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Abstract
Background: Since December 2019, 2019-nCoV has emerged in Wuhan, China, the fast pace of transmission is wreaking global public
health crisis. Country’s reaction speed is critical for the control of public health emergency (PHE), especially in the early stage of an
outbreak. Compared with SARS pandemic, whether has the e�ciency of initial public health emergency response to COVID-19 in
mainland China been improved? And whether is there still existing vulnerabilities in current PHE system? Studies on this topic are
relatively few. We tried to �nd the answers, evidences and alternatives.

Methods: We conducted a retrospective comparative study. The speed of hospital reporting, pathogen identi�cation and government
decision-making between SARS and COVID-19 were compared by selecting 5 critical events from initial public health emergency
response timeline. Besides, combining with the two pandemics' progress curves, we discussed the characteristics of their peak time.

Results:(1) SARS completed the entire initial public health emergency response in 127 days, and COVID-19 completed in 44 days.
Response speed has been shorted nearly by 3 times. (2) Both the �rst SARS and COVID-19 cases were reported in 19 days. It doesn't
appear that hospital reporting speed becomes faster. (3) The accumulated time completing pathogen identi�cation were 118 days for
SARS and 31 days for COVID-19. The speed has been improved by more than 3 times. (4) 9 days after the completion of pathogen
identi�cation, national government made emergency policies for SARS while the interval between pathogen identi�cation and national
government's decision-making for COVID-19 was 13 days. (5) The peak time of SARS came about 80 days later than that of COVID-19.
But both the two pandemics' peak occurred about 20 days after the national government's decision-making, and then the curves went
down dramatically.

Conclusions: The speed of initial public health emergency response to pandemic has been improved due to faster identi�cation.
However, some de�ciencies and challenges in early alert and authorities' decision-making still remain. Therefore, Chinese government
should put more stress on improving hospital's sensitivity to new emerging infectious diseases and timeliness of government's decision-
making.

Background
The current outbreak of COVID-19, which emerged in Wuhan, China, in late December 2019, has spread all over the world and brought up
a severe global public health crisis [1, 2]. On 11 March 2020, the World Health Organization (WHO) declared COVID-19 a pandemic [3].
And there has been more than 7 million con�rmed cases and 408,025 deaths reported worldwide up to 10 June 2020[4]. Besides, to �ght
for this pandemic, a US$675 million preparedness and response plan has been launched [5, 6]. All of these illustrates the severity of this
pandemic.

There has been one previous severe outbreak of novel coronavirus—SARS in 2003, which occurred in Guangdong, China, and gave rise to
the �rst pandemic of the 21st century. The two coronaviruses have similarities. For example, they have remarkable genomic
resemblance, and the diseases caused by them are transmissible from person to person [7]. Yet as the latest infectious respiratory
disease, COVID-19 has a higher rate of transmissibility—whose basic reproductive number (R0) ranging from 2.2 to 6.47 is higher than
the R0 of SARS (1.7–1.9), making it much more di�cult to treat [8–12]. Consequently, public health efforts are expected to have a
substantial impact on reducing the size of the pandemic and instilling a sense of reassurance to the population. At this point, timely
suppression measures from local authorities especially in the early stage of the outbreak will be crucial to blunt the severity of the
pandemic and save lives [13, 14].

The more secure and stable a public health emergency system is, the better prepared one nation will be to handle possible outbreak.
SARS maximally challenged the capacity of the old Chinese PHE system and identi�ed critical limitations, such as unpreparedness for
public emergencies, lack of effective surveillance, poor communication, and so on [15]. All these de�ciencies led to the low ine�ciency
of Chinese government's reaction in the course of combating with the SARS pandemic. Since then, a comprehensive reform from
Chinese government was employed to improve its PHE system. In order to promptly and effectively deal with various emerging
infectious diseases, China established a uni�ed PHE management system through legislation, gave priorities to the development of
biotechnology industrialization (especially in the areas of pathogen identi�cation), and increased investment in direct reporting system
of infectious diseases' establishment [16]. In this perspective, COVID-19 pandemic is not only a new challenge to Chinese government,
but also a check on the effectiveness of the new emergency response system.
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Compared with SARS pandemic, whether has the e�ciency of initial public health emergency response to COVID-19 in mainland China
been improved? And whether is there still existing vulnerabilities in current PHE system? The existing literatures mostly focus on the
estimation of basic reproduction ratio [8] and risk for death [17], features of patients [18–20], and studies on the comparison of
government's response between SARS and COVID19 are relatively few. Therefore, we generalized the changes and evaluated whether
improvements had been made mainly by comparing the speed of initial emergency response to SARS and COVID-19 in mainland China.
Based on the o�cial published announcements and combined with the comparison results, we tried to explore the still existing failures
and successes related to the current PHE system and give solutions and alternatives for new outbreaks in the future.

Methods

Critical events selection and study design
The process of government's emergency response to pandemic is chronological, which generally includes monitoring, discovery,
investigation, intervention and recovery stages. So, we de�ned the series of measures and actions implemented to monitor, identify,
conform and contain the pandemic before the pandemic's exponential growth trend as the initial public health emergency response.

We selected—the �rst reported cases, hospital reporting to local authorities, isolation of the pathogen, completion of the gene
sequencing, national government's decision-making—these 5 events, as the critical time nodes from the total timeline of initial public
health emergency response. And the whole process was divided into three phrases, namely, hospital reporting, pathogen identi�cation
and government's decision-making. The reasons why we chose these time points to evaluate are as follows.

Firstly, when pandemic occurs, hospital medical staff are usually the �rst responders and information providers. Therefore, we chose the
time of �rst reported case and hospital reporting as the �rst two nodes to evaluate the hospital and medical staff's sensitivity to new
emerging infectious diseases. Secondly, it is important for public health agencies, health care providers, and the public to be aware of
new coronavirus so that coordinated, timely, and effective actions can help prevent additional cases or poor health outcomes. The early
recognition of cases and understanding of the virus, including its transmission and severity, can be used to inform national and global
response action. So, we selected the time of isolation of pathogen and acquisition of genome sequence as the two nodes in pathogen
identi�cation phrase. Finally, the e�ciency of government policy taken in relation to preparedness and responsiveness to pandemics.
The earlier the government decision-makers make the reaction, the more favorable the pandemic prevention and control work. Hence, we
chose the time of national government's implementation of emergency policies as the key node in the government decision-making
phrase. Taking the time of the �rst reported cases as the baseline time point, we calculated the interval and accumulated days of each
node and each phrase. And the results were applied to compare the speed of hospital reporting, pathogen identi�cation and
government's decision-making between two pandemics.

Besides, combining with the two pandemics' progress curves, we compared and discussed the characteristics of their peak time.

Data Collection
The information about 5 key time nodes for SARS were collected from the academic literatures, reports from WHO, memorabilia
remained on Chinese Center for Disease Control and Prevention (Chinese CDC) website, o�cial announcements from the State Council
Information O�ce of the People's Republic of China and Information O�ce of Guangdong Government, and XINHUANET. The
information about 5 key time nodes for COVID-19 were collected from the academic literatures, reports from WHO, announcements from
Wuhan Municipal Health Commission, Hubei Government, Health Commission of Hubei Province and National Health Commission and
XINHUANET.

SARS cases data in mainland China came from academic articles, the announcements of the Information O�ce of Guangdong
Government and the Ministry of Health of China. COVID-19 cases data in mainland China came from DXY.cn.
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Table 1
Timeline of initial public health emergency response to SARS and COVID-19

Phrases Key time nodes SARS   COVID-19

Events Dates Accumulated
days

  Events Dates Accumulated
days

Hospital
reporting

Firs reported
cases

First reported
patient
Xingchu
Huang was
received by
Heyuan
People's
Hospital.

15
December
2002

1   The �rst novel
coronavirus
case in Wuhan
was
conformed.

8
December
2019

1

Hospital
reported to
local
authorities

Heyuan
People's
Hospital
reported to
the Health
Department
of
Guangdong
Province.

2 January
2003

19   Wuhan
Integrated
Traditional
Chinese and
Western
Medicine
Hospital
reported to
local CDC.

26
December
2019

19

Pathogen
identi�cation

Isolation of
virus

The novel
coronavirus
was isolated
by Chinese
CDC's
experts.

11 April
2003

118   The novel
coronavirus
was isolated
from the
patients'
specimens by
Chinese CDC's
experts.

7 January
2020

31

Acquisition of
virus genome
sequence

The isolated
coronavirus'
genome
sequence
was also
obtained by
Chinese
CDC's
experts.

11 April
2003

118   The isolated
coronavirus's
genome
sequence was
also obtained
by Chinese
CDC's experts.

7 January
2020

31

Government's
decision-
making

Implementation
of national
government's
PHE policies

National
government
began to take
stringent
control
measures,
such as
listing SARS
as a legal
infectious
disease,
implementing
mandatory
reporting of
SARS and
reporting by
the national
media etc.

20 April
2003

127   Chinese
national
government
made a
request to do
its best to
prevent and
control the
COVID-19
pandemic and
COVID-19 was
included in
noti�able
infectious
diseases by
National
Health
Commission's
announcement
No.1

20
January
2020

44

Results
First, the timeline of initial public health emergency response to the two pandemics were elaborated in Table 1. Then after collecting the
cases data of SARS and COVID-19, we drew their pandemic curves (Fig. 1 and Fig. 2) in combination with initial public health emergency
response timeline. Moreover, the comparison results of speed in three phrases were displayed by Fig. 3. The details and related facts are
as follows.
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Phrase Of Hospital Reporting
SARS: The earliest case occurred in 16 November 2002, Foshan �rst people's hospital [21]. As a result of the lack of awareness of SARS
by health workers and the absence of functional infectious diseases surveillance system(the traditional surveillance network using
reporting cards �lled out by hand and sent by mail or fax [22]) at that time, the hospital could neither identify the potential risk nor report
to local CDC or authority right away[23, 24]. Later, Heyuan People's Hospital admitted one patient named Xingchu Huang on 15
December 2002. When the atypical pneumonia of unknown cause began appearing among hospital staff, the hospital realized the
seriousness and reported to the Health Department of Guangdong Province on 2 January 2003[21, 25]. Because Mr. Huang was
identi�ed as the �rst reported case of SARS in China, we set the starting point of the initial public health emergency response to SARS
pandemic on 15 December 2002(Fig. 1, Point ). Thus, the duration of hospital reporting was 19 days(Fig. 1, Point ).

COVID-19: Since April 2004, the report of infectious diseases has been changed from the previous monthly report by administrative units
to the direct report by the network of medical institutions [22, 26]. However, in the early stage of COVID-19 pandemic, it seemed the direct
reporting system did not have its expected function. On 31 December 2019, WHO China Country O�ce was informed of “Pneumonia of
unknown cause” [27]; Yet weeks earlier, Wuhan authorities had been warned by healthcare professionals that a SARS-like illness was
spreading amongst patients. Unfortunately, they chose to detain them on a charge of spreading false rumors instead of reporting to
superior authorities [28, 29]. On 11 January 2020, Wuhan Municipal Health Commission reported in the media that the �rst COVID-19
case was diagnosed on 8 December 2019 in Wuhan Integrated Traditional Chinese and Western Medicine Hospital[30] ( Fig. 2, Point ).
And local CDC was informed by Doctor Zhang on 26 December 2019[31], which means the duration of hospital reporting was also 19
days(Fig. 2, Point ).

Phrase Of Pathogen Identi�cation
SARS: It was the �rst time for China to tackle the PHE caused by unknown virus. Due to the fragmentation of health research system and
the de�ciencies of coordination and cooperation amongst the research institutions, the process of pathogen identi�cation was
ine�ciency. Chinese scienti�c and research institutions and their personnel had misjudged that "the pathogen can be basically identi�ed
as Chlamydia", which caused the missing of chance to constrain the pandemic [32]. With the international collaboration of 13
laboratories from 10 countries and regions, the cause of SARS was con�rmed �nally [33]. On 22 March 2003, Peris and his colleagues
from Hong Kong University took the lead in announcing the successful isolation of the new coronaviruses from patient samples [34, 35].
On 12 April 2003, Michael Smith Genome Science Center of Canada completed the whole genome sequence of the SARS-associated
coronavirus and released the world's �rst genetic map of SARS coronavirus [36]. As for China, according to the memorabilia retained on
the website of Chinese CDC, experts of Virus Research Institute isolated the virus and completed the genome sequence on April 11[37].
Given the study focusing on the emergency response of China, we adopted the time from Chinese CDC, considering the principle of
comparability. Therefore, the accumulated time of the completion of pathogen identi�cation from the �rst reported cases was 118
days(Fig. 1, Point & ).

COVID-19: According to the news from XINHUANET, on 7 January 2020, the novel coronavirus was isolated from the patients' specimens,
and genome sequence were obtained by Chinese CDC's experts at the same day [38]. So, the accumulated time of the pathogen
identi�cation from the �rst reported case was 31 days(Fig. 2, Point & ).

Phrase Of Government Decision-making
SARS: SARS pandemic curve shows two surging trends (see Fig. 1)—�rst in Guangdong, and later in Beijing, which partly due to the
limited information transfer, the public knew little about what happened and the disease spread unnoticed at the beginning and then
expanded rapidly. Until central government realized the severity of SARS pandemic, it began to issue series of policies to curb the spread,
such as listing SARS as a tailored infectious disease, implementing mandatory reporting, and publishing de�nition of diagnostic criteria
and treatment on 20 April 2003[39]. Consequently, national government's decision-making was after the completion of pathogen
identi�cation and its accumulated time from the �rst reported cases was up to 127 days(Fig. 1, Point ). Ruling authorities' intervention
came obviously late and cases of infection had taken off for a long time.

COVID-19: On 20 January 2020, Chinese central government made a request to prevent and control the COVID-19 pandemic [40], and
COVID-19 was included in noti�able infectious diseases by National Health Commission's announcement No.1[41]. So, the accumulated
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time from the �rst reported cases to national emergency response was 44 days(Fig. 2, Point ). And two days later, on 22 January 2020,
Hubei government launched the secondary emergency response plan (level II) [42].

Peak Time Of Sars And Covid-19
SARS: As the Fig. 1 showed, the new con�rmed cases of SARS reached to the peak point of 2883 at 147 days (10 May 2003) after the
outbreak and then went down markedly. There were no growth trends in the following three months. And the interval between the
completion of initial public health emergency response and the arrival of peak was about 20 days.

COVID-19: As could be seen in the Fig. 2, the new con�rmed COVID-19 cases reached the peak point of 15151 at 67 days (12 February
2020) after the outbreak. In the following months, the number declined dramatically and gradually entered into the plateau period. The
climbing trends during plateau period were sporadic. In addition, the interval between the completion of initial public health emergency
response and the arrival of peak was about 23 days.

Discussion
As we mentioned previously, China has made great efforts to establish a new mechanism for responding to emerging communicable
diseases. Legislation is the main action, such as amending Law of People's Republic of China on Prevention and Control of Infectious
Diseases and formulating Regulation on Emergency Response to Public Health Emergencies. Through these law, regulation and
protocols, the legal responsibilities of government, health administrative departments and medical institutions are stipulated. As for the
response mechanism, a systematic process has also been de�ned. Any hospital or other medical institutions who detect the potential
infectious diseases risk must report to its local health administrative department within 2 hours, and the local health administrative
department has to report to local government department within 2 hours and report to the superior authorities at the same time. Besides,
the local and national authorities must organize experts to conduct a comprehensive assessment of the emergency including pathogen
identi�cation and epidemiological investigation so as to make the decision on whether and which level to launch the emergency plan
[43, 44]. It is one of the important premises that the process of initial public health emergency response to COVID-19 pandemic seemed
to be more standardized.

On the whole, the relative speed of the COVID-19 response has improved greatly compared to the SARS response. The duration of initial
public health emergency response has shortened from 127 days to 46 days. This mainly bene�ts from the signi�cant improvement in
the speed of pathogen identi�cation. It only took 31 days to identify the pathogen in 2020, whose speed of identi�cation has been
improved nearly by 4 times compared with that in 2003.

However, the preparedness of PHE system still not so functional. From the experience of controlling SARS, we have learned that the
timely alert against new emerging infectious diseases is essential: Delaying the control measures by 1 week would have nearly tripled
the pandemic size and would have increased the expected pandemic duration by several weeks [45]. Unfortunately, it seemed that
Chinese failed to learn from the lesson. In the stage of hospital reporting, both SARS and COVID-19 consumed 19 days, which means the
reporting speed hasn't been improved (Fig. 3). It might infer that medical staff could still possess limited awareness of appropriate
response. Therefore, as the �rst responders and information providers, medical staff's sensitivity to infectious disease still should be
strengthened by education and training periodically [46]. Besides, combined with the facts that Wuhan authorities' punishment on
doctors who tried to send the alarm, the long duration of the reporting phrase might also denote us that the direct reporting system still
exists vulnerabilities. And these weaknesses mainly caused by authorities' strong intervention. Fears of economic and political
repercussions silenced o�cials themselves and they also chose to silence the medical professionals who could have sounded alarms
and curb the spread earlier. Thus, it is essential for government to consider how to make the full use of direct network-reporting system
and make it truly play the role in prediction and early warming.

Secondly, as is shown in Fig. 3, the interval from the completion of pathogen identi�cation to national government's decision-making
was 13 days for COVID-19 while 9 days for SARS, so the speed of national government's decision-making hasn't been improved, either.
Nevertheless, in spite of the peak time of SARS came about 80 days later than that of COVID-19, both the two pandemics' peak time
arrived about 20 days after the completion of initial public health emergency response and then the new con�rmed cases dropped down
quickly. In this light, national government's decision-making might be the most in�uencing factor in the course of combating with
pandemics in mainland China. Because of the strong political commitment and a centrally coordinated response from the top ruling
authorities, the pandemic spread progress could control easier [47]. Thus, the comparison results of the peak time of the two pandemics
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once again prove the importance of the promptness of national government's decision-making. However, quickly decision-making hinges
on decisive leadership [29]. Risk-informed decision-making, especially during a pandemic, requires exceptional leadership that prioritizes
rigorous approaches to producing high-quality data and then turning that evidence into action [48]. In this regard, we could explore new
digital technologies to make full use of the information scattered in the incubation period of the pandemic, and cultivate decision
makers to crisis management who can quickly recognize the risk of the pandemic and make scienti�c decisions in time [49].

Limitations
There are several limitations in this study. First, the speed of initial public health emergency is important to mitigate the subsequent size
of pandemic. However, the fast spread is also closely affected by many other different parameters such as the epidemiological
characteristics of the novel coronavirus itself, a country demographics, age distribution, testing, diagnostic and treatment capacities and
so on. Therefore, simply using �ve-time nodes to calculate the speed of three critical phrases and using speed results as the evidence to
evaluate the government's initial emergency response performance for halting the spread of pandemic is limited. So, our research mainly
focuses on the speed changes and explore the potential de�ciencies in current emergency response system in combination with the
related facts. In addition, due to the lack of transparency of data in 2003, some data and information about SARS outbreak mainly
integrated from academic articles, o�cial news, websites and other international reports. Since we chose the source with relative high
authority, so the results are credible.

Conclusion
The speed of initial public health emergency response to pandemic has been improved due to the faster identi�cation. However, some
de�ciencies and challenges in early alert and authorities' decision-making still remain. Modelling data suggests that if action had been
taken even a few days earlier, the subsequent spread of the virus could have been limited dramatically [50]. Therefore, Chinese
government should put more stress on improving hospital's sensitivity to malignant infectious diseases, giving full play to the function
of the direct net-work reporting system of infectious diseases and ensuring the timeliness of government's decision-making.
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Figures

Figure 1

The Initial Public Health Emergency Response and progress of SARS Pandemic
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Figure 2

The Initial Public Health Emergency and progress of COVID-19 Pandemic

Figure 3

Response speed of SARS and COVID-19 in three phrases


