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Abstract 

Background: With the progress of globalization, international mobility increases, greatly facilitating cross‑border 
transmission of respiratory infectious diseases (RIDs). This study aimed to analyze the epidemiological characteristics 
and factors influencing imported RIDs, with the goal of providing evidence to support adoption of high‑tech, intel‑
ligent methods to early find imported RIDs and prevent their spread in China.

Methods: We obtained data of imported RIDs cases from 2014 to 2018 from the Inbound Sentinel Network of Cus‑
toms and the National Notifiable Diseases Reporting System in China. We analyzed spatial, temporal, and population 
distribution characteristics of the imported RIDs. We developed an index to describe seasonality. Pearson correlation 
coefficients were used to examine associations between independent variables and imported cases. Data analyses 
and visualizations were conducted with R software.

Results: From a total of 1 409 265 253 inbound travelers, 31 732 (2.25/100 000) imported RIDs cases were reported. 
RIDs cases were imported from 142 countries and five continents. The incidence of imported RIDs was nearly 5 times 
higher in 2018 (2.81/100 000) than in 2014 (0.58/100 000). Among foreigners, incidence rates were higher among 
males (5.32/100 000), 0–14‑year‑olds (15.15/100 000), and cases originating in Oceania (11.10/100 000). The vast 
majority (90.3%) of imported RIDs were influenza, with seasonality consistent with annual seasonality of influenza. 
The spatial distribution of imported RIDs was different between Chinese citizens and foreigners. Increases in inbound 
travel volume and the number of influenza cases in source countries were associated with the number of imported 
RIDs.

Conclusions: Our study documented importation of RIDs into China from 142 countries. Inbound travel poses a sig‑
nificant risks bringing important RIDs to China. It is urgent to strengthen surveillance at customs of inbound travelers 
and establish an intelligent surveillance and early warning system to prevent importation of RIDs to China for prevent‑
ing further spread within China.
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Background
Globalization, increasing air travel, and greater popula-
tion mobility facilitate inter-regional spread of infectious 
diseases, including emerging infectious diseases (EIDs) 
[1, 2]. In 2018, there were 1.4 billion international trips, 
10% of which involved Chinese citizens [3]. Increased 
population mobility leads to more rapid and higher 
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volume cross-border spread of infectious diseases [1]. 
The 1918 influenza pandemic spread by sea and land, 
but its international spread was slower than cross-border 
spread of infectious diseases is today. Indeed, infectious 
diseases can traverse the globe within a single day [4–6]. 
More attention should be paid to surveillance, early 
warning, prevention, and control of cross-border spread 
of infectious diseases.

Since the twentieth century, EIDs, especially severe 
acute respiratory infectious diseases (RIDs), occur con-
stantly and have had an enormous impact on human 
health and social development [2]. Rapid development of 
human societies, convenient transportation, and frequent 
international exchanges have accelerated cross-border 
spread of RIDs, posing significant challenges to their pre-
vention and control. Middle East respiratory syndrome 
(MERS) was first reported in Saudi Arabia in 2012, and 
spread to other countries through travel of infectious 
MERS cases. As of April 26, 2016, 1728 laboratory-con-
firmed MERS cases had been reported in 27 countries 
[7]. In 2015, Guangdong Province reported their first 
imported MERS case—imported from the Republic of 
Korea—but Guangdong’s rapid response and control 
avoided onward spread and outbreaks of MERS [8, 9].

Over recent decades, several international studies 
evaluated the relationship between population mobility 
and spread of infectious diseases [10–12]. Two studies of 
travel-related infections, based on long-term surveillance 
data analysis, described the epidemiology of imported 
infections [13–15]. However, detailed epidemiological 
characteristics and influencing factors for imported RIDs 
in China have not been further explored and analyzed. To 
fill this knowledge gap, we investigated the epidemiologi-
cal characteristics and factors related to imported RIDs 
in China, with the goal of promoting use of high-tech 
methods to rapidly detect and prevent importation of key 
RIDs to China.

Methods
Data collection and resources
We obtained imported RIDs surveillance data and 
inbound traveler data, reported between January 1, 2014 
and December 31, 2018, from the entry–exit sentinel net-
work of customs (EESNC), which consists of 272 quaran-
tine sentry points in the 31 provinces of mainland China 
[13], and from the National Notifiable Disease Reporting 
System (NNDRS) of the Chinese Center for Disease Con-
trol and Prevention (CCDC) [16]. Imported RIDs cases 
were classified into Chinese citizen or foreigner based 
on documented nationality. We obtained data on 430 
imported RIDs cases from 48 countries from NNDRS, 
and data on 31 302 imported RIDs cases from 140 coun-
tries from EESNC. Analyzed variables included gender, 

age, nationality, disease, time of importation, country of 
origin, province, entrance way, travel purpose, detection 
method, and main symptoms. Imported RIDs case data 
from the EESNC and NNDRS are routine surveillance 
data that were used under license for our study; all case 
data were anonymized.

We downloaded global influenza weekly surveillance 
data of 174 countries for January 1, 2014, to December 
31, 2018, from FluNet (https:// www. who. int/ tools/ flu-
net) [17] to analyze the correlation between the number 
of reported influenza cases in source countries and the 
number of imported cases in China analyzing with data 
from EESNC and NNDRS.

Statistics on gender, age, and continent of origin of for-
eign nationals from 25 countries and regions traveling 
to China each year were obtained from the China Sta-
tistical Yearbook (http:// www. stats. gov. cn/ engli sh/ Stati 
stica ldata/ Annua lData) [18]. However, the incidence of 
imported RIDs from Chinese travelers by gender, age, 
and continent could not be calculated because this infor-
mation was not available on inbound Chinese travelers.

Data management and quality control
Two research staff unified criteria and definitions of the 
data elements in the data bases. Imported RIDs informa-
tion came from linkage of EESNC and NNDRS; dupli-
cates were removed. Because influenza accounts for more 
than 90% of the total imported RIDs, we evaluated the 
relation between imported influenza RIDs and region of 
origin. We made a scatter plot for the continents of origin 
using imported influenza data and annual influenza sur-
veillance report data from source countries.

Statistical analysis
Imported RIDs incidence per 100 000 travelers was esti-
mated as the number of imported cases divided by the 
number of inbound travelers during a given time period. 
A seasonal index of imported RIDs was calculated by 
dividing the number of imported respiratory infections 
per month by the average number of imported RIDs per 
year. A seasonal index greater than 1 indicates that the 
number of imported RIDs in a given month was higher 
than the monthly average. We used a radar chart of the 
monthly seasonal index of imported RIDs to show sea-
sonal distribution characteristics. Continuous variables 
were summarized as medians and ranges, and categorical 
variables were summarized as numbers and percentages. 
Pearson correlation coefficients were used to exam-
ine associations between independent variables and 
imported infections. Data analysis and visualization were 
conducted with R version 4.0.5 (https:// www.r- proje ct. 
org/), using tidyverse, reshape2, RColorBrewer, lubridate, 
and basic R packages.

https://www.who.int/tools/flunet
https://www.who.int/tools/flunet
http://www.stats.gov.cn/english/Statisticaldata/AnnualData
http://www.stats.gov.cn/english/Statisticaldata/AnnualData
https://www.r-project.org/
https://www.r-project.org/
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Results
General characteristics
From 2014 to 2018, approximately 1409.27  million pas-
sengers entered mainland China by a variety of legal 
routes; 87.6% of the enterers were Chinese citizens and 
12.4% were foreign nationals. During these 5  years, 
31  732 imported RIDs cases were reported—an inci-
dence of 2.25 RIDs cases per 100  000 international 
travelers entering China. The imported RID incidence 
in 2018 (2.81/100  000) was nearly 5 times that in 2014 
(0.58/100 000). The imported RID incidence among for-
eigners (4.21/100  000) was higher than among Chinese 
citizens (1.97/100  000). Among foreigners, the inci-
dence was highest in males (5.32/100 000), in 0‒14-year-
olds (15.15/100  000), and in travelers from Oceania 
(11.10/100  000). The average age of the 20  758 (65.4% 
of RIDs) males importing RIDs was older than that of 
females importing RIDs [male median age: 34, inter-
quartile range (IQR): 21‒48; female median age: 28, 
IQR: 11‒44]. Twenty-seven types of RIDs were detected, 
including influenza (90.3%), rhinovirus (3.2%), and others 
(6.5%) (Tables 1, Table 2, Fig. 1).

Spatial distribution
RIDs were imported from 142 countries and five conti-
nents, mostly Asian (52.8%), with entry along the devel-
oped coastal border areas of China. Most RIDs imported 
by Chinese citizens were imported from Thailand 
(14.1%), the Republic of Korea (7.9%), Japan (7.2%), and 
Singapore (4.2%). Most RIDs imported by foreign nation-
als were imported from the Republic of Korea (12.8%), 
Japan (10.4%), Vietnam (7.6%), and the Philippines 
(5.9%). Guangdong Province had the highest number of 
imported cases, followed by Jiangsu Province, and Shang-
hai (Figs. 1, 2).

Temporal distribution
From 2014 to 2017, the month with the most imported 
RIDs was July, with seasonal indices ranging from 2.79 
to 9.97. In contrast, in 2018, the months with most 
imported RIDs were January–March (Fig. 3).

Correlation analysis
The Pearson correlation coefficient between the num-
ber of imported cases and inbound travel volume was 
0.775 [95% confidence interval (CI) 0.547 to 0.896]. 
A linear relationship was observed from the scatter 
plot, and a best-fit line was calculated using the least-
squares method. By simple linear regression, the slope 
of the regression line was 0.441, implying that the aver-
age annual increase of imported RIDs cases was 0.441 
per 10  000 foreigners entering China. The simple lin-
ear regression model explained 58.3% of the variance 

(adjusted  R2 = 0.583); the regression model was statisti-
cally significant, F(1,23) = 34.5, P < 0.001 (Fig. 4).

The number of imported influenza cases increased 
with increases of influenza reports from source coun-
tries. Importation epidemiologic characteristics varied 
by continent. Asian countries imported the most influ-
enza cases to China, but the number of influenza cases 
reported by Asian countries was relatively low (Fig. 5).

Discussion
Respiratory infectious diseases have a huge impact on 
the health of people around the world. With increasing 
globalization, social, economic, cultural, and popula-
tion exchanges across countries worldwide are increas-
ing, and the prevention and control of RID cross-border 
transmission is facing significant challenges [19, 20]. We 
described the epidemiological characteristics of imported 
RIDs to China during 2014–2018, and showed that num-
ber of imported RIDs cases was positively correlated with 
the number of inbound travelers and the number of influ-
enza cases in source countries. Influenza accounted for 
the majority of imported RIDs and showed seasonality 
that was consistent with influenza seasonality. The spa-
tial distribution of imported RIDs was different between 
Chinese citizens and foreign nationals. Among inbound 
foreigners, the incidence of imported RIDs was higher 
in males, 0–14-year-olds, and people from Oceania. 
The number of imported RIDs increased with increas-
ing inbound travel volume and increasing number of 
influenza cases in source countries. We believe the find-
ings can help improve surveillance and early warning of 
imported RIDs, promote joint prevention and control 
of infectious diseases among countries with a high bur-
den of RIDs, and protect the health and safety of people 
around the world.

Other researchers have found differences in the inci-
dence of travel-related infectious diseases by gender and 
age group [21, 22]. The differences are related to type of 
infectious disease, population characteristics, and desti-
nation of travel [22]. In our study, males and 0–14 year-
olds were at greater risk of importing RIDs, consistent 
with previous studies [23–26]. Most travelers are male 
and may be more susceptible to RIDs due to risk behav-
iors and habits during travel. Children may be more 
vulnerable to respiratory infections because of a lack of 
adequate protection from infectious diseases and lower 
immunity than adults [27]. Most children have been 
infected with at least one influenza virus by the age of six 
[28]. Children infected with influenza during travel will 
increase the risk of infection in their parents and other 
relatives. Influenza risk can be reduced by vaccination in 
advance of travel [29].
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We observed seasonal fluctuation of imported RIDs, 
and such seasonality may be affected by several fac-
tors—for example, international travel on holidays and 
seasonality of RIDs in originating areas [30]. There 
is more international travel during holidays. The Chi-
nese traditional Spring Festival in January and Febru-
ary and summer vacation for Chinese students abroad 
from July to August lead to large, temporary increases 
in international travel that can promote cross-border 
spread of RIDs. Influenza accounted for the major-
ity of imported RIDs, and the seasonality of influenza 
imported to China was similar to influenza seasonality 
in Asian source countries. RIDs import peaked in Janu-
ary–March 2018, which was different timing than from 
2014–2017. This unusual timing may have been related 
to the 2018 spring influenza pandemic in northern 
hemisphere countries [31].

Travel volume is a key factor influencing the number of 
imported RIDs cases [32, 33]. Passengers who contracted 
an infectious disease before or during travel spread the 
infectious diseases to another country by cross-border 
travel. Generally, the risk of imported infectious diseases 
increases with increasing passenger volume. A previous 
study of the cross-border transmission of H1N1 showed 
a significantly increased risk of importing H1N1 from 
countries that received more than 1400 passengers from 
endemic countries [34]. Travel volumes, especially air 
travel volume data, are often used as an important vari-
able for estimating the risk of infectious disease importa-
tion under certain conditions [35]. It has been reported 
that scientific travel restrictions can effectively curb the 

Table 1 Characteristics of 31 732 imported respiratory infectious 
diseases cases in China, 2014–2018

Variables Total cases
N (%)

Chinese
N (%)

Foreigner
N (%)

Sex

 Male 20 758 (65.4) 14 988 (61.5) 5770 (78.5)

 Female 10 974 (34.6) 9392 (38.5) 1582 (21.5)

Age

 0~ 7240 (22.8) 6307 (25.9) 933 (12.7)

 15~ 3535 (11.1) 2701 (11.1) 834 (11.3)

 25~ 12 033 (37.9) 8687 (35.6) 3346 (45.5)

 45~ 7360 (23.2) 5473 (22.5) 1887 (25.7)

 65~ 1564 (4.9) 1212 (5.0) 352 (4.8)

Disease

 Influenza 28 656 (90.3) 22 303 (91.5) 6353 (86.4)

 Rhinovirus 1005 (3.2) 777 (3.2) 228 (3.1)

  Othersa 2071 (6.5) 1300 (5.3) 771 (10.5)

Year

 2014 1440 (4.5) 994 (4.1) 446 (6.1)

 2015 3148 (9.9) 2123 (8.7) 1025 (13.9)

 2016 5084 (16.0) 3344 (13.7) 1740 (23.7)

 2017 13 233 (41.7) 10 882 (44.6) 2351 (32.0)

 2018 8827 (27.8) 7037 (28.9) 1790 (24.4)

Source continent

 Africa 262 (0.8) 125 (0.5) 137 (1.9)

 Americas 1091 (3.4) 477 (2.0) 614 (8.4)

 Asia 16 749 (52.8) 11 915 (48.9) 4834 (65.8)

 Europe 1528 (4.8) 834 (3.4) 694 (9.4)

 Oceania 989 (3.1) 521 (2.1) 468 (6.4)

 Unknown 11 113 (35.0) 10 508 (43.1) 605 (8.2)

Imported province

 Non‑border province 3042 (9.6) 2592 (10.6) 450 (6.1)

 Border province 28 645 (90.3) 21 746 (89.2) 6899 (93.8)

 Unknown 45 (0.1) 42 (0.2) 3 (< 0.1)

Entrance way

 Air 15 251 (48.1) 12 160 (49.9) 3091 (42.0)

 Land 9861 (31.1) 8961 (36.8) 900 (12.2)

 Water 6020 (19.0) 3029 (12.4) 2991 (40.7)

 Unknown 600 (1.9) 230 (0.9) 370 (5.0)

Purpose

 Tourism 10 356 (32.6) 9047 (37.1) 1309 (17.8)

 Business 1834 (5.8) 1369 (5.6) 465 (6.3)

 Labour 1351 (4.3) 560 (2.3) 791 (10.8)

 Studying 293 (0.9) 156 (0.6) 137 (1.9)

 Visiting friends or relatives 626 (2.0) 310 (1.3) 316 (4.3)

 Sailor 1538 (4.9) 545 (2.2) 993 (13.5)

 Others 1937 (6.1) 1051 (4.3) 886 (12.1)

 Unknown 13 797 (43.5) 11 342 (46.5) 2455 (33.4)

Finding way

 Fever screening 23 997 (75.6) 19 832 (81.4) 4165 (56.7)

 Medical inspection 5246 (16.5) 3286 (13.5) 1960 (26.7)

 Selfdeclaration 561 (1.8) 419 (1.7) 142 (1.9)

a Other respiratory diseases including: Pulmonary tuberculosis, pneumococcal 
infection, Mycoplasma pneumoniae infection, Legionnaires’ disease, 
Streptococcus infection, Chlamydia pneumoniae infection, Pertussis, 
Pneumococcal infection, Acute nodular pharyngitis, Adenovirus infection, 
Haemophilus influenzae infection, Respiratory syncytial virus infection, 
Chickenpox, Human metapneumovirus infection, coronavirus infection, 
parainfluenza virus infection, measles, mumps, bocavirus infection, rubella, 
scarlet fever, infectious atypical pneumonia, parvovirus infection, Middle East 
Respiratory Syndrome

Table 1 (continued)

Variables Total cases
N (%)

Chinese
N (%)

Foreigner
N (%)

 Reported by onboard staff 1468 (4.6) 743 (3.1) 725 (9.9)

 Others 460 (1.5) 100 (0.4) 360 (4.9)

Main symptom

 Cough 12 951 (40.8) 10 170 (41.7) 2781 (37.8)

 Fever 7592 (23.9) 5226 (21.4) 2366 (32.2)

 Headache 4556 (14.4) 3426 (14.1) 1130 (15.4)

 Chills 3116 (9.8) 2210 (9.1) 906 (12.3)

 Facial flushing 1836 (5.8) 1421 (5.8) 415 (5.6)

 Muscle pain 1105 (3.5) 832 (3.4) 273 (3.7)
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transboundary spread of infectious diseases in the emerg-
ing and reemerging infectious diseases outbreaks—a 
phenomenon that has been confirmed by the practice of 
combating infectious diseases in recent years [36–39].

The number of imported cases is associated with the 
number of reported cases in source countries, which is 
likely related to the prevalence of the disease and popu-
lation of the source country [40]. In general, the higher 
the prevalence of infectious diseases in a source coun-
try, the higher risk of importation into neighboring 
countries. However, to assess risk of importing cases, a 

comprehensive analysis of the prevalence of RIDs in the 
importing countries is required, taking into account fac-
tors such as travel restrictions, cultural practices, social 
environment, distance traveled, transportation, and 
purpose of travel. We found that the average number of 
reported influenza cases in Asian countries of origin was 
lower than those in the Americas and Europe, but Asia 
had the highest number of imported cases. Travel volume 
variables can explain some of the variation, but some 

Table 2 Incidence of imported respiratory infectious diseases in China, 2014–2018

Year Chinese Foreigner Total

Case (n) Passenger (N) Incidence 
(1/100 000)

Case (n) Passenger (N) Incidence 
(1/100 000)

Case (n) Passenger (N) Incidence 
(1/100 000)

2014 994 222 879 100 0.45 446 26 360 800 1.69 1440 249 239 900 0.58

2015 2123 242 972 187 0.87 1025 25 985 400 3.94 3148 268 957 587 1.17

2016 3344 251 216 040 1.33 1740 31 483 700 5.53 5084 282 699 740 1.80

2017 10 882 250 888 523 4.34 2351 42 943 000 5.47 13 233 293 831 523 4.50

2018 7037 266 585 503 2.64 1790 47 951 000 3.73 8827 314 536 503 2.81

Total 24 380 1 234 541 353 1.97 7352 174 723 900 4.21 31 732 1 409 265 253 2.25

Fig. 1 The number and incidence of imported respiratory infectious diseases among inbound foreigners by A gender, B age group, C continent, 
and D year
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factors affecting the importation of infectious diseases 
require further study.

In order to assess and predict the risk of importation, 
investigators have developed statistical models based on 
data related to importation, such as international flights 
information, the epidemiology of selected diseases, and 
demographic information of source countries [41, 42]. 

Given the preconditions of these models, it is usually 
assumed that all residents have the same chance of infec-
tion and that all infected people have the same chance 
of boarding an outbound flight. However, this assump-
tion may be unrealistic, leading to observed differences 
between predicted results of a model and the actual situ-
ation. Therefore, additional factors influencing imported 

Fig. 2 Spatial distribution of original countries and imported provinces in (A) Chinese and (B) foreigners

Fig. 3 Temporal distribution of imported respiratory infectious diseases from 2014 to 2018. A Change of the number of imported RIDs by month 
from 2014 to 2018. B Change of the seasonal indices of imported RIDs by month from 2014 to 2018
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Fig. 4 The relationship between the number of imported influenza cases and the number of inbound travelers among foreigners

Fig. 5 Scatter plot of the number of influenza cases in the original countries and the number of imported influenza cases
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infectious diseases should be further studied and incor-
porated into predictive model analyses.

We believe that there are additional factors affect-
ing the epidemiology of imported RIDs that are in need 
of further exploration. For example, vaccination status 
influences imported RIDs. Environmental changes in 
temperature, humidity, air pollution, and sun exposure 
may influence RIDs spread [43]. Travel duration is often 
considered as a critical factor of imported RIDs. Since 
the data used in our study were mainly from EESNC and 
NNIDRS, it is possible to lose some information in our 
study and might lead to inexactly calculated incidence of 
imported RIDs.

Conclusions
Imported respiratory infectious diseases incidence 
increased from 2014 to 2018. Gender, age, conti-
nent, inbound passenger volume, and the number of 
reported cases in source countries were associated with 
the incidence of imported RIDs. With annual increases 
in international travel, the potential risk of RIDs spread 
to China rises accordingly. Therefore, it is urgent to 
strengthen surveillance at customs for inbound travel-
ers and establish an intelligent surveillance and warning 
system for imported RIDs to early find and prevent the 
RIDs from spreading to China. The health and safety 
of people around the world will be more effectively 
protected if infectious diseases are controlled in their 
countries of origin. It is therefore vital for the interna-
tional community to support prevention and control of 
important RIDs for countries having limited resources.
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