
CT morphology of COVID-19: Case report and review of literature

Introduction

In December 2019 a clustering of pneu-
monia was reported for the first time in
Wuhan, Hubei, China [1]. A coronavirus
was identified as the pathogen, which has
since been given the name Severe Acute
Respiratory Syndrome Coronavirus 2
(SARS-CoV-2). The disease caused by
SARS-CoV-2 is called COVID-19 which has
since spread worldwide. In Germany the
numbers continue to increase, and the
level of COVID-19 lethality in Europe
cannot yet be accurately estimated. How-
ever, lethality appears to be particularly
higher in older patients compared to sea-
sonal influenza [2, 3]. Based on experience
in China, computed tomography (CT) is
very helpful in COVID-19 in that it can
produce an image that is suggestive for di-
agnosis, and the sensitivity of CT is in
some cases higher than that of the
current gold standard, real-time polymer-
ase chain reaction (RT-PCR) [4, 5].

The aim of this article is to present a
case with COVID-19 pneumonia and to
provide an overview of the existing radio-
logical literature on COVID-19.

Case Report

The inpatient admission of a 59-year-old
male was carried out with outpatient-con-
firmed SARS-CoV-2 infection with positive
RT-PCR from a throat swab and relevant
clinical symptoms. The patient had pre-
viously visited South Tirol. Six days prior
to hospital admission, the patient exhib-
ited initial symptoms in the form of chills
and fever. He had no pre-existing condi-
tions.

At the time of admission there was
a high fever of 40.0 °C and conspicuous
tachypnea with a respiratory rate of
28/min with sufficient oxygenation (ambi-
ent air saturation 95 %). Clinically, there
was also a severe general feeling of ma-
laise with obvious fatigue. Laboratory re-
sults showed leukopenia with 3.8 × 109/l,
lymphopenia with 0.96 × 109/l (25 %), an
only slightly increased CRP with 14.7mg/l
and a low procalcitonin of 0.11 ng/ml.
D-dimer as risk factor for instability was

not increased at 370 µg. Interleukin-6 as
inflammatory parameter was slightly
elevated at 36.4 pg/ml, LDH was 330 U/l
and creatinine kinase was 412 U/l. Albu-
min was initially within the normal range
at 4.0 g/dl.

The native thin-slice volume CT of the
thorax performed on the day of admission
(▶ Fig. 1) showed multifocal, bilateral
ground glass opacities, partly with over-

lapping reticulations appearing as crazy
paving. Consolidation was present, but
much less pronounced than the ground
glass opacities, which were somewhat
round and geographically arranged. It was
noticeable that they were sometimes shar-
ply delineated from the neighboring heal-
thy lung parenchyma. A positive air
bronchogram was evident within the
changes. All changes were in the periphery

▶ Fig. 1 Non-contrast enhanced thin slice Volume-CT at day of admission: MPRs in axial a–c,
coronal d and sagittal e orientation. Bilaterally multiple patchy ground glass opacities and
crazy paving are seen. Some of the opacities are round and some geopgraphic shaped. Par-
tially, the lesions are sharply demarcated against the surrounding healthy lung. The left lower
lobe and the periphery of the lungs are predominantly involved. Images courtesy PD Dr. med
W. Kurre.
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of the lungs, in the craniocaudal plane the
base of the lungs, and here the left lower
lobe, were most affected.

Due to the presence of a risk constella-
tion with clinically significant compromise,
high fever, respiratory impairment and
CT-morphologically pronounced parench-
ymal alterations, a decision was quickly
made in favor of a therapy including anti-
virals (Lopinavir-Ritonavir) and a broadly-
calculated antibiotic therapy. With persist-
ent fever up to 39.6 °C and respiratory
deterioration with increasing oxygen
demand, a follow-up CT of the thorax was
performed on day 6 after admission
(▶ Fig. 2). The images showed significant-
ly increasing densities, whereby in contrast
to the initial CT, consolidations now domi-
nated the image. Still, the periphery and
the base of the lungs were most affected.
On day 7 a nasal high flow therapy was
initiated for severe respiratory insuffici-
ency. By day 16 the patient had improved
clinically and was ready for discharge. No
more follow-up CT examination was per-
formed.

Materials and Methods

A literature search was conducted in the
“pubmed” database with the keywords
“COVID-19 OR SARS-CoV 2”. As of March
10, 2020, 637 articles were identified.
Based on these articles, all studies were
identified that included at least 10 pa-
tients with proven COVID-19 who had
received a chest CT and whose characte-
ristics had been systematically evaluated.
Fourteen studies met the inclusion criteria
[5–18], describing a total of 1966 patients.
In addition to the data, images of all stu-
dies were reviewed.

Results

HRCT signs of SARS CoV-2
pneumonia

The most common manifestation of pneu-
monia caused by SARS-CoV-2 is ground
glass opacities, followed by a mixed picture
of ground glass opacities and consolidation,
followed by consolidation alone (▶ Table1).
Nodules are rare, tree-in-bud was not men-
tioned in any study. Crazy paving was seen,
but was present in highly variable fre-

quency. However, the phrasing in some
studies suggested that crazy paving may
have been present (“reticulations”), but
this was not explicitly described as such.
These cases were not included in the over-
view table. Two studies reported that the
lesions were round (in 33 % and 54 % of
cases, respectively). Three studies investiga-
ted vessel width and reported dilatation of
vessels within the opacifications (82%, 71%
and 59% of cases). Reversed halo was ob-
served in approx. 5 % of patients. Pleural
effusions or lymphadenopathy occurred in
only a limited number of patients. cavita-

tions were not observed. In most of the
studies, lesion boundary was not an evalua-
tion criterion, therefore the published
image material was reviewed by an author
(OWH). Ground glass opacities (with or
without crazy paving) and consolidation
were often at least partially sharply de-
lineated and geographically configured.

Distribution of parenchymal
changes

The above described CT signs were found
in the axial plane predominantly in the

▶ Fig. 2 Non-contrast enhanced thin slice Volume-CT 5 days later: MPRs in axial a–c), coronal
d and sagittal e orientation. The opacities have markedly increased in size. Now, consolidation
is the predominant feature. Still mainly the lower lobes and the periphery of the lungs are in-
volved. Images courtesy PD Dr. med W. Kurre.
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periphery of the lung. The lower lobes
were mainly affected in the craniocaudal
plane. The vast majority of patients
showed bilateral changes.

Temporal changes
of CT morphology

Follow-up CTs were performed in some
studies, allowing an assessment of the
course of parenchymal changes [6, 7, 9–
11, 18]. The authors unanimously report-
ed an increasing expansion of the lesions
with, in particular, increased consolidation
and crazy paving. The maximum finding
was seen approximately on day 10 after
the onset of symptoms. Afterwards there
was a decrease of the parenchymal chan-
ges, but they were not completely regres-
sive in one work describing up to day 26
after the onset of symptoms.

Correlation between CT findings
and clinical symptoms

The extent of parenchymal changes
correlated with the severity of the clinical
symptoms [7, 13, 15, 16].

Thoracic CT versus RT-PCR

Four studies compared the sensitivities of
CT and RT-PCR [4–6, 19].

Fang et al. report an initial RT-PCR sensi-
tivity of 71 % (36/51) and sensitivity of
initial CT (“CT compatible with viral pneu-
monia”) of 98 % (50/51); the interval
between RT-PCR and CT was ≤ 3 days. Of
patients with abnormal CT, 72 % (36/50)
exhibited “typical” CT morphology (lung
periphery predominantly involved, ground
glass, consolidation) [4]. Bernheim et al.
report on 121 patients, 120 of whom had
a positive RT-PCR, the interval between
RT-PCR and CT is not mentioned in the
study [6]. On day 0–2 after onset of symp-
toms, 56% of patients exhibited inconspic-
uous CT findings, 9 % on day 3–5 and 4% on
day 6–12. Ai et al. report that 60–93 % of
patients had an abnormal CT before
the initial positive PCR; the median time
between RT-PCR and CT was 1 day (0–
7 days) [5]. Xie et al. report that in 3 % (5/
167) of patients the RT-PCR was initially
negative, but the CT showed signs of viral
pneumonia. A follow-up PCR 2–8 days after
a positive CT confirmed SARS-CoV2 infec-
tion. In 4 % (7/167) of patients the CT was
initially negative, but the PCR was positive.

Differentiation of SARS CoV-2
pneumonia and other viral
pneumonias

A study by Bai et al. evaluated whether
pneumonia caused by SARS-CoV2 (n = 219)
can be differentiated from viral pneumonia
of a different etiology (n = 205) on the basis
of CT findings [17]. The sensitivity of 7 radi-
ologists was between 67 % and 97 %, the
specificity for 6 radiologists lay between
93 and 100 %; one radiologist, who had
received no training regarding the CT mor-
phology of COVID-19 pneumonia, showed
a specificity of 7 %. Findings indicative of
COVID-19 pneumonia were findings predo-
minantly in the periphery of the lung (80%
versus 57%), the presence of ground glass
opacities (91 % versus 68 %), reticulations
(56 % versus 22 %), and vasodilation (59 %
versus 22%).

Discussion

In December 2019, cases of patients with
acute pneumonia, the cause of which was
initially unclear, increased in Wuhan Pro-
vince, China. Within a short time, a novel
coronavirus could be isolated as a trigger
[1], which WHO officially named “SARS-
CoV-2”. The disease itself has been desig-
nated “COVID-19”.

The primary transmission route of
SARS-CoV-2 is droplet infection. Smear in-
fections do not seem to play a role, but ac-
cording to publications of the Robert Koch
Institute this cannot be ruled out at this
point in time.

The clinical pattern initially shows the
symptoms of an infection of the respira-
tory tract, although the severity can be
variable with unspecific, mild symptoms
up to severe disease manifestations. The
most common symptoms are cough, fe-
ver, myalgia and headaches [20]. Accord-
ing to the evaluation of 72 314 patients
suffering from SARS-CoV-2 by the Chinese
Center for Disease Control and Prevention,
81% of patients showed a mild and 14% a
severe course. Five percent of patients
were critically ill with severe respiratory
insufficiency [3].

To date, no proven specific antiviral
therapy for COVID-19 is known, although
a number of trials with different substan-
ces (Camostat, Remedesivir, Lopinavir-
Ribonavir or hydroxychloroquine) have

been conducted [21]. The primary therapy
is therefore symptomatic; in the case of
serious illnesses, intensive medical treat-
ment including respiration and ECMO
therapy may be necessary [22]. Depend-
ing on the country, the mortality rate of
the disease is between 0.5 and 3.5 %
(updated figures can be found under
https://www.who.int).

Diagnostic measures depend on the
symptoms and the current risk profile
(visit to a risk area, contact with an infec-
ted person). With the increasing spread of
COVID-19, however, symptomatology
alone will decide whether further clarifica-
tion is necessary. Detection of SARS-CoV-2
is performed by RT-PCR from a throat
wash or deep throat swab.

Despite the fact that COVID-19 has
only been known since December 2019,
numerous reports on CT morphology are
already available; in most cases these are
case reports. We identified 14 studies in
which the CT characteristics of at least
10 patients each had been systematically
evaluated. A limiting factor here is that
the CT technique was not standardized
among the various studies and the radio-
logical terminology was not uniformly em-
ployed. Nevertheless, the picture emerges
that, unlike most other pathogen-induced
pneumonia, pneumonia caused by SARS-
CoV-2 in many patients seems to provide
a CT image, especially initially, that is sug-
gestive for diagnosis. The cardinal signs
are ground glass opacities, consolidation
and crazy paving. The opacification are
typically round or geographically confi-
gured and at least partially show a sharply
delineated border to the surrounding heal-
thy lung. The vast majority of cases show
multifocal, bilateral involvement. The per-
iphery of the lung and the lower lobes are
predominantly affected. Pleural effusions
or lymphadenopathy are usually not pres-
ent. Overall, the CT image initially resem-
bles a cryptogenic organizing pneumonia
pattern [23]. As the disease progresses,
the lesions, especially the consolidation
and crazy paving increase, and the picture
changes into that of lobar pneumonia/
bronchopneumonia or even acute respira-
tory distress syndrome (ARDS). Keeping in
mind the CT findings described above, it
seems possible, according to a recent
study, to distinguish SARS-CoV-2 pneu-
monia radiologically from other viral pneu-
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monia with moderate sensitivity but high
specificity [17]. Parameters that argued
for COVID-19 pneumonia were a predomi-
nant involvement of the lunge periphery,
the presence of ground glass opacity, reti-
culation and vasodilation. Despite these
data, there is naturally a large overlap in
CT morphology with other viral pneumo-
nias, so that RT-PCR is still the gold stan-
dard in diagnostics.

Summary

The number of patients with COVID-19 is
rapidly increasing in Europe. The lethality
of the disease appears to be higher than
that of seasonal flu, for example, especially
in older patients. RT-PCR is the gold stand-
ard for establishing a diagnosis. In many
patients, chest CT seems to provide an
image that is suggestive for diagnosis.
The cardinal signs are ground glass opaci-
ties, consolidation and crazy paving, pre-
dominantly located in the periphery of
the lower lobes. This CT morphology can
support the diagnosis and differentiation
from other viral pneumonia. This is parti-
cularly important because RT-PCR can
initially provide a false negative result.
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