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The COVID-19 outbreak has spread more extensively 
in mainland China and affected 1668 counties in all 31 
provinces, which is over seven times more than that of 
the SARS outbreak. Wuhan, the capital city of Hubei 
Province, was the only epicentre whilst the surrounding 
counties had much higher ARs. The COVID-19 outbreak 
coincided with the Spring Festival holidays, when people 
traditionally go home to celebrate Chinese New Year. The 
large-scale population movement and convenient trans-
portation have undoubtedly accelerated the transmis-
sions especially during the early stage of the outbreak.15–17 
Learning from experience and lessons from the SARS 
outbreak,18 19 very strict public health measures had been 
taken to combat the COVID-19 outbreak since 23 January 
2020. It turned out to be effective in controlling the spread 
of COVID-19 from Hubei Province to other provinces, 
probably preventing a second epicentre in mainland 
China. Although the SARS outbreak has affected much 
fewer (230) counties with much lower ARs, it did result 

in a secondary epicentre in Beijing and its surrounding 
areas.

COVID-19 has spread more rapidly and took only 44 
days to spread from Hubei to all other provinces across 
mainland China. Although COVID-19 emerged in 
Wuhan, its epidemic peaks in either Wuhan or Hubei as 
well as in other provinces occurred at nearly the same time 
on 24–28 January 2020. As the clinically diagnosed cases 
were included in the updated version of case definition, 
an abnormal peak value of daily new cases was recorded 
on 1 February. The epidemic curve might reflect the great 
effects of all control measures coordinated by the central 
government. The strict public health measures such as 
the complete lockdown of cities, active case surveillance, 
quarantine of contacts and the compulsory use of masks 
in the general population are probably extreme but have 
helped achieve good results. These experiences can 
be taken into consideration by other countries in their 
response to COVID-19.20 Taking a look back at the SARS 

Figure 3  Comparison of age and sex differences between COVID-19 and severe acute respiratory syndrome (SARS) in 
mainland China. (A) Attack rate of COVID-19 (left) and SARS (right) in different age and sex groups. (B) Case fatality rate of 
COVID-19 (left) and SARS (right) in different age and sex groups.
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outbreak, the peak of the first wave occurred in the initial 
epicentre of Guangdong Province in late January and 
mid-February 2003. Thereafter the epidemic gradually 
subsided. Unfortunately, this reduction did not continue 
and was followed with further national spread and led 
to the second peak around late April 2003. When the 
Chinese government initiated impressive nationwide 
control measures, the SARS outbreak was contained 
within 2 months.21 The trade-off between social economic 

consequences and timely health effects might be an 
important lesson that China and other countries around 
the world can learn from the SARS outbreak.

There are obvious differences in age distribution 
between COVID-19 and SARS. Most COVID-19 cases were 
people 50 years or older, with a median age of 52 years. 
Meanwhile, both AR and CFR increased with age. On 
the contrary, most SARS cases were young adults, with a 
median age of 34 years. The AR tended to decrease with 
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Figure 4  Dynamics of estimated effective reproduction number (Rt) during the COVID-19 and severe acute respiratory 
syndrome (SARS) outbreak in relation to public health control measures in mainland China. (A) Estimated Rt during the 
COVID-19 outbreak in mainland China. (B) Estimated Rt during the SARS outbreak in mainland China. Values represent average 
Rt (central blue line) and associated 95% CI (light blue shade). The horizontal dashed line represents Rt=1, below which 
sustained transmission is impossible. The length of the colourful bars represents the interval from the first case emergence to 
the time of each action. Different colours represent different actions taken in mainland China. Light grey: official announcement 
(COVID-19 on 31 December 2019 and SARS on 11 February 2003); light purple: notification of WHO (COVID-19 on 3 January 
2020 and SARS on 10 February 2003); light pink: identification of aetiology (COVID-19 on 7 January 2020 and SARS on 16 
April 2003); light orange: availability of diagnostics (COVID-19 on 11 January 2020 and SARS on 1 May 2003); light yellow: 
mandatory reporting (COVID-19 on 20 January 2020 and SARS on 13 April 2003); light green: full governmental control 
(COVID-19 on 23–26 January 2020 and SARS on 19–26 April 2003); light blue: specialised hospitals (Huoshenshan Hospital for 
COVID-19 on 4 February 2020 and Xiaotangshan Hospital for SARS on 30 April 2003).
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age, but the CFR increased with age, except for the 0–19 
years age group. The results of analysis on sex differences 
in COVID-19 are controversial. Our study shows that AR 
is higher among women than men, which is consistent 
with reports in South Korea and Germany.22 23 Other 
studies, however, came with an opposite conclusion that 
COVID-19 is more prevalent among men24 25 or that the 
diagnosis rates are similar between sexes.26 Different 
population composition, case definitions and inclusion 
criteria, and gender-associated risk of exposure might lead 
to the discrepancy between studies. CFRs are greater in 
men than in women in mainland China, indicating a sex 
predisposition to COVID-19. The same findings have been 
reported in most countries,26 27 with men more prone to 
severe COVID-19 and death. A similar trend in sex bias in 
mortality was also observed in the prior SARS epidemic.26 
Sex-specific disease outcomes might be attributed to the 
sex-dependent production of steroid hormones and the 
different copy numbers of immune response X linked 
genes in men and women.28 Additionally, social factors 
including smoking and healthcare-seeking behaviours 
as well as sex-related chronic comorbidities might also 
impact disease outcomes.29 30 Although the underlying 
mechanisms require further investigation, our find-
ings imply that greater efforts in effectively preventing 
COVID-19 should be done in older populations and 
more attention should be paid to treatment of older male 
patients in order to reduce mortality.

In the present study, we used CFR to estimate the 
mortality from two diseases. During the early stage of the 
COVID-19 pandemic, a proportion of people with milder 
or no symptoms might have been undetected.31 Addition-
ally, asymptomatic cases were not defined as confirmed 
cases according to the case definition in mainland 
China32 and were not included in the denominator when 
calculating. Therefore, the observed CFR of COVID-19 
tended to be high. In addition, the high value might also 
be skewed by the lethality of the disease in Wuhan (CFR 
of 7.7%), where the outbreak unexpectedly started, with 
over 60.7% of confirmed cases having been recorded in 
mainland China. However, our estimate calculated from 
the COVID-19 data set as of 28 April 2020 was more accu-
rate than previous studies in mainland China,33 where 
the final outcomes remained unknown in some cases.34 
The estimated CFR of SARS in mainland China was much 
lower than other affected countries or regions,2 35 which 
might be due to the relatively young age of SARS cases, 
over-reporting in Guangdong early in the epidemic, and 
the use of rational management and more intense treat-
ment.2 36 37

The dynamic changes in Rt during the COVID-19 and 
SARS outbreak showed clear differences in the timing and 
impact of important actions taken in mainland China. 
Looking retrospectively, due to the imperfect national 
emergency response and insufficient attention to the 
emerging infectious diseases during the SARS epidemic, 
national control measures were delayed. However, the late 
interventions still contributed much to speeding up the 

elimination of SARS, given the fact that the epidemic was 
fully controlled after the central government took lead-
ership.10 Since 2003, China has improved its epidemic 
response capacity, which played a key role in fighting 
COVID-19. After an obvious fluctuation at the very begin-
ning of COVID-19, Rt was maintained at a low level for 
about a week in mainland China before 31 December 
2019. Unfortunately, China missed the best opportunity 
to end the outbreak early, as COVID-19 was only identi-
fied as a zoonosis, with the important clue being an expo-
sure history to the Huanan Seafood Wholesale Market.38 
Regular control measures such as case finding, contact 
tracing and investigations of infective sources imple-
mented in the epicentre were shown to be effective and 
decreased Rt to about 2.0. However, since 10 January 2020, 
Rt steadily increased again due to COVID-19 occurrence 
in many parts outside of Wuhan. After person-to-person 
transmission was confirmed, the most stringent control 
measures have been taken since 23 January. The set of 
control measures was certainly necessary, adequate and 
effective, given the fact that Rt dropped to below 1 in just 
a period of 2 weeks.

These facts implied that non-pharmaceutical control 
measures deployed in mainland China can actually halt the 
epidemics of diseases, even in 2003 when the government 
had a slow response to SARS. The remarkable success was 
mainly due to the vigorous old-style public health control 
measures implemented, especially isolation and quaran-
tine, social distancing and community containment.39 
Compared with Western countries, Chinese authorities 
took isolation of all cases more seriously, including mild 
cases, during the COVID-19 epidemic, and developed the 
Fangcang shelter hospitals to particularly isolate and treat 
patients with mild to moderate COVID-19.40 Compared 
with isolating at home, this institutional-based isolation 
substantially decreased the risk of transmission between 
families and communities.41 The wide use of big data, 
sophisticated artificial intelligence and machine learning 
algorithms is crucial to retracing the movement of 
infected persons and tracing close contacts.42 In addition, 
mainland China is preventing importation and onward 
transmission strictly through custom inspection and 
border quarantine.43 Every incoming traveller (including 
returning residents) is subject to a nucleic acid testing 
and a 14-day mandatory quarantine at a designated 
central facility in the city of first entry point.44 Clearly the 
Chinese government has acted more quickly and effec-
tively this time. The strong political commitment, the 
centrally coordinated response and mass participation 
across the whole country have played a very important 
role in containing COVID-19 in mainland China. These 
efforts represent welcome progress and development for 
global health security and diplomacy.45

There are some limitations to this study. First, all cases 
of SARS are symptomatic, while a proportion of cases 
infected with COVID-19 had mild or no symptoms and 
passed unnoticed. Comparative results between the two 
diseases should be interpreted with caution and more 
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evidence-based serological data are needed. Second, our 
estimates of fatality rate were based on confirmed cases 
detected through national surveillance and calculated 
using crude methods. The denominator for the CFR of 
COVID-19 might be biased towards confirmed cases and 
more severe disease, and the true mortality might thus 
be overestimated. These biases are difficult to overcome 
early in a pandemic. Therefore, future studies estimating 
the ratio of deaths among all infected individuals will 
be needed to measure mortality more accurately. Third, 
although dozens of local and national, small-scale or large-
scale control measures were implemented in different 
areas, we only compared the most important events and 
control measures in the estimation of Rt.

In conclusion, the ongoing COVID-19 outbreak spread 
more quickly to more extensive areas within a shorter 
period of time, in comparison with the SARS outbreak 
in 2002–2003, which implies higher transmissibility of 
SARS-CoV-2. However, COVID-19 only had one epicentre 
with one peak, unlike SARS with two epicentres and 
two epidemic peaks, which indicates early response and 
prevention measures were effective. The age and sex 
distributions between COVID-19 and SARS are different 
in terms of AR, but crudely the same in fatality rate. The 
comparison of Rt in relation to response activities reveals 
that the durations from the emergence of COVID-19 to 
official announcement, notifying WHO, identification of 
aetiology, availability of diagnostics, mandatory reporting 
and centrally coordinated response were remarkably 
shorter in comparison with SARS, indicating a more 
prompt and effective response. These findings provide 
helpful information that can be used to fight the ongoing 
COVID-19 pandemic worldwide.
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Supplementary Text 1. Detailed method of estimating effective reproduction 

number (Rt).  

Basic reproduction number vs. time-varying reproduction numbers 

The key epidemiologic variable that characterizes the transmission potential of a 

disease is the basic reproduction number, R0, which is defined as the average number 

of secondary infections produced by a typical case of an infection in a population where 

everyone is susceptible. However, the basic reproduction number is affected by the 

duration of infectiousness. The basic regeneration during an outbreak is not accurate 

and does not reflect the instantaneous state of disease transmission well. Therefore, the 

time-varying reproduction numbers during epidemics are more concerned. 

The monitoring of R over time provides feedback on the effectiveness of control 

measures and depletion of susceptible persons during the epidemic. If Rt exceeds 1, the 

number of cases will inevitably increase over time, and a large epidemic is possible. To 

stop an epidemic, the goal of intensify control efforts is to reduce Rt below the threshold 

value of 1 and as close to 0 as possible, thus bringing an epidemic under control. 

Moreover, effective control measures undertaken at time t are expected to result in a 

sudden decrease in Rt. Hence, assessing the efficiency of control measures is easier by 

using estimates of Rt. 

Method to estimate Rt 

It is assumed that once infected, an individual had an infectivity profile given by the 

probability distribution s that depends on the time s after the case was infected, but

not on the calendar time t. In other words, individuals become infectious from the 

moment they are infected, and become more so over time. When s reaches its

maximum, individuals are most infectious at time s and then the infectivity gradually 

decreasing. The distribution of s usually depends on a single biological factor, such 

as the shedding of pathogens or the severity of symptoms. 

Modelling transmission with a Poisson process, the rate at which someone infected in 

time step t-s generates new infections in time step t, is equal to stR , where Rt is the 

instantaneous reproduction number at time t and s is the probability distribution of 

the average infectiousness profile after infection. Given the definition of Rt stated above, 
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Applying a Bayesian framework with a Gamma distributed prior with parameters 

(a,b) , the  
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Which is proportional to: 
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Then, this allows to directly obtain any desired posterior distribution characteristics (for 

example, mean, median, variance, or 95% confidence interval). 

Time window τ 

These estimates of ,tR quantify the average transmissibility over a time window of 

length τ ending at time t. The value of estimates depends on the choice of time 

window size τ. When τ is small, the detection of transmission changes is rapid but 

with more statistical noise; Conversely when t is large, the Rt will be smoother and 

with less statistical noise, resulting to more precise result. 

Uncertainty of infectiousness profile 

This estimation approach illustrated above is based on the ideal situation in which times 

of infection are known and the infectiousness profile ws could be approximated by the 

distribution of the generation time (i.e., time from the infection of a primary case to 

infection of the cases he or she generates). However, times of infection are rarely 

observed and the generation time distribution is therefore difficult to measure. In order 

to address this problem, the distribution of the serial interval come into our 

consideration. Serial interval is defined as the time between symptoms onset of a case 

and symptoms onset of his/her secondary cases, which can be estimated by the timing 

of symptoms onset. This is usually known and easily collected.  
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Therefore, in practice, we apply our method on data consisting of daily counts of 

symptoms onset and where the infectiousness profile ws is approximated by the 

distribution of the serial interval. In this research, the distribution of serial interval of 

COVID-19 and SARS was assumed to be gamma distribution (for COVID-19: mean 

valued 4.7 days, SD valued 2.9 days; [1] for SARS: mean valued 8.4 days, SD valued 

3.8 days [2]). 
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Supplementary Table 1. Main control measures implemented during the outbreak of 

COVID-19 and SARS in mainland China, by date of implementation (if available) 

Control measures 
COVID-19 SARS 

Hubei province Other regions Guangdong province Other regions 
Date of onset Dec 8, 2019 Dec 18, 2019 Nov 16, 2002 Mar 2, 2003 
Epidemiologic investigation of cases 
and active close contact tracing 

Dec 29, 2019 Jan 15, 2020 Feb 1-3, 2003 
Apr 9, 2003 in 

Beijing 
First official report of outbreak Dec 31, 2019 Feb 11, 2003 
First report to WHO Jan 3, 2020 Feb 10, 2003 

Identifying pathogens Jan 7, 2020 
Apr 16, 2003 by 

WHO 
Start of mandatory notification Jan 11, 2020 Jan 21, 2020 Feb 3, 2003 Apr 13, 2003 
Available diagnostic kits Jan 11, 2020 Jan 20, 2020 May 1, 2003 May 1, 2003 

Travel advice and exit screening 
Jan 14, 2020 in 

Wuhan 
Y Y Y 

Official prevention and control plan Jan 16, 2020 Jan 16, 2020 
End of January 

(Unofficial) 
Apr 3, 2003 

Home quarantine of close contacts of 
suspected cases 

Jan 20, 2020 Jan 20, 2020 Mar 27, 2003 Apr 21, 2003 

Set control and prevention 
headquarter 

Jan 20, 2020 Apr 23, 2003 

List as a notifiable infectious disease Jan 20, 2020 Apr 13, 2003 
Regular case reporting to the WHO Jan 21, 2020 Apr 20, 2003 
Infection control guidelines for 
hospitals & health care workers 

Jan 23, 2020 Jan 23, 2020 Early February Apr 2, 2003 

City lockdown 

Jan 23, 2020 in 
Wuhan 

Jan 24, 2020 in 
Hubei 

At least 8 primary 
administrative regions 

and 34 secondary 
administrative regions 

Level 1 emergency response Jan 24, 2020 Late January 
Guidance and information to the 
public 

Jan 27, 2020 Mid-April 

Prohibition of the trade of wildlife Y Jan 27, 2020 September, 2003 

Specialized hospitals 
Feb 4, 2020 in 

Wuhan 
Apr 30, 2003 

in Beijing 
Further improvement of various 
guidelines and protocols 

January-March, 2020 May 4-9, 2003 

Collective quarantine in groups / 
Institutions 

Y Y Y Y 

Designated hospitals Y Y Y 
Triage facilities / fever clinics Y Y Y 
School closure Y Y Y Y 
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Public holiday 
Extending the 

Spring Festival 
holidays 

Extending the Spring 
Festival holidays 

Public holiday 
cancelled 

Public holiday 
cancelled 

Closing public places Y Y Y Y 
Public temperature screening Y Y Y Y 
Mandatory masks wearing in public 
places 

Y Y 

7

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2020-043411:e043411. 10 2020;BMJ Open, et al. Zhao L


