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Given the harsh reality faced by the global effort to
contain coronavirus disease 2019 (COVID-19) and the
virtual impossibility of its worldwide eradication in the
foreseeable  future,  global  human  coexistence  with  fast
mutating  severe  acute  respiratory  syndrome
coronavirus  2  (SARS-CoV-2)  may  have  to  occur,  for
the  time  being,  irrespective  of  the  wishes  and
aspirations  of  our  people.  Therefore,  for  China,  the
risk  associated  with  small  to  medium  scale  outbreaks
induced by imported cases and the corresponding need
to  continuously  and  promptly  suppress  domestic
infections  would  persist  for  a  certain  period  of  time.
However,  such  reality  would  not  imply  that  we  can
deviate  from  our  existing  effective  COVID-Zero
strategy  on  entry-exit  quarantine  measures  and
community  non-pharmaceutical  interventions  (NPIs)
containment  measures  and  embrace  certain  “open-up”
strategies  without  reservation,  resting  solely  on  the
hypothesis of the success of herd immunity induced by
vaccination advocated by certain western countries.  In
this  article,  we  found  that  even  in  a  highly
underestimated  outbreak  scenario  under  the  most
optimistic assumptions, once China adopts the control
and  prevention  strategies  of  some  typical  western
countries, the number of the daily new confirmed cases
in China would likely rise up to hundreds of thousands
of  cases,  and  among  which  >10,000  cases  would
present  with  severe  symptoms.  Particularly,  the
number of standing severe cases would exceed the peak
number  nationwide  in  early  2020  within  1–2  days,
which would have a devastating impact on the medical
system of  China  and  cause  a  great  disaster  within  the
nation. 

Estimation on A Lower Bound of The
Number of Newly Reported Cases

In  this  article,  we  used  the  real-world  pandemic
scenario in the following countries:  the United States,
the  United  Kingdom,  Israel,  Spain,  and  France,  as  a
reference group to evaluate the corresponding potential
consequences  if  pandemic  response  strategies  in  the
aforementioned countries were to be adopted in China.

In  order  to  obtain  a  conservative  estimation/lower
bound,  we  hereby  recalled  a  series  of  census  data  and
key  epidemiology  characteristics  of  each  of  these
countries below.

The  population  of  the  mainland  of  China  is
1,411,778,724 based on the 7th National  Census (1),
which yields  a  countrywide population density of  147
people/km2 (1–2). In particular, the population of the
eastern  region,  which  includes  the  provincial-level
administrative divisions (PLADs) of Hebei, Shandong,
Jiangsu,  Zhejiang,  Fujian,  Guangdong,  Hainan,
Beijing,  Tianjin,  and Shanghai  accounts  for  39.9% of
the  total  population,  which  is  563,300,220  (1),
yielding  a  much  higher  population  density  of  661
people/km2 (1,3–4). According to the latest report (5),
a population of 777,046,000 has been fully vaccinated
in  the  mainland  of  China,  which  represents  a  full
vaccination  ratio  of  roughly  55.04%.  Natural
immunity  ratio  is  negligible  in  China  considering  the
small  number  of  cases  with  respect  to  its  huge
population  size  (6).  The  epidemiological  information
of  the  countries  in  our  reference  group  has  been
collected and summarized in Table 1.

Note that the cumulative number of confirmed cases
can  serve  as  a  very  conservative  estimate  on  the
population  with  natural  immunity.  Thus,  we  can  see
that  for  each  country  in  the  reference  group,  their
vaccination  coverage  together  with  natural  immunity
ratio  are  higher  than  in  China.  As  for  the  population
density,  the  United  States,  Spain,  and France  all  have
population  densities  lower  than  China.  At  the  same
time,  none  of  these  reference  countries  have  their
population  densities  as  high  as  that  of  the  eastern
region in China.

For now, we assumed that the immunity induced by
inactivated  vaccines  used  in  China  is  as  strong  as  the
one induced by vaccines used in the reference countries
and  also  as  strong  as  natural  immunity  in  terms  of
providing  protection  against  infection/symptoms.  The
following  over-optimistic  assumptions  were  used:  1)
the vaccination rate in China is as high as the reference
countries;  and  2)  the  population  density  of  China  or
China’s  eastern  region  is  as  low  as  the  reference
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countries (see detailed explanation below) if pandemic
response strategies and community activity patterns in
the  reference  countries  were  adopted  in  China,  the
ratio  of  infection  would  be  similar  to  these  countries.
While in reality, such a rate should be much higher.

βSI/N S
I

N
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S
N

According  to  the  dynamic  transmission  models  in
epidemiology, for example the well-known susceptible-
infected-removed  (SIR)  model  and  its  variants,  the
daily  increment  in  pandemic  size  can  be  estimated  by

,  where  β  is  the  transmission  rate,    is  the
susceptible population,   is the infected population and

  is  the  total  population.  If  β  and  the  ratio  of
infection   are  fixed,  the number of  new infections
is  proportional  to  ,  which  is  in  turn  approximately
proportional to the population size  .

SWe could  hence  scale  the  size  of    to  estimate  the
daily confirmed cases in China if the same strategies in
the  reference  countries  would  have  been  adopted,
under  the  aforementioned assumptions.  Note  that  the
estimates  would  be  most  likely  over-optimistic  due  to
the  nature  of  assumptions  (1–2),  but  still  serve  their
purpose  of  obtaining  a  plausible  lower  bound  of
pandemic sizes.

To  ensure  that  assumption  (2)  was  always  a
conservative  one  and  thus  led  to  a  universally  over-
optimistic estimate if China adopted response strategies
of  all  the  reference  countries,  we  estimated  various
lower bounds of national-wide daily new infection sizes
using  the  national  population  if  the  corresponding
reference  countries  have  a  population  density  lower
than China (i.e., the United States, Spain, and France).
Otherwise,  the  lower  bounds  of  daily  new  infection
sizes  in  the  eastern  region  were  calculated  using  only
the population within that  part  of  China (i.e.,  Britain
and  Israel).  Recall  that  the  population  in  the  eastern
region of China is significantly higher than any of the
reference  countries,  ensuring  that  assumption  (2)
remains  conservative.  Estimations  of  the  lower  bound
in  the  two  scenarios  above  are  precisely  calculated  in
the following Equations:

(i) Population density of reference country < Overall
population density of China

lowerboundestimate =
Population of China

Population of Reference Country

×
−
C (Reference Country) (1)

(ii)  Population  density  of  reference  country  >
Overall population density of China

lowerboundestimate =
Population of Easternregion

Population of Reference Country
×

−
C (Reference Country) (2)

−
C (Reference Country)Remark 1:  In Equation (1)–(2), 

stands  for  the  average  of  confirmed  cases  reported  in
the reference country, August 17–August 23, 2021.

Based  on  Equation  (1)–(2),  the  conservative
estimates  on hypothetic  daily  new infections in China
can  be  obtained  under  strategies  in  the  reference
countries  in  Table 2.  We  can  see  that  even  with  the
aforementioned  over-optimistic  assumptions,  the  size
of daily new infection in China would be very likely of
hundreds of thousands if  China adopted the strategies
in these reference countries. 

Estimation on a Lower Bound of Daily
New Severe Cases

There  have  been  recent  arguments  that  a  higher
infection  size  is  now  more  tolerable  provided  that
severe  cases  of  COVID-19  have  been  substantially
reduced  under  the  large-scale  vaccination  campaign,
preventing  the  medical  system  from  being  overrun.
While  vaccination  has  been  proved  to  significantly
reduce  the  development  of  severe  symptoms  after
infection  from  the  original  and  mutated  strain  of  the
virus,  the  emergence  of  new  mutated  strains  would
potentially  disrupt  such protection.  In  order  to  depict
the combined effect from vaccine coverage rate, vaccine
protection  efficiency,  and  the  characteristics  of  the
Delta strain on the current rate of severe cases, we used
real-world  data  in  the  most  recent  outbreak  in
Yangzhou, China and modified it based on nationwide
age structure.

By midnight of August 23, 2021, there have been a

TABLE 1. Epidemiology profiles of the reference countries.
Reference

country Population Population density Vaccination ratio-full Confirmed cases-
cumulative

Confirmed cases-
averaged in 7 days

US 332,580,000 (7) 36.2 (8) 51.16% (08/23) (9) 37,939,641 (10) 150,098 (10)

UK 67,081,000 (11) 280.6 (8) 61.59% (08/22) (9) 6,555,419 (10) 32,843 (10)

Israel 9,289,800 (12) 400.0 (8) 62.94% (08/23) (9) 999,110 (10) 7,293 (10)

Spain 47,330,000 (13) 93.7 (8) 67.26% (08/22) (9) 4,794,352 (10) 10,727 (10)

France 67,347,241 (14) 119.2 (8) 55.57% (08/22) (9) 6,708,163 (10) 21,667 (10)
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total  of  568  cases  reported  in  Yangzhou  (15).
Moreover,  as  of  August  16,  the  city  had  27  standing
severe  cases  and  17  critical  cases  (16)  Thus,  the
cumulative  number  of  cases  who  had  ever  developed
severe symptoms is at least 44 (27+17), which yields a
ratio of 7.7%. Note that the outbreak in Yangzhou was
still  in  a  moderate  scale  without  medical  overloading,
the  observed  rate  can  be  considered  as  an  optimistic
estimate  on  the  rate  of  severe  cases  for  larger  scale
outbreaks.

However,  it  is  worth  noting  that  the  outbreak  in
Yangzhou  was  mainly  induced  by  the  spread  of
COVID-19  in  Mahjong  clubs  and  that  the  elderly
accounted  for  41.0%  of  the  total  reported  infections.
Noting that the elderly is known to have a higher risk
of  developing  severe  symptoms,  we  had  to  rescale  the
rate  of  severe  cases  by  adjusting  the  age  structure  in
Yangzhou  to  match  that  of  the  whole  population  of
China as follows.

The  rate  of  severe  cases  in  Yangzhou  can  be
expressed as

ρ
s = ρp

s
 + ρp

s
 = .%,

ρ
s

ρ =  − ρ = .%
ps ps

where    is  the  rate  of  severe  cases  in  Yangzhou,
  is  the proportion of  elderly  in total

infection in Yangzhou while   and   are the unknown
rates  of  severe  cases  for  elderly  and  non-elderly.  In  a
same  way,  the  rate  of  severe  cases  in  the  whole
population of China can be expressed as

qs = qp
s
 + qp

s
,

qs

q =  − q

q

where    is  the  rate  of  severe  cases  over  the  whole
Chinese  population,    is  the  proportion  of
elderly  in  total  infection in China.  Under  the  massive
outbreak  hypothesized  in  the  previous  section,  we
assumed that   equals the proportion of the elderly in
the population in China, that is 18.7% (17), we have

qs = qp
s
 + qp

s
 ≥

.


(ρps + ρp
s
) = .%.

ps > ps
Note  that  lower  bound  was  calculated  based  on  a

reasonable assumption on  . Here, we took 3.5%
to  be  a  reasonable  lower  bound  for  the  rate  of  severe
cases under the combined effects of current population

age structure, vaccination coverage and protection rate,
medical  resources,  and  the  characteristics  of  the  Delta
strain.

Remark  2:  Considering  the  possibly  lower
vaccination coverage, protection, and the immunity to
COVID-19  in  elderly  group,  as  well  as  higher  aging
level  in  eastern  region  of  China,  the  aforementioned
lower bound is likely to be underestimated again.

Remark 3: As most of the reference countries do not
conduct  community-level  screening  and  contact
tracing  to  the  same  lengths  and  strength  as  in  China,
the ascertainment rate is probability lower than that in
Yangzhou (many asymptomatic/mild cases  detected in
Yangzhou  might  not  be  ascertainable  in  the  reference
countries).  This  implies  that  the  rate  of  severe  cases
would  be  higher  when  applying  the  criterion  of
confirmed cases found in the reference countries to the
reported cases  in Yangzhou,  and hence the fraction of
severe cases was likely to be underestimated.

Note  that  all  the  aforementioned  estimates  are
uniformly  on  the  conservative  side.  Combining  these
over-optimistic  estimates,  we  found  the  number  of
daily  new  severe  cases  or  sickbed  demand  was  as
follows in Table 3 if we adopt the “open-up” strategies
of these reference countries. We can see if strategies in
these reference countries were adopted, the number of
severe  cases  might  exceed  the  peak  of  standing  severe
cases  nation-wide  in  early  2020  [11,977,  on  February
18, 2020 (18)]  within 1–2 days,  and thus would pose
an  unaffordable  burden  to  the  medical  system  in  this
country. 

DISCUSSION

How to safely open up is one of the most interesting
issues  at  present,  which  has  been  discussed  in  many
studies  (19–20).  Among  which,  Foo  et  al.  proposed
four  insightful  key  tenets  for  the  safe  transition  from
elimination  strategies  to  open-up  strategies:  1)  retain
flexible NPIs based on the changing epidemiology and
hospital  capacities;  2)  maximize  vaccination  coverage;
3)  shield  industries  and  vulnerable  groups  from  the

TABLE 2. Estimates on the lower bound of daily new infections in China under strategies in the reference countries.

Reference country Population in the
reference country

Confirmed cases-averaged in 7 days in
the reference country

Estimated lower bound of daily new
cases in China

US 332,580,000 150,098 637,155

UK 67,081,000 32,843 275,793

Israel 9,289,800 7,293 442,221

Spain 47,330,000 10,727 319,969

France 67,347,241 21,667 454,198
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unintended consequences resulting from NPIs;  and 4)
detect  and  isolate  COVID-19  promptly  using
extensive  surveillance  and  stronger  community  social
responsibility.  However,  due  to  the  large  population
and  relatively  scarce  health  resources  per  capita  in
China, it is difficult to fully achieve tenets 1, 3, and 4,
especially  during  a  large-scale  outbreak;  therefore,
China  needs  to  be  cautious  about  the  decision on the
open-up.  Nevertheless,  our suggestions towards China
might not necessarily be applicable to other countries.

To  be  noted  again,  our  results  were  based  on
elementary  arithmetic  calculations  to  provide  quick
estimates  on  the  lower  bound  of  the  daily  new
infections  and  severe  cases  should  China  adopt
coexistent  or  open-up  policies  seen  in  the  reference
countries.  As  a  result,  there  were  some  limitations  in
our study, for example: 1) the estimates here were only
the  conservative  lower  bounds  of,  and  not  the  actual
number  of  cases,  which is  not  possible  to  predict,  but
the  order  of  magnitude  seems  reasonable;  and  2)  the
effects on different vaccination strategies were not able
to  be  incorporated  into  the  estimations.  More
sophisticated dynamic models  are needed to study the
evolution  of  the  pandemic  and  the  risk  if  travel
restrictions  were  lifted,  various  vaccination  strategies
were  implemented  together,  different  levels  of  NPI
containment  intensities,  all  of  which  are  works  in
progress. 

CONCLUSION

To  summarize,  in  this  article  we  estimated  a
plausible lower bound on the outbreak size and sickbed
demands  if  the  pandemic  response  strategies  in  the
reference  countries  were  applied  in  China.  The
estimates  revealed  the  real  possibility  of  a  colossal
outbreak  which  would  almost  certainly  induce  an
unaffordable  burden  to  the  medical  system.  Our
findings  have raised a  clear  warning that,  for  the time
being,  we  are  not  ready  to  embrace  “open-up”
strategies  resting  solely  on  the  hypothesis  of  herd

immunity induced by vaccination advocated by certain
western countries. More efficient vaccinations or more
specific treatment, preferably the combination of both,
are  needed  before  entry-exit  quarantine  measures  and
other  COVID-19  response  strategies  in  China  can  be
safely lifted.

According  to  the  celebrated  dynamic  models  in
epidemiology  and  Grönwall’s  Inequality  in  math,  an
epidemic  decays  exponentially  when  the  reproductive
number  R<1,  but  may  also  blow  up  in  the  same
exponential  manner once R>1. In the past year,  many
in the world have suffered by overconfidently jumping
into the latter scenario. China should not, and cannot
afford to, be the next. 
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