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Abstract

Background: The aim of this was to analyze 4 chest CT imaging features of patients with coronavirus disease 2019
(COVID-19) in Shenzhen, China so as to improve the diagnosis of COVID-19.

Methods: Chest CT of 34 patients with COVID-19 confirmed by the nucleic acid test (NAT) were retrospectively
analyzed. Analyses were performed to investigate the pathological basis of four imaging features(“feather sign”,
“dandelion sign”,“pomegranate sign”, and “rime sign”) and to summarize the follow-up results.

Results: There were 22 patients (65.2%) with typical “feather sign”and 18 (52.9%) with “dandelion sign”, while few
patients had “pomegranate sign” and “rime sign”. The “feather sign” and “dandelion sign” were composed of stripe or
round ground-glass opacity (GGO), thickened blood vessels, and small-thickened interlobular septa. The “pomegranate
sign” was characterized as follows: the increased range of GGO, the significant thickening of the interlobular septum,
complicated with a small amount of punctate alveolar hemorrhage. The “rime sign” was characterized by numerous
alveolar edemas. Microscopically, the wall thickening, small vascular proliferation, luminal stenosis, and occlusion,
accompanied by interstitial infiltration of inflammatory cells, as well as numerous pulmonary interstitial fibrosis and
partial hyaline degeneration were observed. Repeated chest CT revealed the mediastinal lymphadenectasis in one
patient. Re-examination of the NAT showed another positive anal swab in two patients.

Conclusion: “Feather sign” and “dandelion sign” were typical chest CT features in patients withCOVID-19; “pomegranate
sign” was an atypical feature, and “rime sign” was a severe feature. In clinical work, accurate identification of various chest CT
signs can help to improve the diagnostic accuracy of COVID-19 and reduce the misdiagnosis or missed diagnosis rate.
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Background
Since the COVID-19 outbreak in December 2019, the
number of confirmed cases has been rapidly increasing.
So far (March 15, 2020), COVID-19, has spread to 146
countries and territories across six continents, infecting
more than 164,000 and killing more than 6,400 people.

Currently, COVID-19 is considered one of the worst epi-
demics in human history.
The COVID-19 is a lineage B betacoronavirus. Accord-

ing to the internationally published virus classification,
there are nine types of this betacoronavirus [1], among
which mouse hepatitis virus, rousettus bat coronavirus
HKU9, and severe acute respiratory syndrome (SARS) are
the most widely known. On February 11, 2020, the Inter-
national Committee on Taxonomy of Viruses named
COVID-19 as severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) [2]. Although treatment for.
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SARS-CoV-2 is still not available, researchers are cur-
rently working on creating vaccines and investigating
clinical features of the infected population.
Recently, Wang et al examined the CT images of

asymptomatic infected patients with COVID-19 and
found that chest CT scans have an essential role in the
screening of the population suspected of having infec-
tion [3]. Besides, a previous report suggested that CT
imaging may be very useful in the diagnosis of COVID-
19 in patients with negative NAT [4]. In the present
study, we analyzed clinical data and CT images of 43
COVID-19. These data could contribute to timely and
accurate identification of the clinical features, laboratory
test results , and CT imaging findings of COVID-19,
thereby resulting in early diagnosis, quarantine, and
treatment.

Methods
Patients
This study had no potential risks for patients, and there
was no direct relationship between researchers and pa-
tients. The study was conducted according to the princi-
ples of the Helsinki Declaration. The ethics committee

of Shekou people's Hospital waived the signing of in-
formed consent for this retrospective study. Patients
with laboratory-confirmed COVID-19 (confirmed by a
reverse transcription polymerase chain reaction, RT-
PCR) were recruited from three hospitals between Janu-
ary 22, 2020 and February 26, 2020. The number of
cases included from each hospital is shown in Supple-
mentary Table 1. Age, gender, epidemiological features,
and clinical symptoms were collected from all patients.

Chest CT and image analysis
All patients underwent a chest CT scan, which was per-
formed using GE 256-row Revolution CT, GE Light
Speed 16-slice spiral CT, Siemens SOMATOM Emotion
16-row spiral CT, and GE 64-row VCT, all of which
were end-inspiratory scans. For the axial-section, the
slice thickness was 5mm, and the reconstruction slice
thickness was 1.25 or 0.625 mm. Two radiologists (with
more than ten years of work experience) analyzed all im-
ages. Five patients who received chest radiography and
four with normal chest CT images were excluded. Fi-
nally, 34 patients were included in the study.

Fig. 1 A older female patient with a long residence history in an epidemic area experienced fever(38.5 °C) and sore muscle for 1 day. a Feather
hand painting. b Baseline chest CT image demonstrated GGO in the right middle lobe, showing a “feathery sign” (red arrow). The nucleic acid
test was negative for the first time. c Follow-up CT scan after 6 days showed that the lesions were significantly enlarged. GGO in the lungs was
multiple (white arrow). The second test was positive for nucleic acid

Fig. 2 A older female patient with a long history of living in an epidemic area experiencing fever and sore throat for 4 days. a Dandelion hand
painting. b Non-contrast enhanced coronal CT image shows that the right lower lobe with a circular GGO,vascular thickening, and bronchiectasis,
showing a “dandelion sign” (red arrow), and multiple small patchy GGO in the left lung (White arrow). c Axial thin-section un-enhanced CT image
shows a round-like GGO (red arrow) in the right lower lobe, a small piece of GGO in the right middle lobe, and the unclear border (white arrow)

Jin et al. BMC Medical Imaging           (2020) 20:84 Page 2 of 7



The following CT image features were observed for
each patient: (a) the location, extent, and a number of le-
sions; (b) type of lesions (GGO, vascular thickening, pul-
monary consolidation, pulmonary fibrous, interlobular
septum, and solid nodules); (c) specific signs (“air
bronchogram sign”, “feather sign”, “dandelion sign”,
“pomegranate sign”, “rime sign”); (d) other signs (pleural
effusion, mediastinal lymphadenectasis,etc). The CT im-
ages of solid nodule and pulmonary consolidation
showed the density of lesions covering the vascular and
bronchial shadows resembling [5]; “feather sign” or
“dandelion sign” ,which was defined as the exudative le-
sion and thickened blood vessels forming a strip or
round high-density shadow, which was very similar to
the shape of feathers or dandelions (Figs. 1 and 2);
“pomegranate sign”, which was defined as an exudative
lesion accompanied by a small amount of bleeding,
showing round and imbricate arrangement that was
similar to a pomegranate (Fig. 3); “Rime sign”, which

was defined as multiple exudative and punctate
hemorrhage in the lesion accompanied with extensive
interstitial fibrosis forming large white lung, that was
similar to white rime attached to the branches (Fig. 4).
Fourteen out of 30 patients underwent chest CT re-

examination 5 to 14 days after being cured. Two senior
radiologists compared CT images for two or more times.
The remaining 16patients did not undergo CT scanning
due to the quarantine period.

Results
There were 43 patients in this group, including 20 males
(46.5%) and 23 females (53.5%). Predominantly, these
were middle-aged and elderly patients, with a mean age
of 52.4±14.8 years (range, 19-78 years). Patient charac-
teristics are showed in Table 1.
A baseline chest CT scan was abnormal in 34 patients

(Table 2); 23 (67.6%) showed lesions involving both
lungs, and 24 (70.6%) reported bilateral multifocal

Fig. 3 A older female patient experiencing fever and cough for 1 day,,and who had 3 days of travel history in the epidemic area before onset.
a Pomegranate hand painting. b Non-contrast enhanced chest CT scan shows that the GGO in the posterior basal segment of the left lower lobe
and vascular thickening, bronchiectasis, and interlobular septal thickening, showing a “pomegranate sign” (red arrow). c A partially enlarged
image at the same level as in figure b, suggesting that the GGO in the posterior basal segment of the left lower lobe showed a “pomegranate
sign” (red arrow)

Fig. 4 A older male patient who experienced constipation, and anorexia lasting for 1 week, and who had no epidemiological history. a Rime
hand painting. b Coronal CT image of the chest, showing diffuse GGO in the lungs, vascular thickening, interlobular septal thickening, showing
“rime sign” (red arrow). c On the 20th day after admission, bedside portable chest radiograph showed diffuse high-density shadows in both lung
fields, and the lesions significantly progressed compared with the previous ones
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lesions, with the predominant lower lobe. In addition,
there were 29 patients (85.3%) with GGO and vascular
thickening in the lesion, 16 (47.1%) with air broncho-
gram sign, 29 (85.3%) with interlobular septal thickening,
22 (65.2%) with “feather signs”, 18 (52.9%) with “dande-
lion sign” and 21 (61.8%) with pulmonary fibrous tissue
proliferation. The partial consolidation of the lesion,
solid nodules, “pomegranate sign”, and “rime sign” were
rare. One (2.9%) patient had pleural effusion and medi-
astinal lymphadenectasis. Also, only five patients under-
went chest X-ray; two showed a positive result for X-ray;
four patients reported negative results for chest CT scan,
and two of them showed multiple GGO during re-
examination after three days.
All patients were followed up. Among the 13 hospital-

ized patients, two showed rapid progression during the
hospital stay and were in critical condition. Thirty 30pa-
tients were cured and discharged. Four patients had
cough and chest distress on re-examination after 5-14
days. Laboratory re-examination revealed that four pa-
tients had elevated T-lymphocyte counts, accompanied
by elevated alanine aminotransferase and creatinine
levels. CT re-examination indicated the following: two
patients had no obvious changes; eight reported im-
proved absorption; four reported that lesions were com-
pletely absorbed, and one had mediastinal
lymphadenectasis. NAT was performed in 14patients.

Two patients were positive for anal swabs, while they
were negative for nasal and throat swabs; the remaining
12 patients were normal, as shown in Table 3.

Discussion
In the present study, we found that the most common
CT imaging features in patients with COVID-19 were:
bilateral, multifocal GGO, peripheral distribution; the
predominant lower lobe; pleural effusion and lymphade-
nectasis were rare, which is consistent with previous re-
ports [6–8]. In addition, “feather sign”was found in 22
patients (65.2%), “dandelion sign” in 18 (52.9%), “pom-
egranate sign” in nine (26.1%), and “rime sign” in seven
(20.6%) patients, which could be considered as new fea-
tures in patients with COVID-19. The “feather sign” and
“dandelion sign” on the CT image included stripe or
round GGO, thickened blood vessels, and small-
thickened interlobular septa. GGO shows diffuse alveolar
damage under the microscope, which is histologically
caused by alveoli filled with blood, pus, water, or cells [9,
10]. The reason for the thickening of blood vessels in
the lesion may be the following:under the effect of in-
flammatory factors, the increased permeability of the
vascular wall may lead to the dilation of capillaries and
the corresponding thickening of the pulmonary artery
[11]. The incidence of “feather sign” and “dandelion
sign” in this study was 65.2% and 52.9%, respectively.
In this study, nine patients (26.1%) presented with

“pomegranate sign”, which is an atypical chest CT fea-
ture of COVID-19. A “pomegranate sign” can be charac-
terized as a further increase of the range of ground-glass
opacity that occupies part of the lung sub-segment, the
more significant thickening of the interlobular septum,
complicated with a small amount of punctate alveolar
hemorrhage [9, 12], and lesions that are in imbricate ar-
rangement, and are similar to a pomegranate. Moreover,
among seven patients (20.6%) who developed a “rime
sign”, two were critically ill. A “rime sign” is character-
ized by numerous alveolar edemas. Hemorrhagic necro-
sis can be observed in some alveoli. Moreover, mucus
and hemorrhagic exudate diffusely cover the bronchiole
wall. Microscopically, the wall thickening, small vascular
proliferation, luminal stenosis, and occlusion, accompan-
ied by interstitial infiltration of inflammatory cells, such
as lymphocytes, plasma cells, and monocytes [12], as
well as numerous pulmonary interstitial fibrosis and par-
tial hyaline degeneration are observed. This type of le-
sion has a wide range and looks like a white rime
attached to abranch.
All patients were followed up for two weeks. Among 13

hospitalized patients, 11 had stable conditions and grad-
ually recovered, two reported rapid progression during the
hospital stay and were in critical condition, and underwent
extracorporeal membrane oxygenation (ECMO). Thirty

Table 1 Patient characteristics

Patients (n = 43)

Patient demographics

Median age, years (range) 52.4 ± 14.8 (19–78)

Men 20(46.5%)

Women 23(53.5%)

Exposure history

Exposure to epidemic area 36(83.7%)

Unknown exposure 7(16.3%)

Signs and symptoms

Fever 41(95.3%)

Chest distress 2(4.7%)

Cough 23(53.5%)

Weak 10(23.3%)

Headache 2(4.7%)

Sore muscle 8(18.6%)

Gastrointestinal discomfort 8(18.6%)

Expectoration 6(14.0%)

Sore throat 6(14.0%)

Pharyngeal congestion 4(9.3%)

Dizziness 3(7.0%)

Chills 8(18.6%)
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patients were cured and discharged. Fourteen underwent
re-examination after 5-14 days;four had a cough, stomach-
ache and chest distress. Very few patients developed weak-
ness and shortness of breath. Laboratory tests revealed a
significant increase in T-lymphocyte counts in four pa-
tients (flow cytometry: 762/ul, 899 /ul, respectively; the
normal value was 0), accompanied by a significant in-
crease in absolute counts of helper and cytotoxic T-
lymphocytes, while alanine aminotransferase, creatinine
and total bilirubin levels were increased to varying de-
grees, which suggested that the patient's immune function
was deteriorated, and liver and renal functions were im-
paired; these data were consistent with previous reports
[13]. These findings suggest that liver injury may be
caused by SARS-CoV-2 infection or induced by drug
treatment during hospitalization.
Among patients who underwent CT re-examination,

two patients showed no obvious changes; in four patients,
lesions were completely absorbed; in eight cases, lesions
were partially absorbed; and one had mediastinal lympha-
denectasis. These data suggest that CT can be used to
monitor changes during disease progression, which is con-
sistent with the findings of Hosseiny et al [14].
Multiple NAT (including nasal, anal, and throat swabs)

were performed after 5-14 days. In two patients, the re-
sults of NAT of nasal and throat swabs were negative,
while the result of NAT of the anal swab was positive,
which is why the patients were immediately readmitted
to the hospital for treatment. The remaining 12patients
reported negative results for multiple NAT. A recent
study [15] revealed that four patients with COVID-19
showed “positive results” for nucleic acid test 5-13 days
after discharge. This suggested that current discharge
standards should be revised; nasal, anal, and throat
swabs should be combined, as well as supplemented by a
variety of other testing methods. COVID-19 patients
should be monitored during treatment, rehabilitation,
and quarantine, so as to fundamentally control the oc-
currence of the “positive results” after discharge [16].
This study had some limitations. Firstly, no children

are enrolled in this study, and the clinical, epidemio-
logical, and imaging features of children with COVID-19
are lacking. Secondly,The number of patients collected
in this study is so small that study results have certain

Table 2 Imaging findings of patients with COVID-19

Patients (n=34)

Area of lession

Unilateral lung 11(32.4%)

Bilateral lung 23(67.6%)

Number of lession

single lession 10(29.4%)

Multiple lessions 24(70.6%)

Lobe of lesion distribution

Multiple lobes 19(55.9%)

Two lobes 4(11.8%)

One lobe 11(32.3%)

Vascular thickening

Yes 29(85.3%)

None 5(14.7%)

Air bronchogram sign

Yes 16(47.1%)

None 18(52.9%)

GGO

Yes 29(85.3%)

None 5 (14.7%)

Pulmonary consolidation

Yes 8(23.5%)

None 26(76.5%)

Pulmonary fibrosis

Yes 21(61.8%)

None 13(38.2%)

Interlobular septal thickening

Yes 29(85.3%)

None 5(14.7%)

“feathery sign”

Yes 22(65.2%)

None 12 (34.8%)

“Dandelion sign”

Yes 18(52.9%)

None 16(47.1%)

“Pomegranate sign”

Yes 9(26.1%)

None 25(73.9.%)

“rime sign”

Yes 7(20.6%)

None 27(79.4%)

Solid nodule

Yes 3(8.8%)

None 31(91.2%)

Pleural effusion

Table 2 Imaging findings of patients with COVID-19 (Continued)

Patients (n=34)

Yes 1(2.9%)

None 33(97.1%)

Mediastinal Lymphadenopathy

Yes 1(2.9%)

None 33(97.1%)
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limitations. The reliability of the conclusion needs to be
further expanded to verify the sample size. Thirdly, suffi-
cient pathological specimens are currently unavailable
for comparison with imaging features. We will collect
more patients data and pathological specimens to ob-
serve the evolution and outcome of the disease and de-
termine the correlation between the imaging and
pathology.

Conclusion
Our data suggested that “feather sign” and “dandelion
sign” were typical chest CT features of COVID-19.
“Pomegranate sign” was an atypical feature, and “rime
sign” was a severe feature, which suggested poor progno-
sis. In clinical work, accurate identification of various
chest CT signs in combination with epidemiological his-
tory, clinical features, multiple nucleic acid tests, and
other testing methods can help improve the diagnostic
accuracy of COVID-19 and reduce the misdiagnosis or
missed diagnosis rate.
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1186/s12880-020-00484-1.

Additional file 1.

Abbreviations
COVID-19: Coronavirus Disease 2019; RT-PCR: Reverse Transcription
Polymerase Chain Reaction; NAT: Nucleic acid test; GGO: Ground-glass
opacity

Acknowledgments
The authors are grateful for the high-quality hand-painting made by Feng
Xuan and Haifeng Tang from Fine arts, Dafen oil painting exchange square,
Shenzhen. The authors acknowledge the valuable suggestions and advice
from Prof. Yudong Zhang from the Department of Radiology, the first affili-
ated hospital of Nanjing Medical University.

Authors’ contributions
The study was jointly designed by XT, DG, JJ and YW; JJ was the main
contributor to the manuscript writing; YC, WC, YZ, BX, ST collected clinical
data and CT images; KH, JC, BL analyzed the data; XM and ZK performed
statistical analysis; all authors reviewed and agreed with the content of this
article.

Funding
No funding is provided in this study.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
According to the principles of the Helsinki Declaration, this study had no
potential risks for patients, and there was no direct relationship between
researchers and patients. Ethics Committee of Shekou People’s Hospital of
Shenzhen waived the signing of informed consent for this retrospective
study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Radiology, Shenzhen Nanshan District Shekou People’s
Hospital, Shenzhen 518067, Guangdong Province, China. 2Concorde
Shenzhen Hospital, Huazhong University of Science and Technology,
Shenzhen 518052, Guangdong Province, China. 3Gansu Province Center for
Disease Control and Prevention, LanZhou 73000, Gansu Province, China.
4Department of Imaging, Shenzhen Second People’s Hospital /
the First Affiliated Hospital of Shenzhen University, Shenzhen 518035,
Guangdong Province, China.

Received: 17 April 2020 Accepted: 13 July 2020

References
1. Zhu N, Zhang D, Wang D, Wang W, Li X, Yang B, et al. A novel coronavirus

from patients with pneumonia in China, 2019. N Engl J Med. 2020;382(8):
727–33.

2. Gorbalenya AE, Ralph SCB, Baric RS, de Groot RJ, Drosten C, Gulyaeva AA,
et al. Coronaviridae study Group of the International Committee on
taxonomy of viruses. The species severe acute respiratory syndrome-related
coronavirus: classifying 2019-nCoV and naming it SARS-CoV-2. Nat Microbiol.
2020;5(4):536–44.

3. Li Y, Xia L. Coronavirus Disease 2019 (COVID-19): Role of Chest CT in
Diagnosis and Management. Am J Roentgenol. 2020;215:1–7.

Table 3 Follow up 5–14 days after discharge

Patients (n = 14)

The mean hospitalization days 21

Signs and symptoms

Cough 4

Chest distress 4

Weak 2

Shortness of breath 2

Stomachache 4

Laboratory test

T lymphocyte count increased 4

T helper cell count increased 4

Cytotoxic T lymphocyte count increased 4

Total bilirubin increased 4

Indirect bilirubin increased 2

Alanine aminotransferase increased 4

Glutamic oxaloacetylase increased 4

Greatinine increased 4

Chest CT

No change 2

Improved absorption 8

Resolution 4

Mediastinal Lymphadenopathy

None 13

Yes 1

Nucleic acid test by Real-time PCR

Negative 12

Positive 2

Jin et al. BMC Medical Imaging           (2020) 20:84 Page 6 of 7

https://doi.org/10.1186/s12880-020-00484-1
https://doi.org/10.1186/s12880-020-00484-1


4. Xie X, Zhong Z, Zhao W, Zheng C, Wang F, Liu J. Chest CT for typical 2019-
nCoV pneumonia: relationship to negative RT-PCR testing. Radiology. 2020;
200343. https://doi.org/10.1148/radiol.2020200343.

5. Hansell DM, Bankier AA, MacMahon H, McLoud TC, Muller NL, Remy J.
Fleischner society: glossary of terms for thoracic imaging. Radiology. 2008;
246(3):697–722.

6. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and
clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. Lancet. 2020;395(10223):507–13.

7. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of
patients infected with 2019 novel coronavirus in Wuhan. China The Lancet.
2020;395(10223):497–506.

8. Xia W, Shao J, Guo Y, Peng X. Clinical and CT features in pediatric patients
with COVID-19 infection: Different points from adults. Pediatr Pulmonology.
2020. https://doi.org/10.1002/ppul.24718.

9. Xu X, Yu C, Qu J, Zhang L, Jiang S, Huang D, et al. Imaging and clinical
features of patients with 2019 novel coronavirus SARS-CoV-2. Eur J Nucl
Med Mol Imaging. 2020:1–6. https://doi.org/10.1007/s00259-020-04735-9.

10. Chong S, Kim TS, Cho EY. Herpes simplex virus pneumonia: high-resolution
CT findings. Br J Radiol. 2010;83(991):585–9.

11. Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J, et al. Radiological findings from
81 patients with COVID-19 pneumonia in Wuhan,China:a descriptive study.
Lancet Infect Dis. 2020. https://doi.org/10.1016/S1473-3099(20)30086-4.

12. Luo W, Yu H, Gou J, Li X, Sun Y, Li J, et al. Clinical pathology of critical
patient with novel coronavirus pneumonia ( COVID-19). Preprints. 2020;
2020020407.

13. Fan Z, Chen L, Li J, Tian C, Zhang Y, Huang S, et al. Clinical Features of
COVID-19-Related Liver Damage. Available at SSRN 3546077.2020.

14. Hosseiny M, Kooraki S, Gholamrezanezhad A, Reddy S, Myers L. Radiology
perspective of coronavirus disease 2019 (COVID-19): lessons from severe
acute respiratory syndrome and Middle East respiratory syndrome. Am J
Roentgenol. 2020:1–5. https://doi.org/10.2214/AJR.20.22969.

15. Lan L, Xu D, Ye G, Xia C, Wang S, Li Y, et al. Positive RT-PCR test results in
patients recovered from COVID-19. Jama. 2020. https://doi.org/10.1001/jama.
2020.2783.

16. Chung M, Bernheim A, Mei X, Zhang N, Huang M, Zeng X, et al. CT imaging
features of 2019 novel coronavirus (2019-nCoV). Radiology. 2020;295(1):202–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Jin et al. BMC Medical Imaging           (2020) 20:84 Page 7 of 7

https://doi.org/10.1148/radiol.2020200343
https://doi.org/10.1002/ppul.24718
https://doi.org/10.1007/s00259-020-04735-9
https://doi.org/10.1016/S1473-3099(20)30086-4
https://doi.org/10.2214/AJR.20.22969
https://doi.org/10.1001/jama.2020.2783
https://doi.org/10.1001/jama.2020.2783

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Chest CT and image analysis

	Results
	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

