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Research Article ABSTRACT
Background/aim: Early in the COVID-19 pandemic, chest computerized tomography (CCT) was shown to be more
History sensitive than real-time reverse transcription polymerase chain Reaction (rRT-PCR) in detecting the disease,
especially in regions with high disease prevalence. In this study, we aimed to determine the sensitivity and
Received: 21/08/2022 specificity of chest CT in the diagnosis of COVID-19.
Accepted: 21/12/2022 Materials and Methods: Between 17 March, 2020 and 25 April, 2020, 2170 patients who were admitted to the

hospital for any reason and underwent chest CT scanning were retrospectively analyzed. Patients with a pre-
diagnosis of COVID-19 and a positive rRT-PCR test, two consecutive negative rRT-PCR tests, or with a first
negative rRT-PCR test and a positive follow-up rRT-PCR test were included. The day of the rRT-PCR test for these
patients was counted as day “0,” and 200 patients whose CCT was performed within +/- three days were included
in the study.

Results: Of the 200 patients included in the study, 118 were rRT-PCR-positive, and 82 were rRT-PCR-negative. Of
the 118 patients with positive rRT-PCR results, 62/118 (52.5%) had positive CCT scans. With the rRT-PCR results
as the reference, the sensitivity, specificity, and accuracy of CCT in indicating COVID-19 infection were 52.5%
(95% Cl 43—-61%), 67% (95% Cl 56—77%), and 58.5% (95% Cl| 51-65%), respectively. The negative predictive value
of CCT in diagnosing COVID-19 was greater for women than for men (p = 0.01).

Conclusions: In regions where the prevalence of COVID-19 is not high, the use of CCT in the diagnosis of the
disease is not an alternative to the rRT-PCR test due to its low sensitivity.
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Toraks BT, COVID-19'da ilk basamak tani testi olabilir mi? Kesitsel bir ¢alisma

0z
Siireg Girig ve Amag: COVID-19 pandemisinin baglarinda, Toraks Bilgisayarli Tomografi (Toraks BT), hastaligin teshisine
) ozellikle hastalik prevalansinin yiksek oldugu bolgelerde gergek zamanli- ters transkripsiyon polimeraz zincir
Gelis: 21/08/2022 reaksiyonundan (rRT-PCR) daha duyarl oldugu gosterilmistir. Bu ¢calismada Toraks BT'nin COVID-19 tanisinda

Kabul: 21/12/2022 duyarliligini ve 6zgilliguni belirlemeyi amagladik.

Gereg ve Yontem: 17 Mart 2020 ile 25 Nisan 2020 tarihleri arasinda herhangi bir nedenle merkezimize basvuran
ve Toraks BT ¢ekilen 2170 hasta retrospektif olarak incelendi. COVID-19 6n tanisi ile takip edilen hastalardan ilk
rRT-PCR testi pozitif olan, ardisik iki rRT-PCR testi negatif olan veya ilk rRT-PCR testi negatif olan ve takip rRT-PCR
testi pozitif olan hastalar galismaya dahil edildi. Bu hastalardan Toraks BT tarihi, hastanin ilk rRT-PCR testinin
oncesinde veya sonrasinda en fazla ti¢ glin olan 200 hasta ¢alismaya alindi.

Bulgular: Calismaya dahil edilen 200 hastanin 118'inin rRT-PCR testi pozitif ve 82'sinin rRT-PCR testi negatifti.
rRT-PCR sonucu pozitif olan 118 hastanin sadece 62/118'i (%52,5) Toraks BT’de pozitif tani alabildi. rRT-PCR testi
sonuglari referans alindiginda, Toraks BT’nin  COVID-19 tanisindaki duyarlilig, 6zgulligi ve dogrulugu sirasi ile
%52,5 (%95 Guven Araligl (GA) %43-61), %67 (%95 GA %56-77), %58,5 (%95 GA %51-65)'dir. Toraks BT’nin
COVID-19 teshisindeki negatif 6ngori degeri, kadinlarda erkeklerden daha yiksekti (p = 0.01).

Sonug: Torkas BT’nin, ¢alismada gosterilen yetersiz duyarliligi nedeniyle, basta COVID-19 prevalansinin yiksek

olmadigi bolgelerde olmak tizere rRT-PCR testine alternatif bir tani testi olarak kullanimi uygun bulunmamistir.
License

This work is licensed under
Creative Commons Attribution 4.0

International License Anahtar sézciikler: COVID-19, Chest computed tomography, rRT-PCR, Diagnostic test

https://orcid. org/0000-0001-7924-1752
1) https://orcid.org/0000-0002-5188-944X
2} https://orcid.org/0000-0003-3076-8072

a drhalilcaylak@gmail.com https://orcid.org/0000-0001—8089—4822 b{3di/ara.gungor@hm‘mail.com
) drnazimcetinkaya@gmail.com ttps://orcid.org/0000-0001-9596-9057 @drismetcan@gmail.com
e@ sariismailoglu58@gmail.com https://orcid.org/0000-0002—1859—6100 '@mhatalar@gmail.com

How to Cite: Gaylak H, Atasoy D, Cetinkaya N, Can I, Sariismailoglu R, Atalar MH (2022) Can Chest CT be The First-Line Diagnostic Test in COVID-19? A
Cross-Sectional Study, Cumhuriyet Medical Journal, December 2022, 44 ( 4): 362-369

362


http://xxx.cumhuriyet.edu.tr/
http://creativecommons.org/licenses/by-nc/4.0/

Caylak et al. / Cumhuriyet Medical Journal, 44(4):362-369,2022

Introduction

In December 2019, several cases of unknown
pneumonia were identified in Wuhan, China, and it was
reported that the cause was the newly identified 2019
novel coronavirus belonging to the beta-coronavirus
family 1. Later, its name was updated to severe acute
respiratory syndrome coronavirus 2 (SARS-CoV2), and
the disease was named the novel coronavirus disease
2019 (COVID-19).' The clinical course of the disease
covers a wide spectrum, from a simple common cold to
severe acute respiratory disease. Although almost one
and a half years have passed since the emergence of
the disease, treatment options are still not fully
effective.’ However, the vaccines introduced by
different companies at the end of 2020 and the
beginning of 2021 offer a chance to alleviate and end
the pandemic 2. Nevertheless, the pandemic is
currently far from being controlled. Access to the
vaccine and vaccination speed are not at the desired
level in every country, and the emergence of different
variants of the virus makes it difficult to control the
pandemic. Thus far, 59.2% of the world population has
received at least one dose of a COVID-19 vaccine.™ For
this reason, rapid detection of possible COVID-19 cases
and isolation of infected people and their contacts to
prevent the spread of disease are very important
factors in pursuit of controlling the pandemic. Since the
beginning of the pandemic, the real-time reverse
transcription polymerase chain reaction (rRT-PCR) test
has been accepted and used as a reference diagnostic
method in COVID-19 diagnosis [3]. However, the false-
negative rate of the rRT-PCR test can be in the range of
1% to 30% **®. The absence of a gold standard diagnostic
test has revived other diagnostic methods, especially
imaging, as alternatives to the rRT-PCR test. Chest
computed tomography (CCT) is a rapid imaging method
for detecting pneumonia. The typical radiological
imaging findings in COVID-19 patients are peripheral
distribution  of  patchy ground-glass areas,
consolidations, and increased reticular density, which
are seen in most CCT images ’. CCT was shown to have
high sensitivity in detecting COVID-19 in the beginning
of the pandemic °. However, in recent studies, the
sensitivity was not as high as previously thought, and
the differences between the methodologies of the
studies came to the fore 1>, In this study, we aimed to
determine the sensitivity of CCT in the diagnosis of
COVID-19.

" World Health Organization (WHO) (2020). Naming the
Coronavirus Disease (COVID-19) and the Virus that Causes it
[online]. Website
https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/technical-guidance/naming-the-
coronavirus-disease-(covid-2019)-and-the-virus-that-causes-
it [accessed 07 January 2021].

T WHO (2021). Therapeutics and COVID-19: Living Guideline.
Website

Materials and Methods

This retrospective study was approved by the local
ethics committee (Reference number: 2020-06/28 and
date: 17 June 2020). Due to the nature of the
retrospective study, the requirement to obtain patient
consent was waived.

Patient selection

A total of 2170 non-contrast CCT examinations were
taken on three different CT devices between March 17,
2020 (the date of the first COVID-19 case detected in
the city where our hospital is located) and April 25,
2020, were examined. The patients were classified
according to their preliminary diagnoses:

I. Pre-diagnosed as contact with or exposure to COVID-
19 or under observation for suspected disease or
condition (i.e., COVID-19) or pneumonia or patients
with respiratory system symptoms, such as cough,
dyspnea, fever, etc.

Il. Pre-diagnosed with other disease or condition except
pre-diagnosed in section I; and

lll. Pre-diagnosed with any kind of trauma.

Patients with pre-diagnoses in sections Il and Il
were excluded from the study. The medical records of
the patients who received pre-diagnoses in accordance
with the first section were analyzed retrospectively.
The patients who had an rRT-PCR test for the diagnosis
of COVID-19 were included in the study. Among these
patients, those who had a single rRT-PCR test with a
negative result were excluded from the study to avoid
high false-negative rates.

The inclusion criteria were as follows: 1. No more
than three days between the date of the CCT scan and
the first rRT-PCR test (the CCT scan could be before or
after the rRT-PCR test); 2. Patients with a first rRT-PCR
test with a positive or negative result and a second RT-
PCR test that was positive (the maximum time between
two RT-PCR tests was three days); 3. Patients with two
consecutive negative rRT-PCR tests (the maximum time
between the two tests was three days); and 4. The
earliest CCT scans of patients who had more than one
CCT scan were included in the study.

As a result, 200 patients with CCT scans from 2170
CT scans that met these criteria were included in the
study and evaluated retrospectively.
rRT-PCR testing for the Sars-CoV2 virus

We accepted rRT-PCR as the reference test for
diagnosing COVID-19. Samples were collected via
nasopharyngeal and oropharyngeal swabs. Patients
with a positive initial rRT-PCR test (n = 109) and patients

https://apps.who.int/iris/bitstream/handle/10665/340374/
WHO-2019-nCoV- therapeutics-2021.1-eng.pdf [accessed 31
March 2021].

i Coronavirus (COVID-19) Vaccinations [online]. Website:
https://ourworldindata.org/covid-vaccinations [accessed 12
January 2022].
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with a negative initial rRT-PCR test (n = 9) but positive
for a second rRT-PCR test (n = 9) were accepted as rRT-
PCR-positive; patients with two negative rRT-PCR tests
were considered rRT-PCR-negative (n = 82).
Chest CT protocols

CCT imaging was acquired using 16-detector CT
scanners (Alexion and Aquillion; Toshiba, Tokyo, Japan).
CT images were obtained during a single inspiratory
phase in the supine position without contrast medium
injection. The CT scan parameters were tube voltage
120 KVp with automatic tube current modulation,
rotation times of 0.5 (Aquillion; Toshiba) and 0.75
seconds (Alexion; Toshiba), and pitch factor 0.938. The
3 mm-thick images were reconstructed and stored in

the picture archiving and communication system
(PACS).
Chest CT image analysis

The 200 CCT images were evaluated by two board-
certified radiologists with 10 and 8 years of experience.
The images were divided into three categories: typical
findings for COVID-19, atypical findings for COVID-19,
and no findings on CCT (Table 1) 2. In cases where the
two radiologists could not agree, consensus was
reached with a third board-certified radiologist with 8
years’ experience. All three radiologists were blinded to
the patients’ rRT-PCR results. Typical CCT findings for
COVID-19 were considered a positive diagnosis;
atypical CT findings and no findings were accepted as
negative diagnoses for COVID-19 (Figures 1 and 2).

Figure 1. Typical CCT manifestations (pure bilateral
subpleural patchy GGO) of COVID-19 with different rRT-PCR
results. A) 65-year-old male patient’s CCT two days after
COVID-19 diagnosis with positive rRT-PCR, (arrows show
GGOQ'’s); B) 55-year-old female patient’s CCT two days after
COVID-19 diagnosis with initial rRT-PCR was negative and
consequent rRT-PCR was positive, (arrows show GGQ’s); C)
58-year-old female patient’s CCT at one day before initial rRT-
PCR and consequent rRT-PCR were both negative, (arrows
show GGO'’s).

CCT: chest computerized tomography; GGO: ground-glass
opacity; rRT-PCR: real-time reverse transcription polymerase
chain reaction.
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Figure 2. Atypical CCT manifestations of COVID-19 with
different rRT-PCR results. A) 23-year-old male patient’s CCT
on same day that COVID-19 diagnosis with rRT-PCR was
positive. The only finding on CCT (red circle) was small patchy
GGO in the left upper lobe lingular segment; B) 87-year-old
female patient’s CCT one day before COVID-19 diagnosis with
initial rRT-PCR was negative and consequent rRT-PCR was
positive. The only finding on CCT (red circle) was patchy GGO
with consolidation in the left upper lobe lingular segment; C)
19-year-old female patient’s CCT on the same day as initial
rRT-PCR and consequent rRT-PCR were both negative. The
only finding on CCT (red circle) was a consolidation with air
bronchogram in the left upper lobe lingular segment.

CCT: chest computerized tomography; GGO: ground-glass
opacity; rRT-PCR: real-time reverse transcription polymerase
chain reaction.

Table 1. Classification of chest CT findings.

Typical COVID-19 findings on chest CT: Bilateral or unilateral multilobe pure GGO with peripheral distribution, with/without side
findings (e.g., interlobular septal thickness, consolidation, crazy paving, air bronchograms, vascular enlargement, curvilinear
densities, etc.), without mediastinal lymphadenopathy (short axis of node larger than 10 mm) and uni-/bilateral pleural effusion.

Atypical COVID-19 finding on chest CT: Findings that do not meet typical COVID-19 chest CT criteria (e.g., unilateral single lobe

GGO, nodular clustered GGO, etc.)

No findings on chest CT: Bilateral normal lung parenchyma
Note: adapted from reference 12.
CT: computerized tomography. GGO: ground-glass opacity.

Statistical analysis

For statistical analysis, IBM SPSS Statistics 20 (IBM
Corp., Armonk, NY, USA) was used. Categorical
variables were expressed as numbers (%), and
guantitative variables were expressed as mean

(standard deviation [SD]) or median (interquartile
range [IQR]) values. Using the RT-PCR results as a
reference, the sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and
accuracy of the CCT imaging were calculated. The
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confidence intervals for sensitivity, specificity, and
accuracy are “exact” Clopper-Pearson confidence
intervals, and for the predictive values they are the
standard logit confidence intervals. The performance of
CCT for identifying COVID-19 in different age groups (<
65 years and = 65 years) and by gender was compared
by the Chi-square test and McNemar’s test. A p-value
of less than 0.05 was considered statistically significant.

Results

In this cross-sectional retrospective study, 200
patients (114 [57%] male and 86 [43%] female) were
included. The median age was 51 years (IQR 32-65
years). Figure 3 shows the flowchart of the study.

otal of 2170 non-contrast chest CT examinations performed on 3
different CT devices between March 17, 2020 and April 25, 2020

Excluded 1970

CcT*

200 included
chest CT

109 initial RT-PCR

58 typical for
COVID-19

15 atypical for
COVID-19

= 36 NO findings

[

9 initial RT-PCR (-)

+) and follow-up RT-
PCR (+)

4 typical for
COVID-19

4 atypical for
COVID-19

= 1 NO findings

82 initial RT-PCR (-) and
follow-up RT-PCR (-)

27 typical for
COVID-19

42 atypical for
COVID-19

= 13 NO findings

Figure 3. Study flowchart.
CT: computerized tomography; RT-PCR: Reverse transcription polymerase chain reaction.

Of the 200 patients, 109 had positive and 91 had
negative results after their initial rRT-PCR tests. Of the
91 patients with negative initial RT-PCR results, 9 had
positive and the remainder had negative results after
the second rRT-PCR test.

Of the 118 patients with positive rRT-PCR results,
62/118 (52.5%) had positive CCT scans. The median
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time interval between the paired CCT scan and the rRT-
PCR test was 0 days (range: -3 to +3 days) (Figure 4).
With the rRT-PCR results as the reference, the
sensitivity, specificity, and accuracy of CCT in indicating
COVID-19 infection were 52.5% (95% Cl 43-61%), 67%
(95% ClI 56-77%), and 58.5% (95% Cl 51-65%),
respectively.


https://en.wikipedia.org/wiki/Reverse_transcription_polymerase_chain_reaction
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Figure 4. Distribution of chest CT acquisition time (days) when patients’ initial rRT-PCR test accepted as reference

The performance of CCT in diagnosing COVID-19 in
different age and sex groups is reported in Table 2.
There was no significant difference in diagnosing
COVID-19 between patients > 65 years and <65 years
for sensitivity, specificity, PPV, NPV, and accuracy (p =
0.09, 0.84, 0.38, 0.32, and 0.27, respectively). The NPV
of CCT in diagnosing COVID-19 was greater for women
than for men (p = 0.01), and no difference existed for
sensitivity, specificity, PPV, and accuracy (p =0.82, 0.53,
0.14, and 0.50, respectively).

(day uon)

There were some incompatible results between the
CCT findings and the rRT-PCR results. Nineteen atypical
COVID-19 CCT findings with positive rRT-PCR results are
detailed in Table 3.

Medical records of patient cases with two
consequent rRT-PCR negative (-) results diagnosed with
COVID-19 on chest CT as follows: Seven cases had close
contact with rRT-PCR (+) patients; 8 cases had
suspicious contact (e.g., travel from cities with high
daily COVID-19 cases); 12 cases had no contact with any

suspicious COVID-19 cases.

Table 2. Performance of chest CT for COVID-19 diagnosis with RT-PCR result as the reference.

Test Performance (%)

Results (n)
TP TN FP FN Sensitivity
[95% CI]
Overall 62 55 27 56 52.5
[43-62]
Sex
Male 32 37 17 28 53
[40 - 66]
Female 30 18 10 28 52
[38-65]
Age

<65years 42 40 20 44 49
[37-59]
>65years 20 15 7 12 62.5

[43-78]

Specificity PPV NPV Accuracy
[95% Cl] [95% Cl] [95% Cl] [95% Cl]
67 69.6 49.5 58.5
[56-77] [62 -76] [43 —55] [51-65]
68.5 65 57 60.5

[54 - 80] [54 - 74] [48-64] [51- 69]
64 75 39 56
[44-81] [63-84] [30-48] [30-48]
66 68 47 56
[53-78] [58-76] [40-54] [47-64]
68 74 55.5 65
[45-86] [59-84] [42-68] [50-77]

TP: true positive; TN: true negative; FP: false positive; FN: false negative; PPV: positive predictive value; NPV: negative predictive
value; rRT-PCR: reverse transcription polymerase chain reaction.
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Table 3. Chest CT findings of patients with RT-PCR (+) and diagnosed as atypical chest CT category.

Initial PCR positive (+) but atypical chest CT findings (n = 15)

Initial PCR negative (-), second RT-PCR (+) but atypical chest
CT findings (n = 4)

7 single lobe pure GGO

2 bilateral diffuse GGO + mediastinal LAP

2 single lobe GGO + consolidation

1 single lobe patchy GGO

1 reticular opacities + bilateral pleural effusion

1 peripheral multilobar GGO + mediastinal LAP

1 diffuse acinar-nodular like infiltrations+mediastinal LAP

2 single lobe pure GGO

1 single lob pure consolidation

1bilateral peripheral patchy GGO + consolidation + unilateral
pleural effusion

RT-PCR: reverse transcription polymerase chain reaction; CT: computerized tomography; GGO: ground-glass opacity; LAP:

lymphadenopathy.

Discussion

The role of CCT has evolved during the pandemic as
an alternative and possibly superior test compared to
rRT-PCR, especially in epidemic areas 3. In our study,
200 patients with suspected COVID-19 were included,
and when the rRT-PCR test was taken as the reference,
CCT achieved 52.5% sensitivity, 67% specificity, 70%
PPV, 49% NPV, and 58.5% accuracy. The data obtained
in this study show that the use of CCT in the diagnosis
of COVID-19 has low sensitivity but moderate
specificity.

To control the COVID-19 pandemic, patients with
suspected COVID-19 should be quickly identified with a
highly sensitive diagnostic test. If the patients test
positive, they should start treatment and be placed
under quarantine, and close contacts should be
informed. For this purpose, rRT-PCR nucleic acid tests
are used globally. However, it has been reported that
the sensitivity of the rRT-PCR test is relatively high in
the first few days of the onset of COVID-19 symptomes,
and false negative rates may be relatively high before
and after this time interval 141 High false-negative
rates have been reported for the rRT-PCR test, which
results in tests being administered to the same patient
several times, delays in diagnosis, and the spread of the
disease by non-diagnosed infected patients #°.

In several articles published in 2020, the authors
asserted that the sensitivity of CCT is higher than rRT-
PCR tests and that it could be used as the first-line
diagnostic test. In two meta-analyses by Islam et al. and
by Khatemi et al., the overall sensitivity of CCT in
suspected COVID-19 patients was 89.9% (95% Cl 85.7—
92.9) and 87% (95% Cl 85—90%), respectively, and the
pooled specificity was 61.1% (95% Cl 42.3—-77.1) and
46% (95% Cl 29-63%), respectively [11,10]. However,
the authors of both noted the poor quality and the
heterogeneity of the studies included in the meta-
analyses.

The typical CCT findings for COVID-19 are well
described 7. However, the most confusing part about
CCT is how to evaluate and categorize atypical findings.
Some studies have accepted atypical findings detected
in CCT as a positive diagnosis *8, but the design of
these studies can lead to an overestimate of sensitivity
1% Where the disease’s prevalence is high, most
atypical findings are associated with COVID-19, and in
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such cases, CCT may be more sensitive than rRT-PCR
testing. Of course, differences in patient selection
criteria also have a significant effect on the high
sensitivity and accuracy of CCT %%,

There are some concerns that CCT is difficult to use
in patients with suspected COVID-19. CCT is not
practical to apply to a large population because of
radiation. There could be many patients with suspected
COVID-19 in the CT waiting rooms, which could turn
into a transmission source. Also, numerous CCT exams
will obviously cause great responsibility and increased
workload for radiologists and technicians, which is very
difficult to handle.

We acknowledge that our study had some
limitations. Since many patients who presented with
suspected COVID-19 and had a single negative rRT-PCR
result were not included in the study, the study
population was restricted. There were 27 patients with
typical COVID-19 findings on CCT for whom two
consecutive rRT-PCR tests were negative. These
patients were considered COVID-19 positive and
received treatment, and some of them lost their lives.
If these patients had a third or fourth rRT-PCR or other
laboratory test, such as an antibody test, they could
have been diagnosed with COVID-19. This may have
underestimated the sensitivity and specificity of CCT.
The classification of lesions detected in CCT differs in
similar sensitivity studies. Although a definite finding
specific to COVID-19 has not been described, typical
appearances have been mentioned in previous studies
1217 However, it has been shown that viral infections
other than Sars-CoV-2 overlap with CT findings in
COVID-19 . Therefore, we found it more appropriate
to put the atypical CT findings we mentioned in the
methods section into the negative category for
diagnosis unlike as in some other similar studies. If we
had accepted the atypical findings as positive in the
diagnosis of COVID-19, perhaps the sensitivity would
have increased, but the number of false positives would
also have increased significantly.

Conclusion

CCT has a role in the COVID-19 pandemic as it can
determine the severity of the disease, identify
complications, and support the diagnosis in cases
where highly suspicious COVID-19 with multiple
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negative rRT-PCR, rather than to be the independent
diagnostic tool.
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