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CONTEXT

The emergence of COVID-19/SARS-CoV2 (COVID-19) was an outbreak that began in
December 2019 and rose to pandemic levels in 2020. One of the largest problems with
COVID-19 is the typical delay in testing and diagnosis that can lead to additional
transmission of the disease. Under consultation with a board-certified radiologist, the
study team evaluated the common radiological findings of COVID-19 on computed
tomography (CT) and compared the efficacy of chest radiographs (i.e., x-rays) to CT in

diagnosing COVID-19.
METHODS

In 2020, the authors completed a retrospective review of radiologic imaging data (i.e., the
original imaging report notes) from Italy performed on 47 patients who had tested
positive for COVID-19 in Italy during the national outbreak from February to March 2020.
Radiologic images were obtained from Societa Italiana di Radiologia Medica e
Interventistica radiological database of COVID-19 patients. Each case was analyzed for
whether they had positive findings on either chest radiograph or CT or both among
patients who had positive COVID-19 test results.

RESULTS

The authors found significant radiological finding similarities among the 47 COVID-19
positive case studies from Italy during the February to March 2020 time period. Ground
glass opacities and crazy paving were the most significant findings, resembling the
findings in China and other Coronavirus strains. The authors’ statistical analyses
indicated that CT scans were more reliable by 30.7% than chest radiographs in identifying
signs of COVID-19. In cases where either an initial negative swab for COVID-19 or
providers lacked patient social histories, chest radiographs were used to show clinical

findings consistent with COVID-19.
CONCLUSIONS

Based on these results, chest radiographs appear to be a consistent method to assist in
the diagnosis of most COVID-19 cases. The authors discuss several scenarios in
community-based and non-hospital US settings for COVID-19 diagnostic processes.

INTRODUCTION

During 2020, the COVID-19/SARS-CoV2 (COVID-19), some-
times referred to as the “coronavirus,” has been the cause of
a major viral respiratory infection global pandemic.! At the
time of this publication, the US Centers for Disease Control
and Prevention (CDC) had listed the following symptoms
associated with COVID-19 infections: fever, chills, cough,
shortness of breath, fatigue, body aches, headache, new on-
set of loss of taste or smell, sore throat, congestion, runny
nose, nausea/vomiting, and diarrhea.!

When testing resources have been limited, patients with
mild symptoms and no co-morbidities in some settings
have been sent home without COVID-19 testing since the

virus may resolve on its own.23 Those patients who are sent
home should be advised to self-quarantine for 14 days to
prevent spreading to others.2 Patient who have cardiovas-
cular disease, chronic lung disease, hypertension, diabetes,
obesity, or over the age of 65 should generally be further
evaluated.? Patients who experience a sudden decline, es-
pecially in lung function, should also be admitted to the
hospital for further evaluation.23

Patients with moderate or severe symptoms should gen-
erally be hospitalized. Moderate COVID-19 infection has
been defined as having dyspnea (i.e., shortness of breath)
but having a blood oxygen saturation level of 94%.3 Severe
COVID-19 infection have been defined as someone with
marked tachypnea (i.e., increased respirations), hypoxemia
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(i.e., inadequate oxygenation), and lung infiltrates.3 Unfor-
tunately, there has yet to be any validated treatments for
COVID-19 at the time of this publication.

Patients who are hospitalized generally need to be fre-
quently monitored and provided supportive respiratory
therapy (i.e., non-invasive ventilation or continuous pos-
itive airway pressure when possible, followed by invasive
ventilator if the patient worsens).%> Until there is an ap-
proved COVID-19 treatment, individuals are advised to con-
tinue to self-isolate, wash their hands frequently, and wear
the appropriate personal protective equipment (PPE) when
around those infected with COVID-19.3

To date, the virus has imposed a significant strain on
hospital systems, showing a profound impact on daily life
in affected areas and death rate higher than influenza.® One
of the ongoing difficulties of containing this virus in some
parts of the US has been the lack of reliable methods and
testing supplies to reliably diagnose the virus.”

There are several types of swab testing for COVID avail-
able. The main types are oropharyngeal and nasopharyn-
geal swabs with a reverse transcriptase polymerase chain
reaction (RT-PCR) test on the swab results.89 The nasal or
nasopharyngeal swab is inserted farther into the nostril on
an imaginary line pointed to the ear; the oropharyngeal or
oral swab is less invasive and involves touching the back of
the throat with the swab. Recent studies have shown how
important it is to properly collect the sample in order to
avoid a false negative.810

To date, there have been several studies demonstrating
common findings concerning COVID-19 on chest computed
tomography (CT) scans.!! Two recent Chinese studies have
explored whether CT was a reliable method in diagnosing
COVID-19, determining that it was a useful diagnostic
method.1%13 During these studies, CT was also successful
in diagnosing when RT-PCR genetic testing showed a neg-
ative finding but clinical symptoms were consistent with
COVID-19.12,13 In Hubei, China, during the COVID-19 out-
break in early 2020, CT was temporarily adopted as the
standard for diagnosing COVID-19 due to the procedure’s
higher relative sensitivity than chest radiographs (i.e., x-
rays).14

Since early 2020, the Societa Italiana di Radiologia Med-
ica e Interventistica has been cataloging radiological im-
ages during the COVID-19 outbreak in Italy. For the study
described in this paper, the authors investigated the com-
mon findings among these pre-existing radiology reports.
They compared differences in CT and x-ray imaging modal-
ity results and evaluated the use of chest radiographs to
show positive COVID-19 findings when other methods were
not available.

METHODS

Under consultation with a board-certified radiologist, the
authors analyzed a total of N =47 case reports that had been
previously published on the Societa Italiana di Radiologia
Medica e Interventistica COVID-19 database. These case re-
ports were analyzed for data regarding commonalities be-
tween radiological findings of patients who later tested pos-
itive for COVID-19. One case report was excluded because
the patient had not been swabbed for COVID-19 and was

sent home after they received a CT with minimal findings.
Two additional case reports were excluded because they had
not contained the radiologists’ notes with the CT report.

During this study, the three main types of imaging ab-
normalities include: a) ground glass opacities (i.e., hazy
opacities that don’t obscure the underlying structures such
as vessels), b) interlobular septa thickening (i.e., appear-
ance of lines between lobes of the lung being more pro-
nounced than usual),!> and ¢) crazy paving (i.e., finding of
ground glass opacities with superimposed interlobular sep-
ta or intralobular septa thickening).16

The authors assessed each case based on the findings of
the chest CT, chest radiograph, or both. They also tabulat-
ed whether the radiologist noted findings such as ground
glass opacities, crazy paving, or other results. Finally, they
assessed when it was noted by radiologists that chest ra-
diographs had demonstrated absent or inconclusive results
but CTs had provided positive findings for a COVID-19 diag-
nosis.

All data were based upon the Italian radiologists’ imag-
ing original report notes (i.e., not the authors’ interpreta-
tion of the radiological images). Statistical analyses were
completed using a two-sample proportion test of the ana-
lytic software program R17 with the assistance of Michigan
State University Center for Statistical Training and Consult-
ing.

RESULTS

Of the total 47 cases, there were 16 (34.0%) case reports
with only a CT, two (4.2%) with only a chest radiograph, and
26 (55.3%) with both a CT and a chest x-ray. Ground glass
opacities were noted for 33 (69.8%) of patients with a CT
(Figure 1). Among case reports with a CT published, crazy
paving was noted by the radiologist in 10 (20.9%) of the case
reports (Figure 2) and thickening of the interlobular septa
was noted by the radiologist in 14 (30.2%) of the case re-
ports.

In the 33 (69.3%) of the cases with both a chest CT and a
chest radiograph, the radiograph showed signs of COVID-19
(Figure 3). Most chest radiographs had non-specific find-
ings, with the most common findings noted as hypotrans-
parency (i.e., mild opacity in an area that should be trans-
parent) or the radiologist documenting that the chest x-
ray was consistent with COVID-19 without further detail.
A total of 46 (97.8%) of the sample cases showed bilateral
lung findings consistent with COVID-19 on CT. One (2.1%)
patient x-ray showed only unilateral findings, with ground
glass opacities being found in the left lung only. (Figure 4)

One (2.1%) sample patient tested negative via nasal swab
for COVID-19, but continued symptoms led to a physician
ordering a chest CT, which showed bilateral ground glass
opacities; this led to a second swab, which was positive for
COVID-19. Both figures 5 and 6 are from this patient, show-
ing a chest radiograph that the radiologist deemed negative
and a chest CT that was deemed by a radiologist to have
positive findings which is what led to a second nasal swab.
(Figures 5 and 6)

In another somewhat similar sample case, a patient was
not swabbed because of a lack of social history demonstrat-
ing exposure to the virus. A CT was later ordered due to
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Figure 1. Ground Glass Opacities
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Figure 2. Ground Glass Opacities with Crazy Paving

the continued symptoms in the patient and this additional
imaging showed bilateral ground glass opacities, which led
to a swab test. The swab test resulted in a positive finding
for COVID-19.

Among the cases where both a chest radiograph and a
chest CT were done, 14 (30.7%) of these cases resulted in
negative or inconclusive findings on chest radiograph. In
these cases, a chest CT was ordered as follow up based

rl

on clinical symptoms, demonstrating significant radiologi-
cal findings consistent with COVID-19. CT showed signs of
COVID-19 in 100% of sample patients receiving both a chest
CT and a chest x-ray.

Each of these patients all tested positive for COVID-19
on a later nasal swab. This indicates a 95% CI of .50 to .83
(p < 0.001) for chest radiograph in identifying COVID-19 in-
fection, and a 95% CI of .87 and 1 (p < 0.001) for CT in iden-
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Figure 3. Radiograph the radiologist stated showed positive findings for COVID-19

Figure 4. COVID-19 positive patient with findings in left lung only

tifying COVID-19 infection.

DISCUSSION

According to an earlier-cited 2020 Chinese study, the com-
mon findings among COVID-19/SARS-CoV-2 patients were
similar to other coronavirus strains.!! However, it has since

been concluded that COVID-19 seems to result in a more se-
vere pneumonia than most earlier common strains of coro-
navirus like SARS-CoV-1 and MERS-CoV.1>

In our sample cases, ground glass opacities were found in
33 (69.8%) patients, crazy paving was found in 10 (20.9%)
of cases and thickening of the interlobular septa was found
in 14 (30.2%) of all cases. These proportions are each con-
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Figure 5. Radiologist declared radiograph negative (same patient as Figure 6)

|

Figure 6. Radiologist notes findings consistent with COVID-19 (same patient as Figure 5)

sistent with a 2020 radiological study focusing on CT with
81 patients in China.!8 Although our study findings aren’t
specifically novel, they confirm that CT can be used to es-
tablish an initial COVID-19 diagnosis, especially when oth-
er diagnostic modalities have failed to confirm the condi-
tion and/or patients’ clinical presentations may be ambigu-
ous.

Based on another early 2020 Chinese study conducted
during the initial outbreak, RT-PCR genetic testing did not

seem to be totally effective at initial onset of symptoms,
with between a 43% and 61% successful diagnosis rate.l4
In a slightly later study, chest radiographs were shown to
be useful in showing radiological findings consistent with
COVID-19, but were less reliable than CT.1°

Similar studies have also shown a high degree of sensi-
tivity for diagnosing viral pneumonia as well as similar lev-
els of ground glass opacities, especially early in the course
of the disease.29-22 One 2020 study showed similar results
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to our study for both the radiograph and CT results, though
this group additionally noted enlarged lymph nodes in
14.3% of patients and pleural effusion in 7.1% of patients.23

It is important to consider that there is typically less ac-
cess to CT testing in rural America, with many COVID-19
patients often at higher risk because they are more often
older and have a higher rates of co-morbidities.24 When de-
termining how to treat suspected COVID-19 patients un-
der such resource constraints, it has remained important to
gauge how severe their symptoms are.24

Realistically, it can be challenging for many clinicians
to obtain thorough social histories from patients who had
been in contact with known COVID-19 positive persons.
Contact tracing is such a method used to track the spread of
infection from individual to individual to implement quar-
antine as an effective method to stop the spread of the
virus.2> As soon as a patient starts to show possible
COVID-19 symptoms, they should be tested using the na-
sopharyngeal swab test and RT-PCR testing.26

If a nasopharyngeal swab test comes back negative but
the patient continues to show symptoms associated with
COVID-19, they should be swabbed again due to the still
unknown rate of possible false negatives associated with
the nasopharyngeal swab test.326 The CDC has also indi-
cated that when a nasopharyngeal swab test cannot be ad-
ministered (most likely due to lack of supplies), an oropha-
ryngeal swab can be used in its place.326

There has also been some empiric indications that there
may be two distinct strains of this virus, especially when
comparing Chinese positives with Italian positives.27 If this
is confirmed to be the case, the findings from this study
would likely only apply to the strain that was prevalent
in Italy, as other findings and correlations might not be
true for the other strain. More research examining different
COVID-19 strains and their radiological findings will be
necessary to determine whether or how these two strains
might distinctly present clinically and/or radiologically.28

STUDY LIMITATIONS

There were several incumbent limitations associated with
our study. This study had a small sample size using sec-
ondary Italian radiologic interpretation data. The interpre-
tation of our study results may also be limited since these
47 COVID-19 cases may not have been randomly drawn
from the entire population of afflicted patients in Italy.

CONCLUSIONS

Further research into the relative diagnostic utility of CT
and radiograph in diagnosing COVID-19 in varied clinical
care settings is required to attain an improved understand-
ing of how to control COVID-19 outbreaks. Based on these
study results, chest x-rays should remain an important ini-
tial diagnostic modality for COVID-19 in several ways.
Chest radiographs may help augment other methods of di-
agnosis (e.g., nasopharyngeal swab testing, chest CT) as a
follow-up when other methods of diagnosis are not readily
available, as an aid in determining the severity of the dis-
ease.

Because chest x-rays are cheaper and often more accessi-
ble, they may be warranted when a suspected COVID-19 pa-
tient presents in an office or emergency room setting.27 Al-
though a negative or inconclusive chest radiograph should
not be interpreted as absolutely negative for a COVID-19 di-
agnosis, a follow up CT could be later ordered if a patients’
symptoms worsen. Further research in this area is certainly
required to better understand the optimal roles of radiolog-
ical imaging options during our nation’s complex ongoing
COVID-19 outbreaks.
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