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Background: This retrospective study aimed to investigate the factors associated with disease severity and patient outcomes
in 631 patients with COVID-19 who were reported to the Jiangsu Commission of Health between January 1 and
March 20, 2020.

Material/Methods: We conducted an epidemiological investigation enrolling 631 patients with laboratory-confirmed COVID-19
from our clinic from January to March 2020. Patients’ information was collected through a standard question-
naire. Then, we described the patients’ epidemiological characteristics, analyzed risk factors associated with
disease severity, and assessed causes of zero mortality. Additionally, some key technologies for epidemic pre-
vention and control were identified.

Results: Of the 631 patients, 8.46% (n=53) were severe cases, and no deaths were recorded (n=0). The epidemic of
COVID-19 has gone through 4 stages: a sporadic phase, an exponential growth phase, a peak plateau phase,
and a declining phase. The proportion of severe cases was significantly different among the 4 stages and 13
municipal prefectures (P<0.001). Factors including age >65 years old, underlying medical conditions, highest fe-
ver »39.0°C, dyspnea, and lymphocytopenia (<1.0x10°/L) were early warning signs of disease severity (P<0.05).
In contrast, earlier clinic visits were associated with better patient outcomes (P=0.029). Further, the viral load
was a potentially useful marker associated with COVID-19 infection severity.

Conclusions: The study findings from the beginning of the COVID-19 epidemic in Jiangsu Province, China showed that pa-
tients who were more than 65 years of age and with comorbidities and presented with a fever of more than
39.0°C developed more severe disease. However, mortality was prevented in this initial patient population by
early supportive clinical management.
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Background

The World Health Organization (WHO) declared COVID-19 a
public health emergency requiring international concern on
January 30, 2020 [1]. China has incorporated COVID-19 as a
nationally notifiable disease since January 20, 2020 [2]. On
March 20, 2020, a total of 80 859 laboratory-confirmed cases
and 3100 deaths were documented in China [3]. Much effort
was devoted to rapidly understanding the epidemiology, sever-
ity, and impact of COVID-19 [4]. The disease was first identi-
fied in Wuhan [5], and was shown to have a wide spectrum of
severity [4]. Therefore, to better describe the epidemiological
characteristics, investigate the factors associated with disease
severity and patient outcomes, and to determine the causes
of zero mortality, we performed an analysis of 631 patients
with COVID-19 who were reported to the Jiangsu Commission
of Health between January 1 and March 20, 2020.

Material and Methods

Ethics statement

The study was conducted in strict compliance with the ethical
principles of the Declaration of Helsinki. The study protocol
was reviewed and approved by the Ethics Committee of the
Jiangsu Provincial Center for Disease Control and Prevention
(JSCDQ). It was concluded that the rights and interests of the
subjects of this study had been fully protected, and the pos-
sible benefits of the issues outweigh the potential risks. Each
study participant provided written informed consent.

Case definitions

Sputum and throat swab specimens were collected from all
patients on admission. The presence of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) infection was con-
firmed on the basis of positive real-time reverse transcrip-
tase-polymerase chain reaction (RT-PCR) assay for both open
reading frame lab(ORFlab) and nucleocapsid protein (N) in
the same clinical specimen, or if only a single target (ORF lab
or N target) was positive, but was still single positive through
re-sampling and retesting, or if a single target (ORF lab or N
target) was positive in 2 different clinical specimens, or if a
single target (ORF lab or N target) was positive in the same
clinical specimen collected on 2 or more days during the course
of the illness. A cycle threshold value (Ct-value) less than 37
was defined as a positive test result, and a Ct-value of 40
or more was defined as a negative test. A medium load, de-
fined as a Ct-value of 37 to less than 40, required confirma-
tion by retesting. Laboratory confirmation of SARS-CoV-2 was
performed at the JSCDC before February 2, 2020, and subse-
quently in 13 certified municipal laboratories in each city of
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Jiangsu Province. The real-time RT-PCR assay was performed
using a COVID-19 nucleic acid detection kit as per the proto-
col established by the WHO [6].

Cases were diagnosed according to the diagnostic criteria for
the “Diagnosis and Treatment Protocol for COVID-19 (Trial
Version 6)” released by National Health Commission of the
People’s Republic of China [7]. We defined the degree of se-
verity of COVID-19 (severe vs non-severe) according to the
above COVID-19 diagnosis and treatment guidelines and CDC
criteria for disease severity [8]. Non-severe patients included
mild illness and moderate illness, and severe patients includ-
ed severe illness who had any of the following: 1) saturation
of oxygen (Sp0,) <93% on room air at sea level; 2) a ratio of
arterial partial pressure of oxygen to fraction of inspired ox-
ygen (Pa0,/Fi0,) <300 mmHg; 3) respiratory frequency >30
breaths/min; 4) lung infiltrates >50% in 24-48 h, and critical
illness with respiratory failure, septic shock, and/or multiple
organ dysfunction.

Data collection

Overall, 631 laboratory-confirmed COVID-19 cases were diag-
nosed and then reported to the Jiangsu Commission of Health
between January 1 and March 20, 2020. Trained profession-
als from the local district CDCs were responsible for conduct-
ing epidemiological investigations of those cases, the epide-
miological investigation reports drafted by them were sent to
the Data Processing Center of JSCDC, and the formatted case
questionnaire was uploaded to the China Information System
for Disease Control and Prevention (CISDC). Key information
was extracted from epidemiological investigation reports and
cross-checked from the formatted case questionnaire in the
CISDC to ensure consistency and reliability. If the core informa-
tion was lost or there was a logistical error, the query form was
sent to the local CDC, where the case was located. Local CDC
staff were responsible for rechecking the information and for
correcting and resubmitting the data to the CISDC and JSCDC.

Statistical analysis

Continuous variables are expressed as median and interquar-
tile ranges (IQR) or simple ranges, as appropriate. Categorical
variables are summarized as counts and percentages. No impu-
tation was made for missing data. The 631 cases were divided
into severe and non-severe groups, and the key time distribu-
tion was calculated. We performed stepwise logistic regression
to identify predictors of severe outcomes, according to the ex-
clusion criteria of P value >0.10 and chi-square (x?) test. The
relationship between disease severity and viral load was also
analyzed. The time-dependent reproductive number (R) was
calculated using the method proposed by Thompson et al [9]
and the daily number of reported COVID-19 cases and the serial
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Figure 1. (A) Epidemic curve of confirmed coronavirus disease 2019 (COVID-19) cases reported in Jiangsu Province, Eastern China, by
February 14, 2020 (data from February 15 were not available because since February 14, there has been no report on new
confirmed cases). First-generation infection was defined as those who had a history of travel and residence in Wuhan City
and surrounding areas or other communities with reported cases. Second-generation infection was defined as those who
had contact with people from Wuhan City and surrounding areas or other communities with reported cases. Third-generation
infection was defined as those who had contacted a locally confirmed or probable COVID-19 case. Unclear were defined as
cases that did not belong to the above 3 categories and whose exposure sources cannot be traced. (B) R, (time-dependent
reproductive number, R) in different epidemic stages in Jiangsu Province, Eastern China, by February 14, 2020. The darkened
horizontal line indicates R =1, below which sustained transmission is unlikely as long as the anti-transmission measures are
sustained, indicating that the outbreak is under control. The 95% confidence intervals (Cls) are presented as shaded values.

interval derived from a previous study [10] were used to esti-
mate R, and its 95% confidence interval (95% Cl) on each day
via a 5-day moving average. All analyses were performed us-
ing R software (3.6.2, R Foundation for Statistical Computing).
We also created a hierarchical color and point density map to
illustrate the regional distribution using ArcGIS software ver-
sion 10.0 (ESRI, Redlands, CA, USA).
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Results

Epidemiological Characteristics of Confirmed COVID-19
Cases

A total of 631 laboratory-confirmed COVID-19 cases were
identified. The mean age of the patients was 45.15+16.28
years. Male patients accounted for 54.52% (344/561). The

€929986-3

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]



JiH. etal:
Epidemiology of COVID-19 in Jiangsu province
© Med Sci Monit, 2021; 27: €929986

CLINICAL RESEARCH

Table 1. Transmission characteristics and key time intervals in 4 stages of confirmed COVID-19 cases reported in Jiangsu Province,
Eastern China, by March 20, 2020 (n=631).

Total
(n=631)

Stage 3 Stage 4

(n=138)

(n=236)

Transmission classification % (n)

The third generation infection® 4.76% (1) 14.83% (35) 35.17% (83) 55.80% (77) 31.07% (196)
Uncleard 0.00% (0) 0.42% (1) 0.42% (1) 1.45% (2) 0.63% (4)
Key time intervas (median (IQR))
Onset-to- diagnosis 11.00 8.00 6.00 5.00 7.00

& (10.00-12.50) (5.00-10.75) (4.00-10.00) (3.00-7.00) (4.00-10.00)
Onset-to-first medical visit >-00 2.00 1.00 1.00 1.00

(3.00-7.00) (0.00-4.00) (0.00-3.75) (0.00-3.00) (0.00-4.00)

Onset-to-hospitalization 8.00 >.00 3.00 1.00 3.00

P (6.50-9.00) (1.25-7.00) (0.00-5.00) (0.00-3.25) (1.00-6.00)

2 The first generation infection was defined as those who had the history of travel and residence of Wuhan city and surrounding areas
or other communities with reported cases; ® The second generation infection was defined as those who had contacted people from
Wuhan city and surrounding areas or other communities with reported cases; ¢ The third generation infection was defined as those

who had contacted a locally confirmed or probable COVID-19 case; ¢ Unclear defined as cases that did’t belong to the above three

categories and whose exposure sources cannot be traced.

case-severity rate was 8.46% (53/631). Patients’ responses to
the questionnaire revealed that 68.30% (431/631) of patients
met at least one of the following conditions: 1) history of trav-
el and residence in Wuhan City and its surrounding areas or
other communities with reported cases (first-generation in-
fections); and 2) contact with people from Wuhan City and its
surrounding areas or other communities with reported cases
(the second-generation infections). The onset of the first case
was on January 4, 2020, in a patient with recent travel histo-
ry to Wuhan before the symptoms appeared.

The epidemic of COVID-19 has undergone 4 stages (Figure 1).
The first stage was patients with illness onset between January
4 and January 17, when 3.32% (21/632) of cases occurred spo-
radically, of which 71.43% were first-generation infections and
23.81% were of second-generation type. Only 4.76% of patients
had contact with a locally confirmed or probable COVID-19
cases (third-generation infections). The second stage was be-
tween January 18 and January 26, during which the develop-
ment of the epidemic curve followed an exponential growth and
peaked on January 26. Precisely 37.40% (236/631) of patients
were reported during the stage, when the proportion of first-
generation infection (64.41%) had dropped slightly. Between
January 27 and February 1, the epidemic peaked and entered
the third stage of the platform period, during which a continu-
ous human-to-human transmission occurred. However, 37.40%
(236/631) of patients were identified, and the proportion of
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first- and third-generation infections were relatively similar
(36.02% vs 35.17%). The fourth stage was after February 2,
during which 21.88% (138/631) of patients were identified,
and the proportion of third-generation infections (55.80%) in-
creased sharply. The cases gradually declined over time in the
last stage, which was 35 consecutive days since February 14,
without any new confirmed cases reported (Figure 1A, Table 1).
The R, declined from stage 1 to stage 4 and was less than 1.0
after February 1 (Figure 1B). Furthermore, there was a statisti-
cally significant difference in the occurrence of severe diseases
in the 4 stages of the epidemic, and the proportion of severe
infections showed a decreasing trend (P=0.034) (Table 2). We
found that COVID-19 circulated in all of the cities of Jiangsu
Province. Most cases came from Nanjing (93), the capital of
Jiangsu Province, Suzhou (87), which was adjacent to Shanghai,
Zhejiang Province, and Xuzhou (79), which is a national com-
prehensive transportation hub. The proportions of severe cas-
es from 13 municipal prefectures in Jiangsu Province were sig-
nificantly different (P=0.014) (Figure 2).

Clinical Characteristics of Confirmed COVID-19 Cases

A total of 631 cases were included in this study, of which 195
(30.90%) had at least one underlying medical condition such
as hypertension and/or diabetes. The proportion of cases with
each medical condition was as follows: hypotension (15.53%),
diabetes (6.02%), cerebrovascular disease (5.39%), chronic
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Figure 2. Geographical distribution of confirmed COVID-19 cases and severe cases reported in Jiangsu Province, Eastern China, by

March 20, 2020 (n=631).

obstructive pulmonary disease (COPD) or renal/liver disease
(3.33%), and pregnancy (0.48%). Fever was the most com-
mon symptom among the confirmed cases (77.02%), while dry
cough ranked second (33.60%), followed by expectoration, fa-
tigue, myalgia/arthralgia, and headache (>10.00%). Symptoms
such as diarrhea, dyspnea, and vomiting were less common.
Lymphocytopenia was present in 28.88% and leukopenia in
24.03% of cases (Table 2).

By March 20, all patients were cured and were discharged.
The median time from onset of illness to the first hospital vis-
it was 1.00 day (IQR: 0-00-4.00), to diagnosis was 7.00 days
(IQR: 4.00-10.00), and to hospitalization was 3.00 days (IQR:
1.00-6.00). The median time from hospitalization-to-discharge
was 17.00 days (IQR: 14.00-20.00). The probability density dis-
tributions of the onset-to-first hospital visit, onset-to-diagno-
sis, onset-to-hospitalization, and hospitalization-to-discharge
intervals were relatively longer in severe cases than in non-se-
vere cases of COVID-19 (Figure 3), and the time intervals rela-
tive to the different epidemic phases gradually reduced from
stage 1 to stage 4 (Table 1).

Risk Factors Associated with Confirmed Severe COVID-19

The severity of disease was positively correlated with age. The
mean age of patients with severe COVID-19 was 56.94+14.71
years, which was significantly higher than that of non-se-
vere cases, with a mean age of 44.07+16.00 years (P<0.001).
Moreover, the elderly (>65 years) had a higher risk of progress-
ing to severe disease (33.96% vs 9.69%, P<0.001). The under-
lying medical conditions, including hypertension, diabetes,
and cerebrovascular disease, were more common among se-
vere cases than among non-severe cases (62.26% vs 28.03%,
P<0.001). Risk factors for severe outcomes included illness
during the first and second stages of the epidemic and urban
residence (P<0.05). Seeking health care within 1 day after the
onset of illness and hospitalization within 3 days were protec-
tive factors that avoided or reduced severe disease (P<0.05).
High fever (>39.0°C), chills, shortness of breath, dyspnea, and
chest tightness were all significantly more frequent in the se-
vere cases group (P<0.05). Notably, the presence of lympho-
cytopenia (<1.0x10°) was significantly higher in the severe
group. (P<0.001) (Table 2).
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Table 2. Epidemiological and clinical characteristics of severe (n=53) and non-severe (n=578) cases with reported confirmed cases of
coronavirus disease 2019 (COVID-19) by March 20, 2020, Jiangsu Province, Eastern China.

All patients Severe Non-severe Unadjusted OR

Variable (n=631) (n=53) (n=578) (95% CI)

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— P=0.078 169 (0.94-3.06)
Female 287 (45.5) 18 (33.96) 269 (46.54)

Agea """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
Median (QR) 46 (33-56) 56 (48-68) 44 (32-55)  P=0000 NA
Distribution
C<sys 21 (633 0 (000) 21 (364  Reference
C1040ys 237 (37.56) 7 (1321) 230 (3979) 064  (0.08-545)
Cavedys 200 (4739) 28 (283 271 @ess) 0 17 (osie7s)
Sesys 74 (1173) 18 (3396) 46 (969 822 (1.03-65.69)
Coexisting disorder
Ay 195 (30.90) 33 (6226) 162 (2803)  P-0000 424 (2.36-7.60)
Hypertension 98 (1553) 19 (3585 79 (13.67)  P=0000  3.53 (1.92-6.49)
Cbremes 38 (602) 10 (1887) 28 (484)  P=0000 457 (2.08-10.02)
| Codbewmmrefsmen 0 34 (539) 10 (1887) 24 (415)  P=0000  5.36 (241-11.895)
Chronic obstructive pulmonary 21 (3.33) 4 (7.55) 17 (294)  P=0.091 269  (0.87-8.32)

disease

<3 days 331 (52.79) 21 (39.62) 310 (54.01) P=0.045 0.56 (0.32-0.99)
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Table 2 contributed. Epidemiological and clinical characteristics of severe (n=53) and non-severe (n=578) cases with reported
confirmed cases of coronavirus disease 2019 (COVID-19) by March 20, 2020, Jiangsu Province, Eastern China.

All patients Severe Non-severe Unadjusted OR

Variable

(n=631) (n=53) (n=578) (95% CI)

Time from illness onset to diagnosis

<37.3°C 30 (6.34) 0 (0.00) 30 (6.96) 0.35 (0.05-2.58)
a3ssec 239 (5053 13 (095 226 (5244) 051 (0.05-258)
ot 165 (G488 19 @524 146 (387 . 165 (092299
e 39 (825 10 @38) 29 (673) 440 (201-963)
Ccoh 212 (3360) 17 (3208) 195 (3374)  P=0806 093 (051-L69)
CExpectoraton 135 (2139) 15 (2830) 120 (076)  P=0200 151 (0.80-283)
CFatgee 132 (092 15 (2830) 117 (024)  P=0167 156 (083-292)
il 81 (1289 13 (453 68 (1176)  P-0008 244 (1.24:4.79)
| Myalgia/arthralgia 79 1252 9 (1698) 70 (1211)  P-=0305 148 (070-3.17)
Headache 74 (1172) 8 (1509 66 (1142)  P-=0426 138  (062-3.05)
CSorethroat 58 (019) 5 (943 53 (917)  P-1000 103  (039-270)
CRunnynose 49 (77) 1 (189 48 (830)  P=0.161 021 (003-157)
CChesttightness 42 (60§ 10 (1887) 32 (554  P=0001 397 (183861)
CDiarthea 36 (57) 4 (55 32 (554 P=0768 139  (047-4.10)
Nasalcongestion 32 (507) 1 (189) 31 (536  P-0604 034 (005-254)
CDyspnea 25 (206 11 075 14 (242  P=0000 1055 (451-24.68)
vomit 13 (209 2 (77 11 (190)  P=0680 202 (044937)

5.02 5.1 5.01

EEIEIoY (4.00-6.18) (4.00-6.28) (4.00-6.11) P=0.406 NA
 Distribution of white-cell count
<4.0 136 (24.03) 11 (23.91) 125 (24.04) 1.00 (0.49-2.01)
400 419 (7403 33 (7174) 386 (7423)  P=0383 088 (045-172)

1.23 1.00 1.27

el o) (0.92-1.67) (0.75-1.37) (0.94-1.71) P=0.491 NA
Distribution of lymphocytes count

<1.0 173 (28.88) 29 (56.86) 144 (26.28)
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— P=0.000 3.70  (2.66-6.64)
>1.0 426 (71.12) 22 (43.14) 404 (73.72)

Data are% (n/N), NA — not available, Among the 631 COVID-19 cases,578 non-severe cases including 129 patients (20.4%) diagnosed
with mild without pneumonia, 449 patients (71.2%) with mild with pneumonia, 53 severe cases including 45 patients (7.1%) with
severe pneumonia, and 8 patients (1.3%) with critically ill. Pearson Chi-square test was used,  is for independent samples t test.
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Table 3. Multivariate analysis of factors associated with severe cases with reported confirmed cases of COVID-19 by March 20, 2020,

Jiangsu Province, Eastern China.

Variable B S.E Wald 2 P OR (95% CI)
Age(>65yrs) 0.64 0.32 4.167 0.041 1.91 (1.03-3.54)
Coexisting disorder 093 044 4443 0035 253 (107599
 Highest body temperature (239.0°C) 129 027 22872 0000 364 (215619
Dysprea 312 074 17875 0000 2266 (533-9630)
 lymphocytopenia (<10x109 110 039 7785 0005 299 (139-646)
 Onset-tofirst medical visit (<1 days) o086 040 a2 0029 042 (019091)

Using multivariate backward logistic regression for 14 predic-
tors identified by univariate analysis, we identified that age
>65 years, underlying medical conditions, high fever (>39.0°C),
dyspnea, and lymphocytopenia (<1.0x10°L) significantly in-
creased the risk of severe disease, and were important early
warning signs for COVID-19 disease severity (P<0.05). In con-
trast, earlier visits to the clinic were critical in reducing the
progression to severe disease (P<0.05) (Table 3).

Reducing COVID-19 Mortality in Jiangsu Province

In the course of COVID-19 treatment, Jiangsu Province learned
from the historical experience of the severe acute respirato-
ry syndrome (SARS) and human infection with avian influ-
enza, combined with the non-par intervention measures of
COVID-19, the integration of traditional Chinese medicine
(TCM) and Western medicine, scientific research and other
measures, best efforts were made to reduce the case-fatali-
ty rate, achieving “zero deaths” among the confirmed cases.

First, on January 25, Jiangsu Province activated the first-level
public health emergency response for the COVID-19 epidemic,
and established joint prevention and control mechanisms to
ensure rapid initiation and effective implementation of a re-
gion-specific, multi-level targeted approach to epidemic pre-
vention and control.

Second, China has promoted best practices in prevention and
control across the country, especially to the frontline medical
staff, and timely updated diagnosis and treatment guidance
of COVID-19. Since January 15, 2020, the Jiangsu Provincial
Health Commission has organized training of medical work-
ers throughout the province and helping them update the
treatment principles for COVID-19 patients with varying dis-
ease severity.

Third, measures were taken to strengthen the “5 early strat-
egies”: early detection, early reporting, early diagnosis, ear-
ly isolation, and early treatment. The measures implemented
mainly include: 1) strengthened society-wide efforts to contain

the epidemic, and firmly grasp the key measures such as tem-
perature monitoring; 2)all medical institutions were required
to strictly strengthen the monitoring and management of un-
explained pneumonia; 3) strengthened the pre examination
and triage and fever clinic monitoring in the hospital, which
had played an important role in distinguishing and isolating
COVID-19 patients from non-COVID-19 patients; 4)strength-
ened the management of personnel, whose with mild and as-
ymptomatic infection were centrally isolated in designated
locations, and treated as cases requiring treatment and med-
ical management, which ensured the early treatment once
symptoms appeared; 5)standardized and improved the in-
formation report and release mechanism, All confirmed and
suspected cases must be reported directly online through the
CISDC within 2 hours.

Fourth, we adhered to the principle of concentrations: treating
the infected in dedicated facilities by medical specialists from
all over the country and with all necessary resources. The mea-
sures involved mainly included the following. 1) Concentration
of patients, in which all suspected and confirmed cases were
admitted to designated hospitals with effective isolation and
protection conditions for treatment and greatly expanded the
occupancy load, isolation, and treatment capacity within a short
time. Jiangsu set up the first group of 29 designated hospitals
during the COVID-19 epidemic, including 13 infectious disease
hospitals and 16 grade-IIl general hospitals, which could treat
1500 cases. The treatment capacity reserves of the second and
third groups were 5000 and 7500 cases, respectively. 2) Setting
up a clinical experts-guided, multi-disciplinary, province-wide
hierarchical management group, in which remote and/or on-
site consultations were carried out every day, greatly improv-
ing the quality and quantity of case treatment. Early diagno-
sis and early treatment of patients was facilitated by setting
up an early warning system and screening procedures for all
patients, as well as by the development and application of
artificial intelligence (Al)-aided decision support systems in
some places. The strategy of a dedicated team and a person-
alized treatment plan for each patient was implemented for
severe and critical cases, and shifted forward critical care and
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Figure 3. Estimates of an onset-to-first medical visit, onset-to-hospitalization, onset-to-diagnosis, and hospitalization-to-discharge
distributions of severe and non-severe cases with reported confirmed cases of COVID-19 by March 20, 2020, Jiangsu
Province. (A) Onset-to-first medical visit. (B) Onset-to-hospitalization. (C) Onset-to diagnosis. (D) hospitalization-to-discharge.

implement early screening for mild and moderate illness pa-
tients, which played an important role in curbing progression
of the disease. 3) Concentration of resources to mobilize the
medical resources of the whole province, which supports the
treatment of patients in various cities. 4) All the patients were
concentrated in the designated medical institutions with the
most vigorous comprehensive treatment strength.

Fifth, collaboration was strengthened in key priority areas of
scientific research. Lung transplantation (LT), as the sole ther-
apy for end-stage pulmonary nasal high flow (NHF) related to
acute respiratory distress syndrome or respiratory failure man-
agement, has been considered as the ultimate rescue thera-
py for these patients. Jiangsu Province successfully carried out
the world’s first lung transplant for COVID-19, and 2 of the 3

recipients survived after LT and started participating in a re-
habilitation program.

Finally, in addition to the above strategies and measures, the
early inclusion of TCM to the Chinese treatment protocol, that
is, the integration of TCM and Western medicine, also contrib-
uted to the rapid containment of COVID-19 in China (Figure 4).

Association Between Viral Load and Disease Severity

We obtained viral load information for 311 cases, including 31
severe and 280 non-severe cases. The time from onset to sam-
ple collection was 4.00 days (IQR: 1.00-8.00 days) for severe
cases and 3.00 days (IQR: 1.0-6.0days) for non-severe cases.
We analyzed the relationship between viral load and disease
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Figure 4. Core strategies and measures to reduce mortality for COVID-19 in Jiangsu Province.

severity and found a correlation (P<0.05). The median cycle
threshold (Ct) values of the ORF segment with severe cases was
26.90 (IQR: 22.00-32.20), which was significantly lower than
that of non-severe cases (29.20, IQR: 26.00-32.20). Similarly,
the Ct values of N gene segments were lower in severe cases
(27.60 vs 30.30) (Supplementary Figure 1).

Discussion

We have described the detailed epidemiology and clinical fea-
tures on the admission of 631 laboratory-confirmed COVID-19
cases identified during the study period, essential for a better
understanding of the evolving epidemiology of the disease and
the clinical spectrum. Moreover, we identified several impor-
tant risk factors for severe outcomes, such as older age, co-
existing disorder, fever above 39.0°C, dyspnea, and lympho-
cytopenia. However, earlier visits to the clinic could reduce
the risk of progression to severe stage of the infection, which
should be beneficial to public health professionals and front-
line clinicians responsible for the recognition and reporting
of COVID-19. Additionally, severe cases with high viral loads
might play a more significant role in spreading such a conta-
gious disease. Notably, we also analyzed the causes of reduced
mortality for COVID-19 in Jiangsu Province. Our findings pro-
vide substantial and valuable results for COVID-19, especially
the identification and control of severe cases and death [11].

The epidemic intensity of COVID-19 in our region was signifi-
cantly lower than that reported in Wuhan [10] due to our pre-
cise epidemic control strategies. We divided the modes of infec-
tion into 3 generations, and defined 4 epidemic curve phases,
which more clearly described the main propagation mode in
each stage. The result indicated that the development of the

epidemic followed an exponential growth in the second stage,
during which a massive human migration took place through
individuals who were traveling back to Jiangsu Province dur-
ing the Chinese Lunar New Year holiday. In the third stage, the
epidemic curve showed a continuous human-to-human trans-
mission mode, largely due to the first generation of infected
people spreading the virus. This differs from the report by Ke-
wei Wang et al, which classified the source of infection in the
cases defined by whether the patient lived or traveled to Hubei
Province, as well as their close contacts [12]. During the above
period, China’s decision to implement a lockdown in Wuhan
City and implement nationwide control measures efficiently
prevented the exponential growth of case numbers [13-15].
Jiangsu Province officially launched the first-level response to
a major public health emergency, as well as a series of mea-
sures to prevent the coronavirus from entering and spreading
with the city/region, which was clearly described by Ke-wei
Wang et al [12]. Additionally, Jiangsu Province applied infor-
mation technologies such as mobile internet and big data to
investigate patients’ exposure and track close contacts. All
cases and close contacts were centrally isolated in designat-
ed locations, which is a powerful way to prevent and mitigate
COVID-19 transmission [16,17]. Especially in the early man-
agement of close contacts, Jiangsu Province defined close
contacts screening time as “contact with cases 2 days before
the onset”, which has played a key role in the early detection
of more than 80 cases of latent infection and nearly 20 days
earlier than the guidelines for the COVID-19 close contacts
management nationwide. As a result of these effective imple-
mentation measures, the time from onset-to-first medical visit
and onset-to-hospitalization gradually fell at the different epi-
demic stages and decreased to 1 day at stage 4. Furthermore,
the number of cases in the fourth stage declined when local
transmission continued to decline and did not enter the local
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outbreak phase. There were no new locally confirmed cases
between February 14 and March 20, and no locally confirmed
cases were reported for 213 consecutive days by September
14, 2020 [18]. Our study also found geographical differences,
which showed that transportation and travel contributed to
relatively frequent interactions with Wuhan residents, and in-
deed increased the infection of COVID-19 in Jiangsu Province.

For COVID-19, existing publications suggested that 80% of
infections were mild or asymptomatic, 15% were severe in-
fections requiring oxygen, and 5% were acute infections re-
quiring ventilation [3]. Our study found that the case-severi-
ty rate was 8.46%; the data we have acquired so far indicate
that the crude case-fatality rate was between 3% and 4%,
while it reached as high as 6.8% in Italy and 4.6% in Wuhan
[19]. Of course, these proportions of severe and critical infec-
tions were higher than those observed for influenza virus in-
fection [20] but lower than those for SARS and Middle-East re-
spiratory syndrome coronavirus (MERS-CoV) [21,22]. However,
no deaths were recorded in Jiangsu Province; Jiangsu’s vigor-
ous, multifaceted response is likely to have provided a neces-
sary foundation for this. In addition to early screening of crit-
ically ill patients and critical care-guided early intervention
during the clinical work in Jiangsu Province [23], other com-
prehensive measures such as early detection, reporting, diag-
nosis, isolation, and treatment, treating the infected in dedi-
cated facilities by medical specialists from all over the country
and with all necessary resources, were the successful histor-
ical experience accumulated in the prevention and control of
infectious diseases such as SARS and H7N9 influenza virus-
es, which were beneficial for keeping the epidemic under con-
trol and prevention of death, along with preventing an excess
demand for ICU beds [17]. In 3 end-stage patients with re-
spiratory failure due to COVID-19-related pulmonary fibrosis,
we performed scientific exploration and found LT is the best
way to reduce the mortality rate and to save the lives of pa-
tients with COVID-19 [24]. In addition to the above, integrat-
ed traditional Chinese and Western medicine has a long his-
tory against epidemic diseases and plays a significant role in
combating COVID-19 [25].

The majority of infected patients were male, and the patients’
age range was wide, which was consistent with a recent re-
port [26]. Most of the patients had mild to moderate symp-
toms, and only 2.1% had dyspnea, which was consistent with
a previous report [27]. In recent studies, fever and dry cough
were the dominant symptoms, while gastrointestinal symp-
toms were uncommon [4,27]. On admission, COVID-19 pa-
tients are less likely to have fever than are patients with SARS-
CoV or MERS-CoV [28], which was also revealed by our study,
showing that fever was identified in 77.02% of the patients
on presentation. As a result, temperature screening alone, re-
gardless of exit or entry, was not an effective way to screen

CLINICAL RESEARCH

suspected patients. More sensitive screening methods, such as
‘drive-thru’ coronavirus testing for populations at risk, should
be urgently combined with the temperature monitoring[29].

People at most risks for severe influenza infection are chil-
dren, pregnant women, older adults, those with underlying
chronic medical conditions, and immunosuppressed individ-
uals [30-32]. For COVID-19, our study found that severe pa-
tients were older and had a higher number of coexisting con-
ditions than non-severe patients, which suggested that older
age and underlying conditions increase the risk of severe in-
fection, consistent with recent reports [4,33,34]. Zhou et al
also reached a similar conclusion when they examined risk
factors for mortality of adult inpatients with COVID-19 in a
retrospective study [35]. However, in the multivariate analy-
sis model, we did not conclude that the specific basic histo-
ry of hypertension, diabetes, and cardiovascular and cerebro-
vascular diseases were risk factors for severe disease, which
was different from Gold et al.’s results [36]. Symptoms of fe-
ver (>39.0°C), dyspnea, and lymphocytopenia were more com-
mon in severe patients on admission than in non-severe pa-
tients with COVID-19, in agreement with another study in the
same province and in a systematic review and meta-analy-
sis [34,37]; although we used different variables, we reached
the same conclusion. Therefore, identifying these symptoms
on admission might help physicians to monitor patients with
poor prognoses. It is also worth mentioning that there were
3 pregnant women, one of whom was very seriously ill. We
did not obtain any valuable results for either single or multi-
ple risk factors for pregnant patients. One study showed that
the clinical characteristics of COVID-19 pneumonia in preg-
nant women were similar to those reported for nonpregnant
adult patients who developed COVID-19 pneumonia; how-
ever, the conclusions were limited by the small sample size
[38]. Whether pregnant women are more likely to become se-
verely ill requires further observation. Our severity data also
found one independent protective factor, an earlier visit to first
medical care, suggesting that the elderly or people with un-
derlying medical conditions should immediately contact their
healthcare practitioner for suspicious symptoms consistent
with COVID-19 [26,39]. Additionally, the viral load was a po-
tentially useful marker associated with the disease severity of
COVID-19 in our study. It was essential to pay special atten-
tion to patients with the above-mentioned severe predisposi-
tion factors at the time of admission, who might be highly in-
fectious and could even become super-spreaders.

Our study has some notable limitations. First, we did not collect
sufficient information from all patients on laboratory results at
the early stage, which limited the identification and compar-
ison of differences. Second, we focused on patients who had
obvious clinical symptoms and went to the hospital for treat-
ment; thus, we might have missed patients without symptoms
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who might be super-spreaders or who had mild symptoms, as
well as those who did not seek hospital treatment.

Conclusions

The findings from this retrospective observational clinical
study of 631 patients with COVID-19 who were reported to
the Jiangsu Commission of Health between January 1 and
March 20, 2020 identified factors associated with disease se-
verity and patient outcomes. Patients older than of concentra-
tions age 65 years and with comorbidities and who present-
ed with a fever above 39.0°C developed more severe disease.
However, mortality was prevented in this initial patient pop-
ulation by early supportive clinical management. These find-
ings have been supported by subsequent studies during the
COVID-19 pandemic and have resulted in the development of
clinical diagnostic and management guidelines. While there are
still many important unknown parameters, expanded and en-
hanced surveillance would help in the early detection and di-
agnosis of suspected cases, thereby reducing the progression
of COVID-19 infection to severe cases and preventing deaths.
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