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Abstract
Background: Since December 2019, COVID-19 has been con�rmed in more than18.8 million patients and
leads to 0.70 million deaths worldwide. The mortality and disease severity predictors of COVID-19 have
been investigated in many studies. However, they are based on early or partial datasets from high
epidemic areas. Here, we retrospect benign clinical and epidemiological outcomes-associated factors
from a solved epidemic in a low epidemic area.

Methods: All 98 laboratory-con�rmed COVID-19 patients in a local epidemic (Zhuhai, China) from
January 17, 2020 to March 10, 2020 were enrolled. Data were updated until all patients having �nal
outcomes.

Results: Patients were all hospitalized. The case fatality rate was 1.0%. There were no local secondary
infection cases. The median age was 46.3 years. Underlying diseases were found in 33.7% patients. The
severe/critical rate was 19.4%. The mean period from disease onset to admission was 4.4 days.
Compared with serious/critical cases, mild/common cases on admission were much younger, lacks of
comorbidities and normal in functions of vital organs and indicators of secondary bacterial infections.
The lymphocyte counts in serious/critical cases began to be signi�cantly lower 3 days before their
identi�cation dates. The absence of lymphopenia before the eighth day from disease onset can exclude
the possibility of 78.5% to be serious/critical ill. Most patients (88.8%) received antiviral treatments. Early
antiviral treatment signi�cantly shortened the viral RNA-negative conversion time. The delayed antiviral
treatment was associated with critical patients.

Conclusions: Younger age, lack of aging-related diseases and early hospitalization of all patients to
conduct antiviral treatment and prevention of secondary epidemic were the important benign clinical and
epidemiological outcomes-associated factors of COVID-19. In combating COVID-19, the active
intervention strategies are crucial in low epidemic areas and the continuous monitoring of lymphocytes
may be useful to sort patients reasonably in high epidemic areas.

Background
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused an ongoing pandemic of
coronavirus disease-2019 (COVID-19) since December 2019. As of November 4, 2020, COVID-19 has been
worldwide con�rmed in more than 48.0 million individuals with case fatality rate of 3.0% [1]. SARS-Cov-2
has strong a�nity to human respiratory receptors [2], which is in concordance with its fast respiratory
transmission from person to person [3]. Concordantly, the severe patients of COVID-19 usually require
costly intensive care and some of them evolve into adult respiratory distress syndrome with high
mortality ignoring mechanical ventilation or extracorporeal membrane oxygenation [4].

As the increasing number of con�rmed cases, the clinical features of COVID-19 have well documented in
the literature [5–7], which help us understand the epidemiological, clinical, laboratory and radiological
characteristics of this disease. Some studies have paid attentions to the mortality predictors [8–12]. The
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age of more than 65 years, pre-existing underlying diseases, the presence of secondary bacterial
infections and the rises in blood in�ammatory indicators are predictors of fatal outcomes. In addition,
some studies have shown that patients with severe infection are more likely to have diabetes, renal
disease, and chronic pulmonary disease and have higher white blood cell counts, lower lymphocyte
counts, and increased C-reactive protein [13–15]. The intensive care unit admission is predicted by raises
in leukocyte count, alanine aminotransferase, aspartate transaminase, lactate dehydrogenase and
procalcitonin [16]. However, these predictors are mainly summarized from high epidemic areas, usually
from partial epidemic datasets in the early stage. The proposed models are indeed thought to be poorly
reported, at high risk of bias, and their reported performance is probably optimistic [8].

The case fatality rate of COVID-19 signi�cantly varies as the local intensity of epidemic. The case fatality
rate is 6.6% in a high epidemic province, but only 0.8% in the rest provinces in China (updated on
November 4, 2020), suggesting that there may be signi�cant differences in mortality and disease severity
predictors between high and low epidemic areas. On the other hand, a solved or complete epidemic,
especially with a low case fatality rate and few secondary infection cases, may provide novel clues to
reduce the deaths and secondary epidemic in high or new epidemic areas. For these reasons, we further
investigated the benign clinical and epidemiological outcomes-associated factors of COVID-19 from a
solved epidemic of 98 patients with one death and no local secondary infection cases.

Methods
Study design and patients

This single-center retrospective observational study was conducted in the Fifth A�liated Hospital of Sun
Yat-sen University, a designated hospital for COVID-19 in Zhuhai, Guangdong province, China. All 98
laboratory-con�rmed COVID-19 patients in the local epidemic were hospitalized from 17 January 2020 to
10 March 2020.

Data collection

The epidemiological, demographical and clinical data, laboratory examination results, imaging reports
and treatment regimens of all patients were extracted from the electronic medical records. The data
collected were examined by two doctors, and the third researcher was responsible for determining
whether there was a difference between the two doctors' explanations. The main symptoms, laboratory
results and chest computed tomography (CT) �ndings on admission and the �nal clinical classi�cation
were conducted based on entire disease course unless mentioned elsewhere.

Laboratory con�rmation

Laboratory con�rmation of SARS-CoV-2 infection was performed at the Chinese Center for Disease
Prevention and Control. SARS-CoV2 RNA in the nasal and pharyngeal swab specimens was detected
using real-time RT-PCR assays [6]. All patients were con�rmed before admission.
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De�nitions

According to guideline of diagnosis and treatment of COVID-19 issued by National Health Commission of
China [17], those patients were clinically classi�ed into 4 types. Mild type: mild clinical symptoms, no
evidence of pneumonia on imaging. Common type: fever, respiratory tract and other symptoms. The
imaging examination shows pneumonia. Serious type: Meet any of the following conditions: 1)
Shortness of breath, respiratory rate > 30 times / min; 2) In resting state, oxygen saturation ≤ 93%; 3.
Partial pressure of oxygen/fraction of inspiration O2 ≤ 300 mmHg. Critical type: meet one of the
following conditions: 1) Respiratory failure, requiring mechanical ventilation; 2) Shock; 3) Combined with
other organ failure, need intensive care unit (ICU) monitoring treatment.

Treatments

Most adult patients received antiviral treatment with lopinavir and ritonavir (400 mg twice daily and 100
mg twice daily for 14 days, respectively), arbidol (200 mg three times daily for 7-14 days) and/or
chloroquine (500 mg once or twice daily for 7 days). Severe patients or patients with more than 50%
progression in pneumonia within 48 hours were treated with corticosteroid (40-80 mg/day) and gamma
globulin (15-20 g/day) for 3-5 days. Quinolones, macrolides or antifungal drugs were administered if
there were co-infections with bacteria or fungus. 

Statistical analysis

When the data were normally distributed, the continuous variables were expressed as mean ± standard
deviation (SD) and compared using student’s t test and Pearson correlation analysis. When the data were
non-normally distributed, the variables were expressed as median (interquartile range, IQR) and compared
using Mann-Whitney U test and Spearman correlation analysis. The classi�cation variables were
expressed as number (%) and compared by χ² test or Fisher’s exact test. Histogram was used to describe
the proportion of patients in different groups whose indicators were lower than normal. Line charts and
scatter charts were used to describe the mean of various indicators in different groups. P<0.05 was
considered statistically signi�cant. All data were analyzed using SPSS (version 23.0) software.

Results
Clinical and epidemiological outcomes

All 98 laboratory-con�rmed COVID-19 patients, either Hebei citizens or Hebei visitors, in this local
epidemic were hospitalized and included in our analysis. Data were continuously updated until all
patients having �nal clinical outcomes (recovery or death). The epidemic had a benign epidemiological
outcome without local secondary infection cases in health workers and local citizens. These patients,
including 5 children (under 14 years old) and 15 elderly persons (over 65 years old), had benign clinical
outcomes with a case fatality rate of 1.0% (1/98) (Table S1). Out of 98 cases, 13 (13.3%) and 6 (6.1%)
belonged to serious and critical types, respectively. The serious/critical rate was 19.4% (19/98). All 6



Page 5/21

(6.1%) critical patients were admitted to the intensive care unit and 3 (3.1%) of them underwent
mechanical ventilation. Only a 78-years-old man with hypertension, coronary heart disease and diabetes
died of adult respiratory distress syndrome. The rest of patients were successfully cured and discharged
from hospital. The mean period from disease onset to admission was 4.4 days. The average length of
hospitalization was 21.1 days. The mean period of the �rst viral RNA negative conversion was 8.2 days.
The rate of re-positive viral RNA was 18.4%.

Benign outcomes-associated factors in demographic and clinical characteristics
The demographic and epidemiological characteristics of 98 COVID-19 patients were shown in Table S1.
Mean age was 46.3 years and 45 (45.9%) were male. When patients were strati�ed by the disease
severity, the mean age of mild/common cases (43.2 years) was signi�cantly younger than that of
serious/critical cases (59.3 years) (P < 0.001) (Table S1), suggesting that the younger age was a benign
clinical outcome-associated factor. To con�rm it, the mean age in 4 different clinical types and the
occurrence of serious/critical cases in different age groups were compared (Fig. 1). The less severity the
cases, the younger the mean of age was (Fig. 1A). The younger the group, the lower the proportion of
patients with severe illnesses was (Fig. 1B). The freeness of comorbidities seemed to be another benign
clinical outcome-associated factor (Table S1). It was obvious, however, that the disease severity was
associated with aging-related diseases, such as hypertension and diabetes. Only 3 cases had a history of
respiratory disease, 2 of them had pulmonary tuberculosis. Fever, cough and sore throat were the three
most common symptoms, accounting for 57.1%, 39.8% and 9.2% respectively. Nonetheless, the common
symptoms along as the gender, smoking history and exposure manners did not show any associations
with the disease severity (Table S1).

Benign outcomes-associated factors in Laboratory �ndings

Laboratory and chest CT scan �ndings on admission were shown in Table S2. Blood routine examination
showed that the decreases in eosinophil, lymphocyte and platelet counts were signi�cantly associated
with the serious/critical patients. The lymphopenia (< 1.0 × 109/L) occurred more frequently in
serious/critical cases (Fig. 2A). Furthermore, the counts of lymphocyte (Fig. 2B), cluster of differentiation
(CD) 3+ (Fig. 2C), CD3 + CD4+ (Fig. 2D) and CD3 + CD8+ (Fig. 2E) T lymphocytes and eosinophil (Fig. 2F)
signi�cantly decreased in serious/critical patients. Moreover, when compared the data before the
identi�cation date (an average of 7.8 days from disease onset) in serious/critical patients and the
reference date (the eighth day) in mild/common cases, we found that the lymphocyte counts in
serious/critical cases began to be signi�cantly lower 3 days before their identi�cation dates (Fig. 3). As
for mild/common patients, the predictive sensitivity, predictive speci�city, positive predictive value and
negative predictive value of the absence of lymphopenia before the eighth day from disease onset were
78.5% (62/79), 89.5% (17/19), 96.9% (62/64) and 50.0% (17/34), respectively. Simultaneously, bacterial
infection indicators, C-reactive protein and procalcitonin, were elevated in a portion of serious/critical
patients. Moreover, the decreases in serum albumin and increases in serum γ-globulin, total bilirubin,
lactate dehydrogenase and D-dimer were signi�cantly associated with the disease severity (Table S2),
suggesting that admission of all patients before the occurrences of obvious dyspnea, substantial
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changes of vital organs and secondary bacterial infections were the major benign outcome-associated
factors. To our surprise, lung-related structure and function indicators, partial pressure of oxygen and
chest CT scan except for partial pressure of carbon dioxide, did not changes more obviously in
serious/critical cases on admission.

Benign outcomes-associated factors in treatments

The general data about treatments of antivirals, antibiotics and corticosteroids were shown in Table S1.
Chloroquine, arbidol and lopinavir/ritonavir were the major antivirals used in this local epidemic. Some
patients used two or three antivirals simultaneously or sequentially. Among the different clinical types,
the rates of antiviral treatment were similar (Fig. 4A), but the average delayed time of antiviral treatment
from disease onset in critical cases was signi�cantly longer than that in serious cases (Fig. 4B), which
was in concordance with the longer time for viral RNA-negative conversion of critical patients (Fig. 4C).
The in�uences of antiviral treatment on clinical outcome indicators were shown in Table 1. The antiviral
treatment within 3 days from disease onset signi�cantly shortened the time of viral RNA-negative
conversion. Although it was not statistically signi�cant, the rate of re-positive viral RNA was relatively
lower in those patients who received antivirals. To our surprise, the hospitalization time was signi�cantly
longer in antivirals-treated patients, probably because there was a tendency to give antivirals to the
relatively severe patients in each clinical type. Similar tendencies explained that antibiotics and
corticosteroids elongated the tome of viral RNA-negative conversion or were associated with a higher
serious/critical rate. Thus, antiviral treatment was ascertained to be an important benign clinical
outcome-associated factor. Simultaneously, the treatments of antibiotics and corticosteroids might be
also contributable to the benign clinical outcome of serious/critical cases due to the low case fatality rate
(1.0%) in spite of the higher serious/critical rate (19.4%).
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Table 1
In�uences of treatments on the clinical outcomes

  Serous/critical rate

(%)

RNA (-) conversion

(days)

RNA re-(+) rate

(%)

Hospitalization

(days)

Antivirals        

+ (87) 17(19.5%) 8.41 ± 0.50 15(17.2%) 21.6 ± 0.87*

- (11) 2(18.2%) 6.55 ± 0.95 3(27.3%) 17.3 ± 2.16

≤ 3 days (32) 4(12.5%) 7.06 ± 0.81* 5(15.6%) 21.3 ± 1.39

> 3 days (35) 13(23.6%) 9.20 ± 0.62 10(18.2%) 21.7 ± 1.11

Antibiotics        

+ (71) 18(25.4%)* 8.69 ± 0.56* 10(14.1%) 21.6 ± 0.98

- (27) 1(3.70%) 6.93 ± 0.75 8(29.6%) 19.8 ± 1.43

≤ 3 days (30) 6(20.0%) 8.10 ± 0.71 6(20.0%) 22.4 ± 1.49

> 3 days (41) 12(29.3%) 9.12 ± 0.83 4(9.80%) 21.0 ± 1.31

Corticosteroids        

+ (15) 10(66.7%)** 9.67 ± 1.84 2(13.3%) 20.5 ± 1.64

- (83) 9(10.8%) 7.94 ± 0.43 16(19.7%) 21.2 ± 0.92

Data are shown in n (%) or mean ± standard deviation; Severe case, serious/critical types of patients; *
P < 0.05, **P < 0.01, compared with the datum in the next line.

Discussion
COVID-19 has evolved into a pandemic worldwide. It led to around 0.56 million deaths with case fatality
rate of 4.4% [1]. Unfortunately, there is a lack of standardized and convincing general solutions to stop
the pandemic or for clinicians to reduce the deaths in clinical practice. It may be helpful to �nd some
effective solutions by careful retrospection of solved epidemics with a low case fatality rate and no local
secondary infection cases. Compared with Hebei province, China, Zhuhai is a low epidemic area. The
local epidemic began in early January and disappeared with a �nal case fatality rate of 1.0% and no local
secondary infection cases at the end of March, 2020. Therefore, this local epidemic was suitable for the
analysis of benign clinical and epidemiological outcomes-associated factors. By retrospection of this
resolved epidemic episode, we found that younger age, lack of aging-related diseases, admission of all
patients before the occurrences of obvious dyspnea, substantial changes of vital organs, and secondary
bacterial infections and early antiviral treatment were the major benign clinical and epidemiological
outcomes-associated factors. Among these associated factors, early hospitalization seemed to be the
most important one. It provided chances to conduct early antiviral treatment, antibacterial and antifungal
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treatments in times, reasonable care and anxiety treatment. Therefore the above �ndings might be of
many implications in combating COVID-19.

The clinical outcomes-associated factors of COVID-19 based on death cases have been broadly studied
[8–12]. The fatal outcomes are correlated with the age of more than 65 years, pre-existing underlying
diseases, the presence of secondary infections and the rises in blood in�ammatory indicators. The
disease severity is correlated with underling diseases such as diabetes, renal disease, and chronic
pulmonary disease and abnormality of higher white blood cell counts, lower lymphocyte counts, and
increased C-reactive protein [13–15]. Based on a solved epidemic in this study, we also found that the age
and underlying comorbidities were the major factors associated with the disease severity. The younger
the mean age of the patients, the lower the chance of severe illnesses was. Moreover, the underlying
comorbidities were mainly aging-related diseases such as hypertension and diabetes. Thus, age seemed
to be the key disease severity-associated factor. The mean age in our dataset was 46.3 years, which is
much younger than that reported from China (47–55 years), Italy (65 years), Germany (65 years) and
United States of America (65.5 years) [18–21]. By careful retrospection of the reports from a high
epidemic area in china, the mean age was 42 years between January 16 and January 29, 2020 and 50–
55 years between January 20 and February 14, 2020 [22,23], suggesting that the shift to the elders is the
important contributing factor for the high case fatality in high epidemic area in China. Therefore, it is
ascertained that younger age is the benign clinical outcome-associated factor of the epidemic episode in
Zhuhai, China. The prevention of the elders from COVID-19 and the providing a priority to reasonable
medication and care for elder patients may sharply reduce the deaths in high epidemic areas.

The commonest laboratory change is lymphopenia [6,24,25], which is similar to other viral infections
[26,27]. Indeed, compared with mild/common ones, the serious/critical patients had signi�cantly lower
lymphocyte counts in this study. The lymphocyte counts in serious/critical cases began to be
signi�cantly lower 3 days before their identi�cation dates. The absence of lymphopenia before the eighth
day from disease onset can exclude the possibility of 78.5% to be serious/critical ill. These �ndings are
helpful to reduce the pressure of the medical system by sorting patients reasonably in high epidemic
areas. Except for clinical types-sorting dyspnea, those serious/critical patients on admission are more
likely to have abnormalities in other vital organ functions, coagulation and secondary bacterial infections
[11,28–30]. These abnormalities indeed frequently occurred in this study. However, compared with reports
from high epidemic and high case fatality areas [6,22,31], the overall symptoms (fever and cough) and
laboratory changes of our patients were mild on admission, especially in the lung functions. The average
time of our dataset from disease onset to admission was 4.4 days, and to diagnosis was 7.8 days,
implying that most serious/critical patients were diagnosed after admission. Indeed, there were only 2
patients including the dead case had dyspnea on admission. In contrast, the average time for admission
was 7.0 days in high epidemic and high case fatality rate area [31]. Therefore, laboratory data told us that
early admission of all patients was the important benign clinical outcome-associated factor in this study.
Patients in hospital may obtain bene�ts from early or in time treatments, reasonable care and anxiety
remission.
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The treatments of COVID-19 mainly consist of maximal supportive care and antiviral agents. Though
antivirals are worldwide expected, there are no approved antiviral agents up to now. However, some drugs
including chloroquine, arbidol, remdesivir and lopinavir/ritonavir have shown aspiring effects on
reduction of deaths [32–36]. In this study, most patients (88.8%) completed antiviral regimen without
obvious side effects, and the early antiviral treatment started within 3 days from disease onset
signi�cantly shortened the time of viral RNA-negative conversion, which was in concordance with early
antiviral treatment contributing to alleviate the severity and improve the prognosis of patients [33], and no
bene�t was observed with lopinavir/ritonavir treatment beyond standard care in serious/critical patients
[34]. The average delayed time of antiviral treatment in critical cases was signi�cantly longer than that of
serious cases, suggesting that early antiviral treatment might play a role in preventing from the serious-to-
critical progression, perhaps were correlated with the low case fatality rate (1.0%) in spite of the higher
serious/critical rate (19.4%) in our dataset. Regretfully, antibiotics and corticosteroids were not found to
be benign clinical outcome-associated factors. However, secondary bacterial infections and in�ammatory
factor storms play important roles in respiratory failure [32,37]. Some physicians believe that a portion of
patients die of fulminant myocarditis [38,39]. Therefore, most serious/critical patients received the
treatments of antibiotics and corticosteroids might be contributable to the benign clinical outcomes in
this epidemic episode.

Since massive migration is considered to promote the early spread of COVID-19 in China and China's
practices with isolation of patients and quarantine of persons with close contacts [41,42], the early
admissions of all patients and widespread antiviral therapy might be contributable for the benign
epidemiological outcome of this local epidemic episode. Early admissions might be helpful for the
prevention of community infection. Early and widespread antiviral therapy might be one of the reasons of
no heath worker infection since early antiviral therapy shortened the time of viral RNA-negative
conversion. Nonetheless, to control this pandemic of COVID-19, there are many uncertainties [42]. Frankly,
some of associated factors concluded by rough comparison with published literature need to be
con�rmed in the future. We here reported them only as new clues for combating COVID-19. In addition, it
is uncertain whether our successful experience is effective in high epidemic areas since the major death-
contributable factor there is the lack of enough facilities to meet the needs of so many patients. However,
the continuous monitoring of lymphocytes may be useful reduce the pressure of the medical system by
sorting patients reasonably in high epidemic areas. We also strongly suggest that the conducts of early
isolation and general antiviral therapy to mild or young patients who are suite for most current potential
antivirals by any means are imperative to reduce the deaths by preventing old or fragile persons from
infection in high epidemic areas.

Conclusions
Based on a resolved epidemic, younger age, lack of aging-related diseases and early hospitalization of all
patients to realize early antiviral treatment, maximal supportive care and prevention of secondary
epidemic were the important benign clinical and epidemiological outcomes-associated factors of COVID-
19. These results support that the active intervention strategies in combating COVID-19 are crucial,
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especially at early stage of the epidemic or in low epidemic areas. The serious/critical patients of COVID-
19 can be at least 3 days in advance predicted by lymphopenia. In contrast, the absence of lymphopenia
before the eighth day from disease onset can exclude the possibility of 78.5% to be serious/critical ill.
These �ndings are helpful to reduce the pressure of the medical system by sorting patients reasonably in
high epidemic areas.

Abbreviation
SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2; COVID-19, coronavirus disease-2019; CT,
computed tomography; ICU, intensive care unit; SD, standard deviation; IQR, interquartile range; CD, cluster
of differentiation.
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Figures

Figure 1

The mean age of different clinical types and the age distribution of COVID-19 patients. (A) Mean age of
different clinical types of COVID-19 patients. *P<0.05, **P<0.01. (B) Age distribution of COVID-19 patients.
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The mean age of different clinical types and the age distribution of COVID-19 patients. (A) Mean age of
different clinical types of COVID-19 patients. *P<0.05, **P<0.01. (B) Age distribution of COVID-19 patients.

Figure 2

The lymphocyte and eosinophil counts and lymphocyte subsets in peripheral blood from different types
of COVID-19 patients. (A) The occurrence of lymphopenia, (B) Lymphocyte counts, (C) CD3+T lymphocyte
counts, (D) CD3+CD4+T lymphocyte counts, (E) CD3+CD8+T lymphocyte counts, and (F) eosinophil
counts in different clinical types of COVID-19 patients. *P<0.05, **P<0.01.
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Figure 2

The lymphocyte and eosinophil counts and lymphocyte subsets in peripheral blood from different types
of COVID-19 patients. (A) The occurrence of lymphopenia, (B) Lymphocyte counts, (C) CD3+T lymphocyte
counts, (D) CD3+CD4+T lymphocyte counts, (E) CD3+CD8+T lymphocyte counts, and (F) eosinophil
counts in different clinical types of COVID-19 patients. *P<0.05, **P<0.01.
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Figure 3

Early kinetic differences of lymphocyte counts in mild/common and serious/critical patients of COVID-
19. R/I date, reference date in mild/common patients/identi�cation date in serious/critical patients. The
reference date was set as the eighth day that was equivalent to the mean time (7.8 days) for those
serious/critical patients to be identi�ed from disease onset. Lymphocyte counts of mild/common (blue
line) and serious/critical (red line) COVID-19 patients were analyzed at different time points before R/I
date, respectively. Error bars, mean±SD. *P<0.05, **P<0.01. The upper dotted lines show the upper normal
limit and the lower dotted lines show the lower normal limit of lymphocyte counts.



Page 18/21

Figure 3
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19. R/I date, reference date in mild/common patients/identi�cation date in serious/critical patients. The
reference date was set as the eighth day that was equivalent to the mean time (7.8 days) for those
serious/critical patients to be identi�ed from disease onset. Lymphocyte counts of mild/common (blue
line) and serious/critical (red line) COVID-19 patients were analyzed at different time points before R/I
date, respectively. Error bars, mean±SD. *P<0.05, **P<0.01. The upper dotted lines show the upper normal
limit and the lower dotted lines show the lower normal limit of lymphocyte counts.
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Figure 4

Antiviral therapy and time of SARS-Cov-2 RNA-negative conversion. (A) Rates of antiviral treatment, (B)
Delayed time of antiviral therapy, and (C) Time of SARS-Cov-2 RNA-negative conversion in different
clinical types of COVID-19 patients. *P<0.05.
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