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Abstract

Objective    To analyze the 2022 multiple-country monkeypox outbreak and assess its  importation risk
into China.

Methods    Data was from United States Centers for Disease Control and Prevention. We described the
global  epidemic  and  calculated  concentration  index  to  measure  economic-related  inequality.
Importation  risk  into  China  was  evaluated  and  ranked  by  using  risk  matrix  method  and  Borda  count
method, respectively.

Results     As of  July  29,  2022,  of  79 countries  or  territories,  39 (49.37%,  39/79),  17 (21.52%,  17/79),  6
(7.59%, 6/79), 12 (15.19%, 12/79), and 5 (6.33%, 5/79) country or territories identified cases < 10, 10–,
51–, 101–, and > 1,000. There were economic-related health disparities exist in the distribution of cases
(the concentration index = 0.42, P = 0.027), and the inequality disadvantageous to the rich (pro-poor).
There were 12 (15.38%, 12/78), 15 (19.23%, 15/78), 6 (7.69%, 6/78), and 45 (57.69%, 45/78) countries
or territories with extremely high, high, moderate, and low importation risk.  United States and France
ranked first with the highest Borda points of 156, and counts of zero.

Conclusion     Of  78  countries  or  territories,  the  key  attention  need  be  paid  to  the  United  States  and
France,  relatively.  As  the  epidemic  progresses,  preparing  prevention  and  control  measures  to  further
reduce importation risk was crucial.
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INTRODUCTION

M onkeypox  virus  was  first  identified  in
captive monkeys in 1958, and in a child
from  the  Democratic  Republic  of  the

Congo  (DR  of  the  Congo)  in  1970[1].  Human
monkeypox,  a  sporadic  zoonosis  in  rural  rainforest
villages  of  western  and  central  Africa,  is  caused  by
two  variants  of  orthopoxvirus,  namely,  the  Central
African  clade  (clade  I)  and  the  West  African  clade
(clade  II)[1,2].  Human  infections  have  been
documented  through  the  handling  of  infected
monkeys,  Gambian  giant  rats,  and  squirrels,  with
rodents being the most likely reservoir of the virus[3].
The  symptoms  of  monkeypox  include  skin  rashes,
fever,  intense  headache,  swelling  of  lymph  nodes,
back  pain,  muscle  ache,  and  lack  of  energy[3].
Monkeypox spreads by close contact with an animal
infected  with  monkeypox  virus,  and also  by  skin-to-
skin  contact,  respiratory  droplets,  or  oral  fluids
during  intimate  sexual  contact,  and  contact  with
fabrics,  objects,  or  surfaces  contaminated  with
monkeypox  virus  to  achieve  human-to-human
spread[4].

Prior  to  May  2022,  human  monkeypox  was  an
epidemic  in  African  countries[3],  and  it  was  only
occasionally  imported  to  non-epidemic  countries,
such  as  Singapore[5],  the  United  States[6],  and  the
United  Kingdom  (UK)  by  travelling  to  places  with
circulating  monkeypox  (endemic  areas)  or  with
exposure  to  infected  animals[7].  However,  at  the
beginning of  May 2022,  the UK informed the World
Health  Organization  (WHO)  about  a  confirmed  case
of  monkeypox  in  an  individual  who  returned  from
Nigeria  to the UK;  there were subsequently  clusters
of  monkeypox  virus  infections  in  multiple  non-
epidemic countries[4,8]. As of July 29, 2022, a total of
22,485  confirmed  cases  of  monkeypox  across  79
countries or territories were reported globally[9]. The
International  Health  Regulations  Emergency
Committee officially announced that the monkeypox
epidemic  had  constituted  Public  Health  Emergency
of International Concern (PHEIC) on July 23, 2022[10].
In order to prepare for prevention and control of the
monkeypox  epidemic  in  advance,  the  National
Health  Commission  of  People’s  Republic  of  China
issued  the “ Monkeypox  Diagnosis  and  Treatment
Guidelines  (2022  Edition)” on  June  10,  2022[11].  On
July  24,  the  General  Administration  of  Customs  of
the  People’s  Republic  of  China  announced  that  in
accordance  with  the “ Frontier  Health  and
Quarantine  Law  of  the  People’s  Republic  of  China”
and  other  regulations,  it  had  formulated  relevant

prevention  and  control  measures  to  prevent  the
importation  of  monkeypox  and  protect  the  health
and safety of people[12].

Although  up  to  now,  there  are  no  local
monkeypox  cases  in  Chinese  mainland,  with  the
deepening of  trade exchanges between countries in
the world  and frequent  personnel  exchanges,  China
still  faces  the  importation  risk  of  monkeypox
infection.  Especially  the  under  the  implementation
of  China’s “ Silk  Road  Economic  Belt” and  “21st
Century  Maritime  Silk  Road” initiative  (hereinafter
referred  to  as  the “ Belt  and  Road” Initiative),  the
construction of  infrastructure  such as  strengthening
the  interconnection  of  international  railways,
highways,  aviation,  and  waterways  has  promoted
the  increase  personnel  exchanges  and  its  speed[13].
Therefore, we analyzed the global epidemic situation
of  monkeypox  infection  and  applied  the  risk  matrix
method to assess the importation risk into China, so
as  to  make  targeted  and  detailed  preparations  for
prevention in advance. 

MATERIALS AND METHODS
 

Data Sources

In our study, we extracted 2022 multiple-country
monkeypox  outbreak  data  of  79  countries  on
monkeypox  confirmed  cases  from  United  States
Centers for Disease Control and Prevention as of July
29, 2022[9]. The annual number of foreign students in
China  from  the  dataset “China’  Concise  Statistics  of
International  Students 2018”  in  China  was  used  to
represent personnel flows to China from monkeypox
infection  outbreaking  countries  and  assess  the
possibility  importation  risk  in  this  study[14].  The
specific number of monkeypox cases reported at July
29,  2022  and  2018  international  students  entering
China was seen in Supplementary Table S1, available
in www.besjournal.com. 

Epidemiological Description

We  described  the  epidemic  situation  of
monkeypox  infection  using  the  total  cases  reported
by  USA  CDC  (Centers  for  Disease  Control  and
Prevention)  on  July  29,  2022.  Then,  the  history  of
monkeypox infection was defined as yes or no. There
were  7  countries  with  the  history  of  monkeypox
infection including DR of the Congo, Nigeria, Ghana,
Central  African Republic,  Cameroon, Republic of the
Congo  and  Liberia  based  on  reported  data  by  USA
CDC.  Because  specific  clade  data  were  not  always
reported in the literature, we used the geographical
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spread of the clades as described by the WHO[15,16] to
assign the clade variant.  Monkeypox cases from the
DR  of  the  Congo,  Gabon,  Central  African  Republic,
South  Sudan,  and  Republic  of  the  Congo  were
assumed to be of the clade I, while cases in all of the
other  countries  were assumed to be of  the clade II.
Clade  I  historically  caused  more  severe  disease  and
was  thought  to  be  more  transmissible  and  had
higher case fatality rate.

In  addition,  we  assessed  the  economic-related
inequality  in  monkeypox  infection  by  calculating
concentration index (C) and Lorenz curve[17,18]. In this
study,  the  distribution  of  infectious  diseases  was
examined  by  GDP  per  capita  in  2021.  The  Lorenz
curve  is  obtained  by  plotting  the  cumulative
percentage  of  cases  (Y-axis)  against  the  cumulative
percentage  of  the  population  ranked  by  GDP  per
capita  (X-axis).  The C  can  be  calculated  using  the
following formula[19].

C = 2
μ × cov (h, r) (1)

μwhere h refers to the health outcome,  is the mean
of h, and r denotes the fractional rank of individuals
in  the  distribution  used  (economic  status).  The
concentration  index  ranges  between  −1  and  +1.  A
value  of  zero  for  concentration  index  represents
absolute  fairness  and  there  exists  no  economic-
related inequality. If the concentration index takes a
negative value, indicating infectious diseases is more
concentrated  among  poor  people  (pro-rich).
Conversely, if concentration index is a positive value,
it  indicates  that  infectious  diseases  is  more
concentrated  among  rich  people  (pro-poor)[20].  We
also extracted the number of  2021 population from
world  bank  data  (https://data.worldbank.org/
indicator/SP.POP.TOTL)  to  calculated  the  incidence
rate per 100,000 population for sensitivity analysis of
economic-related inequality. 

The Risk Matrix Assessment

We applied the risk matrix method to assess the
importation  risk  of  monkeypox  cases  into  China
based  on  two  dimensions  of  importation  possibility
and  importation  severity[21−23],  with  the  risk
assessment indicators and scores showed in Table 1.
First, the score of importation possibility considered
the number of  2018 international  student’s  number
entering  China  and  history  of  reported  monkeypox.
We  derived  the  final  importation  possibility  risk
score and shown below in five levels: rare (2 points),
unlikely  (3  points),  possible  (4  points),  very  possible

(5 points), inevitable (6 points). Second, the score of
importation severity considered the number of total
cases  and  the  type  of  clades.  We also  classified  the
final  importation  severity  risk  score  into  five  levels
and  as  shown  below:  negligible  (2  points),  minor  (3
points),  moderate  (4  points),  serious  (5  points),
catastrophic  (6  points).  Finally,  we  divided  the
importation  risk  of  monkeypox  infection  into  four
levels  of  low,  moderate,  high  and  extremely  high,
based  on  the  levels  of  importation  possibility  and
importation  severity  in  the  risk  matrix  assessment
index table (Table 2). 

Table 1. Risk assessment indicators of importation
possibility and importation severity and their scores

Assessment
indicators Factors Classification Risk

scores
Importation
possibility

The number of
international students
entering China in 2018
(number)

< 500 1
500–1,000 2
1,001–5,000 3
5,001–10,000 4
> 10,000 5

　 　 　
History of reported
monkeypox

No 1
Yes 2

　 　 　 　
Importation
severity

The number of
monkeypox cases

< 10 1
10–50 2
51–100 3
101–1,000 4
> 1,000 5

　 　 　
The type of clades West African

Clade
1

Central African
clade

2

　　Note.  Taiwan (province of China) was excluded
in the risk  estimation because we could not  get  the
number  of  students  entering  Chinese  mainland  in
2018.

Table 2. Risk matrix assessment index table

Importation
possibility

Importation severity
Negligible Minor Moderate Serious Catastrophic

Inevitable H H E E E
Very possible M H H E E
Possible L M H E E
Unlikely L L M H E
Rare L L M H H

　 　Note.  L,  low  importation  risk;  M,  moderate
importation  risk;  H,  high  importation  risk;  E,
extremely high importation risk.
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Borda Count Method

Borda  count  method  was  used  to  rank  the
importation  risks  of  monkeypox  infection.  First,  the
Borda points of importation risks equaled to the sum
of  the  ranks  of  importation  possibility  and
importation  severity  risk  levels.  Then,  we  sorted
Borda points of importation risks from the largest to
the  smallest  and  set  the  corresponding  count  as  0,
1..., N−1.  The  smaller  Borda  count  was,  the  more
possibility  of  importation  risk  of  monkeypox
infection  into  China,  and  the  more  serious  the
consequences  would  be.  Borda  points  were
calculated with the following formula[23,24]:

bi =
m

∑
k=1

(N − rik) (2)

rik
bi

N:  the  number  of  countries  or  territories  was  78,
respectively; m: risk assessment index of monkeypox
infection,  set  the  value  as  2; :  levels  of  risk  for
indicator i under  criterion k; :  Borda  points  of  the
assessment indicator i. 

RESULTS
 

The Global Epidemic of Monkeypox Infection

As July 29, 2022, there were 10 (12.66%, 10/79),
18 (22.78%, 18/79), 14 (17.72%, 14/79), 34 (43.04%,
34/79),  3  (3.80%,  3/79)  countries  or  territories
reported  monkeypox  cases  in  African  region,
American region, Asian region, European region and
Oceania, respectively (Supplementary Table S1). The

top  three  country  or  territories  of  number  of
monkeypox  cases  were  United  States  (4,906),  Spain
(4,298)  and  Germany  (2,595)  (Supplementary  Table
S1).  There  were  39  (49.37%,  39/79),  17  (21.52%,
17/79),  6  (7.59%,  6/79),  12  (15.19%,  12/79),  and  5
(6.33%,  5/79)  with  cases  less  than  10,  10−50,
51−100,  101−1,000,  and  more  than  1,000,
respectively. Of five country or territories with cases
more  than  1,000,  four  was  in  European  region  and
one in American region (Figure 1).

The  Lorenz  curves  of  number  of  cases  and
incidence rate were shown in Figure 2. The curve of
monkeypox  infections  (the  concentration  index  =
0.42, P =  0.027, Figure  2A)  and  incidence  rate  (the
concentration  index  =  0.46, P <  0.001, Figure  2B)
both  lay  below  the  equality  line,  with  the  positive
value  which  indicated  that  economic-related  health
disparities and the inequality disadvantageous to the
rich  (pro-poor)  that  these  infectious  diseases
infection  were  more  concentrated  among
population  with  higher  economic  status.  Although
the  concentration  indexes  of  number  of  cases  and
incidence  rate  were  stable  among  different  regions
(all P >  0.05),  the concentration index of  both cases
and  incidence  rate  were  negative  value  in  African
region (Figure 3). 

Importation Risk of Monkeypox Infection

China  was  under  the  risk  of  monkeypox
importation.  For  importation  possibility,  the  highest
risk  was  from  nine  countries  or  territories  (United
States, South Korea, Thailand, etc.), with score of six,
while  the  lowest  risk  was  from  28  countries  or
territories  (Argentina,  Israel,  Bulgaria  etc.),  with
score  of  two.  For  importation  severity,  the  highest
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risk  was  from  six  countries  or  territories  (United
States,  France,  Germany,  etc.),  with  scores  of  six,

while  the  lowest  risk  was  from  36  countries  or
territories  (South  Korea,  Thailand,  India,  etc.),  with
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scores of two (Table 3).
Comprehensively, an extremely high importation

risk  of  monkeypox  cases  was  from  12  (15.38%,
12/78)  countries  or  territories  including  United
States,  France,  Germany,  Nigeria,  UK,  Italy,  Canada,
Spain,  Netherlands,  Democratic  Republic  of  the
Congo,  Belgium  and  Brazil  (Table  3).  There  were  15
(19.23%,  15/78),  6  (7.69%,  6/78)  and  45  (57.69%,
45/78)  countries  or  territories  with  high,  moderate
and low importation risk, respectively (Table 3).

United States  and France  had the  highest  Borda
points  of  156,  and  their  counts  were  zero,  ranking
first (Table 3). 

DISCUSSION

Our  study  described  the  global  epidemic  of  the
2022  multiple-country  monkeypox  outbreak  and
calculated  concentration  index  to  measure
economic-related  inequality  for  monkeypox
infection.  Our  results  showed  that  as  of  July  29,
2022, there were 79 countries or territories reported
monkeypox  cases,  which  of  them,  European  region
had  the  most  countries  or  territories  (43.04%,
34/79).  There  were  39,  17,  6,  12,  and  5  country  or
territories  with  cases  less  than  10,  10−50,  51−100,
101−1,000,  and  more  than  1,000,  respectively.  Of
five  country  or  territories  with  cases  more  than
1,000,  four  was  in  European  region  and  one  in
American  region.  The  top  country  of  number  of
monkeypox  cases  was  United  States  (4,906).  There
was  economic-related  health  disparity  in  the
distribution of  monkeypox cases,  and the inequality
disadvantageous  to  the  rich  (pro-poor),  while  it
conversed in African region. We further assessed its
importation  risk  into  China  by  using  risk  matrix
method  and  Borda  count  method.  This  study  found
that  importation  risk  into  China  varies  across
disease-outbreaking  countries,  there  12,  15,  6,  and
45 countries or territories with extremely high, high,
moderate  and  low  importation  risk,  respectively.
United  States  and  France  ranked  first  with  the
highest  Borda points  of  156,  and counts  of  zero.  To
our knowledge,  this  was the first  study that  applied
risk  assessment  matrix  method  to  assess  the
importation  risk  of  monkeypox  infection  into  China
with  two dimensions  of  the  possibility  and  severity.
Our  findings  were  beneficial  to  distinguish  levels  of
risk and identify countries with high importation risk
rapidly.

In  the  2022  multiple-country  monkeypox
outbreak, European region had the highest infection
burden than other four regions. Additionally, United

States also faced the greatest monkeypox infections
among 79 countries or territories. Before May 2022,
Monkeypox  virus  infection  mainly  occurred  in  the
Central  and  West  African  regions.  The  2003
monkeypox  outbreak  in  the  United  States  marked
the  first  reported  human  monkeypox  cases  outside
Africa,  with  47  confirmed  and  probable  monkeypox
cases,  all  closely  associated  with  groundhogs
imported  from  Ghana[25,26].  Except  for  history  of
contact  with  animals,  for  non-epidemic  countries
including  the  UK,  United  States,  and  Spain,  travel
may  be  an  important  factor  for  promoting  human-
to-human  transmission[6,25,27,28].  However,  in  this
outbreak,  the  proportion  of  history  of  travel  was
less. Nicolò et al.[29] reported that from 14 May to 25
May  2022,  there  were  only  46% patients  with
frequent  travel  outside  the  UK  during  the  past  2
months among 54 male confirmed cases  in  London,
UK.  Of  the  21  cases  who  reported  travel  locations,
there  were  no  cases  with  travel  history  to  sub-
Saharan  Africa[29].  Similarly,  at  July  21,  2022, The
New  England  Journal  of  Medicine reported  the
largest  case  series  study  with  528  cases  in  16
countries  between  April  27  and  June  24,  2022,  and
showed  that  the  proportion  of  patients  with  the
history  of  travel  outside  their  countries  within  1
month  before  diagnosis  was  28%[30].  Above
information  indicated  that  monkeypox  virus  may
form  local  transmission  rather  than  imported  cases
in these non-epidemic countries.

Based  on  the  risk  assessment  results,  we
considered that the United States and France, rather
than  other  76  countries  had  the  higher  importation
risk into China. Monkeypox spreads by close contact
with  an  animal  infected  with  monkeypox  virus[4].
Human  infections  have  been  documented  through
the  handling  of  infected  monkeys,  Gambian  giant
rats, and squirrels, with rodents being the most likely
reservoir  of  the  virus[3].  China  does  not  import
primates,  jungle  meat  products,  so  the  flow  of
people should be the main way for be imported into
China.  The  implementation  of  China’s “ Belt  and
Road” has  promoted  the  increase  personnel
exchanges and its speed[13]. By 2018, there were 196
countries  or  territories  with  international  students
into  China,  except  Oceania,  other  four  regions  had
more  than  10,000  students[14].  Although  up  to  now,
Chinese  mainland  had  no  local  cases,  the  National
Health  Commission  of  People’s  Republic  of  China
and  the  General  Administration  of  Customs  of  the
People’s Republic of China both issued documents to
guide  the  prevention  and  control  of  risk  of
monkeypox  importation[11,12].  The  latest  studies
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Table 3. Importation risks from countries or territories with monkeypox infection to China in the 2022
multiple-country monkeypox outbreak

Countries or
territories

The score of importation
severity

The score of importation
possibility

Risk
levels

Borda
points

Borda
count

Risk sequence of
importation

United States 6 6 E 156 0 1

France 6 6 E 156 0 1

Nigeria 5 6 E 150 6 7

Germany 6 5 E 147 9 10

United Kingdom 6 5 E 147 9 10

Democratic Republic of the
Congo

6 5 E 147 9 10

Italy 5 5 E 141 15 16

Spain 6 4 E 141 15 16

Canada 5 4 E 135 21 22

Netherlands 5 4 E 135 21 22

Belgium 5 4 E 135 21 22

Brazil 5 4 E 135 21 22

Ghana 3 6 H 133 23 24

Republic of the Congo 3 5 H 124 32 33

Poland 4 4 H 124 32 33

Mexico 4 4 H 124 32 33

Denmark 4 4 H 124 32 33

Switzerland 5 3 H 119 37 38

Portugal 5 3 H 119 37 38

Austria 5 3 H 119 37 38

Peru 5 3 H 119 37 38

South Korea 2 6 H 114 42 43

Thailand 2 6 H 114 42 43

India 2 6 H 114 42 43

Russia 2 6 H 114 42 43

Japan 2 6 H 114 42 43

Israel 5 2 H 100 56 57

Sweden 4 4 M 124 32 33

Singapore 3 4 M 118 38 39

Australia 3 4 M 118 38 39

Norway 4 3 M 108 48 49

Ireland 4 3 M 108 48 49

Cameroon 2 5 M 105 51 52

Colombia 3 3 L 102 54 55

Czechia 3 3 L 102 54 55

Romania 3 3 L 102 54 55

Hungary 3 3 L 102 54 55

Finland 3 3 L 102 54 55

Central African Republic 3 3 L 102 54 55

South Africa 2 4 L 99 57 58

Philippines 2 4 L 99 57 58
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Continued
Countries or

territories
The score of importation

severity
The score of importation

possibility
Risk

levels
Borda
points

Borda
count

Risk sequence of
importation

Morocco 2 4 L 99 57 58

Turkey 2 4 L 99 57 58

Liberia 2 4 L 99 57 58

Saudi Arabia 2 3 L 83 73 74

New Zealand 2 3 L 83 73 74

Panama 2 3 L 83 73 74

Benin 2 3 L 83 73 74

Venezuela 2 3 L 83 73 74

Jamaica 2 3 L 83 73 74

Ecuador 2 3 L 83 73 74

Argentina 3 2 L 83 73 74

Serbia 3 2 L 83 73 74

Chile 3 2 L 83 73 74

Greece 3 2 L 83 73 74

Slovenia 3 2 L 83 73 74

Croatia 3 2 L 83 73 74

United Arab
Emirates

3 2 L 83 73 74

Luxembourg 3 2 L 83 73 74

Malta 3 2 L 83 73 74

Bulgaria 2 2 L 64 92 93

Slovakia 2 2 L 64 92 93

Georgia 2 2 L 64 92 93

Costa Rica 2 2 L 64 92 93

Lebanon 2 2 L 64 92 93

Bosnia and
Herzegovina

2 2 L 64 92 93

Dominican Republic 2 2 L 64 92 93

Bahamas 2 2 L 64 92 93

Latvia 2 2 L 64 92 93

Barbados 2 2 L 64 92 93

Estonia 2 2 L 64 92 93

Iceland 2 2 L 64 92 93

Qatar 2 2 L 64 92 93

Andorra 2 2 L 64 92 93

Gibraltar 2 2 L 64 92 93

Bermuda 2 2 L 64 92 93

Martinique 2 2 L 64 92 93

New Caledonia 2 2 L 64 92 93

　　Note.  Country  names  were  ranked  in  descending  order  of  the  risk  levels.  L,  low  importation  risk;  M,
moderate  importation  risk;  H,  high  importation  risk;  E,  extremely  high  importation  risk;  Taiwan  (province  of
China) was excluded in the risk estimation because we could not get the number of students entering Chinese
mainland in 2018.
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revealed that more than 95% monkeypox cases were
men  who  make  sex  with  men  (MSM),  and  the
common  sites  of  rash  changed  from  face  to
genital[29,30]. There may be sexual transmission which
need  more  studies  to  confirmed,  one  way  or
another, it should be focused on the progress of the
international  epidemic,  the  characteristics  of  the
epidemic  to  further  reduce  the  risk  of  monkeypox
importation.

We  applied  risk  matrix  method  to  assess  the
importation  risk  of  countries  with  monkeypox
outbreaks  into  China,  and  we  integrated  variables
more  related  including  the  history  of  reported
monkeypox  cases,  the  number  of  international
students entering China, the type of clades. The risk
matrix  method  was  a  commonly  used  method  to
assess  the  importation  risk  of  infectious  diseases,
such  as  poliomyelitis,  leishmaniasis  and  coronavirus
disease  2019[31−33].  However,  there  were  some
limitations  in  our  study.  First,  we  only  used  the
number  of  international  students  into  China  to
represent  personnel  exchanges,  and  lacked  other
personnel  exchanges  from  official  business,
commerce,  tourism,  visiting  relatives  and  other
people  in  China,  etc.  Therefore,  our  study  showed
that  risk  of  importation  was  relative,  and  might
underestimate the actual importation risk into China. 

CONCLUSIONS

China had the low risk of monkeypox importation
because  of  prepared  prevention  and  control
measure.  However,  given  the  multiple-country
monkeypox  outbreak  and  frequent  personal
exchanges  with  other  countries  or  territories,  China
still  faced the monkeypox threat. Of 78 countries or
territories,  the  key  attention  need  be  paid  to  the
United  States  and  France,  relatively.  Therefore,
paying attention to the progress of the international
epidemic,  understanding  the  characteristics  of  the
epidemic,  and  preparing  prevention  and  control
measures  to  further  reduce  the  risk  of  importation
were crucial. 
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