Journal Pre-proof

CT features of Coronavirus Disease 2019 (COVID-19) in the original district of this
disease (Wuhan): a pictorial review

Lu Song, Yingting Zeng, Xiaoming Gong, Zhiyan Lu

PII: S2352-6211(20)30063-2
DOI: https://doi.org/10.1016/j.jrid.2020.07.004
Reference: JRID 208

To appearin:  Radiology of Infectious Diseases

Received Date: 16 March 2020
Revised Date: 7 June 2020
Accepted Date: 22 July 2020

Please cite this article as: Song L, Zeng Y, Gong X, Lu Z, CT features of Coronavirus Disease 2019
(COVID-19) in the original district of this disease (Wuhan): a pictorial review, Radiology of Infectious
Diseases, https://doi.org/10.1016/j.jrid.2020.07.004.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published

in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© [copyright year] Beijing You'an Hospital affiliated to Capital Medical University. Production and hosting
by Elsevier B.V. All rights reserved.


https://doi.org/10.1016/j.jrid.2020.07.004
https://doi.org/10.1016/j.jrid.2020.07.004

CT features of Coronavirus Disease 2019 (COVIDia e

original district of this disease (Wuhan): a picbreview

Lu Song, Yingting Zeng, Xiaoming Gongz2, Zhiyan Lu
1. Department of Radiology, Zhongnan Hospital ofdéiu University, Wuhan, Hubei
430071, China.
2. Department of Radiology, Xianning Central HoabitXianning, Hubei 437100,
China.
Corresponding author: Pro. Zhiyan Lu, Department of Radiology, Zhongnan
Hospital of Wuhan University, Wuhan, Hubei 4300Chjna.

E-mail: luzhiyan@whu.edu.cn

Abstract

On December 31, 2019, the Wuhan Health Commigs®iparted the discovery
of an "unexplained” pneumonia for the first timbg tpathogen was confirmed as
novel coronavirus pneumonia (2019-nCoV) on Janugry2020. As one of the
important examination methods for the Corona Vifisease2019 (COVID-19),
Computed Tomography (CT) examination plays an ingmrrole in the clinical
discovery of suspected cases, diagnosis, and teeatreview. This paper reviews the
published papers in order to offer help in earipical screening, disease diagnosis,
disease severity determination and post-treatnesmtw.
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On December 31, 2019, the Wuhan Health Commissist feported the
discovery of "unexplained" pneumonja The pathogen was confirmed as novel
coronavirus (2019-nCoV) on January 7, 202@®n 11 February 2020, the World
Health Organization (WHO) named the novel corons/ipneumonia Corona Virus
Disease 2019 (COVID-19. COVID-19, first reported in Wuhan, has spreacuach

the world, and multiple countries have reportecesas



With the increasing number of false negativeesas the nucleic acid test in the
pharyngeal swab, it is realized that the novel cawrus is highly occult, and the
nucleic acid test in the pharyngeal swab itself magations. According to the study
of Al et aljg, 48% of patients with negative nucleic acid testained highly
suspicious of COVID-19 on CT, and 33% were suspgiof COVID-19. In addition,
during the follow-up of the cases, 42% of the cdsas$ chest CT improvement prior
to nucleic acid detection and negative transforomatAccording to the "Notice on the
issuance of a program for the diagnosis and traatnoé 2019-nCoV infected
pneumonia (Trial Version 5% of the General Office of China’s National Health
Committee, "Clinical diagnosis cases" were addedHuei Province, and cases in
which nucleic acid test was negative, but whosenicdi manifestations,
epidemiological and pulmonary imaging manifestagiomere consistent with the
COVID-19 were considered as clinical diagnosis sa3é&e control and isolation of
clinically diagnosed cases can greatly control sbarces of infection, cut off the
possible routes of virus infection, and prevent tleeurrence of large numbers of
family gathering cases caused by home isolatiopodéntially infected people. The
use of chest CT during the follow-up can quicklgess the changes of the patient's
condition. Therefore, it is very important to urgtand the imaging features and
dynamic changes of pneumonia caused by 2019-nC®\éx@mination, as one of the
important means for the examination of COVID-1%ygl an important role in the
clinical discovery of suspected cases, diagnosid, teeatment review. This paper
reviews the published papers in order to providactical help in early clinical
screening, disease diagnosis, disease severitysasent and post-treatment review.
1. Epidemic Characteristics

COVID-19 is clearly characterized by human-to-hunteansmissions). The
main source of infection is patients with COVID-H8ymptomatic infection may also
become the source of infection. The infectivity patients in the incubation and
recovery period remains to be determined. Transomdsy respiratory droplets and
contact are the main routes of transmission, wigghossible when exposed to high

concentrations of aerosol for a long time in atreddy closed environment. Based on



the current epidemiological investigation, the ipation period is 1-14 days, with the
majority occurring in 3-7 days. The general pubigc generally susceptible.
Hospital-related transmission is a possible intectmechanism for both medical
personnel and inpatiemts

2. Clinical manifestations and laboratory tests

Multiple studieg1,7,sihave shown that the clinical manifestations ofgyas with
COVID-19 are mainly fever, fatigue and dry coughthwiewer symptoms such as
nasal congestion, runny nose, sore throat andhéarin severe cases, dyspnea and/or
hypoxemia usually occur one week after the onsehefdisease. In severe patients,
acute respiratory distress syndrome, septic shddkcult to correct metabolic
acidosis, and coagulation dysfunction develop dgpith the course of severe or
critical illness, the patient may have moderatéouwar fever, or even no obvious fever.
Mild patients can only show low fever, mild fatigue pneumonia. At present, most
patients have a good prognosis and a few are ficaircondition. The elderly and
those with chronic diseases have poor prognosigevmichildren, the symptoms are
relatively mild.

In the early stage of the disease, the total nurabperipheral blood leukocytes
was normal or decreased, and the lymphocyte coaatdecreased. In some patients,
liver enzymes, lactate dehydrogenase (LDH), myagloand myoglobin were
increased. Increased troponin is seen in somecdripatients. In most patients,
c-reactive protein (CRP) and serum sedimentatiore wecreased, and procalcitonin
was normal. In severe cases, D-dimer was incregsathheral blood lymphocytes
were progressively decreased, and inflammatoryofactvere often increased in
severe and critical patients. Novel coronaviruslegiacacid can be detected in
nasopharyngeal swabs, sputum, lower respiratogt #ecretions, blood, feces and
other specimens.

3. Imaging findings
3.1 Imaging manifestations
According to the guideling, CT examination is strongly recommended as a test

for COVID-2019. According to the guidelines, thepigal image of COVID-2019



presents multiple patchy ground glass opacity (G@&@ng the subpleural and
bronchovascular bundles in both lungs, separatednéshed or thickened lobular
septa as crazy-paving pattern (54.2%) (Fig.1-4) muodtiple patchy or large patchy
consolidation in both lungs (Fig.5), with thickegiof interlobular septa, mainly in
the middle and lower lobes (31.3%). It is consisteith the findings of Wang's
review of 138 cases (the CT findings of all caseslved both lungs), Huangis
review of 41 cases (all cases involved both luragg) Song’s) review of 51 cases
(distribution: the lesions involved both lungs 898 of patients, the lower lobe in 90%
of patients, and the peripheral lung field in 868fpatients; density: 39% of the total

number of lesions showed as GGO with reticular @ndhterlobular septal
thickening). Atypical images showed single legi@iiFig.6 ) and single or multiple

consolidation nodules in the center of lobulest@urded by ground glass opacifes
Both Song) and Papi found that COVID-19 rarely caused mediastinal
lymphadenopathy or pleural effusion.

Song et ale; found that older patients had more lung lobe ingotent and more
consolidation than younger patients. Wang et; &und that elderly patients have
weak resistance, and at the same time, they ardinechwith underlying diseases,
and they are prone to progress to severe or drtiipa. Ma et ali2; found that mild
and common cases were more common in children,battd clinical and imaging
manifestations were milder than in adults.

3.2 Dynamic change of image

Pan et ajiy studied the evolution of chest CT for a total of @es in 21
non-severe patients. According to the quartilehef patients and the degree of lung
involvement from day O to day 26 after the onskg four stages from the first
symptom were determinedD Early stage (1-4 days after the onset of theainiti
symptom,n=24): ground glass opacity was showed in the suigleparts of both
lungs or single lung lower lob&2 Progressive stage (5-8 days after the onset of the
initial symptom, n=17): the lesions expanded to a bilateral multelabstribution

with diffuse GGO, crazy-paving pattern and consatlmh; 3 Peak stage (9-13 days



after the onset of the initial symptoms21): the involved area slowly increased to
peak involvement and consolidation became moregteat. (4) Absorption stage
(>14 days after the onset of the initial symptons20): the consolidation was
gradually absorbed.

In most patients who recovered from COVID-19, timolvement range of
pulmonary lesions reached a peak and then graddeltyeased 10 days after the
onset of the initial symptom. The guidelipgseviewed the chest CT data of 83
patients: (1) Ultra-early stage (patients without clinical masifation, negative
laboratory test but positive throat swab for 2003W, 8.4% in a total of 83 cases).
The main imaging manifestations were single, dowblecattered focal ground glass
opacity, nodules located in central lobule surraehdy patchy ground glass opacities,
patchy consolidation with air-bronchogram, whichswaainly distributed in the
middle and lower pleura2) Early stage (1-3 days after the onset of theaihiti
symptom, 54.2% in a total of 83 cases). Single aitiple scattered patchy or
agglomerated ground-glass opacities were showedyated by honeycomb-like or
grid-like thickened of interlobular sept@) Rapid progression stage (3—-7 days after
the onset of the initial symptom, 20.5% in a tae83 cases). The CT findings were a
fusion of large, light consolidation with air brdragram.(d) Consolidation stage
(7-14 days after the onset of the initial sympt@h,2% in a total of 83 cases). CT
imaging showed multiple patchy consolidation, ahd tange was slightly smaller
than that of the previous sta@g) Dissipation stage (2-3 weeks after the onsetef th
initial symptom, 20.5% in a total of 83 cases). T@& findings were patchy
consolidation or strip-like opacity. As time goes @ showed grid-like thickening of
interlobular septa, thickening and strip-like twagtbronchial wall and a few scattered
patchy consolidations. Shi etiad.divided 81 patients into 4 groups according to the
interval between initial symptoms and CT examinat{®) Group 1 (patients without
symptomsn=15) mainly presented unilateral (60%), polycen(&8%) ground glass
opacity (93%);(2) Group 2 (within 1 week of symptom onsetz21) mainly
presented bilateral (90%), diffuse (52%) groundsglapacity (81%)(3) Group 3

(more than 1 week less than 2 weeks after the mistte initial symptomn=30)



showed ground glass opacity (57%) reduced, coretadidl and mixed lesions
appeared (40%)4) Group 4 (more than 2 weeks less than 3 weeks thigeonset of
the initial symptomn=15) showed that consolidation and mixed lesioddpbwere
the main features and ground glass opacity (33%fjiraeed to reduce. All of the
above studies indicated that, with the progressiogisease, the lesions tended to be
both-lungs and diffuse distribution and the grogpaeiss opacity gradually decreased,
while the consolidation shadow gradually increa@$ed.7-8).
4. Differential diagnosis

COVID-19 is mainly differentiated from other knowiral pneumonia such as
influenza virus, parainfluenza virus, adenovirgspiratory syncytial virus, rhinovirus,
human partial pneumonovirus, SARS coronavirus, amgoplasma pneumoniae,
chlamydia pneumoniae and bacterial pneumonia, dii@dally from non-infectious
diseases, such as vasculitis, dermatomyositis awhamical pneumonia. In this paper,
COVID-19 was differentiated from some common andilgaconfused infectious
diseases.
4.1 Differentiation from other viral pneumonia
4.1.1 SARS

In the early stage of SARS, chest CT showed srady fground glass opacity in
the lungs, and the distribution of the lower lolaesl surrounding areas was more
common. The disease became progressively worsenvdtty days after onset, and
progressed to a progressive stage 2—-3 weeks afset.dt showed increased density
of lesions, which could be combined with lobulaptsé thickening. The range of
lesions was enlarged and the single lesion progdets multiple or diffuse lesions.
2-3 weeks after the onset of the disease, thelksigns entered the absorption phase,
the lesions gradually became localized, the derm@tyan to decrease and the scope
gradually shrank or even disappeared).
4.1.2 HIN1 influenza

Chest CT findings of HIN1 influenz4l) In the early stage, ground glass
opacity and consolidation were scattered in the lumsmall pieces, distribution of

subpleural or along the bronchovascular bundig); In the progressive stage,



pulmonary infection reached the most serious steigfein 8—14 days of the onset.
The ground glass opacity could be fused into seatteonsolidation, and the air
bronchogram could be seen in@®) In the recovery stage, lung lesions were mainly
interstitial lung lesions. Some may be accompabiedthediastinal lymphadenopathy,
pleural effusion, mediastinal emphysemajigtc
4.1.3 H7N9 avian influenza

The CT findings of H7N9 showed that in the earbBgst, pulmonary lesions were
mainly flaky consolidation and were often locatedthe unilateral lower lobe or the
lower lobes of both lungs. Pulmonary lesions corddidly develop into diffuse
lesions with multiple lobes and segments in bottgtuwithin 3 to 7 days after onset.
And ground glass opacity in the progressive stagha main characteristic of H7N9.
Lesions in the right lung were often more sevemntkhose in the left lung. The
lesions in the lower lobe and the posterior parbath lungs were more serious and
showed the characteristics of gravity distributiBiN9 was often infected with other
bacteria and the imaging findings were complex eaiked. The recovery period was
long, which was manifested by pulmonary interdtfilarosigzs; .
4.2 Differential diagnosis of non-viral infectiopaeumonigsj
4.2.1 Mycoplasma pneumonia

Mycoplasma pneumonia was common in children. CTHifigs were central
lobular nodules, GGO, consolidation, bronchial wd#llickening and sign of
tree-in-bud. Hilar lymph nodes were often enlarged.
4.2.2 Bacterial pneumonia

Patients with the disease cough purulent, bloodyust-colored sputum, the
white blood cell count often increases, imagingdifigs are mostly segmental
consolidation and antibiotics treatment is effeztiv
5. Problem

As this disease is a new disease, few relevamaiitees have been published
furthermore, the follow-up time of clinical casssshort and long-term observation of

cases is lacking. In addition, so far, only a fesatth cases have undergone autopsy



and there is still a lack of relevant pathologitisgrature, so it is impossible to
accurately correspond the imaging findings withpghéhological findings.
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Fig.1 39-year old male with dry cough for 5 daysiciéic acid test: positive. Imaging

examination: CT showed diffuse patchy GGO with grpaving pattern along the
subpleural in both lungs.

Fig.2 40-year old female with intermittent fevergmum temperature of 39 for 1
week. Nucleic acid test: positive. Imaging examoratCT showed multiple patchy



GGO with crazy-paving pattern along the subpleurdloth lungs.

Fig.3 83-year old female with intermittent feveraxmum temperature of 38.9 for
1 week. Nucleic acid test: positive. Imaging exaation: CT showed diffuse patchy
GGO with crazy-paving pattern in both lungs.

Fig.4 67-year old female with cough and sputumhalf a mouth. Nucleic acid test:
positive. Imaging examination: CT showed diffuseéchg GGO and consolidation
with crazy-paving pattern in both lungs.

Fig.5 51-year old female with intermittent feveraxmum temperature of 37.7j for
1 week. Nucleic acid test: positive. Imaging exaation: CT showed patchy
consolidation along the subpleural in both lungs.
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Fig.6 4é-year old male with intermittent fever (nmaym temperature of 39.5 for 1
week. Nucleic acid test: positive. Imaging examorat CT showed a single mixed
GGO nodule in the lower lobe of right lung.
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Fig.7 41-year old male. Imaging examination: fiaeysl later, b showed new GGO in
the lower lobes of both lungs.

Fig.8 56-year old female. Imaging examination: fidays later, b showed ground
glass opacity decreased and consolidation increased



