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Abstract 

Background  The 2022–2023 mpox (monkeypox) outbreak has spread rapidly across multiple countries in the non-
endemic region, mainly among men who have sex with men (MSM). In this study, we aimed to evaluate mpox’s 
importation risk, border screening effectiveness and the risk of local outbreak in Chinese mainland.

Methods  We estimated the risk of mpox importation in Chinese mainland from April 14 to September 11, 2022 using 
the number of reported mpox cases during this multi-country outbreak from Global.health and the international air-
travel data from Official Aviation Guide. We constructed a probabilistic model to simulate the effectiveness of a border 
screening scenario during the mpox outbreak and a hypothetical scenario with less stringent quarantine requirement. 
And we further evaluated the mpox outbreak potential given that undetected mpox infections were introduced 
into men who have sex with men, considering different transmissibility, population immunity and population activity.

Results  We found that the reduced international air-travel volume and stringent border entry policy decreased 
about 94% and 69% mpox importations respectively. Under the quarantine policy, 15–19% of imported infections 
would remain undetected. Once a case of mpox is introduced into active MSM population with almost no population 
immunity, the risk of triggering local transmission is estimated at 42%, and would rise to > 95% with over six cases.

Conclusions  Our study demonstrates that the reduced international air-travel volume and stringent border entry 
policy during the COVID-19 pandemic reduced mpox importations prominently. However, the risk could be sub-
stantially higher with the recovery of air-travel volume to pre-pandemic level. Mpox could emerge as a public health 
threat for Chinese mainland given its large MSM community.
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Background
Since the first human infection was detected in Central 
Africa in 1970 [1], the monkeypox caused by monkey-
pox virus has been recognized as a viral zoonosis with 
endemic regions primarily concentrated in west and 
central African countries [2, 3]. The monkeypox virus, 
a member of the Orthopoxvirus genus in the Poxviridae 
family, is closely related to the widely known variola virus 
(which causes smallpox) [4]. In the last two decades, the 
global incidence of monkeypox cases (here after, mon-
keypox is denoted as mpox according to World Health 
Organization (WHO) reference) has been on the rise 
in endemic regions, with an increase in the median age 
among confirmed and probable mpox cases over time 
[5]. Before the 2022–2023 multi-country mpox outbreak, 
imported mpox infections in humans have been reported 
in the USA [6–9], UK [10], Israel [11], and Singapore [12].

After the confirmation of the mpox case in England 
on May 7, 2022, the outbreak has rapidly expanded 
spatially to other countries in Europe, the Americas, 
and Western Pacific region [13]. It is the first time that 
mpox cases have been reported in both endemic and 
non-endemic regions with broad geographical coverage. 
This multi-country mpox outbreak also reveals differ-
ent epidemiological and clinical characters from previ-
ous outbreaks [7, 14–18] (Additional file 1: Table S1). In 
particular, sustained human-to-human transmission has 
been observed, involving predominately men who have 
sex with men (MSM) [19], which made mpox as a sexu-
ally transmitted disease (STD) [20]. On July 23, 2022, 
the WHO declared the multi-country outbreak of mpox 
as a Public Health Emergency of International Concern 
(PHEIC) due to its unprecedent rapid spread in the non-
endemic regions and disparate global dissemination [21, 
22], and on May 11, 2023, the WHO canceled the PHEIC 
declaration. Since January, 2023, countries/regions in 
East Asia have started experiencing local mpox outbreaks 
that were not seen during the height of mpox outbreak 
in 2022 [23]. As of June 15, 2023, 181 confirmed cases 
have reported by Japan and 102 cases by the Republic of 
Korea [24, 25]. Taiwan province in China reported over 
50 local mpox cases in May 2023. It is crucial to evaluate 
the mpox outbreak potential in Chinese mainland, due 
to its large pool of susceptible population at risk of mpox 
and the fundamental change in the geographical range of 
mpox circulation.

In this study, we used mathematical models to evaluate: 
(1) the importation risk by international air travel from 
countries with ongoing outbreaks; (2) the effectiveness 
of two sets of border screening strategies considering 
Chinese mainland’s pre- and peri-pandemic (hypotheti-
cal) border entry and quarantine policies; (3) the risk of 
undetected mpox importations to trigger a local outbreak 

in Chinese mainland across a range of plausible mpox 
transmissibility and contact patterns among the MSM 
community.

Methods
We constructed a probabilistic model using reported 
mpox cases data and international air-travel data to esti-
mate the according importation risk in Chinese mainland 
between April 14 and September 11, 2022. We also simu-
lated effectiveness of two border screening strategies, and 
estimated the local outbreak probability considering dif-
ferent importation cases and parameters.

Simulating the international dissemination of the 2022–
2023 multi‑country mpox outbreak and evaluating 
Chinese mainland’s importation risk
To quantify the international importation risk of mpox 
from a source location i (regions with ongoing mpox 
transmission) to a destination location j , we need to 
know the outbreak size in the source location i and the 
connectivity between the origin (location i ) and des-
tination (location j ) by air-travel. We assumed that 
travel-associated mpox cases that contribute to the 
international spread mostly reside in major metropoli-
tan areas with international airport transportation hubs. 
Hence, we considered a total of 39,114 mpox cases which 
occurred in 39 metropolitan areas with major interna-
tional airports in the top 12 countries affected by mpox 
(Additional file 1: Tables S2 and S3) and evaluated their 
risk of exportations to Chinese mainland. Specifically, we 
obtained the time series of mpox incidence acquired out-
side Chinese mainland at the national level from Global.
health [26]. We removed all travel-related cases from our 
analysis and assumed the rest of cases reside in the loca-
tion of reporting and acquired infection in the location of 
reporting. We then decomposed the national-level time 
series into metropolitan-level proportional to the rela-
tive outbreak size of a metropolitan area with respect to 
its national total. For each mpox infection at the source 
location i , we assumed that the infected individual could 
only make international air travel during the incubation 
period of τ days (i.e., prior to symptom onset), which 
we drew from a lognormal distribution with an aver-
age of 8.94  days and standard deviation of 4.19 (Addi-
tional file 1: Table S4). For each case, we assumed there 
is a delay of σ days between symptom onset and the 
date of reporting, drawing from a zero-inflated nega-
tive binomial distribution with an average of 6.48  days 
and a standard deviation of 28.2 days (Additional file 1: 
Figure S1, Section S4). Consequently, if an mpox case is 
reported on date t , this infected individual could poten-
tially travel internationally between date t − σ and date 
t − σ − τ , i.e., during his/her incubation period.
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We then estimated the international air-travel proba-
bility using the origin–destination air-travel data pro-
vided by OAG. The pandemic greatly influenced global 
air travel. We considered a pre-pandemic (upper-bound) 
scenario using the air-travel data of year 2019 and a peri-
pandemic (lower-bound) scenario using the air-travel 
data of year 2022. For each air-travel scenario, if we 
denote the total air-travel volume at month m from loca-
tion i to location j as �m

ij  (provided by OAG), the per-
capita rate of international air travel φij can be expressed 
as φij =

�m
ij

NiDm
 , where Ni is the total population in location 

i and Dm is the number of days in month m . We then iter-
ated through all mpox cases and simulated each of their 
potential air-travel trajectory during their incubation 
period τ : starting from the beginning of the incubation 
period t − σ − τ , for each day forward t′ till the end of 
the incubation period t − σ , whether the individual 
would travel on date t′ is simulated as a Bernoulli process 
with the probability of travel pi(t′) from location i is 
given by pi = jφij(t′) . Given that the individual would 
travel on t′ , then the destination j of the international 
travel would be decided based on a generalized Bernoulli 
distribution with the conditional probability of traveling 
to a specific location j given by φij(t′)

∑

jφij(t′)
 and the simula-

tion for this infected individual ends. The simulation of 
the infected individual would also end if by the end of 
his/her incubation period t − σ , the infected individual 
does not travel, and this individual would remain as a 
local mpox case in location i . Once we iterate through all 
mpox infections globally, we could sum up the cumula-
tive number of mpox importations from location i to 
location j up to time point t , denoted as mij(t) . We 
repeated the entire simulation for a total of 200 times and 
obtained the distribution of mij(t) , denoted as P

(

mij(t)
)

 
to capture the stochastic nature of the modelled process 
(Additional file 1: Figure S2). We could estimate the mean 
and 95% confidence interval (0.025 and 0.975 quantiles) 
of mij(t) based on P

(

mij(t)
)

 . To ensure the validity of our 
model, we performed a validation analysis of the mpox 
importations among countries where consecutive reports 
of mpox cases with international travel history were 
available, with abovementioned pre-pandemic and peri-
pandemic air-travel volume setting the upper bound and 
lower bound of the importation risks, respectively (Addi-
tional file 1: Figure S3).

Quantifying the effectiveness of border screening 
against travel‑associated mpox cases
To quantify the effectiveness of border screening poli-
cies, we first considered a scenario (denoted as Scenario 
1 hereafter) that is in compliance with Chinese main-
land’s current pandemic quarantine policy for border 
entry: according to the recently published (July 1, 2022) 

guidelines to mpox prevention and control by National 
Health Commission of the People’s Republic of China, all 
international travelers entering Chinese mainland, espe-
cially for those who had travel history to regions with 
an on-going mpox epidemic within 21  days of border 
entry, should be screened for mpox during their man-
datory quarantine as a part of Chinese mainland’s pan-
demic response [27]. During the quarantine, individuals 
are also screened for mpox related symptoms including 
fever and rash. Symptomatic individuals with travel his-
tory from outbreak countries, close contact with con-
firmed cases, or contact with infected animals would be 
defined as suspected cases (Additional file  1: Table  S5). 
Once detected, they would be reported to the local Cent-
ers for Disease Control and Prevention (CDC) and will 
be transferred to designated hospitals for a 21-day medi-
cal observation, and PCR test for lesion samples/swabs/
blood will be conducted. Considering the variation of 
pandemic mandatory quarantine durations (ranging 
from 7 to 21 days) as well as the uncertainty on the pro-
portion of people with mpox infections complying with 
self-reporting, we used a mathematical model to evalu-
ate the proportion of imported mpox infections detected 
post entry screening (Additional file  1: Section S8). We 
also considered another hypothetical scenario (denoted 
as Scenario 2 hereafter) of plausible mpox entry screen-
ing in the absence of Chinese mainland’s pandemic quar-
antine policy for international travelers (a pre-pandemic 
scenario). In this scenario, international travelers with a 
self-reported mpox epidemiological link need to undergo 
medical observation for mpox-related symptoms (e.g., 
fever, rash, lymphadenopathy) during which they abstain 
from sexual activity, in addition to other precaution-
ary measures [28]. Upon symptom onset, a suspected 
mpox case needs to self-isolate and seek testing. We also 
evaluated the effectiveness of this travel screening policy 
(Additional file 1: Section S8).

Estimating local outbreak probability
Following Hartfield et  al.’s analytical solution of out-
break probability as a function of the basic reproduc-
tion number R0 and overdispersion parameter k [29] 
(Additional file  1: Section S9), we explored the range 
of mpox outbreak probability with one initial infector 
introduced into the high-risk population in Chinese 
mainland, with R0 ranging from 1.1 to 2.0 and disper-
sion parameter k ranging from 0.1 to 1.2 (Fig. 4a). Our 
best guess for R0 for the 2022 mpox outbreak is 1.8, 
according to a recent study conducted by Kwok et  al. 
[30], and we considered a plausible dispersion param-
eter k of 0.88 through fitting the negative binomial 
distribution for the number of sexual partners among 
MSM in China [31, 32] (Additional file  1: Figure S4). 
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For R0 = 1.8 and k = 0.88, we explored how the out-
break probability would change with the number of 
imported mpox cases missed by the border screening 
process (Fig.  4b). To understand the effect of emer-
gency vaccination on preventing the outbreak prob-
ability, we used Rt to stand for the protection provided 
by emergency vaccination. The relationship can be 
illustrated as Rt = R0 × S , in which S stands for the 
proportion of population susceptible to mpox. We 
ignored the complexity of the different VE of one/two 
dose mpox vaccination in the US [33, 34]. We simply 
assumed 20% high risk population get effectively vac-
cinated, hence the Rt = 1.46.

Exploring the contribution of air travel and active MSM 
population size on outbreak in China
During June to November 2023, China has experienced 
a certain outbreak. We extracted monthly provincial 
reported number of mpox cases, and implemented a 
generalized linear model to testify the contribution of 
air-travel volume and active MSM population size at 
the province level estimated by Hu et al. [35]. We mod-
eled with the permutation of these two metrics and the 
interaction.

All analysis was done in R (version 4.1.1; R Foun-
dation for Statistical Computing, Vienna, Austria; 
https://​www.r-​proje​ct.​org/).

Results
Chinese mainland’s mpox importation risk
According to the WHO situation report [36], from Janu-
ary 1, 2022 to June 13, 2023, a total of 87,979 confirmed 
mpox cases were reported among 111 countries and 
regions, with the majority of cases reported in the Ameri-
can (59,449) and European (25,910) regions, accounting 
for 67.6% and 29.5% of the global cases (Fig. 1).

According to the air-travel data from OAG [37], we 
found the monthly number of arrivals in China was on 
average 5.69 million during 2017–2019. However, the 
volume drastically decreased to 0.6 million starting in 
January 2020, approximately one-tenth of the pre-pan-
demic (2017–2019) air-travel volume (Fig.  2a, inset). 
Assuming a hypothetical scenario that the year 2022 has 
the same air-travel volume as in 2019 (pre-pandemic), we 
estimated that the expected number of Chinese main-
land’s mpox importations would have risen above one 
on June 2, 2022 and reached 36 [95% confidence interval 
(CI) 27–50] on September 11, 2022. In contrast, accord-
ing to the actual international air-travel volume during 
2022 (peri-pandemic), we estimated that the expected 
cumulative importations would only reach two (95% CI 
0–5) by September 11, 2022. In Fig.  2b, we presented 
Chinese mainland’s top 12 source countries for mpox 
importations based on the travel volume of year 2019 
and 2022, respectively. Under the air-travel volume of 
2019, Chinese mainland would expect (on average) more 
than one mpox infection importation from epidemic 

Fig. 1  Spatial distribution of mpox cases. Spatial distribution of confirmed mpox cases from January 1, 2022 to June 13, 2023. Shapes in color 
of ivory indicate that data in countries/regions is not available. Map approval No.: GS (2024) 0409

https://www.r-project.org/
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countries including the United States (16, 95% CI 8–23), 
the United Kingdom (7, 95% CI 3–12), Spain (4, 95% CI 
1–8), France (4, 95% CI 0–8), Canada (2, 95% CI 0–5), 
Germany (1, 95% CI 0–4) and Netherlands (1, 95% CI 
0–3). In contrast, under the air-travel volume of 2022, we 
estimated that no single source country would contribute 
to more than one expected mpox importation to Chinese 
mainland, with the highest-ranking country (the United 

States) contributing to about one mpox importation (95% 
CI 0–3).

Effectiveness of border screening policy against mpox 
importation
We first examined the effectiveness of an mpox border 
screening policy (measured as the probability of mpox 
infection detection among all mpox importations) under 

Fig. 2  The air-travel volume and the expected number of mpox importations in China. a The expected cumulative number of mpox importations 
from May to September 2022 with air-travel volume in 2019 and 2022. b The expected number of mpox case importation from other countries/
regions with air-travel volume in 2019 and 2022. In panel a, the inset indicates the actual monthly air-travel volume to Chinese mainland from 2017 
to 2022. The red and blue curves in the main panel indicate the expected number of mpox importations in the Chinese mainland. In panel b, 
the three letter texts are ISO Alpha-3 codes, BRA denotes Brazil, CAN denotes Canada, COL denotes Colombia, DEU denotes Germany, ESP denotes 
Spain, FRA denotes France, GBR denotes United Kingdom, ITA denotes Italy, NLD denotes Netherlands, PER denotes Peru, PRT denotes Portugal, 
USA denotes United States of America (Additional file 1: Table S8)
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Chinese mainland’s pandemic quarantine policy for inter-
national travelers (Scenario 1). Specifically, we found that 
under Scenario 1, the effectiveness of border screening 
against mpox is insensitive to the self-reporting rate of 
an mpox epidemiological links, as all international travel-
ers were required to quarantine due to existing pandemic 
policies. On the other hand, the detection rate of mpox 
importations increases with the quarantine duration 
(Fig. 3a). Chinese mainland’s pandemic policy requiring a 
quarantine duration of 10 days (policy as of June 28, 2022 
[38]) would lead to high effectiveness of mpox screening 
with detection rate reaching > 80% based on our model’s 

estimate, irrespective of the self-reporting rate of epide-
miological links. However, universal border entry quar-
antine as a stand-alone policy for mpox, in the absence 
of pandemic-related policy, is impractical and unwar-
ranted due to mpox’s much slower spread compared to 
COVID-19 and the lack of evidence of pre-symptomatic 
transmission [28]. We thus considered a scenario of a 
border screening policy similar to the contact tracing 
guidance by the European Center for Disease Preven-
tion and Control (ECDC) [28]. In this scenario, both the 
self-reporting rate of epidemiological links and the dura-
tion of the medical observation influence the screening 

Fig. 3  Effectiveness of mpox border screening policies under two assumed scenarios. a Number of total detected mpox cases under Scenario 1 
(corresponding to China’s pandemic quarantine policy), with proportion of self-reported epidemiological links ranging from 10 to 100%, and days 
of quarantine ranging from 0 to 21. b Number of total detected mpox cases under Scenario 2 (a pre-pandemic scenario), with proportion 
of self-reported epidemiological links ranging from 10 to 100%, and days of medical observation ranging from 0 to 21. c Number of total detected 
mpox cases with 50% self-reported epidemiological links with mpox cases under days of quarantine or medical observation from 0 to 21. In panel c, 
the horizonal lines indicate the mean, with dark and light shades indicating 50% CI, and 95% CI 
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effectiveness: the proportion of imported mpox infec-
tions who self-report an epidemiological links sets the 
upper bound of the mpox border screening effectiveness, 
as infected individuals who do not report/are unaware 
of mpox exposure would not undergo medical observa-
tion and thus could not be promptly detected (Fig.  3b). 
Among exposed individuals undergoing medical obser-
vation, increasing the duration of medical observation 
would increase the detection rate of border screening 
but the increase would start plateauing with only mar-
ginal benefit once the duration reached beyond 10 days. 
In Fig. 3c, we compared the overall effectiveness of Sce-
nario 1 against Scenario 2 across a range of quarantine/
medical observation durations, conditional on the same 
proportion of self-reporting epidemiological link (50%). 
We found that the more stringent Scenario 1 always out-
performs Scenario 2 across different quarantine/medical 
observation durations. At the quarantine/medical obser-
vation duration of 10 days, Scenario 1 on average detects 
83.3% of imported mpox cases while Scenario 2 could 
only detect 46.3%. Longer quarantine/medical observa-
tion duration does not significantly improve the border 
screening effectiveness for either of the two scenarios.

Local mpox outbreak probability
Next, we used a mathematical model to evaluate the 
potential of undetected mpox infections triggering a local 
mpox outbreak. The outbreak potential of an undetected 
mpox importation is influenced by the overall transmis-
sibility of the mpox virus (measured as the basic repro-
duction number R0 ) and the transmission heterogeneity 

(measured as the overdispersion parameter k , Additional 
file  1: Section S9) [29]. In Fig.  4a, we demonstrated the 
outbreak probability of a single undetected mpox infec-
tion in the high-risk population as a function of R0 and k : 
both the increasing of R0 (increasing transmissibility) and 
k (decreasing transmission heterogeneity) would increase 
the outbreak probability. Considering the recent estima-
tion of R0 = 1.8 for mpox outbreaks in several European 
countries, the outbreak probability caused by one unde-
tected mpox case was estimated at 42.1% if the overdis-
persion parameter k was equal to 0.88, based on sexual 
contact network among MSM in Chinese mainland [31, 
32]. The outbreak probability drastically goes up with the 
number of undetected mpox importations, reaching to 
above 95% with six or more importations. When taking 
into account of emergency vaccination, the reproduction 
number is reduced to 1.46 and the outbreak probability 
accordingly reduces to 29.4% with only one imported 
mpox case, which is lower than the probability of 70% 
when R0 = 1.8.

Contribution of air travel and active MSM population size
Furthermore, we explored the correlation between the 
confirmed mpox cases and active MSM population size. 
The result shows high correlation with R = 0.72 (P < 0.05) 
when we removed Beijing and Guangdong province 
(both are major international air-traffic hubs for Chinese 
mainland) presenting as outliers (Additional file 1: Figure 
S5). We further performed a regression model including 
both mpox cases, active MSM population size and air-
travel volume as covariate, with and without removing 

Fig. 4  Estimated outbreak probability. a the outbreak probability of one mpox case introduced into the MSM community in Chinese mainland, 
with R0 ranges from 1.1 to 2, and dispersion parameter k ranges from 0.1 to 1.2. In panel a, the dashed lines and dot refer to R0 = 1.8 and k = 0.88, 
a plausible guess of mpox transmissibility in Chinese mainland. b the outbreak probability as a function of the number of seeding infectors ranges 
from 1 to 10, with R0 = 1.8 and k = 0.88
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Beijing and Guangdong (Additional file  1: Section S11). 
When included both two factors and their interaction 
and removed Beijing and Guangdong, the result of the 
regression showed high coefficient of determination 
(R2 = 0.84), which is lower with removing the interaction 
(R2 = 0.62).

Discussion
Since the global eradication of smallpox in the 1980s and 
subsequent halt of the smallpox vaccination program, it 
has been suggested that the mpox virus could emerge as 
the next Orthopoxvirus of epidemic potential in humans, 
taking up the ecological niche vacated by smallpox in the 
human population [39]. In recent years, increasing inci-
dence and shifting demographics towards older popu-
lations and males in the endemic region were warning 
signs of declining of mpox population immunity due to 
the cessation of smallpox vaccination in the 1980s and 
population turnover. Following the first confirmed mpox 
case reported by the United Kingdom in early May 2022, 
the multi-country mpox outbreak had infected about 
90,000 individuals in non-endemic regions as of Septem-
ber 12, 2023, with countries in Europe and the Americas 
being impacted most heavily. After confirming mpox’s 
local transmission, the UK and other European coun-
tries subsequently adopted contact tracing and case iso-
lation to control their outbreaks [40, 41]. Following the 
PHEIC declaration of the outbreak by the WHO, the US 
government declared a public health emergency for the 
local mpox outbreak and adopted measures (case iden-
tification, contact tracing, vaccination) to suppress local 
transmission. When faced with the importation risk of 
mpox, only a few countries have strengthened their bor-
der screening to prevent case importation [42–47].

On September 16, 2022, Chinese mainland recorded its 
first imported mpox case in Chongqing. The case had a 
travel history to Germany and Spain [48] and remained 
the only observed mpox importation as of June 5, 2023. 
This observed low risk of mpox importation is in line 
with our model’s projections based on 2022 air-travel 
volume. By examining the OAG’s data through October 
2022, Chinese mainland’s air travel has yet to show signif-
icant recovery from that of 2022 (Fig. 2a). Furthermore, 
as a byproduct of the universal quarantine policy for bor-
der entry due to the pandemic, our analysis suggests high 
border screening effectiveness for mpox if medical obser-
vation for mpox were implemented during the manda-
tory quarantine. Collectively, the impact of pandemic 
on air-travel reduction and a stringent quarantine policy 
have led to a low risk of mpox importation in Chinese 
mainland. However, under conditions where air-travel 
volume is gradually rebounding to pre-pandemic lev-
els, we estimate that the importation risk is substantially 

higher, reaching 36 (95% CI 25–47) mpox importations 
under the current outbreak (Fig. 2a).

A distinctive feature of the 2022 mpox outbreak is that 
it affects predominantly the population in the MSM com-
munity with sustained human-to-human transmission 
outside the endemic region [13]. Modeling analysis of 
the UK’s sexual contact network of the MSM community 
suggested the heavy-tailed nature of network topology 
could result in the basic reproduction number of mpox 
larger than the epidemic threshold of one among the 
group of individuals who have disproportionately large 
numbers of partners [49]. We have looked at the distri-
bution of sexual partners among MSM in China in 2010 
based on the study by Zhang et  al. [31, 32] (Additional 
file 1: Figure S4); it is highly heterogeneous, with 4.9% of 
individuals having more than 10 sexual partners over a 
period of one year. Thus, it is plausible to expect that once 
mpox infection is introduced into the MSM commu-
nity in Chinese mainland, the mpox virus could sustain 
human-to-human transmission and cause substantial 
disease burden in the high-risk population. Assuming the 
mpox’s basic reproduction number in Chinese mainland 
is similar to that in Europe and the United States [30], we 
estimated that the probability of triggering a local mpox 
outbreak is substantial and rapidly goes up with the num-
ber of mpox introductions (Fig. 4). Noticeably, the highly 
heterogeneous sextual contact network structure could 
significantly reduce the outbreak size when comparing to 
a homogeneous mixing model [49], and R0 is not a good 
predictor of outbreak size. We only use R0 alone with 
dispersion parameter k to evaluate the risk of triggering 
local outbreak. We do not use R0 to evaluate the final 
outbreak size. A recent study suggests that the size of the 
MSM community in Chinese mainland is approximately 
eight million [35], roughly twice the size of that in the US 
[50]. With the changing epidemiology and population 
immunity of mpox as well as the geographical expansion 
to non-endemic regions, mpox has emerged as a public 
health threat for Chinese mainland’s MSM community in 
the foreseeable future.

Although the global mpox epidemic trend has been on 
the decline since August, 2022, and the WHO declared 
that the mpox epidemic no longer constituted a PHEIC, 
mpox is still circulating with low intensity in non-endemic 
countries/regions recently [22]. Several Asian countries 
including Japan, Thailand, etc. have reported imported 
and local mpox cases since May, 2023 [23, 51]. Taiwan 
Province in China reported over 50 local mpox cases in 
May, 2023. From June to August, 2023, 26 provincial-level 
administrative divisions in Chinese mainland reported 
1098 confirmed mpox cases, suggesting likely wide-
spread mpox local outbreaks in Chinese mainland. This is 
in agreement with our modeling assessment of high mpox 
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outbreak probability in Chinese mainland, conditional on 
introduction of travel-related mpox cases (Fig.  2). From 
our exploration on the relationship between the local 
number of mpox cases with air-travel volume and active 
MSM population size at the province level (Additional 
file 1: Section S10), we found that both the active MSM 
population size and air-travel volume are positively corre-
lated with the number of reported mpox cases, especially 
for the interaction of them.

Our study has several limitations. First, due to the data 
inaccessibility, we assumed that the air-travel behavior 
of the population in the MSM community is the same as 
that of the general population, which may not be true and 
could variate between different demographic profiles. 
Also, the air-travel data we are using is not publicly acces-
sible. However, international air-travel data can also be 
approximated by using a model applied to international 
trade data [52] which is publicly available. This provides 
a freely accessible alternative to the commercial air-travel 
data [37]. Second, we assumed there is no under-report-
ing of mpox infections, which may lead to an underes-
timation of the importation risk in Chinese mainland. 
However, considering the high symptomatic rate of 
mpox infection as well as distinct symptom presenta-
tions including fever and rash, we expect our estimation 
and our conclusion remain robust. Lastly, data on MSM 
sexual contact networks are limited in Chinese mainland. 
In particular our MSM sexual contact network is based 
on data pre-pandemic and during the pandemic, the sex-
ual behavioral could have changed substantially. Better 
characterization of the behavioral aspect of the high-risk 
population could further improve our evaluation of mpox 
outbreak potential and define effective preventive and 
mitigation public health policies against mpox.

Conclusions
Using pre- and peri-pandemic air-travel data and spa-
tiotemporally resolved mpox case reporting, our study 
demonstrates that the reduced international air-travel 
volume and stringent border entry policy during the 
COVID-19 pandemic reduced mpox importations prom-
inently. However, the risk could be substantially higher 
with the recovery of air-travel volume to pre-pandemic 
level. Mpox could emerged as a public health threat for 
Chinese mainland given its large MSM community.
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