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Abstract
Purpose  To summarize the chest CT imaging and clinical features of the initial COVID-19 patients and provide a clinical 
diagnostic method that is more effective and can be performed earlier.
Methods  This retrospective study investigated the clinical, laboratory and imaging information of 25 patients in the Luoy-
ang area. There were 15 (60%) male and 10 (40%) female patients ranging from 24 to 88 years old (52 ± 19.30). Data were 
analyzed by Microsoft Excel and are expressed as the mean ± standard deviation or percentage.
Results  Thirteen (52%) patients had been in Wuhan or were in contact with people who had been in Wuhan, and ten (40%) 
patients were infected by their families or colleagues. The median time from initial symptoms to diagnosis was 7 days. 
Ninety-two percent of patients had respiratory symptoms, and 8% of them had digestive symptoms. Fever (92%), cough 
(60%) and fatigue (56%) were the most common symptoms. Most patients had a normal or reduced WBC (96%), reduced 
lymphocyte count (60%), increased CRP (48%) and increased ESR (44%). Ground glass opacity (GGO) was the typical 
radiological finding on chest CT.
Conclusion  Characteristic chest CT imaging features could appear earlier than the viral nucleic acid assay results.
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Introduction

In December 2019, a cluster of patients with unknown pneu-
monia was reported in Wuhan, Hubei Province, China [1–3]. 
After the epidemiological survey and genome sequenc-
ing analysis, a novel coronavirus was identified [4]. The 
International Committee on Taxonomy of Viruses (ICTV) 
announced it as severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) [5], and the World Health Organiza-
tion (WHO) announced that the disease caused by SARS-
CoV-2 was coronavirus disease 2019 (COVID-19). Within 

2 months, it had spread to different areas and countries. As 
of February 8, 2020, more than 30,000 cases of laboratory-
confirmed SARS-CoV-2 infection were reported around the 
world, including 25 confirmed cases in the area of Luoyang, 
Henan Province, China. SARS-CoV-2 can cause severe res-
piratory illness, similar to SARS and Middle East respira-
tory syndrome (MERS), and has been found to be adept at 
human-to-human transmission [2, 6]. China launched an 
emergency response to the outbreak, and the WHO also 
declared it a public health emergency of international con-
cern (PHEIC). In the case of SARS-CoV-2, there have been 
some clues suggesting that, sometimes, an individual with 
highly severe SARS-CoV-2 disease will only cause a few 
infections; conversely, individuals with a moderate disease 
or latent infection can occasionally cause many infections 
[7].

As a result, early detection, isolation and treatment are 
the key steps to preventing further spread of this disease. 
According to the fifth version of the Diagnosis and Treatment 
of pneumonitis caused by the new coronavirus published by 
the National Health Commission of the People’s Republic 
of China, the SARS-CoV-2 laboratory-confirmation method, 
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which involves viral nucleic acid detection by real-time 
reverse-transcriptase polymerase-chain-reaction (PCR) 
assay using nasal and pharyngeal swab specimens, has 
shown false negatives, and the detectability is still limited. 
Thus, CT imaging plays an important role in the diagnosis 
of SARS-CoV-2 pneumonia.

Given the concept of the early diagnosis and treatment of 
SARS-CoV-2, this article mainly focused on the 25 initial 
laboratory-confirmed patients in the Luoyang area, discuss-
ing their imaging features and clinical characteristics.

Materials and methods

Patients

From January 10 to February 8, 2020, 25 patients with 
laboratory-confirmed SARS-CoV-2 infection in the area of 
Luoyang, Henan Province, China, were enrolled in the study. 
Patients were diagnosed with COVID-19 based on the WHO 
interim guidance [8]. A patient confirmed to have SARS-
CoV-2 was defined as a positive case according to a PCR 
assay using nasal and pharyngeal swab specimens [1]. PCR 
results were obtained after a 1- to 3-day delay and were then 
used to identify confirmed cases. Of the 25 patients, three 
had severe conditions, and the others had moderate condi-
tions. Ten patients underwent follow-up CT, and the lung 
lesions of two people improved, whereas eight of them grad-
ually absorbed after experiencing consolidation changing. 
Patients were divided into three groups according to the CT 
scanning timing after the onset of patients’ symptoms: group 
1, ≤ 7 days; group 2, 8–14 days; and group 3, 14–21 days. 
Two of the 25 patients were cured and discharged.

The Ethics Committee of the First Affiliated Hospital, 
College of Clinical Medicine, Medical College of Henan 
University of Science and Technology approved this retro-
spective study. The requirement for informed patient consent 
was waived by the ethics committee for this retrospective 
study.

Clinical data collection

The epidemiological characteristics (including recent expo-
sure and history), clinical symptoms and signs, laboratory 
examination and radiologic data were extracted from the 
electronic medical records of the First Affiliated Hospital 
of Henan University of Science and Technology. Laboratory 
data consisted of hematology, urinalysis, blood chemistry, 
blood immunology, coagulation tests, and other routine 
examinations. Radiologic data included digital radiography 
(DR) and computed tomography (CT). PCR assays were per-
formed by the Center for Disease Control (CDC) in Henan, 
China.

All data were collected by using Microsoft Excel. 
Data are expressed as the mean ± standard deviation or 
percentage.

Image acquisition

Some patients underwent DR examination of the chest using 
a Philips (Digtal Diagnost) DR. All patients underwent CT 
scans of the chest using a Philips Brilliance (Philips Medi-
cal System, Andover, Massachusetts) 16-section MDCT 
(120 kV, 220 mAs, 0.75-mm section thickness, pitch of 1.2, 
16 × 0.75 detector configuration). Reconstruction was per-
formed using the CT Viewer application of the EBW work-
station (Philips Extended Brilliance Workspace, Philips 
Medical). Two radiologists (JQ with 19 years of experience 
and XD with 15 years of experience, both generalists with-
out fellowship training who resolved discrepancies by con-
sensus) independently and retrospectively evaluated all the 
images on a digital EBW workstation. Radiological features 
were defined according to the Glossary of Terms established 
by the Fleischner Society.

Results

Basic information

As shown in Table 1, there were 15 (60%) male and 10 (40%) 
female patients ranging from 24 to 88 years old (52 ± 19.30). 
Nine patients (40.90%) had gone to Wuhan or had a his-
tory of contact with someone who had been in Wuhan, 13 
(54.12%) patients had a history of contact with confirmed 
SARS-CoV-2 patients or family cluster phenomena, and 
the remaining two people had unknown causes of infection. 
Twelve patients (48%) had comorbidities, including diabetes 
(20%), hypertension (20%), cardiac disease (8%), hepatic 
adipose infiltration (4%), coronary disease (4%) and syphi-
lis (4%). Of these patients, no children or adolescents were 
infected.

Clinical characteristics

The median latent period was 9 days (range, 4–21). The 
median time from initial symptoms to PCR diagnosis was 
7 days (range, 0–13).

All patients had symptoms before diagnosis, 92% had 
respiratory symptoms and 8% had digestive symptoms. As 
shown in Table 1, fever (92%), cough (60%) and fatigue 
(56%) were the most common initial symptoms, and some 
patients had phlegm (36%), dyspnea (28%) and sore throat 
(20%) symptoms. A small number of patients experienced 
loss of appetite (12%), stuffy and runny nose (8%), and nau-
sea and vomiting (4%).
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In the early stage of COVID-19, the total white blood cell 
count (WBC) in the peripheral blood was normal or reduced 
(96%), and the lymphocyte count (60%) was reduced. In 

most patients, C-reactive protein (CRP) was elevated (48%), 
and the erythrocyte sedimentation rate (ESR) was elevated 
(44%). All patients had normal D-dimer levels. In 4% and 
8% of patients, creatine kinase (CK) and CK-MB were ele-
vated, respectively.

Demographic and time course of diagnosis

Ten patients (40%) had been to Wuhan (patients 1, 2, 4, 5, 7, 
11, 13, 14, 21, and 23), and two patients (8%) had a history 
of contact with people who had been in Wuhan (patients 6 
and 8). A total of ten patients (40%) had close contact with 
a confirmed patient or were infected from family members 
(patients 9, 10, 12, 15, 18, 19, 20, 22, 24, and 25). Three 
patients (12%) stated that they did not go to Wuhan or have 
contact with infected patients.

Characteristics of 25 laboratory-confirmed patients are 
shown in Fig. 1, and most patients had abnormal CT imaging 
results. Fifteen patients underwent PCR and CT examina-
tions before diagnosis, which helped to diagnose the disease. 
In the early stage, DR had normal manifestations (patients 2, 
4, 5, 6, 8, 12, 14, 18, and 23), while most CT scans revealed 
abnormal imaging. PCR results were also negative in the 
early stage of the disease in patients 18, 21 and 22.

CT image findings

According to CT imaging of patients in group 1 (Table 2), 
more than 50% of patients had lesions in both lungs, located 
in the lower region, that were pure GGO. More than three 
lobes were commonly involved. Group 2 showed primarily 
GGO with consolidation, while other lesion features were 
the same as those found in group 1. Group 3 showed GGO 
with consolidation, while other lesions were similar to those 
in groups 1 and 2. No pericardial or lymphadenopathy was 
found in our patients. All three groups had lesions mainly 
located in the peripheral area.

As shown in Fig. 1, in the early stage (initial symp-
toms within 4 days) of COVID-19, DR was normal and 
resulted in a lower diagnosis rate; therefore, these tech-
niques are not recommended to be used. Figures 2, 3, 4, 
5 and 6 show some typical and significant CT image find-
ings. In the early stage, there were usually no abnormal 
findings on chest images or only small patchy shadows in 
the peripheral lung field, which could be clearly observed 
after the progression of the disease. In this stage, thin 
patchy GGO was seen on the CT, distributed along the 
bronchial vascular bundle, as well as thickening adjacent 
to the bronchial wall. As shown in Figs. 5 and 6, multi-
ple nucleic acid assays were negative at this point, while 
subsequent CT manifestations revealed significant lesions 

Table 1   Basic information and clinical characteristics of 25 COVID-
19 patients

CRP C-reactive protein, ESR erythrocyte sedimentation rate, AST 
aspartate aminotransferase, CK creatine kinase

Information Number (%)

Characteristic
 Sex
  Male 15 (60%)
  Female 10 (40%)

 Age (year)
  24–88 52 ± 19.30

 Exposure
  Wuhan contact 13 (52%)
  Family cluster/confirmed patient contact 10 (40%)
  Unknown 2 (8%)

 Comorbidity
  Total 12 (48%)
  Diabetes 5 (20%)
  Hypertension 5 (20%)
  Cardiac disease 2 (8%)
  Hepatic adipose infiltration 1 (4%)
  Coronary disease 1 (4%)
  Chronic obstructive pulmonary disease 1 (4%)
  Syphilis 1 (4%)

 Latent period
  4–21 days 8.90 ± 4.95 days

 Diagnosis time
  0–13 days 6.64 ± 3.82 days

From initial symptoms
 Initial symptoms
  Fever (38.1 ± 0.72 °C) 23 (92%)
  Cough 15 (60%)
  Fatigue 14 (56%)
  Phlegm 9 (36%)
  Dyspnea 7 (28%)
  Sore throat 5 (20%)
  Loss of appetite 3 (12%)
  Stuffy and runny nose 2 (8%)
  Diarrhea 2 (8%)
  Nausea and vomiting 1 (4%)

 Laboratory examination
  WBC, normal or reduced 24 (96%)
  Lymphocyte reduced 15 (60%)
  CRP elevated 12 (48%)
  ESR elevated 11 (44%)
  AST elevated 4 (12.67%)
  CK elevated 1 (4%)
  CK-MB elevated 2 (8%)
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with progression, and PCR results were also positive, 
reflecting the positive CT results for lesions at the same 
time. Common CT performance for bilateral lung multiple 
patchy ground glass opacity (GGO) and/or consolidation 
shadows could be accompanied by bronchial distribution 
of the blood vessel bundle, but the major distribution 
was in subpleural areas. Part of the lesion within the fine 
mesh shadow, halo sign or reversed halo sign could be 
seen in the visible edge (Fig. 4). Disease progression after 
the consolidation of the GGO could result in partial or 
complete consolidation (Fig. 3). The lesions were mainly 
distributed in the subpleural and oblique crack regions. 
Air bronchogram signs were common in consolidation 
shadows. The partial bronchi wall was thickened. Small 
blood vessels with fine reticular structures increased in 
the lesion. As shown in Figs. 2, 4, and 6, during the dis-
sipation period, lesion scope and density decreased. The 
GGO shadow was partially or completely absorbed. A par-
tial fibrotic stripe shadow was observed in the fusion and 
consolidation lesions during this period. The shadow in 
the lung did not completely disappear before the nucleic 
acid assay was negative (Fig. 2).

CT images of three patients with serious disease showed 
involvement of multiple lobes, even the total lobes in both 
lungs. The affected regions were massive and involved the 
central and hilum.

Discussion

Herein, we described the first diagnosis of 25 patients with 
COVID-19 in the Luoyang area and mainly focused on their 
imaging features and clinical characteristics. The Wuhan 
epidemic history was the essential clue. The poor immu-
nity of the elderly and comorbidity of people contributed 
to SARS-CoV-2 infection. Fever (92%), cough (60%), and 
fatigue (56%) were the most common symptoms, which was 
similar to other studies [1, 6, 8, 9]. Most patients had normal 
or reduced WBC (96%), reduced lymphocyte count (60%), 
elevated CRP (48%) and elevated ESR (44%).

Due to familial and social cluster infection phenomena 
(Fig. 1), our study provided evidence of human-to-human 
transmission. For example, patients 10 and 19 were col-
leagues and had contact with confirmed COVID-19 patients 
in Shanghai while on business, and patient 19 transmitted 
the disease to his wife when he went back to Luoyang, 
revealing cross-city transmission. Most patients came to 
the hospital because of clinical symptoms (patients 3, 16 
and 17); as for those who had symptoms but claimed to have 
no Wuhan epidemiology history, determining whether they 
were infected with SARS-CoV-2 and establishing a clinical 
diagnosis was the most important issue.

GGO was the typical chest CT findings of COVID-
19 patients. COVID-19 started from the margins of the 

Fig. 1   Demographic and time course for diagnosing COVID-19 patients
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lung lobe and originated in the core area of the lobular or 
subpleural regions. In the early stage, GGO was the main 
manifestation, and interstitial thickening of the interlobu-
lar gradually appeared, showing reticular shadow changes 
in the ground glass shadow. However, the interlobular 
septal was rarely thickened, and thickening and traction 
bronchiectasis occurred during the disease progression or 
repair period. These CT findings are in line with the two 
studies [10, 11]. On the other hand, Shi reported obvious 
cystic changes, which were not shown in our study [12]. 
The differences could be related to the individual differ-
ences and the severity of the illness. Notably, we did not 
find gravity distribution, tree-bud pattern, cavernous, or 
cystic airspaces in the CT images. The central interstitium 
is rarely affected except in serious patients. In addition, 
COVID-19 patients were not found to have combined 

Table 2   CT features of 25 COVID-19 patients

CT findings Group 1 (13) Group 2 (16) Group 3 (3)
n (%) n (%) n (%)

Unilateral lung 4 (30.7) 1 (6.3) 0 (0.0)
Bilateral lungs 9 (69.2) 15 (93.7) 3 (100.0)
One lobe 4 (30.7) 1 (6.3) 0 (0.0)
Two lobes 4 (30.7) 2 (12.5) 0 (0.0)
Three lobes 0 (0.0) 1 (6.3) 0 (0.0)
More than three lobes 5 (38.5) 12 (75.0) 3 (100.0)
Region of lobes
 Upper 6 (46.1) 14 (87.5) 3 (100.0)
 Middle 5 (38.5) 13 (81.3) 3 (100.0)
 Lower 11 (84.6) 15 (93.7) 3 (100.0)

Distribution
 Anterior 5 (38.5) 10 (62.5) 1 (33.3)
 Posterior 12 (92.3) 15 (93.7) 3 (100.0)
 Peripheral 13 (100.0) 16 (100.0) 3 (100.0)
 Central 0 (0.0) 1 (6.3) 0 (0.0)

Lesions
 GGO only 7 (53.8) 5 (31.3) 0 (0.0)
 GGO with reticular and/

or interlobular septal 
thickening

1(7.7) 2 (12.5) 0 (0.0)

 GGO with consolida-
tion

6 (46.1) 8 (50.0) 3 (100.0)

 Air bronchogram 8 (61.5) 3 (18.8) 2 (66.7)
 Bronchial wall thicken-

ing
1 (7.7) 6 (37.6) 1 (33.3)

 Reticular shadow 4 (30.7) 2 (12.5) 1 (33.3)
 CT halo 4 (30.7) 6 (37.6) 0 (0.0)
 Reversed halo sign 1 (7.7) 0 (0.0) 0 (0.0)
 Pericardial 0 (0.0) 0 (0.0) 0 (0.0)
 Nodules 0 (0.0) 1 (6.3) 0 (0.0)
 Pleural effusion 0 (0.0) 1 (6.3) 1 (33.3)
 Lymphadenopathy 0 (0.0) 0 (0.0) 0 (0.0)

Fig. 2   Patient 1. Images in a 28-year-old male with fever and fatigue. 
a On the admission day, the unenhanced CT scan shows diffuse bilat-
eral multiple patchy GGO (white arrow), and the partial boundary is 
clear while some have unclear boundaries, which are especially sig-
nificant in the lower lobes of both lungs; strip consolidative opacities 
(black arrow) are in the focal area. b On day 5, the follow-up unen-
hanced CT scan shows a significant reduction in GGO in both lungs, 
and solid shadows have no new lesions. c On day 11, the follow-up 
unenhanced CT scan shows that the lesion was basically absorbed, 
and few GGOs remain (white arrows). On day 15, the patient was dis-
charged from the hospital
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infections with bacteria and fungi in our studies and other 
studies [13]. These features could be considered key iden-
tification points from other viral pneumonia.

CT was indeed helpful to improve the clinical diag-
nosis of COVID-19 at an early stage. Patients 9, 19 and 
25 were asymptomatic, but CT showed intrapulmonary 
lesions. Small thin and patchy GGO could be seen on the 
chest CT in patient 21 (Fig. 5), and the PCR results were 
negative twice. Later, the third PCR result was positive, 

and the lung had significant lesions with progression. A 
woman who is the wife of the patient 3 and mother of 
patient 22 had two negative PCR results, but the lesions 
in her lung had the same progression, and the blood test 
also confirmed the SARS-CoV-2 infection.

PCR of nasopharyngeal aspirate was regarded as a more 
sensitive method than conventional methods and was able 
to detect microorganisms that are difficult to culture and 
new microorganisms [14, 15]. However, PCR as a diag-
nostic standard has the following problems. The shortage 
of PCR reagents and detectability delayed the diagnosis 
of SARS-CoV-2. Sometimes different brands of reagents 
would have different results. PCR tests should be col-
lected and detected by experienced clinical technicians and 
detected by approved clinical laboratories, which limits 
its usage and is difficult to implement in basic hospitals. 
When the virus load was low in the early infection, it was 
hard to detect, and the potential for false negative results 
needs to be considered and carefully controlled in PCR 
experiments [16]. Most importantly, PCR cannot reflect 
the severity and progression of pneumonia, while CT 
imaging could support this vacancy. PCR tests showed 
false negative results in our study, which is consistent with 
previous studies [10, 11]. In addition, since PCR results 
required a 1- to 3-day delay and then identified patients 
as confirmed cases, chest CT manifestations could appear 
earlier than viral nucleic acid assay in some cases. It is 
reasonable that CT could reflect the progression of the 
diseases and was of great importance in the early diagnosis 
and isolation of suspected patients.

The main weakness of our study was that we had only 
25 patients, and our tracking time was very short. None 
of the patients were death cases, which limits our study. 
However, we focused on the first 25 patients in the Luoy-
ang area and the early stage of the emerging SARS-CoV-2 
infection, which had given information as a good reference 
for a quick response for other cities importing COVID-19 
cases.

In summary, we suggested CT and epidemiological 
history as the primary clues and clinical symptoms and 
routine laboratory tests as the secondary clues for the early 
clinical diagnosis of suspicious patients to implement iso-
lation and then wait for the nucleic acid results. For res-
piratory infectious diseases, regardless of viral pneumonia, 
it has high infectivity, and early isolation, diagnosis and 
treatment could effectively reduce the transmission rate 
and mortality of COVID-19 and control the global devel-
opment of the epidemic.

Fig. 3   Patient 4. Images in a 57-year-old woman with fever. The DR 
is normal in the lung on the admission day. a The unenhanced CT 
shows multiple patchy GGO-like lesions in the both lungs at sub-
pleural position, unclear boundaries of GGO shadows with halo signs 
(white arrows) or clear boundaries of partial glass density shadows 
with reversed halo signs (black arrows). The mesh shadow is visible 
inside (black arrow). b Follow-up unenhanced CT on day 12 shows 
multiple new lesions. The lesions spread and fused in the subpleural 
area, showing a crescentic shape, while some lesions changed in con-
solidation and partial fibrosis
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Fig. 4   Patient 10. Images in a 
53-year-old man with fever. a 
On the admission day, the unen-
hanced CT scan shows multiple 
patchy GGO in the subpleural 
area of both lungs, localized 
consolidation, air broncho-
gram sign (white arrow), and 
slightly thickened localized 
vascular bundle (black arrow). 
b Follow-up unenhanced CT 
on day 6 shows a decrease in 
GGO density, an occurrence of 
new lesions on the subpleural 
and interlobular clefts, which 
partially combined to produce a 
patchy shape

Fig. 5   Patient 22. Images in a 56-year-old man with fatigue. a The 
unenhanced CT scan shows a small patchy GGO shadow and small 
patchy consolidation in the subpleural area of both lungs. The bound-
ary is unclear, and the capillaries increase (white arrow), whereas 
viral nucleic acid assay results were negative on this day and the next 

day. b Follow-up unenhanced CT on day 6 shows a decrease in the 
lesion density, with only small patchy thin GGOs and no new lesions. 
However, the third viral nucleic acid assay results were negative on 
the next day

Fig. 6   Patient 22. Images in a 56-year-old man with fever. a The 
unenhanced CT scan shows a small patchy thin GGO shadow on the 
left inferior pulmonary lobe (white arrow) and localized bronchiole 
wall thickening. However, the viral nucleic acid assay results were 
reported to be negative on the next 2 consecutive days. b Follow-up 

unenhanced CT on day 10 shows multiple GGO lesions on the sub-
pleural area in both lungs with partial consolidation, air bronchogram 
signs, and increased shadows in the capillaries. Then, viral nucleic 
acid assay results were reported to be positive on day 11
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