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Abstract

Background: Chest computed tomography (CT) is a recommended screening and assessment tool for patients with suspected coro-
navirus disease (COVID-19). However, CT units are currently not available in many temporary hospitals and centralized isolation
places.
Objectives: To delineate the workflow of mobile CT unit and evaluate its role in screening for COVID-19 infection in temporary
hospitals and centralized isolation locations.
Patients and Methods: Two hundred and twenty-three patients under medical observation in temporary centralized isolation were
enrolled in this study. All patients underwent reverse-transcription polymerase chain reaction (RT-PCR) testing and mobile CT chest
examinations. Communication, storage, and browsing of CT data were performed with 4G and cloud technology. Image quality
and radiation dose were evaluated and compared with a commercial conventional 64-row CT scanner. Additionally, the sensitivity
of initial chest CT and the initial RT-PCR for COVID-19 were compared.
Results: CT examination of 223 patients was completed within 19 work hours. Communication, storage, and browsing of CT data via
4G and cloud technology were seamless. There were no significant differences in subjective image quality scores between groups (P
> 0.05). COVID-19 pneumonia was eventually confirmed in 49 patients (21.97%). The sensitivity of initial chest CT was greater than
that of the initial RT-PCR (85.71% and 67.35%, respectively) (P < 0.05).
Conclusion: Screening suspected patients for COVID-19 by mobile CT in temporary hospitals and isolation points is a simple, effi-
cient, and highly sensitive technique for early diagnosis and control of COVID-19.
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1. Background

Since December 2019, an outbreak of coronavirus dis-
ease (COVID-19) has rapidly spread across the world and
is a significant threat to human health (1). The num-
bers of deaths and COVID-19 infections have far exceeded
those altogether reported for severe acute respiratory syn-
drome (774/8098) and Middle East respiratory syndrome
(858/2494) (2).

Early diagnosis and isolation are essential to the effec-
tive management of COVID-19. Reverse-transcription poly-
merase chain reaction (RT-PCR) is the gold standard for di-
agnosis. However, the results of the initial RT-PCR test may
be negative in some patients infected with COVID-19. Fang
et al. (3) reported that the sensitivity of chest computed

tomography (CT) was higher than that of RT-PCR (98% vs.
71%). Hence, chest CT is now recommended as an effective
screening method for COVID-19 (4, 5). CT imaging features
of COVID-19, especially bilateral ground-glass opacities or
consolidation, have been reported in many articles (5-7).

However, there are still some impediments to the prac-
tice of chest CT examination in the context of COVID-19 di-
agnosis. Many temporary hospitals and centralized iso-
lation places for suspected patients and/or close contacts
(e.g., campuses, hotels, stadiums) do not have the equip-
ment necessary to perform CT. Transporting suspected pa-
tients and/or close contacts to the hospital for examina-
tion is not an optimal solution because of factors including
standstill traffic, the potential for hospital cross-infection,
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and limited availability of CT equipment and space at lo-
cal hospitals. To address these issues, we used a mobile CT
unit to screen all relevant personnel. Compared to the con-
ventional CT unit, the mobile CT unit was easy to use and
was not as susceptible to environmental factors. Notably,
mobile low-dose CT units were previously used to screen
for lung cancer (8). However, the use of mobile CT units in
the context of a serious public health event has not been
reported.

2. Objectives

This study delineates the workflow for use of mobile
CT units and identifies the value and reliability of this ap-
proach in screening for COVID-19 infection.

3. Patients and Methods

3.1. Patients

The study was approved by the institutional review
board and the Centers for Disease Control and Prevention.
Signed inform consent was obtained from all study partic-
ipants.

During the period from February 18 to February 19,
2020, 223 patients under medical observation in tempo-
rary centralized isolation facilities with travel/residence
history in Wuhan within the past 14 days, history of direct
contact with confirmed cases, or unexplained fever and
respiratory symptoms were evaluated. All 223 patients un-
derwent RT-PCR testing (GeneoDx Biotech Co, Ltd, Shang-
hai, China) and chest CT examination with mobile CT on
the same day (Figure 1).

223 patients under medical observation in 
temporary centralized isolation places were 
enrolled in this study and underwent initial RT-PCR 
test and mobile CT chest examination 

49 patients were eventually confirmed 
as COVID-19 pneumonia 

30 patients 
with positive 
initial RT-PCR 
and positive 
initial CT 

12 patients 
with negative 
initial RT-PCR 
and positive 
initial CT 

4 patients with 
negative initial 
RT-PCR and 
negative initial 
CT 

3 patients with 
positive initial 
RT-PCR and 
negative initial 
CT 

Figure 1. Flowchart of patient inclusion. RT-PCR, reverse-transcription polymerase
chain reaction

Two hundred chest CT examinations, examined with a
conventional 64-row CT scanner, were enrolled for compar-
ative purposes. These patients were the outpatients who
underwent chest CT examination in our hospital during
the same period and none of them had a defined history
of COVID-19 exposure.

3.2. CT Data Acquisition, Communication, Storage, and Brows-
ing

The chest CT examinations for the 233 patients in-
cluded in the study were performed with a mobile 64-
row whole-body CT scanner (NeuViz 64 In, Neusoft Medi-
cal, Shenyang, China), which was transported in a cargo
hold that prevented the passage of radiation. CT images
were acquired while the patients held their breath, dur-
ing a single inspiratory phase. The scanning parameters
were as follows: tube voltage,120 kVp; tube current, 150
mAs; pitch, 1; helical acquisition mode; detector configu-
ration, 64 × 0.625 mm; gantry rotation time, 0.6 s; recon-
structed section thickness, 5 mm; reconstructed section in-
terval, 5 mm. Lung window images with slice thickness of
1.25 mm were automatically reconstructed. All CT images
were transferred to the Radida cloud-based storage system
(Radida Technology Co, Ltd., Beijing, China) via the 4G net-
work (Long-Term Evolution, China United Network Com-
munication Group Ltd., Beijing, China). Doctors logged in
to the Radida cloud-based picture archiving and commu-
nication system (PACS) via computer or hand-held device
to browse images, compile diagnosis reports, and consult
with multidisciplinary teams (Figure 2).

The scanning parameters for conventional chest CT
(uCT 780, United Imaging, Shanghai, China) were as fol-
lows: tube voltage, 120 kVp; tube current, 150 mAs; pitch,
1.0875; helical acquisition mode; detector configuration,
64 × 0.625 mm; gantry rotation time, 0.5 s; reconstructed
section thickness, 5 mm; reconstructed section interval, 5
mm. All CT data were transferred to the Vue PACS (Care-
stream Health, Inc. Toronto, Canada).

3.3. CT Image Quality and Radiation Dose Evaluation

For evaluation of imaging quality and radiation dose
of the two CTs, 100 CT examinations were respectively ran-
domly selected from patients examined with mobile CT
and conventional CT. Data of these 200 CT examinations
for evaluation were all transferred to the Vue PACS in an
irregular order in advance. All information (device name,
scanning settings, data, and patient name) was removed
from the display monitors to facilitate blinded evaluation
of image quality. Standard mediastinal (window width,
400 HU; window level, 40 HU) and lung parenchymal (win-
dow width, 1400 HU; window level, -600 HU) window set-
tings were used for image assessment.
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Figure 2. Diagram of the acquisition, communication, storage, and browsing of CT data

The parameters used for the objective evaluation of
imaging quality included noise value, signal-to-noise ratio
(SNR), and contrast-to-noise ratio (CNR). Circular regions
of interest (50 mm2) were drawn by an experienced radi-
ologist on axial images of the lower tracheal air column
(at the level 1 cm above the tracheal bifurcation) and cen-
trally in the lumen of the main pulmonary artery to deter-
mine CT attenuation and standard deviation (noise) values
(9). For each case, the circular regions of interest were re-
peatedly drawn and measured three times, and the aver-
age measurements were determined. SNR and CNR were
determined as described previously in standard operating
protocols for the practice of radiology (9, 10). The CT dose
index of volume (CTDIvol) and dose-length product (DLP)
were generated automatically. DLP values were then con-
verted to effective dose (ED) via a universal constant (0.014
mSv × mGy-1 × cm-1) (11, 12).

Subjective image evaluation was conducted by two in-
dependent radiologists referred to the European guide-
lines on quality criteria for CT (13, 14). The two radiologists
were allowed to change the window level, width, and mag-
nification. Image noise, artefacts, visibility of small struc-
tures, visually sharp reproduction of chest structures, and
diagnostic acceptability of the whole chest imaging were
considered. The comprehensive score is 5, representing 5
quality levels (5, excellent; 4, good; 3, general; 2, defective; 1,
bad). The average value of the two observers was defined as
the final subjective quality score. If the difference between
the two radiologists’ scores was greater than 2 points in
the same case, they narrowed the differences through ne-
gotiation.

3.4. Diagnostic Criteria for COVID-19

According to the preliminary diagnosis and treatment
protocols established by the National Health Commission
of the People’s Republic of China, a diagnosis of COVID-19
is confirmed when viral nucleic acid is detected in throat
swabs or in the lower respiratory tract. Positive results
on CT were determined according to the CT features pre-
viously described for COVD-19 (7, 15, 16). In patients with
initial negative RT-PCR results, the test was routinely re-
peated before the end of isolation observation. Further-
more, RT-PCR testing would be repeated once more in the
wake of typical CT findings of COVID-19, persistence of clini-
cal symptoms or based on patient requirement. Hence, the
definitive diagnosis (COVD-19 or not) was based on all PCR
results during the 14-day quarantine period.

3.5. Statistical Analysis

Data were analyzed by SPSS statistical software, ver-
sion 17.0 (SPSS Inc., Chicago, Il). Patient characteristics, ob-
jective image noise, DLP, ED, SNR, CNR, and image qual-
ity scores were displayed as median (interquartile range).
Mann-Whitney tests were performed to compare the re-
sults obtained by mobile CT with those obtained by con-
ventional CT. For subjective image quality parameters, the
extent of agreement between radiologists was determined
with Cohen’s weighted kappa (κ) analysis. The followingκ
values were used to indicate agreement: 0.00 - 0.20, poor
agreement; 0.21 - 0.40, fair agreement; 0.41 - 0.60, moder-
ate agreement; 0.61 - 0.80, good agreement; 0.81 - 1.00, ex-
cellent agreement. Taking the definitive diagnosis as gold
standard, sensitivity of the initial RT-PCR and initial chest
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CT in the diagnosis of COVID-19 were compared by the Mc-
Nemar chi-squared test. P-values < 0.05 were considered
to indicate statistical significance.

4. Results

4.1. Mobile CT Examination

Chest CT examinations of the 223 patients included in
the study were completed within 2 days (19 work hours).
The mean examination interval between patients was ap-
proximately 5 minutes, with 2 minutes used for disinfec-
tion. For each patient, 340 - 460 images were obtained,
including a lung window series with section thickness of
5 mm, a lung window series with section thickness of
1.25mm, and a mediastinal window series (section thick-
ness) of 5mm. Each examination occupied 90 - 110 Mbit.
Transmission speed on the 4G network was 3 Mbit/s. Up-
loading the results of a single examination to the Radida
cloud-based system required 30 s - 40 s. Episodes of trans-
mission congestion occurred twice, lasting 15 minutes and
25 minutes, respectively. The download speed for cloud-
based PACS was 2 Mbit/s. The first time that a clinician
browsed an examination, the process required 40 s - 60 s;
however, when using pre-loading function, only approxi-
mately 15 s were required.

4.2. Image Quality and Dose of Radiation

One hundred cases who were randomly selected
among those examined with mobile CT and another 100
cases who were randomly selected among those examined
with conventional CT were reviewed to evaluate patient
characteristics, image quality, and radiation dose (Table 1).
There were no significant differences between groups in
height or weight (P > 0.05). Image noise of the mobile was
greater than that of the conventional CT (P < 0.001). SNR,
CNR, CTDIvol, DLP, and ED were lower in mobile CT than in
conventional CT (P < 0.001, respectively). There was good
inter-observer agreement for subjective image quality
score (κ = 0.74). The subjective image quality scores did
not differ significantly between mobile vs. conventional
CT (P > 0.05). The difference between the two radiologists’
scores was not greater than 2 points in any of the cases.
For mobile CT scanning, 94% of the obtained images had
scores ≥ 4.

4.3. Chest CT and Initial RT-PCR Results

Of the 223 patients under medical observation (exam-
ined with mobile CT), 49 (49/223, 21.97%) patients were

eventually confirmed with COVID-19 pneumonia and hos-
pitalized for treatment. Twelve patients (12/49, 24.49%) ini-
tially had negative RT-PCR results but positive chest CT find-
ings indicating viral infection, which appeared as ground-
glass opacities with or without the crazy-paving sign (Fig-
ures 3 and 4). After positive CT findings were obtained, all
12 patients were isolated due to presumed COVID-19 pneu-
monia. RT-PCR test was repeated every day. Positive results
were obtained for three cases on the second day, five cases
on the third day, two cases on the fourth day, and one case
on the sixth day. In 30 patients (30/49, 61.22%), the initial re-
sults on RT-PCR and CT were positive. The initial results on
RT-PCR and CT were both negative in four patients (4/49,
8.16%), of whom positive RT-PCR results were obtained on
the fourth to seventh day. In three patients (3/49, 6.12%), the
results of chest CT were negative, but the results on RT-PCR
were positive. The sensitivity of initial chest CT was greater
than that of the initial RT-PCR (85.71% vs. 67.35%, respec-
tively, P < 0.05).

None of the 200 patients examined with conventional
CT were eventually confirmed to have COVID-19 pneumo-
nia.

5. Discussion

To delineate the workflow, reliability, and value of mo-
bile CT units in screening for COVID-19 infection, 223 pa-
tients under medical observation at temporary centralized
isolation facilities were enrolled in the study. Forty-nine
patients were eventually confirmed to have COVID-19 pneu-
monia. The sensitivity of initial chest CT was higher than
that of initial RT-PCR, as reported previously (3, 17). The rea-
sons for low sensitivity of the initial RT-PCR tests may in-
clude use of devices that relied upon rudimentary technol-
ogy, low patient viral load, or improper clinical sampling
(3). Chest CT scanning therefore appears to be a more ef-
fective, practical, and more rapid method than RT-PCR for
the diagnosis of COVID-19 (4, 18). Use of chest CT is there-
fore recommended as a screening method for patients sus-
pected to have COVID-19.

Given the shortage of CT devices in temporary hospi-
tals and centralized isolation facilities, we explored the fea-
sibility of mobile CT in efforts to screen for COVID-19. CT
examinations of the 223 patients were performed success-
fully with mobile CT over the course of 19 hours. Com-
munication, storage, and browsing of CT data via 4G and
cloud technology proceeded without issue, except for two
short-lived low-speed data transmissions due to network
congestion. We also evaluated image quality and radiation
dose; the results were compared with those obtained via
commercial conventional 64-row CT. Given some patients
had multiple pulmonary opacities; we drew the region of
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Table 1. Comparison of Mobile CT and Conventional CT in Terms of Patient Characteristics, Image Quality, and Radiation Dosea , b

Patients’ data, image quality and radiation dose Mobile CT (N = 100) Conventional CT (N = 100) P

Height, cm 170.50 (163.25, 175.50) 170.00 (162.00, 175.00) 0.296

Weight, kg 75 (62.00, 80.50) 74.5 (59.00, 80.45) 0.381

Image noise 9.50 (8.30, 10.60) 8.29 (7.1, 9.7) < 0.001

SNR 4.46 (3.37, 4.84) 4.96 (4.17, 6.09) < 0.001

CNR 103.77 (90.92, 119.49) 122.00 (103.46, 145.21) < 0.001

Image quality score 4.50 (4.00, 5.00) 4.75 (4.00, 5.00) 0.16

CTDIvol, mGy 9.90 12.42 < 0.001

DLP, mGy/cm 349.20 (330.40, 372.77) 430.40 (420.44, 447.97) < 0.001

ED, mSv 4.89 (4.68, 5.22) 6.02 (5.89, 6.27) < 0.001

Abbreviations: CNR, contrast-to-noise ratio; CTDIvol, computed tomography dose index of volume; DLP, dose-length product; ED, effective dose; SNR, signal-to-noise
ratio.
aValues are expressed as median (interquartile range).
bCTDIvol was a constant value under fixed scanning parameters. P-values < 0.05 were considered to indicate statistical significance.

Figure 3. Chest CT images of a 55-year-old man with a history of direct contact with confirmed cases of COVID-19 and a mild fever for 2 days. Axial chest CT revealed bilateral
peripheral ground-glass opacities (A, B).

interests (ROIs) for objective imaging quality evaluations
on tracheal air column and pulmonary artery by referring
the previous article (9). The objective imaging quality of
mobile CT was poorer than that of conventional CT in our
study. This may be because mobile CT images involved ad-
ministration of a lower dose of radiation than that admin-
istered for conventional CT, as hardware configuration of
both CT equipment is similar. Decreasing the radiation
dose of CT scanning will lead to the increase of noise and
the decrease of SNR and CNR (19). So, image quality is
mainly affected by scanning parameters. Besides, during
the scanning process, rotation of the tube will cause slight
vibration of the machine, which may slightly affect the im-
age quality. However, the subjective image quality scores
did not differ significantly between the two CTs. The possi-

ble reason is that image quality difference is small in visual
sense and does not affect the diagnosis. Overall, mobile
CT met the requirements of screening for COVID-19 infec-
tion in temporary centralized isolation facilities, in terms
of workflow, image quality, and radiation dose.

Mobile CT represents an important advancement in CT
technology. Mobile CT units are mainly used for screening
(e.g., low-dose CT lung cancer detection). In a study con-
ducted in the United States, Raghavan et al. (8) reported
that use of a mobile CT screening unit markedly improved
screening rates, with better outcomes at a lower cost per
case, in underserved sociodemographic groups. A cargo
unit containing a CT scanner and first-aid equipment can
also be used as a prehospital mobile stroke unit, which may
reduce the time to treatment and increase the rate of intra-
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Figure 4. Chest CT images of a 34-year-old man with fever and cough for 3 days. Axial chest CT showed ground-glass opacity with crazy-paving sign (box) in the right lower
lobe (A and B).

venous thrombolysis during the “golden hour” (20). Such
mobile units can also be used to provide medical aid on the
battlefield or in major disaster areas (e.g., neighborhoods
affected by earthquake) for the early and timely diagnosis
of various types of trauma. Use of such mobile units may
thus reduce the number of casualties.

Mobile CT units may have enormous value in the fight
against COVID-19. First, the mobile CT unit can move be-
tween hospitals and temporary isolation facilities, which
maximizes its utilization rate, relieves the shortage of CT
equipment, and enables timely diagnosis and treatment.
Second, compared to the use of conventional CT in hos-
pitals, use of mobile CT units helps to reduce traffic pres-
sure and may even prevent the cross-infection commonly
caused by people moving from one location to another.
Third, compared with traditional film and hospital-based
PACS, the images stored in the cloud are easy to access at
any time and place, and thus more suited for multidisci-
plinary telemedicine.

Our study provides encouraging results for the use of
mobile CT in screening for COVID-19 infection. However,
there are some shortcomings to overcome. Efforts to pre-
vent cross-infection are essential throughout the process
of examinations. After examination of a given patient, the
disposable sheet should be replaced. Disinfectant of ma-
chine and floor, properly functioning ventilation, and ul-
traviolet light are also necessary. Our mobile CT unit sup-
ported 5G connections; however, the number of 5G base
stations in the suburb of Jining (Shandong, China) is lim-
ited. We therefore chose to use the 4G connection, which
proved stable and reliable. Transmission of CT images was
delayed twice due to low transmission speed. When we at-

tempted to upload multiple sets of examination results at
the same time, congestion resulted. Image transfer is likely
to be accelerated with the use of a 5G technology connec-
tion, which would prevent network transmission issues.
Furthermore, where there is no network coverage, the data
may not be uploaded to the cloud PACS immediately. We
can choose to upload the data when the network is avail-
able. In this case, it is necessary to have an experienced di-
agnostician on the examination vehicle for timely diagno-
sis.

Our study had several limitations. This study focused
on the use of mobile CT but did not investigate the rela-
tionship between CT imaging features and RT-PCR results.
Additional studies are therefore needed. Furthermore, this
study only roughly evaluated image quality and radiation
dose for comparison between mobile CT and conventional
CT. The methodology was not as rigorous as possible; im-
age quality as well as radiation dose may be affected by nu-
merous factors that were not investigated in this study.

In conclusion, the results presented above indicate
that mobile CT technology is easy to use, efficient, and sen-
sitive for the diagnosis of COVID-19. Mobile CT is useful for
screening for COVID-19 among patients suspected to have
the disease who are housed in temporary hospitals and iso-
lation facilities. Mobile CT may thus facilitate rapid detec-
tion and early isolation. To our knowledge, this is the first
report of the application of mobile CT units in the con-
text of serious infectious disease. The empirical results de-
scribed above may serve as a valuable reference in the fight
against COVID-19 and similar serious public health events
in the future.
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