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Background: Severe acute respiratory syndrome (SARS) was reported first in China in
2003. The world is currently coping with coronavirus disease-2019 (COVID-19). We con-
ducted a retrospective study to compare the initial public-health emergency response (PHER)
to SARS and COVID-19 in mainland China.

Methods: A qualitative comparative study was conducted to compare the PHER timelines
to SARS and COVID-19 by selecting six crucial time points. Besides, we explored the speed
of spread, peak time and plateau period of SARS and COVID-19, respectively, by comparing
the confirmed cases in the same time interval.

Results: The government of the People’s Republic of China (PRC) accomplished the entire
initial PHER to SARS in 127 days and for COVID-19 in 44 days. The speed of PHER for
COVID-19 was 83 days faster. The peak time of SARS arose ~80 days later than that of
COVID-19. Though the peak number of confirmed daily cases for COVID-19 was fivefold
more than that of SARS, the onset of the stabilization period for COVID-19 was >2 months
earlier than that of SARS.

Conclusion: Overall, the speed of the initial PHER to COVID-19 pandemic was faster than
that for SARS. Compared with the speed of hospital reporting and government policy-
making, the speed of pathogen identification improved the most. The COVID-19 pandemic
curve entered a plateau period earlier than the SARS pandemic curve, which suggests that
the pandemic was controlled more effectively because of a timely PHER. The PRC govern-
ment should emphasize improving the ability of hospitals to restrain infectious diseases by
enhancing the direct reporting system and cultivating crisis management to empower rele-
vant individuals to make timely scientific decisions.

Keywords: severe acute respiratory syndrome, SARS, coronavirus disease-2019, COVID-
19, infectious diseases, public health, emergency response

Introduction

Countries are facing increasingly complex public health (PH) emergencies invol-
ving epidemics of infectious disease, natural disasters and human-made disasters.'~
Such events are responsible for loss of life, disruption of the social fabric of society
as well as unprecedented damage and cost.’

Severe acute respiratory syndrome (SARS) was first reported in 2003 in Guangdong,
China, and gave rise to the first pandemic of the 21st century.* Coronavirus disease-2019
(COVID-19) emerged in Wuhan, China, in December 2019. COVID-19 has spread
worldwide and elicited a severe crisis in PH worldwide.>® On 11 March 2020, the
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World Health Organization (WHO) declared COVID-19 a -
pandemic.” More than 220 million confirmed cases and
>4.5 million deaths have been reported worldwide up to
7 September 2021.° To fight against this pandemic,
a preparedness plan worth US$675 million was launched.’

SARS and COVID-19 are infectious diseases that share
similar characteristics (Table 1), such as susceptibility
regardless of age, probable development of severe respiratory
diseases, and diseases caused by them are transmissible from
person to person.'®'® The pathogen that causes COVID-19,
severe acute respiratory syndrome-coronavirus 2 (SARS-
CoV-2), has a high rate of transmissibility, which increases
the difficulty of prevention and control of the COVID-19
pandemic.'" "> Therefore, an effective and timely public
health emergency response (PHER) is crucial to reduce the
adverse impact of emerging infectious diseases.'®!”

Such a response is reliant mainly on the early surveil-
lance and timely dissemination of information available
in the early stage of an outbreak.'® In 2003, the SARS
outbreak led to identification of deficiencies in surveil-
lance and communication of risk in the PH system in
China. A comprehensive reform from the People’s
Republic of China (PRC) government was activated to
improve its PH emergency system. This was achieved by
establishing a unified PH emergency management system
through legislation, giving priorities to development of
biotechnology industrialization and increasing investment
in establishing a direct reporting system of infectious
diseases.'” Within this perspective, the COVID-19 pan-
demic is not only a new challenge to the PRC govern-
ment, it is also a test of the effectiveness of the new
emergency response system.

Table | Epidemiological Characteristics of SARS and COVID-19

Often, three key responses are analyzed to evaluate the
efficiency of a PHER, ie, the time taken: (i) by the hospital
to report an emerging infectious disease; (ii) to identify the

(ili) by the government to respond.?®

pathogen;
However, few studies have focused on a comparison of
the PHER between SARS and COVID-19.

We conducted a retrospective study to compare the
initial PHER to SARS and COVID-19

China. We compared hospital reporting, pathogen identifi-

in mainland

cation and policymaking by the PRC government. We
summarized the lessons learnt and proposed suggestions
to improve the immediate response to future outbreaks in
China.

Methods

Selection of Time Points
The emergency response of a government to a pandemic is
chronological and, in general, involves “monitoring”, “dis-
covery”, “investigation”, “intervention”, and “recovery”
stages.”>?* Therefore, we defined a series of measures
and actions implemented as including monitoring, identi-
fying, confirming and containing the pandemic before the
exponential growth of the pandemic as the “initial PHER”.
We selected six events as the critical “time nodes” from
the total timeline of the initial PHER: the first identified
case; hospital reporting to local authorities; pathogen iso-
lation; completion of gene sequencing; publication of gui-
dance for preventing and controlling the infectious disease
by the national health authority; implementation of PHER
policies by the national government. The entire timeline
was divided into three phases (hospital reporting, pathogen
identification and government policymaking).”* There

Characteristic SARS

COVID-19

Susceptible population

People are generally susceptible to infection

People are generally susceptible to infection

Clinical symptoms

Fever, weakness and cough, short of breath

Fever, cough, short of breath

Main route of

transmission transmission

Droplets, contact and short-range aerosol

Droplets or fomites, contact and short-range aerosol

transmission

Average incubation 5.21 (4.00-7.00) 4.75 (3.0-7.2)
period/d
Basic reproduction 1.7-1.9 2.2-6.47
number
Possible virus reservoirs Bat Bat
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were reasons why we selected these time points to evalu-
ate the reaction speed.

First, when the pandemic occurs, hospital staff are usually
the first-responders and information-providers.”*** Therefore,
we chose the time of the first case identified and the case(s)
reported by the hospital as the first two nodes to evaluate the
sensitivity of hospital staff to new emerging infectious
diseases.”> Second, technical identification of the pathogen is
important. It can be used not only for clinical screening and the
design of polymerase chain reaction (PCR) monitoring
reagents, but is also crucial for follow-up treatment and epi-
demic prevention/control.*’ Hence, we selected the time of
pathogen isolation and acquisition of the genome sequence as
the two nodes in pathogen-identification phase. Third, public
awareness of the transmission dynamics of a new coronavirus
is also important for preventing additional cases or poor health
outcomes.”**® The earlier the public learn of the dynamics of
disease transmission, the faster the national health department
and national government react, and the more favorable is the
work of pandemic prevention/control.”” Therefore, we chose
the time points of publication of guidance for preventing and
controlling the infectious disease by the national health author-
ity, and the national government’s implementation of centra-
lized emergency policies, as the key nodes.*

Comparisons
Taking the time that the first case was identified as the
baseline time point, we calculated the interval and accu-
mulated days of each node and each phase. The results
were applied to compare the speed of hospital reporting,
pathogen identification and government policymaking
between the SARS pandemic and COVID-19 pandemic.
The peak period and stable period are important signs
of the progress of a pandemic because they show when the
daily number of confirmed cases will begin to decline or
stabilize. Hence, we compared the time of peak period and
stable period of SARS and COVID-19, respectively, utiliz-
ing the number of daily confirmed cases.

Data Sources

We collected two types of data: the six key time nodes and
cases data. Information about the six key time nodes for
SARS was collected from the academic literature,?®>!
WHO reports,**** information on the Chinese Center for
Disease Control and Prevention (Chinese CDC) Internet
website (IW),** and announcements from the State Council
Information Office of the PRC.**~*® Information about the six

key time nodes for COVID-19 were collected from the

academic literature,”’ announcements from the Wuhan
Municipal Health Commission,37 Hubei Government IW,38
Health Commission of Hubei Province,*® National Health
Commission**** and www.xinhuanet.com/.*?

Data on SARS cases in mainland China were from aca-

2829 announcements from the Information

demic literature,
Office of Guangdong Government and the Ministry of
Health of China.** Data on COVID-19 cases in mainland
China were from the IW of the National Health Commission

of the PRC.%

Ethics

After discussions with the Ethical Committee of the
School of Public Health within Fudan University
(Shanghai, China), our study was exempted from the
need of ethical approval because the study protocol had
neither an intervention nor a breach of privacy or anon-
ymity. All data used in our study are publicly available on
the related official IWs.

Results

The timeline of the initial PHER to the two pandemics are
elaborated in Table 2. The pandemic curves for SARS and
COVID-19 in combination with their initial PHER time-
lines are shown in Figures 1 and 2, respectively. The
comparison results for the reaction speed in three phases
are displayed in Figure 3. Details regarding the compara-
tive analysis using the set of six key time nodes and three
phases are shown below.

Phase of Hospital Reporting

SARS

The first case was documented on 16 November 2002 at
Foshan First People’s Hospital (Foshan, China).*® As a result
of a lack of awareness of SARS among health workers and the
absence of a functional surveillance system for infectious
diseases (the surveillance network employed reporting cards
completed by hand and sent by mail or fax) at that time,*® the
hospital could neither identify the potential risk nor report to
the local CDC or authority in time.*”*® Heyuan People’s
(Mr.
15 December 2002 (Figure 1, point 1). When atypical pneu-

Hospital received one patient Huang) on
monia of unknown cause began appearing among hospital
staff, the hospital realized the seriousness of the matter and
reported to the Health Department of Guangdong Province on
2 January 2003.%** Mr. Huang was the first identified case of
SARS in China, so we set the starting point of the initial PHER

to the SARS pandemic on 15 December 2002.
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Figure | The Initial public-health emergency response (PHER) and progress of the SARS pandemic. Points (numbers in circles) reflect the accumulated days of key events
and the number of new confirmed cases on that day. (1) First identified case (15 December 2002). (2) Hospital reported to local authorities (2 January 2003). (3) Isolation of
virus (11 April 2003). (4) Acquisition of the sequence of the virus genome (I April 2003). (5) National health authority informed the public of the epidemiological
characteristics and transmission dynamics of a very infectious disease (12 April 2003). (6) Implementation of the PHER policies of the government (20 April 2003).
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Figure 2 The initial public-health emergency response (PHER) and progress of the COVID- 19 pandemic. Points (numbers in circles) reflect the accumulated days of key events and
the number of new confirmed cases on that day. (1) First identified case (8 December 2019). (2) Hospital reported to local authorities (26 December 2019). (3) Isolation of virus
(7 January 2020). (4) Acquisition of the genome sequence of the virus (7 January 2020). (5) National health authority informed the public of the epidemiological characteristics and
transmission dynamics of a very infectious disease (18 January 2020). (6) Implementation of the PHER policies (20 January 2020) of the national government.

COVID-19 (Figure 2, point 1).>” The local CDC was informed by
On 11 January 2020, the Wuhan Municipal Health Doctor Zhang from Integrated Traditional Chinese and
Commission stated through the media that the first Western  Medicine  Hospital in  Wuhan  on
COVID-19 case was identified on 8 December 2019 26 December 2019.°

Risk Management and Healthcare Policy 2021:14 https: 4203

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhu et al

Dove

140

120

100

80

days

60

40

20

u government policymaking
u pathogen identification

m hospital reporting

} 4 days slower

} nearly 3 months faster

} no change

SARS

COoVID-19

Figure 3 Speed of the public-health emergency response for SARS and COVID-19 in three phases.

Reporting Duration
The time that it took for the hospital to report was 19 days for
SARS (Figure 1, point 2) and COVID-19 (Figure 2, point 2).

Phase of Pathogen Identification

SARS

China had to tackle a public health emergency (PHE) caused
by an unknown virus for the first time when SARS was
documented. Science and research institutions in China
judged that “the pathogen can be basically identified as
chlamydia”; this misjudgment abrogated the chance to con-
strain the pandemic.*’ With the collaboration of 13 labora-
tories from 10 countries and regions, the cause of SARS was
confirmed.*®> On 22 March 2003, Peiris et al from
Hong Kong University (Hong Kong, China) announced iso-
lation of a new coronaviruses from patient samples.’*>> On
12 April 2003, the Michael Smith Genome Science Center
(Vancouver, Canada) sequenced the whole genome, and
released the first genetic map of SARS-CoV.*! According
to the information retained on the IW of the Chinese CDC,
the Virus Research Institute isolated the virus and completed
the genome sequence on 11 April 2003.* We wished to focus
on the PHER of China, so we adopted the time from the
Chinese CDC due to the principle of comparability.

COVID-19

On 7 January 2020, a new type of coronavirus was
The
sequence was obtained by the Chinese CDC on the
same day.*> On 8 January 2020, the National Health

identified from patient specimens. genome

Administration confirmed that the virus was a novel

coronavirus.

Duration of Pathogen Identification

The number of days for completion of pathogen identifica-
tion starting from the first identified case were 118 days
for SARS (Figure 1, point 3 and 4) and 31 days for
COVID-19 (Figure 2, point 3 and 4).

Phase of Government Policymaking

SARS

On 12 April 2003, the National Health Commission of the
PRC publicized the prevention guidance for SARS on its
IW.*> On 20 April 2003, the central government began to
issue policies to curb the spread, such as listing SARS as
infectious disease” and

a “tailored implementing

a mechanism for mandatory reporting.>®

COVID-19

On 18 January 2020, the National Health Commission
of the PRC sent guidance for the diagnosis and treat-
ment of COVID-19 to local health sectors.*’ On
20 January 2020, the PRC government made a request
to prevent and control the COVID-19 pandemic,** and
COVID-19 was included as a notifiable infectious dis-
ease in announcement #1 by the National Health
Commission.*® On 22 January 2020, the Hubei govern-
ment launched the secondary emergency response plan
(level I1).*°

4204
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Duration of Government Policymaking

The National Health Authority began to publicize gui-
dance on the prevention and treatment 119 days after the
first identified case for SARS (Figure 1, point 5), and 42
days for COVID-19 (Figure 2, point 5). Besides, the PRC
government began to implement centralized emergency
responses 127 days (Figure 1, point 6) after the first
identified case of SARS, and 44 days after the first identi-
fied case of COVID-19 (Figure 2, point 6).

Features of Pandemic Curves of SARS

and COVID-19

SARS

After the PRC government implemented centralized
responses to SARS, the number of new daily confirmed
cases increased sharply and reached a peak of 2883
on day-147 (10 May 2003) and then declined markedly
(Figure 1). On day-163 (25 May 2003), the curve began to
stabilize and obvious growth trends in the following three
months were not observed.

COVID-19

After the PRC government implemented centralized reac-
tions to COVID-19, the number of new daily confirmed
cases of COVID-19 increased drastically and reached
a peak of 15,151 on day-67 (12 February 2020)
(Figure 2). On day-90 (mid-March 2020), the curve pla-
teaued gradually. Some slight increasing trends during the
plateau period were sporadic in subsequent months.

Trends

The peak of SARS pandemic occurred 147 days after the
disease broke out. The peak of COVID-19 pandemic
occurred 67 days after the disease broke out. The pan-
demic curve for SARS was relatively smoother than that
of COVID-19. Both curves increased sharply and reached
a peak ~20 days after the PRC government created cen-
tralized policies for an emergency response. Compared
with SARS, the uptrend of COVID-19 was fiercer because
the peak number of daily confirmed cases was fivefold
more than that of SARS, but stable period for COVID-19
was >2 months earlier than that for SARS.

Discussion

An early response from local authorities is crucial to blunt
the severity of PHE and save lives.'®!” This was one of
the few studies to compare the strengths and weaknesses
of the initial PHER between SARS and COVID-19. In this

case—comparative study, we summarized the lessons
learned and proposed suggestions to improve the immedi-
ate response to new outbreaks of infectious diseases.

The entire initial PHER to COVID-19 was much faster
than that for SARS (44 days vs. 127 days). Among the
three crucial phases, the speed of pathogen identification
was improved most markedly. The time taken to identify
the pathogen of COVID-19 was only 12 days, whereas for
SARS it was >3 months. The rapidity of PHER to
COVID-19 might have been a consequence of five lessons
learned from the SARS outbreak in 2003.>°

The first lesson was that the initial PHER became more
standardized. The legal responsibilities of the PRC gov-
ernment, health administrative departments and medical
institutions were stipulated and a systematic process was
established through the Law of People’s Republic of China
on Prevention and Control of Infectious Diseases, and
Regulation on Emergency Response to Public Health
Emergencies after SARS.”'”? The second lesson was
development of pathogen-identification technology. The
PRC government prioritized development of biotechnol-
ogy industrialization, especially in the areas of pathogen
identification. The third lesson was that health authorities
initiated various training programs in epidemiology at the
national, provincial and municipality levels, and those
programs might have strengthened the emergency prepa-
redness and response capacity for healthcare workers.>?
The fourth lesson was active collaboration with CDC in
the USA. The capacity for communication on a PHE by
the PRC government had improved tangibly, which could
be attributed to the technical assistance from a program
from the US CDC during 2006-2017 to enhance the risk-
communication capacity of the PRC.>* The fifth lesson
learned was that social media (eg, Weibo™) and other
technologies have evolved drastically in China, and pro-
vide prompt accesses to PH information.”

With respect to the stage of hospital reporting, SARS
and COVID-19 consumed 19 days, which suggests the
reporting speed has not improved (Figure 3). Therefore,
as the first-responders and information-receivers, the
knowledge of medical staff to infectious diseases must
be strengthened periodically by education and training.>®
The fact that the authorities in Wuhan punished the phy-
sicians who tried to warn about COVID-19 in combination
with the long gap between the first case being identified
and case(s) being reported suggest that some vulnerabil-
ities remain in the direct reporting system.>® Thus, the
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PRC government must consider how to make the full use
of the direct-reporting system.

The interval from completion of pathogen identifica-
tion to policymaking by the PRC government was 13 days
for COVID-19 and 9 days for SARS, so the speed of
policymaking by the PRC government had not improved.
The main cause was the lack of training concerning poten-
tial PH risks by provincial-level officials. Officials from
Wuhan and Hubei underestimated the potential hazard of
the emerging epidemic. Hence, the policies of the PRC
government were not instituted as soon as they should
have been.” Risk-informed policymaking (especially dur-
ing a pandemic) requires exceptional leadership that can
prioritize rigorous approaches to producing high-quality
data, and then putting a policy into action.’” We could
explore new digital technologies to make full use of the
information while the pandemic is developing, and culti-
vate crisis management for policymakers so that they can
recognize the risk of the pandemic and make scientific
decisions and policies in time.’®

The peak of SARS came ~80 days later than that for
COVID-19, and the pandemic curve for SARS was flatter
than that for COVID-19 (Figures 1 and 2). In particular,
the peak number of daily confirmed cases of COVID-19
was fivefold greater than that of SARS, which inferred that
the spread of COVID-19 was fiercer than that of SARS.
This phenomenon was due to three main reasons. The first
reason was the stronger transmission of the virus. The
basic reproductive number (Ry) of SARS-CoV-2 was 2.2
to 6.47, which was higher than the Ry of SARS-CoV (1.7—
1.9), so SARS-CoV-2 had a higher potential for sustained
transmission in the community. The second reason was the
flow of large populations. The Chinese Spring Festival in
2020 was earlier (the Lunar New Year Eve was 31 January
in 2003 and the Lunar New Year Eve was 24 January in
2020), during which period ~3 billion holiday trips usually
take place. In addition, Wuhan is one of the largest public-
transportation hubs in China. Hence, flow of a huge popu-
lation contributed the difficulty in controlling SARS-CoV
-2 spread. The third reason was the completion of gene
sequencing, which can also promote a sharp rise in the
number of confirmed cases. Pathogen identification was
beneficial for clinical screening and the design of PCR-
based detection reagents.

The pandemic curves showed that peak arrived ~20
days after completion of policymaking by the PRC gov-
ernment, and then the number of new confirmed cases
dropped quickly. On day-163 (25 May 2003), the

pandemic curve for SARS began to stabilize and there
were no obvious growth trends in the following 3 months.
On day-90 (mid-March 2020), the pandemic curve for
COVID-19 started to plateau gradually. Hence, the onset
of the stabilization period for COVID-19 was >2 months
earlier than that of SARS. To some extent, this phenom-
enon showed the effectiveness of the PRC government’s
strict measures to contain the COVID-19 pandemic:
voluntary plus mandatory quarantine; forbidding mass
gatherings; closure of education institutes or working
places where infection had been identified; isolation of
households, towns, or cities.>’

Indeed, in addition to this study, we also carried out
two other studies at the same time, comparing the initial
PHER to COVID-19 with H7N9 avian influenza in 2013
and influenza A (HIN1) in 2009, respectively. The former
study found out the speed of the initial PHER for COVID-
19 was 5 days slower than that of H7N9 avian influenza,
and both the speed of reporting an emerging infectious
disease and policymaking of COVID-19 were slow.>” The
latter study found out the speed of the initial PHER for
COVID-19 was 18 days slower than that of HIN1 and the
speed of hospital reporting, pathogen identification, and
government policymaking of COVID-19 were all slower
than those during HIN1 in the USA.® Therefore, in com-
bination with the results of this article, these findings
confirmed the necessity of addressing the potential defi-
ciencies in the current PHER again.

Our study had two main limitations. First, we used six
time nodes to evaluate the PHER, but the PHER was also
affected by the epidemiological characteristics, country
demographics, age distribution, as well as testing, diag-
nostic and treatment capacities. However, we focused on
comparing the speed of change of the PRC government
and exploring the potential deficiencies in the current
PHER. Second, due to a lack of transparency of data in
2003, some data and information about the SARS outbreak
were integrated from academic articles, official IWs and
other international reports, which might have introduced
an information bias. Hence, we chose sources with high
integrity and the results are credible.

Conclusion

In China, the speed of the initial PHER to COVID-19 was
faster than that for SARS, which was affected mainly by the
prior experiences and lessons learned from the SARS out-
break in 2003. Among the three phases (hospital reporting,
pathogen identification and government policymaking), the
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efficiency of pathogen identification improved the most.
However, deficiencies and limitations in early warning
and policymaking by authorities remain. Three factors
were the main contributors to the delay in hospital report-
ing: (i) frontline medical staff were not sufficiently knowl-
edgeable of new emerging infectious diseases; (ii) the
reporting system for an emerging infectious disease was
not sufficiently effective; (iii) lack of training concerning
potential PH risks by governmental officials.

The pandemic curve of COVID-19 was sharper, and
the peak arrived earlier than those for the pandemic curve
of SARS. These phenomena might have been affected by
three factors: (i) SARS-CoV-2 was more infectious; (ii)
flow of a larger population; (iii) more rapid pathogen
identification. In addition, the pandemic curve for
COVID-19 entered a plateau earlier than SARS epidemic
curve, which demonstrated the effectiveness of the centra-
lized response measures of the PRC government. An ear-
lier centralized response to a pandemic increases the
chance of controlling the pandemic. The PRC government
should emphasize improving the ability of hospitals to
restrain infectious diseases by enhancing the direct report-
ing system and cultivating crisis management to empower
relevant individuals to make timely scientific decisions.
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