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Amid the multinational mpox/monkeypox virus (MPXV) out-
breaks, Qatar is hosting the FIFA World Cup from November 20 to
December 18, 2022. Qatar is one of the six Gulf Cooperation
Council (GCC) states with a population of about 3 million, of
which 0.4 million citizens hold Qatari nationality. Qatar expects to
receive 1.2 million international visitors [ 1], and many World Cup
visitors will travel to, and stay overnight at other GCC states [2].
Mass gatherings like this magnificent sporting event inevitably
pose risks of mpox importation not only to Qatar but also to the
neighboring countries [3]. Major challenges with MPXV trans-
mission are the difficulties in rapidly detecting suspected cases,
and managing contact tracing especially in large uncontrolled
crowds [4].

The volume of population inflow and MPXV transmission dy-
namics of the countries of origin are the two key factors de-
termining the risk of case importation. Thus, the probable number
of mpox cases introduced from particular foreign countries during
FIFA World Cup could be estimated through the following two
steps. Firstly, the inflow of visitors to Qatar from different coun-
tries during the tournament was interpreted from the structure
and volume of FIFA ticket sales [5]. We estimated the structure of
population inflow by proportionately analyzing data of ticket sales
for the top-nine countries (Fig. 1A and B) [5]. Secondly, we mod-
elled the transmission dynamics of the individual countries
during the World Cup period (Supplementary Methods and Table
S1). The respective number of infections in the top-nine countries
of ticket sales was simulated by incorporating the estimated re-
production number of late-October in the Susceptible-Exposed-
Infected-Recovered-Dead (SEIRD) model (Fig. 1C and D). The other
countries were regarded as a whole and assumed with a same
reproduction number.

Herewith, the probability of mpox importation from a parti-
cular country was calculated based on the estimated population
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inflow from this country and the simulated number of infections
in this country. For example, about 113,000 visitors form the USA
are expected to enter Qatar, and the number of active mpox cases
among the US population is estimated to be 3085 (95 % CI
2880-3257) during the World Cup period. Thus, it is estimated
that one case would be imported from the USA. Overall, a total
number of 3.6 (95 %CI 3.2-4.1) mpox cases may flow into Qatar
and the surrounding Gulf countries during the World Cup. Of the
countries with the most ticket sales, several countries including
the USA, Mexico, Argentina and Brazil are in the epicenter of the
current mpox outbreak [6]. The countries with the highest risk of
exporting cases include Mexico (31.5 %), the USA (28.8 %), and
Argentina (15.3 %) (Fig. 1E).

The popularity of the FIFA World Cup is such that 3 million tickets
were snapped up. Such mass gathering attracting younger people
who have passion and fun will certainly create a breeding ground for
MPXV spread, as it is primarily transmitted through close and sex-
related intimate contacts. Considering our estimated risk of mpox
importation, infection control policies should be implemented for
preventing MPXV spread, and the local authorities shall be prepared
for rapidly responding to potential outbreaks during the 2022 FIFA
World Cup. Fortunately, Qatar in particular the healthcare sector is
highly responsible, capable and vigilant in well-preparing and safely
hosting this magnificent event [7].

In summary, this study estimated the probability of mpox
importation by assessing the pattern of population mobility and
the epidemic situation of the country-of-origin, whereas the FIFA
World Cup in Qatar serves as a unique setting for studying such
public health questions. This approach bears broad implications
for organizing future mass gatherings amid epidemics/pandemics,
regarding how to assess the risk of case importation and sub-
sequent development of measures to ensure the safety of the
events.
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Fig. 1. Estimating the risk of monkeypox importation during the FIFA World Cup 2022 in Qatar. (A). The number of FIFA tickets sold to the top-ten countries. (B). The structure of
population inflow estimated by proportionately analyzing data of FIFA ticket sales to the top-nine foreign countries. The estimated numbers of cumulative (C) and active
monkeypox cases for the respective countries during the World Cup period. (D). The relative contribution of case importation by different countries. USA: United States of

America; UK: United Kingdom; UAE: United Arab Emirates.
Funding/support

This work was supported by the National Natural Science
Foundation of China (No. 71901132, No. 72134004, and No.
42001121).

Role of the funder/sponsor

The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

CRediT authorship contribution statement

Q.Z. literature search, figure, study design, data collection, ana-
lysis and/or interpretation, writing; C.B. literature search, figure,
study design, data collection, analysis and/or interpretation; Z.A.M.
analysis and/or interpretation, editing; J.A.A. analysis and/or inter-
pretation, editing; Q.P. figure, study design, data collection, analysis
and/or interpretation, witting; Q.Z. and C.B. contributed equally.
Conflict of interest disclosures

None reported.

Appendix A. Supporting information

Supplementary data associated with this article can be found in
the online version at doi:10.1016/j.jiph.2023.01.001.

References

[1] https://www fijivillage.com/sports/Close-to-12-million-fans-are-expected-to-
visit-Qatar-during-the-FIFA-World-Cup-2022-fr485x/.

* Correspondence to: Erasmus MC, room Na-1005, Wytemaweg 80, NL-3015, CN
Rotterdam, the Netherlands.

265

[2] https://forwardkeys.com/fifa-world-cup-in-qatar-boosts-gulf-tourism/.

[3] Farahat RA, Essar MY, Memish ZA. Monkeypox and ring vaccination during the
FIFA World Cup 2022 in Qatar: a call for action. ] Travel Med 2022 20. https://doi.
org/10.1093/jtm/taac103

Al-Tawfiq JA, Kattan RF, Memish ZA. Mass gatherings and emerging infectious
diseases: monkeypox is the newest challenge. ] Epidemiol Glob Health
2022;12(3):215-8. https://doi.org/10.1007/s44197-022-00059-z
(https://en.as.com/soccer/us-the-country-with-the-second-most-tickets-bought-
for-the-world-cup-n/).

Zheng Q , Bao C, Li P, de Vries A C, Giordano G, Pan Q , 2022. Projecting the
impact of testing and vaccination on the transmission dynamics of the 2022
monkeypox outbreak in the United States. ] Travel Med. 2022 Sep 1:taac101.

[7] (https://sportandhealth.moph.gov.qa/EN/faninfo/Pages/Homepage.aspx).

[4

[5

[6

Qinyue Zheng !, Chunbing Bao ™!, Ziad A. Memish “%<,

Jaffar A. Al-Tawfiq "*", Qiuwei Pan "

2School of International Affairs and Public Administration, Ocean
University of China, Qingdao, China

b School of Management, Shandong University, Jinan, China

€ Al-Faisal University, Riyadh, Saudi Arabia

4 King Saud Medical City, Ministry of Health, Riyadh, Saudi Arabia

¢ Hubert Department of Global Health, Rollins School of Public Health,
Emory University, Atlanta, GA, USA

fInfectious Disease Unit, Specialty Internal Medicine, Johns Hopkins
Aramco Healthcare, Dhahran, Saudi Arabia

& Division of Infectious Diseases, Indiana University School of Medicine,
Indianapolis, IN, USA

" Division of Infectious Diseases, Johns Hopkins University, Baltimore,
MD, USA

i Department of Gastroenterology and Hepatology, Erasmus MC-
University Medical Center, Rotterdam, the Netherlands

E-mail address: q.pan@erasmusmec.nl (Q. Pan).

1 Co-first author



	Probability of Mpox importation during the FIFA World Cup 2022 in Qatar
	Funding/support
	Role of the funder/sponsor
	CRediT authorship contribution statement
	Conflict of interest disclosures
	Appendix A. Supporting information
	References




