, chest CT scans of all patients were assessed for
the presence of pneumonia.

CT Imaging
Noncontrast-enhanced chest CT scans (Canon, Aquilion Prime
SP, Canon Medical Systems, Japan) were performed for
patients who were evaluated with CXRs who had a pathology
on their CXR or a normal CXR with suspected pneumonia
during physical examination. All the chest CT scans acquired
as a noncontrast-enhanced volumetric scans with a low dose
technique (tube voltage, 120 kV; tube current, standard (refer-
ence mAs, 60-120) to low dose (reference mAs, 30) with auto-
matic exposure control; slice thickness, 1.0 mm) in the
emergency department, which was specifically separated in
the isolation area. Chest CT was performed in a supine position
and full inspirium. They described the presence, localization,
shape, density, and borders of all lesions. The lesions were
defined as patchy, confluent, or nodular according to their
shape. Patchy lesions were non-nodular isolated focal lesions,
and confluent lesions were large lesions with multiple segment
involvement that tended to merge with each other. The pattern
of lesions from patchy to confluent was classified as pure
ground-glass opacity (GGO), mixed GGO and consolidation,
consolidation, and crazy-paving pattern. The density of nodular
lesions was defined as pure GGO, part-solid, and solid. The

Main Points

• SARS-CoV-2 is a newly identified b-coronavirus that
leads to an outbreak of unusual viral pneumonia.

• The precise diagnostic test for COVID-19 disease is a RT-
PCR test.

• In the presence of suspicion of pneumonia, CXR should be
done first.

• The BRIXA scoring system can be used in patients with
infiltration on CXR, which can estimate the course of the
disease and the prognosis of the patient.
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borders of the infiltrations were described as well-demarcated
or ill-demarcated. In addition, the presence of an air broncho-
gram, a reverse halo, and a tree-in-bud appearance was
described.8

Statistical Analysis
Statistical Package for the Social Sciences (SPSS) version 21
(IBM SPSS Corp.; Armonk, NY, USA) was used to perform all
statistical calculations. The normality of distribution for the vari-
ables was examined using the Shapiro–Wilk test. Descriptive
analysis results were expressed as the mean and standard
deviation for normally distributed variables. The median (mini-
mum-maximum) was used for non-normally distributed varia-

bles. Categorical variables are expressed as percentages. The
student t-test was used for normally distributed variables, and
the Mann–Whitney U test was used for non-normally distrib-
uted variables. The sensitivity, specificity, PPV, NPV, and accu-
racy of the CXR were compared to reference test, which was
chest CT. A value of P < .05 was considered significant in all
statistical analyses.

RESULTS

Patients
Of the 35 patients (45.97 6 21 years), 15 were female (45.87 6

24.27 years), and 20 were male (46.05 6 19.01 years) (Table 1).
No statistically significant differences were detected in age
between the female and male patients (P ¼ .98). Of the 35
patients, 27 (77.1%) were treated in the pandemic service and
discharged from the hospital without any complications. Eight
patients (22.9%) received intensive care. Three of them died,
and five of them were discharged from the hospital. The age of
the patients who received intensive care (65.7 6 16.9 years)
was significantly higher than that of those treated in the pan-
demic service (40.11 6 18.6 years) (P ¼ .001). The comorbidities of
the patients are shown in Table 2.

CXR Features and Scoring System
The CXRs of 13 patients were normal (6 males and 7 females),
and the CXRs of 22 patients demonstrated unilateral or bilat-
eral opacities (15 males and 7 females), which indicated pneu-
monia. The CXR interval of patients was 3 6 2.5 days during the

Table 1. Demographic Findings of the Patients

Female (n ¼ 15) Male (n ¼ 20) P
Age (years) 45.8 6 24.2 46.05 6 19 .98

Symptoms Fever 1 5
Cough 10 8

Chest pain 2 1
Dyspnea 0 4

Asymptomatic 2 2
Treatment Pandemic service 13 14

Intensive care unit 2 6

Table 2. Comorbidities of the Female and Male Patients

Comorbidities Female, n Male, n

Asthma 1 0
Hypertension 3 2
Diabetes mellitus type II 3 0
Medical history of previous carcinoma 4 2
Coronary artery disease 1 2
Hyperlipidemia 1 1
Chronic renal disease 0 1
Chronic obstructive lung disease 0 1
Cerebrovascular disease 1 1

Figure 1. A chest X-ray (CXR) showed multifocal patchy peripheral
consolidations in the middle and lower zones of both lungs, espe-
cially in the right lung. The Brixia score of the CXR was 14. (The right
lung score was 7, and the left lung score was 7.)

Figure 2. An axial nonenhanced chest computed tomography (CT)
image showed patchy ground-glass opacities (GGOs) in the right
lung with consolidative lesions in the left lower lobe.
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first admission before CT examination. The sensitivity, PPV,
NPV, and accuracy of chest radiography in the detection of
pneumonia were 81.4%, 100%, 61.5%, and 85.7%, respectively.
The Brixia score in the CXR reports ranged from 1 to 12. The
patients were classified into two groups with and without
pneumonia as regards to CXR results. The Brixia score of
patients without pneumonia was 4 (1–6), and the Brixia score of
those with pneumonia was 7 (4–12) (Figures 1 and 2). There was
a statistically significant difference in the Brixia scores between
patients with and without pneumonia (P < .01) (Table 3). The
Brixia score of the 27 patients who were treated with medica-
tion in the pandemic service was 5 (1–11), and the Brixia score of
the eight patients who were treated in the intensive care unit
was 8 (5–12) (P ¼ .004) (Figures 3 and 4 and Table 3).

Chest X-ray Correlation with CT
The low-dose chest CT results of all patients were evaluated
for the presence of pneumonia. The mean radiation dose was
2.22 6 1.85 mSv. Of the 35 patients, eight (24.5 6 18.4 years) had
normal thorax CT images, and 27 (52.3 6 17.4 years) had char-
acteristic features of COVID-19 pneumonia. Of these 27
patients, three had unilateral (right) pneumonia, and 24 had
bilateral lung parenchymal abnormalities, which were consid-
ered SARS-CoV-2 pneumonia. The chest CT imaging features
are shown in Table 4. When the chest CT scans and CXRs were
retrospectively evaluated, opacities were visualized on chest
CT but not CXRs in five of the 27 patients (Figures 4 and 5). The
CXRs of these patients were reevaluated for the Brixia score by
dividing them into two groups as patients with or without
pneumonia according to chest CT features. The Brixia score of
patients with pneumonia (6 [1–2]) was significantly higher than
those without pneumonia (2 [1–6]) (P ¼ 0.001).

DISCUSSION
In here, the Brixia score of patients with pneumonia was signifi-
cantly higher than the patients without pneumonia. Also, the
sensitivity, PPV, and accuracy of the CXRs in the detection of
pneumonia were found high in our study. CXR is primarily the
preferred imaging method for evaluating the pneumonia due to
its wide availability and low radiation exposure. Also, it is the
least expensive imaging method. However, the sensitivity of
CXRs in the diagnosis of pneumonia is not as high as that of CT.
They may lead to relatively low quality of the images due to
emergency service circumstances. CXRs may be more useful

Table 3. Per-Lesion Analysis of Chest X-Ray and Computed Tomography (CT) Findings

Chest X-Ray Findings n

Laterality Right lung 8
Left lung 1
Bilateral 13

Normal chest X-ray 13
Density Consolidation 2

Diffüz opacity 33
Pneumonia Patients with pneumonia 22

Normal chest X-ray 13
BRIXA score Patients with pneumonia 7 (4-12)

Normal chest X-ray 4 (1-6)
BRIXA score Patients who were treated in the pandemic service 5 (1-11)

Patients who were treated in the intensive care unit 8 (5-12)
BRIXA score Patients with pneumonia in the thorax CT 6 (1-12)

Patients with normal thorax CT 2 (1-6)

Figure 3. A CXR showed multifocal patchy consolidations in the
upper, middle, and lower zones of the right lung and slightly
increased opacity in the left lower zone. The Brixia score of the CXR
was 16. (The right lung score was 12, and the left lung score was 4.)

Figure 4. An axial nonenhanced chest CT showed slight GGOs in
both lungs with rounded GGOs in the right lung.
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and sensitive in the diagnosis of pneumonia in children and
young adults.1 The BRIXA scoring system might help identify the
highest-risk patients at an early stage and determine who
requires early medical management in the pandemic service or
intensive care unit.

Recent studies have shown that the distribution of CXR fea-
tures and lung abnormalities shows a variable appearance.6

During the SARS-CoV-2 outbreak in 2003, bilateral disease
and infiltration of more than two zones were reported on CXRs
and related to worse outcomes.9,10 Similar imaging findings
have been identified in various other pneumonias.11,12 Although
CXR is generally accepted as the reference standard, a recent
Cochrane review identified two studies that suggested that
routine CXR did not affect outcomes in patients with lower
respiratory tract infections.13

Wong et al.6 revealed that the sensitivity of an initial RT-PCR
analysis (91% [95% CI: 83-97%]) was higher than that of a base-
line CXR (69% [95% CI: 56-80%]) (P ¼ .009). They also reported
that six patients showed CXR abnormalities before eventually
testing positive with RT-PCR. In their study, all patients with
positive CXRs also had positive thorax CT, and only one patient
(1/4, 25%) had a falsely negative CXR when compared to
thorax CT.6 In our study, the sensitivity, PPV, NPV, and accuracy
of chest radiography were 81.4%, 100%, 61.5%, and 85.7%,
respectively, for detecting COVID-19 pneumonia. All patients
with positive CXRs also had positive chest CT, and only five
patients had a false negative CXR when made a comparison
with chest CT.

The most frequent CXR and CT features of SARS-CoV-2 pneu-
monia are bilateral, peripheral, and basilar opacities/densities.1

However, CXRs can be normal in some patients. There may be
two reasons for this situation. First, GGOs may not have been
detected on the CXR, which may not have had sufficient den-
sity (Figure 6). Second, lesions located in basal and retrocar-
diac areas are very difficult to evaluate.14 In our study, 22 of the
35 patients had increased opacity on their CXRs, which indi-
cated pneumonia, and a positive RT-PCR test. Of the 35
patients, 13 had normal CXRs. However, five of the 13 patients
had GGOs on chest CT, which was considered pneumonia.
Peripheral and basal zone distribution were the most frequent
locations, and most had bilateral involvement, which is compat-
ible with the findings reported in the literature. There was bilat-
eral involvement in 13 patients, right lung involvement in eight
patients, and left lung involvement in one patient. However,
when the chest CT scans of these patients were evaluated,
only three patients had right lung involvement, while 24 had
bilateral involvement. The other chest CT scans were normal.

Toussie et al.1 evaluated the prognostic value of a CXR severity
scoring system for younger (21-50-year-old) patients with
COVID-19. CXRs were divided into three zones per lung, and
severity score was scored according to the presence (1 point)
or absence (0 point) of opacity in each region. They reported
that a CXR score �3 was an independent predictor of intuba-
tion (n ¼ 28) (P ¼ .002) at the hospital site. They also reported
no significant difference in primary outcomes across race/eth-
nicity, history of tobacco use, asthma, or diabetes mellitus
type II.1

Table 4. Imaging Characteristic on the Thorax CT in 27 Patients

Opacity Characteristics n

Peripheral multifocal ground-glass opacities 17
Multifocal rounded ground glass opacities 6
“Crazy-paving” pattern 0
Alveolar consolidation with ground glass opacities 3
“Reverse halo” sign 1
Airways
Bronchial wall thickening 1
Bronciectasis 0
Underlying Lung Disease
Pulmonary emphysema 1
Pulmonary fibrosis 1
Other Findings
Pleural effusion 6
Pericardial effusion 2
Atelectasis 2
Thoracic lympadenopathy 3

Abbreviation: CT: computed tomography.

Figure 5. The CXR was normal. There was no pneumonic infiltration
or pleural effusion. The Brixia score of the CXR was 4. (The right lung
score was 2, and the left lung score was 2.)

Figure 6. An axial nonenhanced chest CT image showed rounded
GGOs in the peripheral regions of the lower lobes.
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Borghesi et al.7 reported that the CXR score was significantly
higher in males than in females only in those aged 50-79 years.
They showed that males aged �50 years and females aged
�80 years with SARS-CoV-2 infection had the highest CXR
score (median �8). They concluded that the Brixia score can
help identify the highest-risk patients at an early stage and
identify who needs specific treatment and who needs protec-
tion from the infection.7

In our study, the Brixia score was significantly higher in patients
with pneumonia than in patients without pneumonia. Also,
Brixia score was significantly higher in patients who were
treated in the intensive care unit than those treated in the pan-
demic service.

Using the Brixia score is easy and quick for showing the sever-
ity index of lung infiltration. It can assist early diagnosis, treat-
ment, and supplies the relevant information about lung
infiltration. CXR is an inexpensive, low-cost, easily accessible,
and low-radiation imaging method to evaluate lung abnormal-
ities and is especially preferred in children and younger adults.
According to the Fleischner Society, chest CT is not recom-
mended for patients who have mild symptoms or are asymp-
tomatic.15,16 Therefore, chest CT should be performed in patients
who had a suspected moderate-to-severe clinical features of
the SARS-CoV-2 infection, additional comorbidities, or opac-
ities on a CXR. In addition, patients with features of pneumonia
on thorax CT can be followed up with a CXR because of its low
radiation dose and low rate of infectiousness due to its port-
ability. However, in patients with a high Brixia score based on
the CXR and suspected progression of pneumonia, chest CT
should be performed to evaluate the lung parenchyma. In addi-
tion, the use of low-dose CT scans was recently started to pre-
vent patients from receiving high doses of radiation. In our
study, the lowest radiation dose was 0.15 mSv, and the highest
radiation dose was 7.67 mSv.

Small number of patients is the limitation of our study. The
reason for the small sample size is that most patients with sus-
pected pneumonia directly undergo chest CT without an initial
CXR. Studies with a larger sample of patients can contribute to
the literature. Since no false positive case for CXRs, it is not pos-
sible to calculate specificity. So, not to have specificity result is
the another limitation.

The Brixia score was significantly higher in patients with pneu-
monia than in patients without pneumonia. Also, it was signifi-
cantly higher in patients who were treated in the intensive care
unit than those treated in the pandemic service. This scoring
system might contribute to identification of the highest-risk
patients at an early stage and determination of who requires
early medical management in the pandemic service or inten-
sive care unit.
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