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ITEP (rs = 0.69, p < 0.0001; s = 0.33, p = 0.001; 1, =
0.65, p<0.0001, respectively). However, no correlation
exists among other wvariables (p > 0.0125)
(Supplementary Table 2). In addition, the graph map of
the total number of cases, the daily growth of cases, and
the tourism indicators were shown in Figure 1 and
Figure 2.  Generally, we  observed that
countries/territories with relatively higher tourism
indicators, including ITED, ITR, ITA, and ITEP,
always had a more severe epidemic of COVID-19,
which means more people were confirmed and the
infections spread faster.

Discussion

In summary, places with higher tourism indicators
(ITED, ITR, ITA and ITEP) are more prone to COVID-
19, with more confirmed cases and faster transmission
speed. Especially in high-income countries/territories
(most of the countries/territories located in Europe and
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Americas). Positive correlations were discovered in
various continents/regions between the epidemic
characteristics of COVID-19 (total number of
cases,number of cases (per million persons), daily
growth of cases) and tourism indicators (ITED, ITR,
ITA and ITEP). However, no correlation was detected
for the number of cases (per million persons) and those
tourism indicators in Africa and the Middle East.

It is well documented that infection transmission is
highly associated with global trade and travel [17,1-3].
Besides, the yearly increasing numbers of tourism
arrivals, higher shipping capacity levels, and a more
considerable amount of air travel consumers resulted in
the higher values of ITED, ITR, ITA, and ITEP
[15,18,19]. In previous studies, researchers had
reported a positive correlation between the number of
international travelers and the incidence of imported
diseases [20]. The remarkable infectivity of COVID-19
in the 21st century made it a great threat to mankind in

Figure 2. Daily growth of cases worldwide and the tourism indicators (the height of the straight bar in various countries/territories
represents the number of the daily growth of cases, the higher the bar, the higher the daily growth of cases).
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recent years. Till now, we still have not evidently
recognized the way COVID-19 transmits. However, it
has been shown that a man can easily be infected when
exposed to an environment where an infected person
coughs or sneezes [21]. Currently, travel business is
developing with unprecedented speed, massive
movement, and changes in  environmental,
technological, climatic, political, and social factors
change converge to facilitate the emergence and further
spread of COVID-19. As a result, places with higher
tourism indicators, including ITED, ITR, and ITEP,
presented a larger number of infected cases and a faster
transmission speed.

Compared with countries/territories in Europe, Asia
and Oceania, and the Americas, places in Africa and the
Middle East did not present a significant correlation
between the number of cases (per million persons) and
ITED, ITR, ITA, ITEP. The reasons for such a
phenomenon may be that the populations in some of
these countries/territories are less than one million, such
as Seychelles, Sao Tome Principe, Djibouti, etc. When
calculating the number of cases (per million persons) in
these places, the number of confirmed cases will be
amplified, which might not reflect the real-time
situation of COVID-19 epidemic. Also, the regional
differences between the countries/territories with
densely and non-densely population may also
contribute to such results. Additionally, we noticed that
TAOE was slightly negatively correlated to the number
of cases and the daily growth of cases. For less
developed countries/territories with relatively less
developed economies, tourism always comprises an
essential part of foreign exchange and exports [22].
However, there was evidence that tourists are more
willing to visit places that are richer and more populated
[23]. As a result, the mobility of humans and other
factors that can contribute to the potential spread of
infections in countries/territories with less developed
economies was minor. As a result, fewer people were
infected, and the transmission speed was low. As for the
correlation for the average increase rate of cases and the
tourism indicators, in the early period of the outbreak of
COVID-19, the number of people infected by SARS-
CoV-2 could increase several times compared with the
previous day, while in the later stage, even the cases
soaring, it is hardly double the number of cases in the
previous day. Therefore, the average increase rate of
cases was not correlated with the tourism indicators in
most countries/territories.

As of early April 2020, the COVID-19 cases were
mostly limited to regions and large urban centers, which
have a more developed transportation system, dense
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population, and developed economy. Although our
previous research indicated that people in countries
with a developed economy, such as the United States,
the United Kingdom, and Canada, had a relatively
quicker response speed and had a longer duration of
public attention toward COVID-19 due to their
effective propaganda methods, the public awareness
was not strong enough at the early stage of the outbreak
of COVID-19 [8]. Therefore, countries with more
developed tourism are required not only to increase
investment to prevent and respond to new infectious
epidemics but also to put efforts to strengthen public
awareness of new infections. Meanwhile, although the
epidemic of COVID-19 had a relatively lower impact in
less developed countries/territories at the beginning of
the outbreak, visits to this place continue to grow,
primary prevention and more investment are also
needed in less developed countries and territories
against the outbreak of infectious diseases in the future
[24]. Furthermore, due to the less developed healthcare
system in less developed countries, the longer impact of
COVID-19 is thus more severe, with more confirmed
cases and deaths, the construction of basic health
facilities and the help of the international community
are needed to better respond to public emergencies. In
addition, travelers themselves need to strengthen their
awareness of self-protection. Aside from infectious
diseases, it is reported that 30% of tourists had sought
medical help for diarrhea, coldness, vomiting, and
gastrointestinal illnesses [25]. Thus, more efforts are
required to inform travelers about the risks of infectious
diseases and  other travel-related illnesses,
strengthening their vigilance to take enough protective
measures to stay away from infections and other
diseases.

There are several potential limitations needed to be
recognized. First, we only have access to the tourism
data of 2018 from UNWTO, which would be a little
different from that in 2019. Second, we did not obtain
more detailed tourism information, and other characters
of COVID-19 patients (gender, age, etc.) remain
unclear. Thus, further analysis of tourism and the
epidemic characteristics of COVID-19 infection is
impossible. Besides, since the tourism industry was
basically at a standstill after the outbreak of COVID-19,
tourism is more likely to have contributed more to the
spread of COVID-19 in the early stage. However, the
lack of information after April 2020 is another
limitation, further study should enlarge the information
to 2020 and 2021, regarding the countries’ measures
regarding prevention of COVID-19 transmission.
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Conclusions
In conclusion, there were strong correlations
between tourism and the epidemic characteristics of

COVID-19, particularly in developed
countries/territories with high incomes. Clinical and
health care providers in high-income

countries/territories must realize the potential of global
transmission of infectious diseases through travel and
take effective preventive measures and strengthen
public awareness to better respond to new infections.
While more investment and international attention are
needed to improve the construction of basic health
facilities, strengthen the surveillance-warning system,
build cost-effective models in places with less
developed economy, so as to reduce the losses caused
by the epidemic of infectious diseases.
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Supplementary Table 1. Tourism indicators and epidemic characteristics of COVD-19 in 178 countries/territories.

Average Daily Confirmed

Countries / Territories ITED ITR ITA ITEP TAOE increase growth of  cases (per

rate cases million)
Spain 26.8 81.5 82.8 81.5 16 0.21 2,511.03 4,081.70
Italy 30.1 493 61.6 51.8 8 0.23 2,239.38 2,851.95
Germany 95.6 43 38.9 60.3 3 0.19 1,745.63 1,687.64
France 47.9 65.5 89.4 73.3 8 0.16 1,775.32 2,284.68
United Kingdom 69.0 51.9 36.3 51.9 6 0.17 1,425.17 1,616.53
Belgium 18.5 8.9 9.1 10.4 2 0.20 495.03 3,118.14
Switzerland 17.5 17 11.7 20.3 5 0.33 520.71 3,128.73
Netherlands 21.2 18 18.8 252 3 0.30 612.30 1,786.77
Portugal 55 19.9 22.8 24.1 23 0.25 413.48 1,865.50
Austria 12 23.1 30.8 253 10 0.21 280.63 1,620.51
Russian Federation 343 11.5 24.6 18.7 4 0.15 415.66 219.33
Sweden 18.1 14.9 7.4 14.9 6 0.16 171.62 1,308.61
Ireland 7.4 6.2 10.9 14.7 4 0.27 291.23 2,831.11
Norway 17.3 5.8 5.7 7.1 4 0.27 136.00 1,279.60
Denmark 10.5 9.1 12.7 9.1 5 0.25 145.34 1,254.79
Czechia 6 7.5 - 8.2 4 0.20 139.28 611.54
Poland 9.7 14.0 19.6 15.8 5 0.29 190.41 221.39
Romania 43 2.8 2.8 33 3 0.22 158.16 419.33
Luxembourg 32 5 1 55 4 0.22 72.48 5,559.32
Serbia 1.4 1.3 1.7 1.7 7 0.30 135.45 651.23
Finland 6.1 3.7 3.2 5.7 5 0.13 44.15 629.70
Greece 2.6 17.3 30.1 20.1 24 0.21 43.59 213.37
Ukraine 7.9 1.4 14.2 2.3 4 0.25 103.58 106.60
Iceland 1.8 3.1 2.3 3.1 26 0.20 35.78 5,139.93
Croatia 1.7 11.8 16.6 12.1 35 0.18 34.87 441.87
Estonia 1.5 1.8 32 23 9 0.23 29.16 1,099.85
Moldova 0.4 0.4 0.2 0.5 12 0.25 56.58 561.23
Slovenia 1.6 32 4.4 34 6 0.21 30.28 627.25
Belarus 1.1 0.9 2.1 1.2 3 0.27 97.51 505.75
Hungary 2.6 6.9 17.2 6.9 4 0.18 40.02 182.50
Armenia 1.4 1.2 1.7 1.2 28 0.22 25.53 405.30
Lithuania 1.4 1.5 2.8 1.8 4 0.19 2343 422.07
Bosnia and Herzegovina 0.3 1 1.1 1.1 12 0.17 28.19 370.03
Slovakia 2.6 32 - 33 3 0.22 24.95 192.14
North Macedonia 0.3 0.4 0.7 0.4 - 0.18 21.88 536.15
Bulgaria 1.9 4.5 9.3 5.1 12 0.18 21.05 121.75
Andorra - - 3 - - 0.49 15.11 9,007.96
Latvia 0 1.1 1.9 1.1 5 0.18 14.80 361.57
Albania 1.7 22 5.3 2.3 36 0.22 13.77 187.30
Malta 0.5 1.9 2.6 1.9 10 0.14 10.22 955.75
San Marino - - 0.1 - - 0.23 8.68 11,252.23
Montenegro 0.1 1.2 2.1 1.2 54 0.25 9.71 482.44
Monaco - - 0.3 - - 0.14 1.94 2,395.27
Holy see - - - - 0.09 0.17 9,888.75
Liechtenstein - - 0.1 - - 0.18 1.77 2,071.48
South Africa 3.4 8.9 10.5 9.8 9 0.24 64.70 46.92
Cameroon 0.7 0.6 0.6 10 0.21 23.69 37.52
Burkina Faso - - 0.1 - - 0.25 14.63 26.65
Cote d'lvoire - - 2 - - 0.28 18.57 26.08
Niger - - 0.2 - - 0.31 22.36 25.90
Mauritius 0.6 1.9 1.4 2.2 39 0.23 10.70 254.76
Ghana 0.5 0.9 - 1 4 0.20 18.76 20.63
Nigeria 9.6 2 - 2 3 0.16 10.04 2.39
Senegal - - - - - 0.17 7.41 20.43
Congo (Brazzaville) - - 0.2 - - 0.27 4.30 2591
Congo (Kinshasa) 0.1 0.1 - 0.1 0 0.21 7.73 3.20
Kenya 0.2 1.1 1.5 1.1 9 0.22 7.00 4.57
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0.42
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74.95
2.75
11.39
11.16
92.75
310.87
7.30
1.62
51.80
9.46
2.61
1.03
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0.26
0.14
0.10
0.14
0.10
0.27
0.28
0.19
0.34
0.26
0.24
0.20
0.19
0.23
0.20
0.21
0.22
0.12
0.28
0.24
0.20
0.30
0.11
0.14
0.37
0.51
0.46
0.20
0.25
0.15
0.26
0.19
0.19
0.24
0.20
0.19
0.21

79.49
28.73
0.55
0.21
8,042.59
400.00
128.49
105.66
87.77
15.43
25.56
11.89
6.07
6.26
2.35
3.84
1.66
1.46
0.63
0.58
0.41
0.50
0.52
0.32
0.68
0.28
660.41
205.58
179.66
321.14
81.86
59.29
14.65
12.51
5.94
4.95
3.29
1.72
0.26
155.24
1,370.55
27.94
31.26
79.72
20.13
97.13
32.81
2,122.84
231.80
1.42
11.91
9.02
19.18
45.13
2.00
19.61
46.48
55.72

215.09
292.19
18.96
0.78
2,113.90
869.08
48.84
930.76
380.35
127.40
81.49
44.63
27.29
11.94
260.99
48.29
137.32
3.77
234.87
22225
81.69
124.42
263.20
108.16
4527
1.36
158.46
483.99
478.94
409.11
67.59
59.05
14451
39.84
7.17
27.90
81.46
80.10
17.05
205.15
946.44
36.85
388.24
637.18
209.34
1,618.50
1,022.58
931.31
1,499.85
2.17
97.87
39.89
621.19
27.79
7.13
73.10
55.14
69.47

COVID-19: coronavirus diseases 2019 (COVID-19); ITED: International tourism expenditure (USD billion); ITR: International tourism receipts (USD billion);

ITA: International tourist arrivals (million); ITEP: International tourism exports (USD billion); TAOE:Tourism as % of Exports.
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Supplementary Table 2. Correlation between epidemic characteristics of COVID-19 and the tourism indicators in various continents/regions.

Continents/Regions Epidemic characteristics of Tourism indicators
g COVID-19 ITED ITR ITA ITEP TAOE
Is 0.88 0.77 0.75 0.82 -0.33
Total number of cases ) <0.0001 <0.0001 <0.0001 <0.0001 0.038
Number of cases (per million Is 0.46 0.48 0 0.49 -0.05
Europe persons) p 0.003 0.002 0.994 0.001 0.766
Average increase rate Is -0.01 -0.08 0 -0.03 -0.12
p 0.968 0.647 0.980 0.852 0.474
Daily erowth of cases Is 0.88 0.77 0.75 0.820 -0.34
ye P <0.0001 <0.0001 <0.0001 <0.0001 0.034
Is 0.54 0.50 0.20 0.49 0
Total number of cases ) 0.001 0.005 0.321 0.006 0.994
Number of cases (per million Is -0.01 0.02 -0.04 -0.07 0.29
Africa persons) p 0.947 0.901 0.840 0.972 0.119
Average increase rate Is 0.33 0.21 0.16 0.21 0.13
p 0.062 0.256 0.435 0.271 0.496
. Is 0.52 0.46 0.27 0.45 0
Daily growth of cases ) 0.002 0.011 0.177 0.012 0.994
Total number of cases Is 0.83 0.69 0.84 0.71 -0.42
p <0.0001 <0.0001 <0.0001 <0.0001 0.014
Number of cases (per million Is 0.47 0.41 0.34 0.42 -0.07
. . 0.005 0.017 0.075 0.014 0.694
Asia and Oceania persons) p
Average increase rate Is -0.09 -0.30 -0.11 -0.28 -0.31
p 0.636 0.088 0.576 0.113 0.075
. Is 0.63 0.51 0.66 0.54 -0.46
Daily growth of cases ) <0.0001 0.002 <0.0001 0.001 0.008
Total number of cases Is 0.91 0.82 0.89 0.85 -0.50
p <0.0001 <0.0001 <0.0001 <0.0001 0.003
Number of cases (per million Is 0.32 0.42 0.28 0.44 0.15
Americas persons) p 0.079 0.013 0.103 0.010 0.386
Average increase rate Is 0.58 0.50 0.56 0.54 -0.34
P <0.001 0.003 0.001 0.001 0.047
. Is 0.91 0.81 0.88 0.84 -0.50
Daily growth of cases ) <0.0001 <0.0001 <0.0001 <0.0001 0.003
Is 0.58 0.61 0.48 0.66 -0.35
Total number of cases ) 0.024 0.015 0.069 0.008 0.195
Number of cases (per million Is 0.36 0.10 -0.13 0.27 -0.22
. 0.191 0.713 0.639 0.334 0.442
Middle East persons) p
. Is 0.07 -0.02 0.22 0.09 -0.07
Average increase rate p 0.797 0.934 0.441 0.760 0.799
. Is 0.56 0.59 0.44 0.65 -0.34
Daily growth of cases ) 0.030 0.022 0.104 0.009 0.213
Total number of cases Is 0.82 0.82 0.83 0.85 -0.30
p <0.0001 <0.0001 <0.0001 <0.0001 0.029
Number of cases (per million Is 0.38 0.35 0.09 0.38 -0.08
High-income countries persons) P 0.006 0.010 0.501 0.005 0.569
/ territories Average increase rate Is -0.03 -0.07 0.07 -0.01 -0.20
verag P 0.857 0.596 0.635 0.948 0.163
. Is 0.80 0.79 0.81 0.83 -0.31
Daily growth of cases ) <0.0001 <0.0001 <0.0001 <0.0001 0.023
Total number of cases Is 0.80 0.67 0.73 0.69 -0.23
p <0.0001 <0.0001 <0.0001 <0.0001 0.022
Number of cases (per million Is 0.31 0.34 0.29 0.33 0.21
Non-high-income persons) P 0.002 0.001 0.006 0.001 0.037
countries / territories Average increase rate Is 0.21 0.14 0.08 0.15 -0.02
verag p 0.04 0.176 0.430 0.141 0.89
Daily erowth of cases Is 0.762 0.64 0.69 0.65 -0.24
ye p <0.0001 <0.0001 <0.0001 < 0.0001 0.017

COVID-19: coronavirus diseases 2019 (COVID-19); ITED: International tourism expenditure (USD billion); ITR: International tourism receipts (USD billion);
ITA: International tourist arrivals (million); ITEP: International tourism exports (USD billion ); TAOE:Tourism as % of Exports.



