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ABSTRACT
Background: We aimed to investigate the epidemiological and clinical features, and medical care-seeking
process of patients with the 2019 coronavirus disease (COVID-19) in Wuhan, China, to provide useful
information to contain COVID-19 in other places with similar outbreaks of the virus.
Methods: We collected epidemiological and clinical information of patients with COVID-19 admitted to a
makeshift Fangcang hospital between 7 and 26 February, 2020. The waiting time of each step during the
medical care-seeking process was also analysed.
Results: Of the 205 patients with COVID-19 infection, 31% had presumed transmission from a family
member. 10% of patients had hospital-related transmission. It took as long as a median of 6 days from the
first medical visit to receive the COVID-19 nucleic acid test and 10 days from the first medical visit to
hospital admission, indicating early recognition of COVID-19 was not achieved at the early stage of the
outbreak, although these delays were shortened later. After clinical recovery from COVID-19, which took a
mean of 21 days from illness onset, there was still a substantial proportion of patients who had persistent
SARS-CoV-2 infection.
Conclusions: The diagnostic evaluation process of suspected patients needs to be accelerated at the
epicentre of the outbreak and early isolation of infected patients in a healthcare setting rather than at
home is urgently required to stop the spread of the virus. Clinical recovery is not an appropriate criterion
to release isolated patients and as long as 4 weeks’ isolation for patients with COVID-19 is not enough to
prevent the spread of the virus.
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Introduction
The outbreak of the 2019 coronavirus disease (COVID-19) in the city of Wuhan in China has drawn
global concerns since it was first reported in December 2019 [1, 2]. Although restrictive measures,
including the unprecedented lockdown of the city on 23 January 2020, were introduced by the Chinese
government to contain the spread of the virus, many more cases were detected in Wuhan and far beyond
[3–9]. As of 9 March 2020, there were >80000 confirmed cases and the death toll had risen to 3123 in
China. It had also spread to ⩾100 countries outside of China and a public health emergency of
international concern had been declared by the World Health Organization. While the virus was reported
to originate in the Huanan seafood market, which was closed in January 2020 [1], human-to-human
transmission had occurred and became the dominant way for the virus to spread [5–10]. The
epidemiological features and transmission dynamics of the virus are being investigated worldwide in order
to provide better strategies to contain the spread of the virus [3–11].

However, it remains largely unknown in what way the human-to-human transmission occurred in the
epicentre of Wuhan, where the confirmed cases surged in late January and early February 2020. It is also
unclear whether timely and appropriate medical care was provided to suspected patients to facilitate early
detection and isolation of infected patients, given that the disease burden significantly increased in Wuhan
during this period and there was much higher mortality than outside the city. Although confirmed cases
are decreasing in Wuhan, a better understanding of these features is important to curb the spread of the
virus and reduce the mortality elsewhere in the world, since a similar outbreak is happening in several
other cities, including those in South Korea, Italy and Iran. In this study, we investigated the
epidemiological and clinical features, and the medical care-seeking process of confirmed COVID-19
patients to assess the epidemic dynamics and disease burden in Wuhan, in order to provide useful
information to contain COVID-19 in other places with outbreaks of the virus.

Methods
Patients
This investigation was conducted in one of the Fangcang hospitals, which were makeshift isolation
facilities starting service on 7 February 2020 to provide limited medical care to patients who were newly
confirmed to have COVID-19. These patients were transferred from designated hospitals for diagnosis of
viral infection once they were confirmed with COVID-19 by real-time RT-PCR assay. We recruited
patients admitted between 7 and 26 February 2020 in areas A and B, where male and female patients were
admitted, respectively. Patients whose symptoms worsened during their stay at Fangcang hospital and
needed more advanced medical care were transferred to a well-equipped hospital. A repeated PCR test was
given to the patients when they had no fever for ⩾3 days and significant relief of other symptoms
occurred, to determine whether the patients met the discharge criteria. This study was approved by the
Ethics Committee of the Shanghai East Hospital (Shanghai, China) and verbal consent was obtained from
each patient.

Data collection
Detailed epidemiological and clinical information, and data on the medical care-seeking process for each
patient were obtained by physicians using a standard questionnaire after admission to the hospital. For the
epidemiological information, each patient was asked if the following circumstances existed before their
own symptoms occurred: 1) exposure to Huanan seafood market; 2) family members who were suspected
or confirmed to have COVID-19; 3) visited hospital departments where there were suspected or confirmed
cases of COVID-19; 4) contact with suspected or confirmed patients in other places; 5) visited public
places but without known suspected or confirmed patients; 6) none of these circumstances. Clinical
information included demographic data, medical history, comorbidities, symptoms, signs, laboratory
findings, chest computed tomographic (CT) scans and treatment of the patients received due to the virus
infection were recorded. The medical care-seeking process traced illness onset to first medical visit, first
medical visit to blood test and chest CT scan, first medical visit to PCR test of the virus, first medical visit
to hospital admission, and illness onset to final negative nucleic acid test.

Statistical analysis
Continuous variables are presented as mean±SD, if normally distributed, or medians and ranges, if not
normally distributed. Categorical variables are expressed as percentages. Trends in durations of the
medical care-seeking process were tested by linear regression, with the date of first medical visit as a
continuous explanatory variable. A two-sided p-value <0.05 was considered to indicate statistical
significance. All analyses were performed with SPSS 25.0 software (SPSS Inc., Chicago, IL, USA).
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Results
Baseline characteristics
A total of 205 patients with confirmed COVID-19 were included in this analysis during the study period.
The baseline clinical and laboratory characteristics of the patients are listed in table 1. The median age of
the patients was 51 years and 54.6% were male. Most patients were healthy individuals. 82.0% of patients
had fever and 69.8% had dry cough. The most common findings on chest CT scans were ground-glass
opacity or patchy shadows, which were detected in bilateral lung in most patients. The illness onset of
these patients was between 17 January and 7 February 2020 (figure 1a). Most patients were received
antiviral treatments (79.5%), antibiotics (62.4%) and/or Chinese medicine (84.4%) treatments.

158 patients had met the criteria for repeat severe acute respiratory syndrome coronavirus (SARS-CoV)-2
nucleic acid testing as of 28 February 2020. 76 (45.8%) patients had two negative tests and 21 (12.7%)
patients remained positive after recovery. The time from illness onset to repeat laboratory tests is shown in
figure 1b. There was no difference in this period between the two groups. The median time from illness
onset to PCR test was 21 days (range 12–28 days) for those with positive laboratory tests after the end of
symptoms (figure 1c), suggesting that clinical recovery is not an appropriate criterion to release isolated

TABLE 1 Baseline characteristics of patients with COVID-19

Characteristic All Male Female

Patients n 205 112 93
Age years 51 (39–57) 50 (36–57) 51 (41–58)
Comorbidities
Diabetes 10 (4.9%) 7 (6.3%) 3 (3.2%)
Hypertension 23 (11.2%) 13 (11.6%) 10 (10.8%)
Cardiovascular disease 2 (1.0%) 1 (0.9%) 1 (1.1%)
COPD 9 (4.4%) 5 (4.5%) 4 (4.3%)
Cancer 1 (0.5%) 0 (0%) 1 (1.1%)
Other 8 (3.9%) 7 (6.3%) 1 (1.1%)
None 163 (79.5%) 87 (77.7%) 76 (81.7%)

Signs and symptoms
Fever 168 (82.0%) 98 (87.5%) 70 (75.3%)
Dry cough 143 (69.8%) 82 (73.2%) 61 (65.6%)
Expectoration 59 (28.8%) 45 (40.2%) 14 (15.1%)
Fatigue 66 (32.2%) 36 (32.1%) 30 (32.3%)
Myalgia 47 (22.9%) 22 (19.6%) 25 (26.9%)
Chest tightness/shortness of breath 71 (34.6%) 33 (29.5%) 38 (40.9%)
Chest pain 10 (4.9%) 4 (3.6%) 6 (6.5%)
Haemoptysis 8 (3.9%) 7 (6.3%) 1 (1.1%)
Stuffy nose/runny nose/pharyngalgia/headache 54 (26.3%) 36 (32.1%) 18 (19.4%)
Diarrhoea 29 (14.1%) 15 (13.4%) 14 (15.1%)
Nausea 11 (5.4%) 4 (3.6%) 7 (7.5%)
Vomiting 6 (2.9%) 2 (1.8%) 4 (4.3%)

Laboratory findings
White blood cell count ×109 per L 5.3 (4.3–6.5) 5.5 (4.7–6.7) 5.1 (3.8–6.4)
Neutrophil count % 65.3 (56.3–70.9) 67.3 (58.8–72.4) 62.0 (53.3–70.2)
Lymphocyte count % 23.4 (18.3–31.1) 22.2 (17.1–28.8) 24.7 (19.5–33.7)
Platelet count ×109 per L 166 (137–219) 164 (134–218) 167 (144–219)

Bilateral distribution of patchy shadows or
ground-glass opacity on CT

200 (97.6%) 111 (99.1%) 89 (95.7%)

Temperature on admission C 36.5 (36.3–36.8) 36.5 (36.2–36.7) 36.7 (36.5–36.9)
Heart rate on admission beats per min 86 (77–96) 88 (79–100) 84 (75–90)
Respiratory rate on admission breaths per min 20 (16–20) 20 (18–22) 18 (16–18)
Arterial pressure on admission mmHg mean±SD 96.8±11.3 98.3±11.8 95.0±10.4
SpO2

% 96 (96–97) 96 (95–97) 97 (96–98)
Treatments
Antibiotics 128 (62.4%) 73 (65.2%) 55 (59.1%)
Antiviral 163 (79.5%) 91 (81.3%) 72 (77.4%)
Chinese medicine 173 (84.4%) 97 (86.6%) 76 (81.7%)

Data are presented as median (range) or n (%), unless otherwise stated. CT: computed tomography; SpO2
:

oxygen saturation measured by pulse oximetry.
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patients and as long as 4 weeks’ isolation for patients with COVID-19 is not enough to prevent the spread
of the virus.

Epidemiological features
Of 205 patients, only two had visited Huanan seafood market before the onset of their illness (figure 1c).
31% of patients had at least one family member who had earlier symptoms and subsequently confirmed
COVID-19 or who were considered suspected patients by medical staff (figure 1c). 10% of patients had
gone to hospital departments where they had patients with suspected or confirmed COVID-19 before
symptoms of their own occurred (figure 1c). 7% of patients had a history of contact with confirmed or
suspected patients in other public places before illness onset (figure 1c). Notably, as many as 51% of
patients had no clear contact with confirmed or suspected patients (figure 1c). As the virus can be
transmitted from the asymptomatic population, the incubation time of those contacted with family
members or in hospital and other places acquired infection was unable to obtain.

Medical care-seeking process
The median time from onset of symptoms to first hospital visit was 2 days (figure 2a). While most
patients received blood tests and chest CT scans shortly after the medical visit, it took as long as a median
of 6 days from the first medical visit to receive the SARS-CoV-2 nucleic acid test and 10 days from the
first medical visit to hospital admission, respectively (figure 2a). As shown in figure 2b, the nucleic acid
test was a rate-limiting step for the patients to seek medical care. The actual time periods over the date of
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first medical visit are shown in figure 2c–f. The trend of these time periods was down for patients who
made their medical visit recently as compared with those who did it earlier (figure 2), indicating that
medical care provided to these patients has accelerated since then.

Discussion
A better understanding of transmission patterns is critical to curb infectious diseases [12]. The outbreak of
COVID-19 is believed to have originated from the Huanan seafood market; later studies found there were
more and more patients with no link to this market, possibly due to human-to-human transmission
spread of this virus [13–16]. However, further analysis of human-to-human transmission is currently
unknown due to the implementation of quarantine measures and restricted travel. Many restrictive
policies, including home quarantine and traffic control, were applied in Wuhan after the city was locked
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down. This led to a dramatically changed lifestyle forf the people in the city and may change transmission
dynamic of the virus. Thus, it is important to investigate the new transmission features to contain the
spread of this virus in Wuhan and other cities where these restrictive measures have been applied.

Our report found that spread between family members and hospital-acquired infections are important
routes for virus transmission in the city of Wuhan, suggesting that home isolation may not be an
appropriate way to block the spread of the disease. In addition, separate spaces were required when
providing medical care to patients with respiratory symptoms to avoid hospital-acquired infections.
Importantly, as many as 51% of patients had no known contact with suspected or confirmed patients. This
indicates that more effort is needed to detect the actual epidemiological features. Besides medical
providers, more epidemiologists are urgently needed to take part in curbing the spread of the virus.

The analysis of the medical care-seeking process of the patients with suspected virus infections shows that
early recognition of the disease was achieved in January and early February 2020 despite the delay being
shortened later. This indicates that a shortage of medical resources occurred due to the surge in infected
patients at the early stage of the outbreak in Wuhan. Moreover, it also suggests there may be a substantial
number of patients who were not identified in a timely fashion and, therefore, may have promoted
transmission between family members. Different models have been generated to estimate the number of
cases in the epicentre of the outbreak [13], but no first-hand information regarding this is available to date
[15]. Our report therefore provides useful information for further analysis. As >40000 medical providers
and more medical supplies, including diagnostic PCR kits for the virus, have been deployed to the city,
more rapid detection of patients with COVID-19 is expected.

There is no sign that the spread of the virus is under control around the world and the risks of this global
pandemic continue to grow. Our study suggests that the evaluation of suspected patients needs to be
accelerated and early isolation of infected patients in a heathcare setting rather than at home is urgently
required to stop the spread of the virus.
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