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Abstract
To investigate the characteristic findings between laboratory-confirmed and clinically suspected patients with COVID-19.
In this retrospective study, we included patients admitted to the Xiangya Hospital from Jan 24 to Feb 10, 2020. Two
researchers separately collected and sorted out the patients’ epidemiological, demographic, clinical, laboratory, and
radiologic findings. SPSS was performed to analyze the collected data. 241 patients were admitted, including 28 (45.5;
IQR, 34.0-52.5) confirmed and 213 (42.0; IQR, 30.0-57.0) suspected patients. The prevalence of COVID-19 disease in
males was significantly higher than in females (64.3% vs. 35.7%, P = 0.033). Before admission of the confirmed and
suspected undiagnosed cases, the onset of symptoms is often manifested as respiratory symptoms such as fever (35.7% vs.
27.7%) and cough (30.7% vs. 32.1%). Twenty patients (71.4%) had an exposure history to high-risk areas, and 14 patients
(50.0%) traveled or lived in a high-risk area in the confirmed group, which was significantly different from the suspected
group. The pulmonary imaging of the patients in the confirmed group was primarily manifested as ground-glass opacity
(89.3%). A total of 499 nucleic acid testing (NAT) was performed to determine the 28 COVID-19 positive throat swabs
among the 241 patients. Whether there is a history of high-risk area exposure in the epidemiological investigation is
essential in distinguishing the suspected patients from the confirmed patients. Multiple nucleic acid tests were used as the
basis for the diagnosis of COVID-19, and during CT examination, ground-glass opacity was used as a COVID-19 indicator.
Trail registration Trail registration number. 202012195, Date of registration: 2020.12.22 “retrospectively registered”.
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1 Introduction

Idiopathic pneumonia caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has spread glob-
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cases of COVID-19, of which more than 4,746 have died
(NHC 2020).

Real-time RT-PCR (reverse transcription-polymerase
chain reaction) detection is an important laboratory method
for diagnosing COVID-19 (Corman et al. 2020; Pang et al.
2020). However, the missed diagnosis of nucleic acid tests
leads to an underestimation of patients with COVID-19.
For example, many studies have shown that the hospital-
ized patients tested positive for the diagnosis of COVID-19
after testing negative multiple times (Huang et al. 2020; Li
et al. 2020b, c, d, e, a; Long et al. 2020), which may be
related to improper sample collection and low viral load of
the patients (Yan et al. 2020; Li et al. 2020b, c, d, e, a).
Moreover, the issue of stability of nucleic acid testing also
prompts the possibility of missed diagnosis and more
potentially infected people with COVID-19. Evidence
shows the possibility of person-to-person transmission (Li
et al. 2020b, c, d, e, a), as well as the droplets from face-to-
face contact, are the most common form of transmission
during conversation, coughing, or sneezing (Wiersinga
et al. 2020). Therefore, it is of great significance for us to
learn more about the clinical characteristics of COVID-19
confirmed and suspected patients in order to increase self-
protection and prevent infection.

The most important prevention measures of the Chinese
government during this epidemic include pairing assistance
and closed management, such as city lockdown (Li et al.
2020b, c, d, e, a). The number of confirmed and imported
cases has been increasing recently from many regions
within China (NHC 2020). The Chinese government clo-
sely monitored, analyzed, and swiftly responded to the
transferred confirmed patients of COVID-19 through fever
clinics or preliminary screening institutions to infectious
disease specialized hospitals for further treatment.

Given that the ongoing pandemic poses a significant
challenge to human beings, we retrospectively collected
the data of patients who had been admitted to the hospital
from Jan 24 to Feb 10, 2020, in order to provide a scientific
basis for early diagnosis, the analysis of the clinical char-
acteristics of laboratory-confirmed and clinically suspected
patients, as well as providing a scientific basis for the
identification of the early diagnosis and the reduction of
missed cases.

2 Patients and Methods
2.1 Design and Data Source
This single-center retrospective study analyzed the clinical
characteristics of people suspected of COVID-19 infection

from one tertiary hospital in Changsha, China. The Ethics
Committee of the review board of the Xiangya Hospital of
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the Central South University approved this study (No.
202012195).

2.2 Study Population and Data collection

People with a primary diagnosis of suspected COVID-19,
defined by Guidelines on the Novel Coronavirus-Infected
Pneumonia Diagnosis and Treatment (NHC 2020), from
Jan 24 to Feb 10, 2020, from the Xiangya Hospital were
included. Patients with at least one medical record of a
positive COVID-19 result verified with a nucleic acid test
were classified into the confirmed group, and patients who
were not COVID-19 positive via a swab test were classified
into suspected groups, even though they had clinical
symptoms similar to COVID-19. Patients’ data including
epidemiological contact history with COVID-19 patients or
were in high-risk-area, clinical symptoms, demographic
information, personal health history, laboratory, and radi-
ologic findings were extracted. Two trained researchers
(LQ and JMT) separately collected and sorted out the data
to ensure its integrity.

2.3 Statistical Analysis

Statistical analysis was performed using SPSS software
version 18.0. Descriptive statistics were used to summarize
the data; results are presented as median (interquartile
range, IQR) for continuous variables and numbers (%) for
categorical variables. The inter between-group comparison
was performed using an independent student’s t-tests or a
Mann—Whitney test for continuous variables and 2 test or
Fisher’s exact test for categorical variables, as appropriate.
A two-sided P-value of less than 0.05 was considered
statistically significant.

3 Results
3.1 Demographic and Clinical Characteristics

Of the 241 patients identified, 28 were confirmed with
positive COVID-19 nucleic acid test results (11.6%). In
this sample, the prevalence of positive swabs in males was
significantly higher than in females (64.3% vs. 35.7%,
P =0.033). As shown in Table 1, the median age of lab-
oratory-confirmed patients was 45.5 (IQR, 34.0-52.5), and
over forty-four percent of them were in the 18-44 age
group.

Of the total patients, 218 patients (90.5%) including
25 confirmed cases and 193 suspected COVID-19 cases,
went to the fever clinic upon their first departmental
visit. A statistical difference was observed in the expo-
sure history to high-risk areas between the two groups
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Table 1 Demographic data and baseline clinical characteristics of COVID-19 suspected and confirmed patients
Characteristics Total patients Confirmed patients Suspected patients P-value
(n =241) (n =28) (n = 213)
Age (years)-no, (%) 0.536
Median (IQR) 42.0 (30.5-57.0) 45.5 (34.0-52.5) 42.0 (30.0-57.0)
<18 19 (7.9) 1(3.6) 18 (8.5)
18-44 106 (44.0) 12 (42.9) 94 (44.1)
45-59 71 (29.5) 12 (42.9) 59 (27.7)
60-74 35 (14.5) 2 (7.1) 33 (15.5)
75-89 9@3.7) 1(3.6) 8 (3.8)
> 90 1(0.4) 0 (0.0 1 (0.5)
Gender-no, (%) 0.033*
Male 117 (48.5) 18 (64.3) 99 (46.5)
Female 124 (51.5) 10 (35.7) 114 (53.5)
First visit department—no (%) 0.454
Fever clinic 218 (90.5) 25 (89.3) 193 (90.6)
Medical department 4 (1.7) 1(3.6) 3(1.4)
Surgical department 14 (5.8) 1 (3.6) 13 (6.1)
Emergency department 3(1.2) 1 (3.6) 2 (0.9)
Obstetrics department 1(0.4) 0 (0.0) 1 (0.5)
Outpatient department 1(0.4) 0 (0.0) 1(0.5)
Exposure history to HRA—no (%) 0.000*
Yes 87 (36.1) 20 (71.4) 67 (31.5)
No 146 (60.6) 7 (25.0) 139 (65.3)
Unclear 8 (3.3) 1(3.6) 7 (3.3)
Route of exposure—no (%) 0.000*
History of HRA sojourn 48 (19.9) 14 (50.0) 34 (16.0)
Contacting with HRA person 44 (18.3) 6 (21.4) 38 (17.8)
Contacting with confirmed case 43 (17.8) 3 (10.7) 40 (18.8)
Unclear 88 (36.5) 2 (7.1) 86 (40.4)
No 18 (7.5) 3 (10.7) 15 (7.0)
Incubation period (days)
Median (IQR) 114/241 18/28 96/213
10.50 (7.0-16.25) 8.5 (5.75-12.5) 11.0 (7.0-17.0)
Incipient symptom before admission—no (%) 0.874
Fever 69 (28.6) 10 (35.7) 59 (27.7)
Cough 74 (30.7) 9 (32.1) 65 (30.5)
Fever and cough 17 (7.1) 1 (3.6) 16 (7.5)
Asymptomatic 18 (7.5) 1 (3.6) 17 (8.0)
Others 63 (26.1) 7 (25.0) 56 (26.3)
Fever on admission (days)— no (%)
Median (IQR) 123/241 18/28 105/213
2 (1-5) 2 (1-7) 2 (1-5)
Median highest temperature—no (%) 0.102
Median (IQR) 37.8 (36.7-38.5) 37.9 (37.7-38.1) 37.8 (36.5-38.6)
<373 51/174 (29.3) 2/19 (10.5) 49/155 (31.6)
37.3-38.0 55/174 (31.6) 10/19 (52.6) 45/155 (29.0)
38.1-39.0 50/174 (28.7) 6/19 (31.6) 44/155 (28.4)
> 39.0 17/174 (10.3) 1/19 (5.3) 17/155 (11.0)
Other symptoms—no, (%)
Fatigue 47 (19.5) 9 (32.1) 38 (17.8) 0.051
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Table 1 (continued)

Characteristics Total patients Confirmed patients Suspected patients P-value
(n =241) (n =28) (n = 213)
Cough 116 (48.1) 15 (53.6) 101 (47.4) 0.475
Expectoration 47 (20.3) 6 (21.4) 41 (19.2) 0.772
Yellow phlegm 16 (34.0) 2/6 (33.3) 14/41 (34.1)
White phlegm 9 (19.1) 3/6 (50.0) 6/41 (14.6)
White thin sputum 3(6.4) 1/6 (16.7) 2/41 (4.9)
Bloody sputum 4 (8.5) 0/6 (0.0) 4/41 (9.8)
Others 15 (31.9) 0/6 (0.0) 15/41 (36.6)
Chills 57 (23.7) 6 (21.4) 51 (23.9) 0.768
Shiver 14 (5.8) 2 (7.1) 12 (5.6) 0.670
Nausea or vomiting 8 (3.3) 1 (3.6) 7 (3.3) 1.000
Muscular soreness 12 (5.0) 2 (7.1 10 (4.7) 0.636
Chest pain 1(0.4) 0 (0.0) 1 (0.5) 1.000
Sore throat 18 (75) 0 (0.0 18 (8.5) 0.240
Running nose 28 (11.6) 2 (7.1) 26 (12.2) 0.752
Dyspnea 15 (6.2) 0 (0.0) 15 (7.0) 0.228
Vital signs—no (%) 0.527
Normal 179 (74.3) 23 (82.1) 156 (73.2)
Fast pulse (times per minute) 28 (11.6) 1(3.6) 27 (12.6)
100-120 16 (6.6) 0 (0.0 16 (7.5)
121-150 10 (4.1) 1 (3.6) 9 4.2)
> 150 2 (0.83) 0 (0.0 2 (0.9)
Blood pressure (mmHg) 38 (15.8) 4 (14.3) 30 (14.1)
Hypotension (systolic pressure < 90) 3(1.2) 0 (0.0) 3(1.4)
Hypertension level 1 24 (10.0) 4 (14.3) 20 (9.4)
Hypertension level 2 7 (3.0) 0 (0.0) 7 (3.3)
Hypertension level 3 0 (0.0) 0 (0.0) 0 (0.0)
Previous history—no (%) 0.140
No 141 (58.5) 20 (71.4) 121 (56.8)
Yes 100 (41.5) 8 (28.6) 92 (43.2)
Coexisting disorder—no (%)
Hypertension 22 (9.1) 2(7.1) 20 (9.4) 1.000
Diabetes 15 (6.2) 2 (7.1) 13 (6.1) 0.688
Cardiovascular disease 7 (2.9) 0 (0.0) 7 (3.3) 1.000
Neurological disease 5@2.1) 0 (0.0) 5@2.3) 1.000
Cancer 7(2.9) 0 (0.0 7 (3.3) 1.000
Pulmonary disease 11 (4.6) 2(7.1) 94.2) 0.622
Hepatitis 9 (3.7) 1 (3.6) 8 (3.8) 1.000
Chronic renal disease 6 (2.5) 0 (0.0) 6 (2.8) 1.000
Immune diseases 8 (3.3) 0 (0.0) 8 (3.8) 0.601

P < 0.05

Hypertension level 1: (Mild) systolic pressure140-159 mmHg or diastolic pressure 90-99 mmHg

Hypertension level 2: (Moderate) systolic pressure 160—179 mmHg or diastolic pressure 100-109 mmHg

Hypertension level 3: (Sever)systolic pressure > 180 mmHg or diastolic pressure > 110 mmHg

HRA: high-risk area
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(P < 0.001). There were 23 patients (82.1%) in the
confirmed group having epidemiological contact history
compared to 112 (52.6%) in the suspected group.

The most common symptoms before admission were
both fever and cough within the two groups. Other
symptoms including fatigue, expectoration, chills, nausea
or vomiting, muscular soreness, chest pain, sore throat,
running nose, and dyspnea were also prevalent; however,
there were no statistical differences between the two
groups. In terms of abnormal vital signs, the primary
abnormalities present were fast pulse (3.6% vs. 12.6%),
hypotension (0.0% vs. 1.4%), and hypertension (14.3%
vs. 12.7%) in the confirmed and clinically suspected
group (Table 1).

3.2 Laboratory and Radiologic Findings

Table 2 shows the laboratory and radiologic findings. In the
suspected group, 6 patients were tested positive for influ-
enza A and 2 patients for influenza B. Moreover, the
prevalence of patients with ground-glass opacity changes
and local patchy shadowing within CT chest scans in the
confirmed group was higher than that in the suspected
group (89.3% vs. 40.1%; 14.3% vs. 2.2%). Based on the
available complete data in the confirmed group, the time
from the latest exposure time to the CT finding of ground-
glass opacity was 0.5-15 days; the average time was
approximately 7 days (Fig. 1). Table 2 shows that hemo-
globin count primarily concentrates in the range of less
than 100 x 10° g/L in both groups (80.0% vs. 85.2%).

Table 2 Laboratory and radiologic findings of COVID-19 suspected and confirmed patients with different outcomes

Characteristics Total patients Confirmed patients Suspected patients P-value
(n =241) (n = 28) (n =213)
Influenza—no (%) 0.372
A 6 (2.5) 0 (0.0) 6 (2.8)
B 2 (0.8) 0 (0.0) 2 (0.9
No 213 (88.4) 28 (100) 185 (86.9)
Unclear 20 (8.3) 0 (0.0 20 (9.4)
Chest CT finding—no (%) 0.000*
Ground-glass opacity 111 (46.1) 25 (89.3) 86 (40.1)
Local patchy shadowing 30 (12.4) 4 (14.3) 26 (2.2)
Bilateral patchy shadowing 33 (13.7) 10 (35.7) 23 (10.8)
Inflammatory and infectious change 51 (21.2) 3 (10.7) 48 (22.5)
Interstitial abnormality 3(1.2) 0 (0.0) 3(1.4)
Others 80 (33.2) 3 (10.7) 77 (36.2)
Hemoglobin count (x 10° g/L)—no (%) 0.552
< 100 29/187 (15.5) 5/25 (20.0) 24/162 (14.8)
> 100 158/187 (84.5) 20/25 (80.0) 138/162 (85.2)

White blood cell count (x 10° g/L) no (%)
<4
4-10
> 10

Neutrophil count (x 10° g/L)—no (%)
< 1.8
1.8-6.3
> 6.3

Lymphocyte count (x 10° g/L)—no (%)
<1.0
> 1.0

Monocytes count (x 10° g/L)—no (%)
< 1.0
> 1.0

3/186 (1.6)
68/186 (36.6)
115/186 (61.8)

13/180 (7.2)
102/180 (56.7)
65/180 (36.1)

130/166 (78.3)
36/166 (21.7)

156/180 (86.7)
24/180 (13.3)

0/25 (0.0)
17/25 (76.5)
8/25 (32.0)

423 (17.4)
17/23 (73.9)
2/23 (8.7)

17/21 (81.0)
4/21 (19.0)

21/23 (91.3)
2/23 (8.7)

3/161 (1.9)
51/161 (31.7)
107/161 (66.5)

9/157 (5.7)
85/157 (54.1)
63/157 (40.1)

113/145 (77.9)
32/145 (22.1)

135/157 (86.0)
22/157 (14.0)

0.005*

0.002*

1.000

0.744

P < 0.05
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Fig. 1 Time interval from the last exposure to ground-glass opacity CT imaging and positive swab test (days)

Laboratory findings where significant differences have
been found include white blood cell count (P = 0.005%)
and neutrophil count (P = 0.002%).

3.3 Nucleic Acid Test and Clinical Outcomes

A total of 499 NATs were performed in this health care
setting in order to determine the status of COVID-19
among these 241patients. Finally, 22 (78.6%) cases tested
positive for the first time in all confirmed cases, 4 (14.3%)
tested positive for a second time, and 2 of them tested
positive after a third NAT. One case failed to find a posi-
tive swab after 8 NAT in 213 clinically suspected cases.
The details of the NAT information of the 28 confirmed
cases are shown in Fig. 2. In this study, 17 patients
reported the last time of possible COVID-19 exposure.
Figure 1 shows the length from the last time of possible
COVID-19 exposure to the patients obtaining a positive
swab test was 2-16 days, and the average was approxi-
mately 10 days. In this sample, 28 COVID-19 patients
successfully survived and were transferred to a local
specified hospital for COVID-19 treatment; Table 3 shows
the clinical outcomes of these patients.

4 Discussion
This is a retrospective study on the clinical characteristics

and the laboratory and radiology findings of all patients
who had a primary diagnosis of suspected COVID-19 from
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Jan 24, 2020, to Feb 10, 2020. We descriptively analyzed
and presented the characteristics of the laboratory-con-
firmed and the clinically suspected patients, providing
evidence for clinical practice and clinical facility decision-
making.

Our findings are in accordance with previous studies
showing that most COVID-19 male patients are more
likely to be infected with this virus (Zhou et al. 2020; Chen
et al. 2020; Li et al. 2002). Zhou et al. (2020) study showed
that male patients outnumbered female patients in the
group of non-survivor (70% vs 30%). Chen et al.’s (2020)
study also demonstrated that the male sex was in the
majority whether in the death group (73% vs 27%) or the
recovery group (55% vs 45%). Furthermore, Li et al.
(2020b, c, d, e, a) concluded that males accounted for a
higher proportion of hospitalized patients (76.9% vs
23.1%) as well as health care staff (83.3% vs 16.7%).
Based on the previous studies, several factors could explain
the gender difference: females tend to have lower levels of
inflammatory mediators, higher levels of estrogen and
lower levels of testosterone, and higher levels of immune
responses than males (Gebhard et al. 2020; Kopel et al.
2020). However, whether it is related to gender remains to
be proven.

One finding was the extent to which the body temper-
ature of 52.6% of the confirmed patients was primarily
concentrated in the range of 37.3-38.0 °C. This finding
may be related to the fact that all of the confirmed patients
are of the common type defined by the diagnosis and
treatment scheme for SARS—CoV-2 of Chinese (eighth
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Table 3 Clinical outcomes of
COVID-19 confirmed and
suspected patients

Characteristics Total patients Confirmed patients Suspected patients
(n = 241) (n =28) (n =213)
Clinical outcomes—no (%)
Discharge from isolation 172 (71.4) 0 (0.0) 172 (80.8)
Transfer to another department 35 (14.5) 0 (0.0) 35 (16.4)
Transfer to another hospital 28 (11.6) 28 (89.5) 0 (0.0)
Death 3.2 0 (0.0) 314

edition) (NHC 2020). Another possible explanation is that
the white blood cell count was in the normal range in 76%
of confirmed patients. Our study also found that the aver-
age and longest time from the last time of viral exposure to
positive swab test were 10 and 16 days, respectively,
suggesting that if there are no positive results after 16 days
from the last exposure time, the COVID-19 infection rate is
extremely low.

The most apparent CT chest finding to emerge from the
analysis is that ground-glass opacity was the most char-
acteristic radiographic feature for those patients with
COVID-19 in the early days of the outbreak within this
study. Although CT is not the “gold standard” for COVID-
19 diagnosis, it is still an important auxiliary imaging
examination. The previous study also classified the role of
a chest CT in the diagnostic performance of COVID-19
(Himoto et al. 2020) and further confirmed that CT imag-
ing has a high sensitivity for the diagnosis of COVID-19
(Ai et al. 2020). The most clinically relevant finding is that

the average and longest time from the last time of viral
exposure to the CT finding of ground-glass opacity was 7
and 15 days, respectively. From the findings, it can be
suggested that a chest CT 15 days after exposure to the
virus needs to be repeated to verify a potential COVID-19
infection. However, the chest CT has its limitation. In this
study, up to 40.1% of clinically suspected patients showed
ground-glass opacity changes. This may be because the CT
findings (e.g., ground-glass opacity) are not specific to
COVID-19 and CT positive predictors are low unless dis-
ease prevalence is high (Hope et al. 2020).

Interestingly, there was neither incidence of infection
among other patients nor medical staff in this hospital
during the outbreak period. This may be because 90.5% of
the patients first visited the fever clinics, which are effec-
tive at triaging patients and screening suspected patients in
order to reduce cross-infection (Lai et al. 2020; Zhang et al.
2020). According to the (NHC 2020), requirements the
fever clinics are located in a relatively independent area

2
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within the medical institution from the outpatient (emer-
gency) clinics. The setting of fever clinics is divided into a
clean area, partially contaminated area and contaminated
areas are equipped with entrances for the medical staff and
patients; thus, making the transmission flow from the clean
area to the partially contaminated area and contaminated
area a one-way direction. Therefore, this finding suggests
that the setting of a fever clinic is key to effectively con-
taining the spread of airborne transmission of disease
within medical institutions, especially aerosol transmission.

5 Limitations

Several limitations to this retrospective study need to be
acknowledged. First, despite the variety of data collected,
missing data remains. Second, it is difficult to conduct
follow-up observations after the confirmed patients are
transferred to another hospital. Third, some laboratory tests
(e.g., cardiac troponin I, n-terminal brain natriuretic pep-
tide precursor, and arterial blood gas test) were not per-
formed in all patients, which might lead to bias of the
clinical characteristics.

6 Conclusions

The history of high-risk area exposure in the epidemio-
logical investigation is an important part of epidemic pre-
vention and control in order to distinguish clinically
suspected patients from confirmed patients. Multiple
nucleic acid tests are the basis for diagnosing COVID-19,
and the ground-glass opacity in the CT examination results
is also an important indicator. The present research serves
as a basis for future studies and provides additional evi-
dence to clinicians. Given challenges in vaccine develop-
ment and the surge in confirmed cases globally, more
clinical research and public health management are needed
to prevent the spread of the epidemic.
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