Bzl SPANDIDOS
7] ,§, PUBLICATIONS

MOLECULAR MEDICINE REPORTS 22: 2583-2587, 2020

Clinical characteristics of 2019 novel coronavirus
pneumonia in Zhejiang province, China
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Abstract. Since December 2019, an increasing number of cases
associated with the 2019 novel coronavirus (2019-nCoV) have
emerged in Wuhan, China, which has resulted in arapid outbreak
in China and worldwide. The present study aimed to describe
the clinical, laboratory and radiological characteristics of
2019-nCoV pneumonia (NCP) in Zhejiang province, outside of
Wuhan. A total of 74 patients with 2019-nCoV were continuously
enrolled between January 22 and March 2, 2020 at Zhejiang
Hospital. Diagnosis was confirmed at Zhejiang Hospital by
reverse transcription-PCR (RT-PCR), which was approved by
the Chinese government. Subsequently, the clinical features
between positive- and negative-NCP patients in Zhejiang were
compared. Among the 74 hospitalized patients with suspected
2019-NCP, six patients (one male and five female patients)
were confirmed to be infected with 2019-nCoV by RT-PCR.
The average age of the confirmed patients was 40+13 years.
There were three family clusters among the confirmed cases,
one patient from each of these families had travel history or
contact with patients from Wuhan within 2 weeks. Compared
with non-NCP patients, the most common symptoms at onset
for patients with NCP were fever (5/6; 83.3%) and cough
(5/6; 83.3%), followed by dyspnea/pharyngalgia (2/6; 33.3%),
whereas myalgia (1/6; 16.7%) and fatigue (1/6; 16.7%) were
less common. All 74 patients with suspected NCP exhibited
abnormal computerized tomography (CT) images. In total, 2/6
(33.3%) patients with confirmed NCP presented with bilateral
pneumonia, and 21/68 (30.9%) non-NCP patients exhibited
bilateral pneumonia, with bilateral distribution of patchy
shadows or ground glass opacity. The present study revealed
that epidemiological history was critical to the diagnosis of
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2019-nCoV in low epidemic regions outside Hubei province. It
was also identified that chest CT could not replace nucleic acid
testing due to similar radiological manifestations.

Introduction

In December 2019, a number of pneumonia cases of unknown
origin emerged in Wuhan, China (1,2). On January 7, 2020,
the pathogen of these infections was identified by the Chinese
Center for Disease Control and Prevention from a throat
swab sample; the pathogen was later termed 2019 novel
coronavirus (2019-nCoV) (3,4). By March 2, 2020, there were
80,174 confirmed 2019-nCoV cases in China and 8,837 cases
in 61 other countries around the world (5). The World Health
Organization (WHO) raised the global risk level for 2019-nCoV
pneumonia (NCP) to very high on February 22,2020 (6).

Patients with NCP have clinical features of fever, cough,
myalgia, rhinorrhea, fatigue, headache, diarrhea, nausea and
vomiting (2,7,8). Chest computerized tomography (CT) is
routinely used for diagnosing community-acquired pneu-
monia, the causative pathogens of which include viruses,
bacteria, fungi and atypical pathogens (9). According to recent
studies, the majority of patients with laboratory-confirmed
2019-nCoV present with bilateral distribution of patchy
shadows or ground glass opacity; however, not every patient
has imaging abnormalities (2,7,10). So far, patients with
2019-nCoV can only be confirmed by a nucleic acid test, such
as reverse transcription-PCR (RT-PCR) or sequencing (7).

According to the sixth edition of New Coronavirus
Pneumonia Prevention and Control Program guidelines (11),
patients with suspected NCP are defined as follows: i) Imaging
changes characteristic of NCP; ii) fever or respiratory symp-
toms; iii) normal or decreased white blood cell counts, and
reduced lymphocytes counts; and iv) with or without a history
of traveling to a NCP-affected area or exposure to patients
with NCP within 2 weeks. In view of the high incidence of
community-acquired pneumonia in winter, it is difficult to
distinguish NCP from pneumonia caused by different patho-
gens. The purpose of the present study was to describe the
clinical, laboratory and radiological characteristics of patients
with confirmed 2019-nCoV, and to compare the clinical
features with non-NCP patients in Zhejiang province.
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Patients and methods

Study population. A total of 74 patients with possible 2019-nCoV
at Zhejiang Hospital (HangzhouZhejiang, China) were continu-
ously recruited between January 22 and March 2, 2020. Cases
were diagnosed on the basis of WHO interim guidance (12).
When the suspected patients were admitted to hospital, all
were tested using nasal and throat swabs for a RT-PCR assay
at Zhejiang Hospital. The confirmed cases were defined as
positive for 2019-nCoV nucleic acid by RT-PCR assay (11).
Of the 74 suspected cases, six patients were confirmed to be
infected with 2019-nCoV and diagnosed as having NCP by CT
imaging. These confirmed patients were sent to a designated
hospital in Zhejiang and were further confirmed to be positive
for 2019-nCoV. Based on the 2019-nCoV nucleic acid test results
by RT-PCR assay, the present study population was divided into
the confirmed group (NCP-positive cases) and the control group
(NCP-negative cases). The present study was approved by the
Ethics Review Committee of Zhejiang Hospital, and written
informed consent was obtained from all patients.

Data collection. The epidemiological, clinical, laboratory
and CT scan data were obtained from electronic records.
Recorded information included demographic data, exposure
history, smoking history, any comorbidities, signs, symptoms,
laboratory findings and CT scans. Laboratory findings were
composed of complete blood count, C-reactive protein and
direct antigen influenza A+B test.

RT-PCR detection. Total RNA was extracted from 140 ul
nasal and throat swab epithelial cells from each patient using
an RNA Isolation kit (Paramagnetic Beads Column; Shanghai
7] Bio-tech Co., Ltd.), according to the manufacturer's
instructions; a 50 ul elution was obtained for each sample.
A volume of 10 ul RNA was subsequently used for the
RT-PCR, which was performed using a Novel Coronavirus
Nucleic Acid Diagnostic kit (SanSure Biotech Inc.), which
targeted the 2019-nCoV open reading frame lab (ORFlab)
and nucleocapsid protein (NP) genes. The reaction mixture
contained 26 pl PCR reaction solution (4.62% primer, 1.15%
probe, 3.85% dNTP and 89.13% PCR buffer), 4 ul PCR
enzyme mixture (62.5% RT enzyme and 37.5% Taq enzyme)
and 10 pl RNA template. An ABI7500 real-time fluorescence
quantitative PCR instrument (Applied Biosystems; Thermo
Fisher Scientific, Inc.) was used for detection. The following
thermocycling conditions were used for the RT-PCR: Reverse
transcription at 50°C for 30 min and initial denaturation at
95°C for 1 min; followed by 45 cycles of denaturation at 95°C
for 15 sec and annellation and elongation at 60°C for 30 sec;
a final extension step was performed at 25°C for 10 sec. The
presence of the two targets (ORFlab and NP) was determined
as positive by specific RT-PCR and the case was considered
to be laboratory-confirmed, as previously described (13). A
quantitation cycle (Cq) value of <40 was defined as positive,
while a Cq value of >40 was defined as negative. Three
replicates were performed for each sample.

Statistical analysis. Continuous variables are presented as the
mean =+ standard deviation. Categorical variables are presented
as frequency and percentage. Continuous variables were
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compared between groups using an unpaired Student's #-test.
Categorical variables were compared using x> or Fisher's exact
test as appropriate. Analyses were performed using SPSS v.20
(IBM Corp.). P<0.05 was considered to indicate a statistically
significant difference.

Results

Basic characteristics. The recruited 74 hospitalized patients
were suspected to have NCP and all influenza antigen tests
were negative. In total, six of the suspected patients were
confirmed to have NCP by RT-PCR. The other 68 patients
were determined to be negative by two nucleic acid tests
=24 h apart. At the time of publication, the 68 patients had not
been diagnosed with NCP at any other hospital, according to
follow-up by telephone.

Epidemiological characteristics. The six confirmed patients
were from three family clusters, including a couple, and two
mothers and daughters. The husband of the couple had been
in close contact with his relatives in Hubei province, who had
fever or respiratory symptoms; therefore, it is presumed that
he infected his wife. One daughter had close contact with a
colleague from Wuhan at the annual meeting of her company
and is believed to have transmitted the novel coronavirus to her
mother. Finally, the mother in the third family cluster flew back
to Hangzhou from Wuhan on January 22,2020 and is believed
to have infected her daughter. Therefore, epidemiological
history was a crucial factor in the diagnosis of NCP (P=0.004).

Demographic and clinical characteristics. The demographic
and clinical characteristics are presented in Table I. In total,
83.3% of the patients with NCP were female, with a mean age
of 40 years. On admission, the most common symptoms at
onset of NCP were fever (5/6; 83.3%) and cough (5/6; 83.3%),
followed by dyspnea/pharyngalgia (2/6; 33.3%); myalgia (1/6;
16.7%) and fatigue (1/6; 16.7%) were less common. Compared
with the non-NCP patients in the present study, patients with
NCP were more likely to present with dyspnea (P=0.05).
However, other symptoms and comorbidities were similar in
the patients with NCP and non-NCP patients (all P>0.05).

Laboratory findings. Laboratory findings and the radiological
manifestations are presented in Table II. Patients with NCP had
lower lymphocyte counts compared with non-NCP patients,
but this was not statistically significant (P=0.778). Compared
with non-NCP patients, patients with NCP had significantly
lower levels of C-reactive protein (P<0.001).

Radiological findings. All 74 suspected patients with NCP
exhibited abnormal CT images on admission. Two patients
with NCP displayed bilateral pneumonia, and three other
patients with NCP exhibited a unilateral distribution of
patchy shadows or ground glass opacity, and the other patient
with NCP presented with ground-glass nodules. Among the
68 non-NCP patients, 21 (30.9%) patients demonstrated bilat-
eral pneumonia, with a bilateral distribution of patchy shadows
or ground glass opacity. As a result, chest CT imaging of
patients with NCP was similar to that of non-NCP patients
with pneumonia caused by unknown pathogens (Fig. 1).
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Table I. Clinical characteristics of 74 patients infected with suspected 2019-NCP.
Characteristic All patients (n=74) NCP-positive (n=6) NCP-negative (n=68) P-value
Age, years 40+13 40+13 40+13 0.967
Male (%) 31(41.9) 1(16.7) 30 (44.1) 0.391
Positive epidemiological history (%) 31 (41.9) 6 (100) 25 (36.8) 0.004
Current smoking status (%) 13 (17.6) 0 () 13 (19.1) 0.300
Comorbidities (%)
Hypertension 12 (16.2) 0(0) 12 (17.6) 0.261
Diabetes 5(6.8) 1(16.7) 4(5.9) 0.353
Thyroid disease 22.7) 0 () 2(2.9) 0.843
Chronic kidney disease 34.1D 0 (0) 344 0.773
Pulmonary tuberculosis 22.7) 1(16.7) 1(1.5) 0.157
Chronic liver disease 5(6.8) 1(16.7) 4(59) 0.353
Signs and symptoms (%)
Fever 51 (68.9) 5(83.3) 46 (67.6) 0.389
Cough 63 (85.1) 5(83.3) 58 (85.3) 0.897
Dyspnea 5(6.8) 2(33.3) 344 0.050
Myalgia 17 (23.0) 1(16.7) 16 (23.5) 0.580
Fatigue 10 (13.5) 1(16.7) 9(13.2) 0.814
Pharyngalgia 23 (31.1) 2(33.3) 21 (30.9) 0.611
Headache and dizziness 13 (17.6) 1(16.7) 12 (17.6) 0.717
Rhinorrhea 5(6.8) 0 (0) 5(74) 0.647
NCP, novel coronavirus pneumonia.
Table II. Laboratory findings and radiological manifestations of patients with suspected 2019-NCP.
Characteristics All patients (n=74) NCP-positive (n=6) NCP-negative (n=68) P-value
White blood cell count, 10°/1 6.6x:2.4 7.6£3.8 6.6x2.3 0.308
Neutrophil count, 10%1 44+2.1 5.5+3.6 43«19 0.449
Lymphocyte count, 10%/1 1.7+0.7 1.6+0.6 1.7+7.3 0.778
Monocyte count, 10%/1 04+0.2 04+0.2 04+0.2 0.934
Hemoglobin, g/l 144+18 133x18 145x17 0.116
Platelet count, 10%/1 217+58 234165 21657 0461
C-reactive protein, mg/l 1319 3+3 1319 <0.001
Bilateral pneumonia (%) 23 (31.1) 2 (33.3) 21 (30.9) 0.611

NCP, novel coronavirus pneumonia.

Discussion

The present study reported that six patients from a total of
74 patients with suspected 2019-nCoV at Zhejiang Hospital
were confirmed as having 2019-nCoV by RT-PCR. In the
current study, patients infected with 2019-nCoV presented
with fever, cough, dyspnea, pharyngalgia, and patchy shad-
owing or ground glass opacity on chest CT scans; these
symptoms are similar to those associated with severe acute
respiratory syndrome-coronavirus and Middle East respiratory
syndrome-coronavirus infections (14,15). None of the patients
with NCP exhibited rhinorrhea, which indicated that the target

cells may be located in the lower airway, accounting for why
patients with NCP more frequently experienced dyspnea in the
present study.

Until now, numerous studies have reported that a large
proportion of patients with 2019-nCoV are male. However, the
present study observed more women than men with 2019-nCoV,
which is contradictory to other studies (2,7,16). The explanation
for this may be that the number of patients diagnosed with NCP
in Zhejiang was relatively small, thus it was difficult to evaluate
the gender distribution of a highly infected population, such as
in Wuhan. Further studies are needed to validate the present
findings. When the Wuhan 2019-nCoV outbreak occurred, the
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Figure 1. Chest computerized tomographic images of patients with 2019-nCoV and pneumonia caused by other pathogens. nCoV, novel coronavirus.

Zhejiang provincial government immediately responded and
implemented strict controls, including early identification of
patients with NCP and epidemiological investigations of the
confirmed patients, thereby cutting off the transmission route
to control the spread of NCP in Zhejiang province, which could
explain the small number of confirmed patients with NCP in
the Zhejiang province. Currently, diagnosis of patients with
suspected NCP is based on the following Chinese guidelines:
i) A positive epidemiological history, particularly exposure to
the Wuhan epidemic area, plus any two clinical manifestations
(fever or respiratory symptoms, lower white blood cell and/or
lymphocyte count, characteristic imaging of NCP); or ii) if
there was no epidemiological history, three clinical manifesta-
tions are required (11). The present study demonstrated that for
patients with confirmed NCP, epidemiological history was the
most important condition for diagnosis. It was revealed that
chest CT imaging of patients with NCP was absent of specific
manifestations when compared with community-acquired
pneumonia; therefore, it was difficult to distinguish NCP from
other types of pneumonia using chest CT only (17,18). With the
development of the NCP epidemic, an increasing number of
patients in Wuhan could not undergo nucleic acid testing in a
timely manner, making the diagnosis of suspected patients more
difficult. A local clinician in Wuhan had appealed to use chest
CTs for diagnosis instead of nucleic acid testing. Clinical CT
diagnosis cases were specifically developed for Hubei province
based on the fifth edition guidelines. With the greatly enhanced
nucleic acid detection capabilities in Hubei province, the
sixth edition of the guidelines removed the content of clinical
diagnosis (11,19). Therefore, a large number of the diagnosed
patients with NCP were not actual NCP cases. The levels of
C-reactive protein are usually normal or slightly elevated in

patients with viral pneumonia (20), and NCP is also a type of
viral pneumonia. In cases of bacterial infections, C-reactive
protein levels may increase from a moderate to a high level; for
example, C-reactive protein levels exceeded 100 mg/l in 80%
of patients with sepsis and >50 mg/1 in 88-94% of patients with
other infections in previous studies (21,22). As is well under-
stood, non-NCP is a type of community-acquired pneumonia
caused by other viruses, bacteria and atypical pathogens, but
most commonly bacteria (9). Patients with NCP confirmed in
the present study were classified as common (no respiratory
failure, shock or other organ failure) based on Chinese guide-
lines. This may explain why C-reactive protein was higher in
non-NCP patients compared with patients with NCP.

According to Chinese guidelines, the gold standard for
diagnosing 2019-nCoV is a nucleic acid test, such as RT-PCR
or metagenomics sequencing (11); however, the latter is expen-
sive and relatively time consuming. Therefore, it is impossible
to apply metagenomics sequencing as a preliminary screening
method for all suspected patients. By contrast, RT-PCR is
relatively cheap and more practical.

In conclusion, given that NCP has been established as a
global health threat, how to identify patients with NCP from
suspected patients is the first step to control the spread of
the NCP epidemic worldwide. For low epidemic regions
outside Wuhan, epidemiological history has been critical for
the diagnosis of 2019-nCoV. Nucleic acid testing is the gold
standard and chest CT should not replace nucleic acid testing,
due to the absence of specific radiological presentations.
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