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A B S T R A C T

Purpose: To evaluate the diagnostic value of computed tomography (CT) and real-time reverse-transcriptase-
polymerase chain reaction (rRT-PCR) for COVID-19 pneumonia.
Methods: This retrospective study included all patients with COVID-19 pneumonia suspicion, who were ex-
amined by both CT and rRT-PCR at initial presentation. The sensitivities of both tests were then compared. For
patients with a final confirmed diagnosis, clinical and laboratory data, in addition to CT imaging findings were
evaluated.
Results: A total of 36 patients were finally diagnosed with COVID-19 pneumonia. Thirty-five patients had ab-
normal CT findings at presentation, whereas one patient had a normal CT. Using rRT-PCR, 30 patients were
tested positive, with 6 cases initially missed. Amongst these 6 patients, 3 became positive in the second rRT-PCR
assay(after 2 days, 2 days and 3 days respectively), and the other 3 became positive only in the third round of
rRT-PCR tests(after 5 days, 6 days and 8 days respectively). At presentation, CT sensitivity was therefore 97.2%,
whereas the sensitivity of initial rRT-PCR was only 83.3%.
Conclusion: rRT-PCR may produce initial false negative results. We suggest that patients with typical CT findings
but negative rRT-PCR results should be isolated, and rRT-PCR should be repeated to avoid misdiagnosis.

1. Introduction

Since December 2019, multiple cases of pneumonia of unknown
cause have emerged in Wuhan, China. Through unbiased sequencing of
patient samples, a previously unknown β-cyclotron virus was dis-
covered. A novel coronavirus was isolated from human airway epithe-
lial cells and termed SARS CoV2, responsible for Coronavirus Disease
(COVID)-19. Like MERS-CoV and SARS-CoV, COVID-19 is the 7th

member of the coronavirus family which infects humans [1]. The
source of infection is wild animals, possibly rhinolophus sinicus. Im-
portantly, the virus can be transmitted from human to human. At pre-
sent, COVID-19 has been mainly breaking out in Wuhan, and by Feb-
ruary 8th, 2020, a total of 34627 cases had been confirmed, of which

732 cases had died. These numbers are still increasing.
Previous studies have shown that the vast majority of patients with

COVID-19 had a history of exposure to the epidemic area of Wuhan.
These patients had clinical symptoms including fever and cough.
Imaging plays an important role in the diagnosis and evaluation of the
disease [2,3]. Final diagnosis relies on real-time reverse-transcriptase-
polymerase chain reaction (rRT-PCR) positivity for the presence of
coronavirus [4,5]. Because of the strong infectivity of COVID-19, rapid
and accurate diagnostic methods are urgently required to identify,
isolate and treat the patients as soon as possible, which could reduce
mortality rates and the risk of public contamination. However, rRT-PCR
results often require 5 to 6 hours, whereas CT examinations results can
be obtained much faster. Additionally, it remains unclear whether rRT-
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PCR is the gold standard, and whether false-positive or false-negative
results are common.

This retrospective study included patients with confirmed COVID-
19 pneumonia diagnosed in Yichang Yiling Hospital. In these patients,
we compared the sensitivity of CT imaging and rRT-PCR testing at
presentation.

2. Materials and Methods

2.1. Participants

This study was approved by the Ethics Committee of the Yichang
Yiling Hospital. Signed informed consent was exempted due to the
retrospective nature of the study. Inclusion criteria were as follows: (a)
Patients with a fever of> 38℃ and COVID-19 pneumonia suspicion (b)
who underwent both thin-section CT of the chest and rRT-PCR ex-
aminations. Exclusion criteria: Patients transferred to another hospital
or lost to follow-up.

From January 20th, 2019 to February 8th, 2020, a total of 204
patients suspected for COVID-19 underwent chest CT examinations. Of
the patients, 106 were not tested using rRT-PCR. Eleven other patients
were transferred to other hospitals and were also excluded. The re-
maining 87 patients underwent both CT and rRT-PCR in our hospital.
The gold standard for a final diagnosis was positivity of first or repeated
rRT-PCR tests.. Amongst the 87 included cases, 36 patients were finally
diagnosed with COVID-19 pneumonia. The other 51 patients without
COVID-19 pneumonia served as the control group (Fig. 1).

2.2. Image acquisition

CT examinations were performed on a 64-section scanner (Brilliance
CT, Phlilips Healthcare). The scanning parameters were as follows: 120
kV; 250 mAs: ; rotation time, 0.35 second; pitch, 1.5. Images were

reconstructed with a 2 mm slice thickness, using a high frequency re-
construction algorithm. Acquisitions were performed during a deep
inspiration breath-hold, without contrast administration.

Two radiologists (X.Z. and C.L., with 10 and 15 years of experience
in chest imaging, respectively) retrospectively reviewed all chest CT
images. In cases of disagreement, a consensus was reached. CT eva-
luations included the lobar location and pattern of the lesion. In addi-
tion, the outer 1/3 of the lung field was defined as a peripheral dis-
tribution, whereas the remainder was defined as a central distribution.
In terms of pattern, ground-glass opacity (GGO) was defined as a
modest increase in lung attenuation on lung window CT images, not
obscuring the pulmonary vessels. Consolidation was defined as high-
density patchy opacities, inside which air bronchogram(s) could be
observed. Lymphadenopathy was defined as a lymph node> 1.0 cm in
short-axis diameter.

2.3. Statistical analysis

SPSS17.0 software (Chicago, IL) was used for statistical analysis.
Quantitative data are expressed as mean± standard divisions (SD), and
compared through the analysis of variances or independent sample t-
tests. Qualitative data were compared using a chi-square test. P<0.05
was considered statistically significant.

3. Results

3.1. Clinical and laboratory findings

Demographic and clinical characteristics of the 87 patients are
shown in Table 1.

There were no significant differences in terms of gender, age, and
time from fever to visit between the COVID-19 pneumonia group and
control group. The exposure history of the COVID-19 pneumonia group

Fig. 1. Flowchart for patient inclusion.
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exceeded that of the control group (P<0.05). Regarding laboratory
examinations, the proportions of normal or decreased leukocyte counts
and decreased lymphocytes in the COVID-19 group were higher than
those of the control group (P<0.05). Additionally, the percentage of
increased fasting glucose was higher in the infected vs. control group
(47.2% vs 27.5%, P = 0.058).

In the 36 patients with confimed COVID-19, clinical symptoms were
as follows: fever (36/36, 100%), cough (27/36, 75.0%), myalgia or
fatigue (14/36, 38.9%), nausea or diarrhea (6/36, 16.6%).

3.2. CT Imaging findings

The distribution of the lesions in the 36 patients with confirmed
COVID-19 pneumonia was as follows: right lower lobe (26/36, 72.2%),
left lower lobe (24/36, 66.7%),left upper lobe (20/36, 55.6%), right
middle lobe (20/36, 55.6%) and right upper lobe (19/36, 52.7%), The
distribution patterns were as follows: peripheral distribution (26/36,
72.2%) and central distribution (10/36, 27.8%). Except for 11 patients
(11/36, 30.6%) with a single lesion, the majority of patients (25/36,
69.4%) had more multiple CT abnormalities. Compared to the control
group, peripheral distribution was more common in the COVID-19
pneumonia group (P<0.05), with a random distribution in all lobes
(Fig. 2). In patients without COVID-19 pneumonia, lower lobes

Table 1
Demographic and Clinical Characteristics of the 87 patients suspected with
COVID-19 pneumonia (x± s)

Variable COVID-19
(N = 36)

Control group
(N = 51)

P

Gender
Female 16 25 0.674
Male 20 26
Age(year) 44.8±18.2 47.1± 18.8 0.597
Exposure History 33(91.7%) 29(56.8%) 0.000
Duration of fever (days) 2.6± 1.7 3.2± 1.6 0.781
leukocyte count

(normal or decreased)
33(91.7%) 21(41.2%) 0.000

lymphocytes (decreased) 23(63.8%) 12(23.5%) 0.000
fasting glucose (increased) 17(47.2%) 14(27.5%) 0.058

Exposure History was defined as having been to Wuhan within 2 weeks or
having been exposed to infected patients. Normal leukocyte counts: (4.0-
10.0)×109/L, normal percentage of lymphocytes: 20%-50%, normal fasting
glucose level: 3.9-6.1 mmol/L.

Fig. 2. A 45-year-old male patient with COVID-19 pneumonia showed patchy consolidations and ground glass opacities in both lungs. These were mainly distributed
peripherally, with a random distribution pattern.

Table 2
CT Imaging findings in the 87 patients suspected with COVID-19 pneumonia.

Group COVID-19 pneumonia Control group P
(n=36) (n=51)

Distribution of the lesions
left upper lobe 20/36 (55.6%) 17/51 (33.3%) 0.039
left lower lobe 24/36 (66.7%) 35/51 (68.6%) 0.847
right upper lobe 19/36 (52.7%) 19/51 (37.3%) 0.151
right middle lobe 20/36 (55.6%) 26/51 (50.9%) 0.674
right lower lobe 26/36 (72.2%) 33/51 (64.7%) 0.460
Peripheral/central 26: 10 (2.6 : 1) 24: 26 (0.92 : 1) 0.025
multiple/single 25: 11 (2.27 : 1) 31: 20 (1.55 : 1) 0.406

Pattern of the lesions
GGO 11/36 (30.6%) 8/51 (15.7%) 0.098
Consolidation 6/36 (16.7%) 22/51 (43.1%) 0.001
GGO with consolidation 19/36 (52.7%) 21/51 (41.2%) 0.285
Lymphadenopathy 1/36 (2.78%) 4/51 (7.84%) 0.317
pleural effusion 2/36 (5.56%) 7/51 (13.73%) 0.218
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distribution was more common than upper lungs location (Table 2).
The occurrence of GGO or GGO with consolidation was more fre-

quent in the COVID-19 pneumonia group, whereas the occurrence of
consolidation was more common in the non-COVID-19 pneumonia
group (P<0.05). Only one patient(2.78%)had lymphadenopathy and
two patients(5.56%)had pleural effusion in the COVID-19 pneumonia
group.

3.3. Comparison of the diagnostic efficacy between CT and rRT-PCR

A total of 36 cases were finally diagnosed with COVID-19 pneu-
monia. Thirty-five patients had abnormal CT findings at presentation,
and only one patient had a normal thoracic CT. Using rRT-PCR, 30 cases
showed positivity, with 6 cases initially missed. Amongst these 6 missed
cases, 3 had a positive result in the second rRT-PCR test(after 2 days, 2
days and 3 days respectively), and the other 3 were positive in the third
round of rRT-PCR assessments(after 5 days, 6 days and 8 days respec-
tively) (Fig. 3). Therefore, sensitivity of CT examinations was 97.2% at
presentation, whereas first round rRT-PCR sensitivity was 84.6%.

4. Discussion

COVID-19 pneumonia broke out in Wuhan. On January 30th, 2020,
the pneumonia epidemic caused by a novel coronavirus was issued as a
public health emergency of international concern by the WHO [6,7].
The source of the infection was a novel coronavirus(SARS CoV2), with
symptomatic and asymptomatic infections reported. To-date, re-
spiratory droplets and direct contact have been identified as the main

transmissions routes. Aerosol and digestive tract transmission remain to
be confirmed. The incubation period of the disease is generally 3-7
days, but no longer than 14 days [5,8–15]. Due to its strong infectivity
profile, early diagnosis and treatment are crucial, otherwise human
mediated disease spread can seriously endanger public health.

Our retrospective analysis showed that the sensitivity of initial CT
was 97.2%, whereas initial rRT-PCR sensitivity was 83.3%, with 6 in-
itially missed cases. This may be related to sample collection as phar-
yngeal oral and nasal sampling are easier collection methods, whereas
lower respiratory tract sampling is relatively difficult to perform, with
medical staff susceptible to get infected [16]. The sensitivity of the rRT-
PCR kit can also contribute to false negatives. Chung reported that 3
patients diagnosed with COVID-19 pneumonia showed normal CT
findings [2]. In this study, only one patient was observed with positive
rRT-PCR but negative CT. Considering that the results of rRT-PCR may
be false-negative, and the relatively long assay time, we recommend
that the patients with typical imaging findings should be isolated and
rRT-PCR repeated to avoid misdiagnosis.

For the COVID-19 pneumonia group in this study, most patients had
a clear contact history with the epidemic area. In these patients, the
total number of leukocytes was normal or decreased, similar to previous
reported in the literature[10,17–19]. Interestingly, we found that more
patients with increased blood glucose levels were observed in the
COVID-19 pneumonia group as compared to the control group (47.2%
vs 27.5%), although the difference was not statistically significant (P =
0.058). It remains unclear how many patients in this group will finally
be diagnosed with diabetes, but those with high blood fasting glucose
level might be more sensitive to COVID-19 pneumonia, which requires
further confirmation. The typical imaging features of COVID-19 pneu-
monia consist in single or multiple patchy consolidations or GGO in
both lungs. In this study, GGO with consolidation was the commonest
abnormality. The distribution of the lesions was predominantly per-
ipheral, seen in 72.2% of patients. Pleural effusion and lymphadeno-
pathy were rarely observed, consistent with previous studies [20–22].

This study had some limitations. Firstly, due to the outbreak of
COVID-19 pneumonia in this area, the supply of nucleic acid detection
kits was limited, and the rRT-PCR examinations were only performed in
patients with fever and positive CT tests. Additionally, the sample size
of this study was small, and the cases lacked follow-up due to time
constraints. Larger sample sizes are therefore required for further ver-
ification.

In summary, CT examinations appear sensitive virus detection,
whereas rRT-PCR may produce false- negative results. We therefore
recommend that patients with positive imaging findings but negative
rRT-PCR results should be isolated and rRT-PCR repeated to avoid
misdiagnosis.

Author contributions

Guarantors of integrity of entire study, B. Fan, C. Long, H. Xu; study
concepts/study design or data acquisition or data analysis/interpreta-
tion, all authors; manuscript drafting or manuscript revision for im-
portant intellectual content, all authors; approval of final version of
submitted manuscript, all authors; agrees to ensure any questions re-
lated to the work are appropriately resolved, all authors; experimental
studies, B. Fan, C. Long, H. Xu, Q. Shen, X. Zhang; statistical analysis, C.
Wang, B Ceng, Z Li; and manuscript editing, all authors.

Declaration of Competing Interest

All authors declare that they have no conflict of interest.

Funding

None.

Fig. 3. A 41-year-old female patient presented with a fever for 3 days. CT ex-
amination showed ground glass opacities in the upper lobe of right lung (A).
rRT-PCR results on the same day were negative. Re-examinations with CT 2
days later showed that CT abnormalities had expanded and increased (B).
Second round rRT-PCR remained negative. Upon another repeat rRT-PCR the
next day, the patient was confirmed as virus positive.
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