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ABSTRACT
Objective: To investigate airway abnormalities on chest CT in adult patients with COVID-19 pneumonia.
Study Design: Observational study.
Place  and  Duration  of  Study:  Department  of  Radiology,  Affiliated  Hospital  of  Jining  Medical  University,  Jining,  Shandong,
China, from January to April, 2020.
Methodology: CT scan images were analysed retrospectively. The main CT findings, including pulmonary opacities, airway wall
visibility, wall thickening, luminal changes, and the formation of mucus plugs were evaluated. Airway segments were classified
into three types based on the spatial relationship between conducting airways and pulmonary opacities.
Results: A total of 275 lesions were detected in 52 patients. Of these, 170 (61.82%) lesions were associated with 243 airway
segments, including segments enclosed within lesions (type I, 152, 62.55%), crossing the lesions (type II, 51, 20.99%), and
abutting the lesions (type III, 40, 16.46%). The bronchial walls of 154 (63.37%) segments were ill-defined; whereas, the walls of
89 (36.63%) segments were well-defined; in the latter group, 62 (69.66%) showed mild thickening. The bronchial lumen of 183
(75.31%) segments presented mild bronchiectasis and 60 (24.69%) segments appeared normal. Mucus plug was detected in
one segment (0.41%). There were no cases of bronchial stenosis, and all bronchial segments located in normal lung regions
appeared normal. The appearance of 196 (80.66%) affected bronchi was completely restored before hospital discharge.
Conclusion: Typical airway changes in adult COVID-19 pneumonia include bronchial wall thickening without significant stenosis
of the airway lumen and the absence of bronchial  mucus plugs. Moreover,  bronchi located in unaffected lung regions have a
normal appearance. These characteristics have potential value in differential diagnosis.
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INTRODUCTION

Since December 2019, coronavirus disease (COVID-19) has
rapidly spread across the world and is a significant threat to
human health.1 Early diagnosis and patient isolation are essen-
tial  to  effectively  manage  COVID-19.  Reverse-transcription
polymerase chain reaction (RT-PCR) is the diagnostic gold stan-
dard.  However,  test  results  may  be  negative  in  COVID-19
patients.2,3 Chest computed tomography (CT) is an effective
screening method for COVID-19 because of its high sensitivity.
The  known  CT  features  of  COVID-19  include  bilateral  and
peripheral ground-glass opacities (GGOs).4,5
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However, few studies have analysed airway changes in COVID-19
pneumonia on chest CT.6 Examining airway changes and their
distribution improves the understanding of  the pathology and
differential diagnosis of respiratory diseases. Small airways have
a diameter of <2–3 mm and are usually undetectable on thin-sec-
tion CT. Large airways include the trachea and bronchi with a diam-
eter of >2–3 mm and are routinely identified on CT scans.7

The objective of this study was to describe airway changes on CT in
adult  patients  with  COVID-19  pneumonia  to  help  combat  this
epidemic.

METHODOLOGY
This retrospective observational study was approved by the Insti-
tutional Review Board and posed no potential risk to patients. It
was conducted at Department of Radiology, Affiliated Hospital of
Jining Medical University, Jining Shandong, China, from January
to April, 2020. The diagnostic criteria for COVID-19 were estab-
lished  by  the  National  Health  Commission  of  the  People’s
Republic of China.8 The RT-PCR results of throat swabs or sputum
of  all  patients  were  positive  for  severe  acute  respiratory
syndrome coronavirus 2 virus (SARS CoV-2).
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Chest CT scan was performed using two CT scanners (uCT 760,
United Imaging, China; GE Bright Speed, United States). The
scanning parameters were as follows: Tube voltage, 120 kVp;
tube  current,  120–200  mA  (with  or  without  automatic  tube
current modulation); pitch, 1.0875–1.375 mm; slice thickness,
5  mm;  reconstructed  section  interval,  5  mm.  Lung  window
images  with  slice  thickness  of  1.25 mm were  automatically
reconstructed.  All  CT  data  were  transferred  to  an  image
archiving and communication system (Vue PACS, Carestream
Health, Inc. Toronto, Canada).

CT scan images were independently reviewed on the Vue PACS
workstation  by  two  experienced  thoracic  radiologists  using
multiplanar  reconstruction  tools,  and  final  diagnosis  was
reached by consensus. All images were reviewed using a fixed
lung window (window level, –600 HU; window width, 1600 HU).
The analysis focused primarily on the type, number, and distri-
bution of opacities, and airway changes on CT (spatial relation-
ship  with  opacities,  wall  visibility,  wall  thickness,  luminal
changes, and formation of mucus plugs).

According to the density of the lesions, opacities were classified
into  ground-glass  opacities  (GGOs)  (dense  opacities  not
obscuring  underlying  vessels),  consolidations  (opacities
obscuring underlying vessels), and a mixed pattern.6 The distri-
bution was recorded according to the anatomic pulmonary lobe
and was classified as peripheral (involving mainly the outer
region comprising one-third of the lung) or central (involving
mainly  the inner  region comprising two-thirds  of  the lung).6

Conducting airways were classified into three types based on
their spatial relationship with pulmonary opacities: segments
enclosed within lesions (type I), crossing the lesions (type II), or
abutting  the  lesions  (type  III,  Figure  1).  Wall  thickness  and
luminal changes were analysed using ipsilateral and contralat-
eral airways as references.

Data were recorded using spreadsheet software (Excel 2010,
Microsoft)  and  analysed  using  statistical  software  (SPSS,
version 22.0, IBM). Continuous variables with normal distribu-
tion were expressed as mean and standard deviation, contin-
uous  variables  with  skewed  distribution  were  expressed  as
median and interquartile range, and the frequency of clinical
characteristics and CT signs were expressed as the number (per-
centage) of occurrences.

RESULTS

Fifty-two  patients  (mean  age,  39.42  ±10.28  years;  range,
20–62 years) were enrolled from January 23, to April 20, 2020
(Table  I).  All  patients  were  classified  as  common  cases
according to the diagnostic criteria (no evidence of severe or crit-
ical disease) because they presented mild symptoms and posi-
tive imaging findings. All chest CT scans were performed on the
day of admission. The median time from the onset of symptoms
to the first CT scan was 3.75 days (interquartile range: 3-5 days).
The most common clinical symptoms were fever (88.46%) and
dry cough (75%). None of the evaluated patients presented
copious sputum. The underlying diseases in our cohort included

diabetes mellitus (three patients), hypertension (two patients),
and chronic obstructive pulmonary disease (COPD, one patient).

Table I: Baseline characteristics of 52 adult patients with COVID-19 pneu-
monia.

Characteristics Value (%)
Gender
Female
Male

 
23 (44.23)
29 (55.77)

Clinical symptoms
Fever
Cough
Copious sputum
Dyspnea
Pharyngalgia
Fatigue or muscle soreness
Sore throat
Dizziness, headache
Nausea, vomiting

 
46 (88.46)
39 (75.00)

0
2 (3.85)

16 (30.77)
25 (48.08)
6 (11.54)
4 (7.69)
3 (5.77)

Table II: Computed tomography features (N=275) of 52 adult patients
with COVID-19 pneumonia.

CT features Value (%)
Type of opacity
GGO
Consolidation
Mixed pattern

 
178 (64.73)

22 (8.00)
75 (27.27)

Location
Left upper lobe
Left lower lobe
Right upper lobe
Right middle lobe
Right lower lobe

 
35 (12.73)
73 (26.55)
37 (13.45)
41 (14.91)
89 (32.36)

Axial distribution
Central
Peripheral

 
72 (26.18)
203 (73.82)

Airway involvement
No
Yes

 
105 (38.18)
170 (61.82)

GGO = Ground-glass opacity.

The total number of lung lesions in our cohort was 275, including
178 (64.73%) GGOs, 22 (8%) consolidative opacities, and 75
(27.27%) mixed cases (Table II). The lesions were located in the
right lung (167, 60.73%), left lung (108, 39.27%), lower lobes
(162, 58.91%), upper or middle lobes (113, 41.09%), peripheral
area (203, 73.82%), or central area (72, 26.18%).

Of the 275 lesions, 105 (38.18%) did not affect the airways, and
the  walls  and  lumen  of  these  airways  were  unremarkable
(Figure 1a).

A  total  of  170  (61.82%)  lesions  affected  243  bronchial
segments,  including  subsegmental  bronchi  (192/243;
79.01%), segmental bronchi (43/243, 17.70%), and lobular
bronchi  (8/243,  3.29%).  Seventy-three  lesions  affected
multiple  bronchial  segments  (Figure  2).  The  trachea  and
bilateral main bronchi were not involved. In addition, 152
(62.55%)  bronchial  segments  were  type  I  (affected
bronchial  segments),  51  (20.99%)  were  type  II,  and  40
(16.46%) were type III (Table III).
Table III: Airway changes (N=243) on computed tomography in 52 adult
patients with COVID-19 pneumonia.
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Characteristics Value (%)
Distribution pattern
(relative to lung lesions)
  Type I (enclosed within)
  Type II (crossing)
  Type III (abutting)

 
152 (62.55)
51 (20.99)
40 (16.46)

Airway wall
  Unidentifiable
  Identifiable
  Thickened
  Normal

 
154 (63.37)
89 (36.63)
62/89 (69.66)
27/89 (30.34)

Airway lumen
  Bronchiectasis
  Stenosis
  Normal

 
183 (75.31)
0
60 (24.69)

Bronchial mucus plug 1 (0.41)
Air bronchogram 154 (63.37)

Figure 1: Spatial relationship between conducting airways and pulmo-
nary opacities. (a) Visible airways are not affected. Airway tree with a
normal appearance. (b) Airway segment enclosed by the lesion (type I)
with  mild  wall  thickening  and  bronchiectasis.  (c)  Airway  segment
crossing the lesion (type II) with mild wall thickening and bronchiectasis.
(d) Airway segment abutting the lesion (type III) with wall thickening,
mild bronchiectasis, and airway distortion.

Figure 2: Lung lesions associated with multiple bronchial segments. (a) A
bronchial segment (type I) associated with a ground-glass opacity (GGO)
has  mild  bronchiectasis  and  wall  thickening  (long  arrow);  bronchial
segments abutted to lung lesions (type III) have mild bronchiectasis and
wall thickening (short arrow), whereas the contralateral wall is normal
(arrowheads). (b) The bronchial walls crossing a consolidative lesion
(type I) are ill-defined, and air bronchograms are present (long arrows).
The  bronchial  walls  abutting  a  consolidative  lesion  (type  III)  are  ill-
defined with mild distortion and bronchiectsis, whereas the contralateral
walls are well-defined and without thickening (arrowhead).

Figure 3: First chest CT scan and last CT scan (19 days later) of a 34-year-
old  male  patient  with  COVID-19  pneumonia.  (a)  First  CT  showing  a
bronchial segment (type II) crossing a lesion (mixed pattern) with mild
wall thickening and bronchiectasis in the left lower lobe. (b) Last CT
showing the normal appearance of the bronchial segment after the lesion
improved.

Among  243  bronchial  segments,  the  walls  of  154  (63.37%)
segments were ill-defined because the lesions were hyperin-
tense. The bronchial segments enclosed within and crossing the
lesions (types Ⅰ and II) were identified as air bronchogram sign
(Figures 1b and c). In segments abutting the lesions (type III),
the walls in contact with the lesions were not visible, whereas
the contralateral walls were normal, and the margins of these
lesions were flattened (Figure 1d).

The  walls  of  89/243  (36.63%)  affected  bronchi  were  well-
defined, whereas the walls of 62 segments presented mild thick-
ening. Circumferential wall thickening with a markedly increase
in the outer diameter was common in types I and II segments.
However, in type III segments, only the walls in contact with the
lesions were thickened whereas the contralateral walls were
normal. Mucous membranes appeared normal in all segment
types;  therefore,  wall  thickening  was  not  due  to  mucosal
edema.

A  total  of  125/152  (82.24%)  type  I  segments  and  38/51
(74.51%) type II segments had mild bronchiectasis with slight
bronchial distortion, and 20/40 (50%) type III segments showed
moderate bronchial distortion and mild bronchiectasis. Mucus
plugs were detected in one type I segment, which was enclosed
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by a consolidative lesion. No bronchial stenosis was found in
bronchi, and bronchi located in normal lung lesions were unre-
markable.

Fever and other symptoms improved in all patients after 10–21
days of treatment, and all RT-PCR results were negative in two
consecutive samplings. During disease progression, 2–5 follow-
up CT examinations were performed in each patient. The results
of the last CT examination before discharge were analysed. Of
the 275 lesions,  212 (77.09%) improved completely and 63
(22.91%)  became  fibrotic.  In  addition,  of  the  243  affected
airway segments, 196 (80.66%) appeared normal, 29 (11.93%)
had more severe bronchiectasis and distortion, and 18 (7.41%)
showed less bronchiectasis and distortion on the last CT scan
(Figure 3).

DISCUSSION

In  this  study,  the  most  common  clinical  manifestations  of
COVID-19 pneumonia were fever and dry cough, as previously
reported.9,10 The most frequent CT feature was GGOs with or
without consolidative opacities. The distribution of lesions was
predominantly bilateral, multilobar, and peripheral. The right
lower lobe was the most affected lung area. These characteris-
tics are similar to those of previous studies.11,12 This study is
likely  to  be  the  first  to  evaluate  the  CT  features  of  airway
changes and developed a method for classifying the spatial rela-
tionship between conducting airways and pulmonary opacities
in COVID-19 pneumonia.

The  airway  changes  in  COVID-19  pneumonia  varied  from
normal to mild bronchiectasis, bronchial distortion, and air bron-
chogram sign. Furthermore, most airway abnormalities were
restored after opacities improved. These changes in COVID-19
are similar to those found in interstitial infiltrates with diffuse
alveolar  damage  or  organizing  pneumonia.13  However,  in
contrast to these changes in COVID-19, bacterial pneumonia,
acute  bronchitis,  Mycoplasma  pneumonia,  and  tuberculosis
can induce mucous thickening in large airways and subsequent
bronchial  stenosis  and  mucus  impaction,  and  these  airway
changes  may  be  related  to  different  pathogenic  mechan-
isms.7,14

SARS-CoV-2  invades the pulmonary interstitium in the early
stage, which is characterised by edema and thickening of the
interlobular interstitium, subpleural interstitium, interlobular
central  interstitium,  and  peribronchovascular  interstitium,
manifesting as GGOs on chest CT.6 The results showed that,
although the walls of most affected bronchi were ill-defined,
circumferential wall thickening was observed in the airways of
some  GGOs.  The  bronchial  mucosa  was  smooth,  and  the
bronchial lumen showed no stenosis. The observed thickening
may  be  due  to  pulmonary  interstitial  edema  rather  than
mucosal  edema,  which  explains  the  observation  that  only
bronchial walls abutting the lesions were affected. Therefore,
airway stenosis is rare in COVID-19.

Spike proteins on the surface of SARS-CoV-2 bind to angiotens-
in-converting enzyme II (ACE2) receptors. ACE receptors are

highly  expressed  in  type  II  alveolar  epithelial  cells  in  the
marginal zone and subpleural region in humans.15 Therefore,
bronchial epithelial cells are not invaded by SARS-CoV-2 in the
early stage, and bronchial  segments located in normal lung
regions appear normal.

The formation of mucus plugs is common in pulmonary airway
diseases, especially acute tracheobronchial infections, and is
primarily due to excessive airway secretions and ciliary dysfunc-
tion.16 COVID-19 guidelines indicate that part of the bronchial
mucosal epithelium is exfoliated and forms a mucous plug.8 In
addition, an autopsy of a patient with severe COVID-19 revealed
that a large amount of mucinous secretion was expelled from
the alveoli of the affected part of the lung, and bronchial mucus
was present.17 However, mucus plugs were not observed in our
cohort,  except  in  one elderly  male patient  with  a  history  of
COPD. This result may be because most of our patients had mild
symptoms, and CT can only detect airways with diameters of >2
mm. The main manifestations of COVID-19 are deep airway and
alveolar  injury,  and  the  subsequent  development  of  mucus
plugs in small airways.17 Moreover, a common clinical symptom
in our cohort was dry cough but not sputum, which agrees with
previous findings.9 The absence of mucus plugs on chest CT is
also consistent with clinical symptoms.

Air bronchogram sign was common in our cohort,  and most
cases involved mild bronchiectasis,  which is consistent with
previous studies.18 Air bronchogram sign is formed by air-filled
bronchi in hyperdense GGOs or consolidations. There is gradual
thickening of inter- and intralobular septa, collapse of normal
alveoli,  and  infiltration  of  inflammatory  cells  as  disease
progresses, potentially leading to GGOs and consolidation.6 In
air  bronchograms,  the walls  of  large airways are usually  ill-
defined in consolidative opacities; nonetheless, this CT pattern
may  indicate  the  patency  of  the  bronchial  lumen  without
luminal stenosis and mucus plugs.

Previous  studies  have  shown  that  mild  bronchiectasis  is  a
typical finding in COVID-19 pneumonia.6, 18 This condition may
involve reduced peribronchial inflammation, residual fibrosis,
and bronchial retraction in the opacity and, therefore, is associ-
ated with disease progression and airway distortion.6 On the last
CT scan, 29 airway segments had severe bronchiectasis and
distortion because of the retraction of fibrotic bands.

The present study has some limitations. First, sample size was
small, and the cohort included only adult patients with mild
symptoms; therefore, the results are not applicable to children
and patients with severe disease. Thus, additional studies with
larger sample size are needed. Second, CT findings were not
confirmed by bronchoscopy and pathology. Third, the authors
evaluated scans from the first and last CT examinations but did
not analyse dynamic changes during disease progression.

CONCLUSION

Although the diagnosis of COVID-19 is not reliable when based
solely on airway changes on CT, these findings are useful to
distinguish COVID-19 from other pulmonary infections caused
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by bacteria, mycoplasma pneumonia, and tuberculosis. There-
fore, assessing airway changes is crucial for the diagnosis and
differential  diagnosis  of  COVID-19 pneumonia.  Furthermore,
examining the spatial relationship between large airways and
pulmonary  opacities  helps  to  elucidate  the  mechanisms  of
airway changes in COVID-19.
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