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Diagnosis of Coronavirus Disease 2019 (COVID-19):
Neither Chest CT nor RT-PCR Fits All
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Abstract
Background

Computed tomography (CT) and reverse-transcription polymerase chain reaction (RT-PCR) are the
recommended tools for the diagnosis of coronavirus disease 2019 (COVID-19). The present study aimed
to investigate the correlation between chest CT and RT-PCR while describing the atypical CT imaging
features of COVID-19.

Methods

In this study, 418 patients in Jiangsu, China, clinically diagnosed with COVID-19 from January 10 to
February 17, 2020, were included. Patients who ful�lled the following conditions were evaluated further:
(1) Patients had positive RT-PCR and negative CT; (2) Patients had initial negative RT-PCR and positive
CT, and follow-up PT-PCR tests were positive; (3) Patients had atypical CT �ndings.

Results

Of the 418 initial chest CT scans, 30 (7.2%) patients had normal CT presentation, and 6 (1.4%) patients
had initial negative RT-PCR results and positive CT scans. Next, 10 (2.4%) cases of patients showed
atypical CT �ndings, including 2 case of solid nodule, 4 cases of halo sign (solid nodule or mass
surrounded by ground glass opacity), and 4 cases of predominant �brous stripes.

Conclusions

False-negative results can be found on both chest CT and RT-PCR; hence, the diagnosis of COVID-19
should consider both CT and RT-PCR. CT manifestations, such as solitary nodule, halo sign, and
pulmonary �brous stripes, might indicate the possibility of COVID-19 to the radiologists.

Background
In December 2019, many “unknown viral pneumonia” cases were detected in Wuhan, China. A novel virus
sample was obtained from throat swabs of affected patients and named severe acute respiratory
syndrome coronavirus 2 (SARS-CoV–2) by World Health Organization (WHO). The disease caused by
SARS-CoV–2 was termed as coronavirus disease 2019 (COVID–19) [1]. By April 4, 2020, there were
1040772 con�rmed cases of COVID–19 from 205 countries and territories.

According to the diagnosis and treatment protocols from the National Health Commission of the People’s
Republic of China, chest computed tomography (CT) and reverse-transcription polymerase chain reaction
(RT-PCR) are the major tools for the diagnosis of COVID–19 [2]. However, RT-PCR test may be falsely
negative due to the limitations of sample collection and transportation. Negative or atypical CT �ndings
might make diagnosis di�cult. In order to understand the diagnostic value of chest CT and RT-PCR, we
evaluated 418 patients with suspected COVID–19.
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Methods

Patients and clinical data
This multicenter study included 418 inpatients from 13 hospitals during 39 days (from January 10 to
February 17, 2020) in Jiangsu, China (These cases were also reported in the manuscript “High-resolution
Chest CT Features and Clinical Characteristics of Patients Infected with COVID–19 in Jiangsu, China”).
All the cases were con�rmed based on the criteria for COVID–19 established by National Health
Commission of the People’s Republic of China. These were consistent with one of the following two
conditions, according to the pathogenic evidence: 1) positive RT-PCR detection of novel coronavirus
nucleic acid in specimens from respiratory tract or blood; 2) virus was highly homologous to the known
novel coronavirus in genetic sequencing analyses in specimens from the respiratory tract or blood [2].

All cases underwent an additional microbiological evaluation for excluding other suspected respiratory
infections. Those with a proven additional concurrent acute illness or other preexisting medical
conditions were also excluded.

Clinical data with respect to age, gender, epidemic history, and initial symptoms were recorded. The
con�rmed patients were divided into mild, moderate, severe, and critical types according to the clinical
manifestations [2].

This study was conducted in accordance with the amended Declaration of Helsinki. Independent ethics
committees approved the protocol and written informed consent was obtained from all patients before
the study.

CT scanning
Each subject underwent a chest CT examination within 24 h after the admission. Inspiratory phase chest
CT examination was performed during a single-breath hold at full inspiration. The CT scanner models
from the hospitals involved in this multicenter study were as follows: GE Bright Speed Elite 16, Neusoft
16, SOMATOM Emotion, SOMATOM de�nition AS, Philips MX–16, Philips 64-row spiral Ingenuity, and
United Imaging Elite 16. The scanning parameters were as follows: tube voltage 120 kV, tube current 110
mA, pitch 1.0, rotation time ranging from 0.5–0.75 s, and slice thickness 5 mm with 1 mm or 1.5 mm
section thickness for axial, coronal, and sagittal reconstructions.

Chest CT evaluation
This was a retrospective study of CT manifestations of 418 patients diagnosed with COVID–19 in
Jiangsu province. The records of patients who ful�lled the following conditions were reviewed:

1. Patients had positive RT-PCR and negative CT scan.
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2. Patients had initial negative RT-PCR results (throat swab) and positive CT scans, and follow-up PT-
PCR tests (oral or anal swabs) were positive.

3. Patients had atypical CT �ndings. Typical CT �ndings were de�ned as: multiple ground glass opacity
(GGO), crazy-paving pattern (GGO with superimposed inter- and intralobular septal thickening), and
consolidation [3–5]. Also, images of patients with positive CT �ndings that do not correspond to
typical signs were reviewed.

All CT images were reviewed separately by two attending radiologists who were blinded to the clinical
data of the patients. The discrepancy in the opinion was adjudicated by an expert group, containing three
senior radiologists with >10 years of experience.

Results

Clinical data
Of the 418 patients with COVID–19, 46 met the criteria described above. The cohort consisted of 17
(37%) men and 29 (63%) women, with an average age of 34±18 (range: 6–82-years-old). Clinical
information, including epidemic history and initial symptoms, as well as age and gender of the patients,
were recorded (Table 1). The most frequent initial symptoms were fever (39%) and cough (41%).

Chest CT evaluation
30/418 (7.2%) patients had positive RT-PCR and a negative CT scan. 12/30 patients underwent follow-up
chest CT scan, and 4/12 underwent two follow-up scans. The mean time between the initial chest CT and
the follow-up scan was 4 (range, 2–6) days. All examinations displayed negative CT �ndings.

6/418 (1.4%) patients had an initial negative RT-PCR result (throat swab) and positive CT scans. 3/6
patients showed positive results in the follow-up RT-PCR test (throat swab), and the remaining 3
presented negative throat swab and positive anal swab tests. All 6 patients showed multiple, patchy, or
sub-segmental GGO with varying degrees of consolidation (Fig. 1). 4/6 patients underwent follow-up
chest CT during the study date range. The mean time between the onset of symptoms and the initial CT
scan was 3 (range, 2–5) days. 1/4 patient underwent three follow-up CT scans, after demonstrating
multiple patchy GGO and consolidation in the initial examination. The follow-up CT scans revealed
progressed GGO and consolidation, crazy-paving pattern, and �brosis, respectively (scan interval: 2, 6,
and 10 days after initial CT scan).

10/418 (2.4%) patients had atypical CT �ndings, including 2 case of solid nodule (Fig. 2), 4 cases of solid
nodule or mass surrounded by GGO (halo sign) (Fig. 3), and 4 cases of predominant �brous stripes (Fig.
4). Seven patients underwent follow-up chest CT scan, 1/7 underwent two follow-up scans. 4/7 patients
demonstrated mild progression, and the remaining 3 patients showed mild improvement in the disease
condition. The mean time between the onset of symptoms and initial CT scan was 7.1 (range, 5–9) days.
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Discussion
COVID–19 is a new disease outbreak with potentially far-reaching public health rami�cations. The early
diagnosis of COVID–19 is crucial for the treatment and control of the disease. Chest CT imaging is a
rapid method to diagnose and assess COVID–19 with high sensitivity and low speci�city [6], while RT-
PCR lacks sensitivity, has insu�cient stability, and prolonged processing time, which are detrimental to
the control of the disease epidemic [7]. Thus, the results of chest CT and RT-PCR tests must be interpreted
cautiously.

Among the 418 patients, 30/418 (7.2%) showed positive RT-PCR and negative CT. These �ndings were
also reported by Kanne et al. [8] and Chung et al. [9]. In the current study, the ratio (7.2%) of negative CT
scan was higher as compared to the report by Ai et al. (3%) [6]. This phenomenon could be attributed to
the factor that patients in their study were from a top-level hospital in the central area of COVID–19
outbreak in Wuhan, China, while our patient was of moderate type. Xie et al. [10] mentioned that 1 patient
who was subjected to CT scan later became positive for pneumonia. However, in the current study, 12
patients who underwent follow-up CT scans presented unaltered negative results. Consequently, negative
CT �ndings could not exclude COVID–19, and a follow-up CT scan in the subsequent 3–5 days is
recommended [3].

6/418 (1.4%) patients had initial negative RT-PCR results (throat swab) and positive CT scans. Moreover,
the signi�cant CT �ndings constituted multiple, patchy, and sub-segmental GGO with varying degrees of
consolidation. The review of these six cases suggested that typical CT �ndings aid in the early screening
of suspected cases and might predict severe complications, such as acute respiratory diseases. Xie et al.
found that of 167 patients evaluated, 5 (3%) presented initially negative RT-PCR and positive chest CT
[10]. The RT-PCR test for COVID–19 may be falsely negative due to laboratory error or insu�cient viral
material in the specimen. Thus, it should be noted that three patients were sampled from both oral and
anal swab, and only samples from anal swab presented positive results. Chinese Novel Coronavirus
Pneumonia Emergency Response Epidemiology Team reported more anal swab positives than throat
swab positives in a later stage of infection, indicating a possible transmittance through oral-fecal route
for SARS-CoV–2 [11]. The CT features of viral pneumonia might suspect COVID–19 despite negative RT-
PCR results. In such cases, repeat anal and throat swab analysis should be considered.

10/418 (2.4%) patients had atypical CT �ndings. Two patient had solitary nodules in the lower lobe. This
manifestation had not been described previously. The throat swab was sampled on the same day as the
positive result of the initial CT scan, indicating SARS-CoV–2 infection. One patient underwent follow-up
scan after 5 days revealed crazy-paving pattern. The solitary nodule was a common lesion in the chest
CT, but with de�nite epidemic history, and hence, COVID–19 should not be excluded.

Four patients had a halo sign in the initial CT scan. Li et al. also reported the same in COVID–19 patient
[12]. Halo sign was de�ned as GGO surrounding a pulmonary nodule or mass [13]. The CT halo sign has
been classically described in hemorrhagic nodules, typically seen in angioinvasive aspergillosis. However,
viral infections and organizing pneumonia are known differential causes for the halo sign [14]. The CT
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halo sign can be nonspeci�c for an infection, but in the context of travel history or exposure, the presence
of the halo sign should alert the radiologists about the possibility of COVID–19.

Four patients exhibited predominant �brous stripes in the CT. The pulmonary �brous stripes are
considered as a sign of recovery. The disease was improved in the follow-up CT in all 4 patients, which
appeared as decreased extent and consolidation as compared to the baseline chest CT. It’s worth noting
that although the presence of pulmonary �brous stripes is a sign of recovery, the four patients in our
study still had positive RT-PCR results which suggest that the patients were still contagious. At the same
time many other lung diseases have the presentation of pulmonary �brous stripes in the recovery stages.
Therefore, if pulmonary �brous stripes are present in a suspect case, PT-PCR testing and quarantine of
the patient are necessary in order to contain the spread of disease. Pan et al. found that �brous stripes
normally appeared in the peak stage (9–13 days after the onset of the initial symptom) and absorption
stage (≥14 days after the onset of the initial symptom) [15]. The mean time between the onset of
symptoms and the initial CT scan of our patients was 5–7 days. The �brous stripes appeared within 7
days possibly due to mild disease and lack of symptoms in the early stage.

Nevertheless, the present study has several limitations. First, 90% of our patients had a moderate type of
COVID–19 infection, and severe and critical patients were lacking. Second, heterogeneity in the CT data
was observed due to different CT models. Finally, further longitudinal research was needed to focus on
the dynamic correlation between chest CT and RT-PCR tests.

Conclusions
In the current study, we found that neither chest CT or RT-PCR was su�cient for an accurate diagnosis.
Infected patients with negative imaging showed that chest CT lacks complete sensitivity to exclude
COVID–19 alone. Also, the latest reference standard (RT-PCR) has a limitation of a high false-negative
rate. The anal swab should be considered as a complementary method to throat swab. Atypical CT
manifestation such as solitary nodule, halo sign, and pulmonary �brous stripes might indicate the
possibility of COVID–19 to the radiologist. In summary, the diagnosis of COVID–19 should be based on
the combination of CT �ndings and RT-PCR test.
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Parameter Value

 Gender  

       Men 17     (37%)

       Women 29     (63%)

 Age (y)  

       Mean 34

       Standard deviation 18

       Range 6-82

 Exposure history  

       Recent travel to Wuhan 21     (46%)

       Exposure to infected patient 14     (30%)

       Unknown exposure 11     (24%)

 Symptoms  

       Fever 18  (39%)

       Fatigue 2  (4%)

       Headache 2  (4%)

       Cough 19  (41%)

       Muscle soreness 1  (2%)

       Nausea 0  (0%)

       Nasal discharge 3  (7%)

       No obvious symptoms 10  (22%)

Note: data are numbers of patients, with percentages in parentheses.

 

Figures



Page 11/14

Figure 1

Image of a middle-aged female with history of recent travel to Wuhan presented with fever and headache.
The initial RT-PCR test was negative. Axial unenhanced HRCT image shows typical GGO in left upper
lobe. Follow-up RT-PCR test after 5 days had a positive result.
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Figure 2

Image of a middle-aged female who had close contact with COVID-19 patient presented with fever and
cough. A. The initial chest CT shows solitary nodule in right lower lobe (arrow). B. Follow-up chest CT
after 5 days revealed crazy-paving pattern.
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Figure 3

Image of a young female who had close contact with COVID-19 patient presenting fever and cough. Axial
unenhanced HRCT image shows halo sign in right upper lobe (arrow).
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Figure 4

Image of a middle-aged male who had close contact with COVID-19 patient presented with fever and
cough. Axial unenhanced CT image shows �brous stripes in the left lower lobe (arrow).


