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ABSTRACT: Objective To explore the factors affecting the interprovincial transmission and
development of novel coronavirus disease 2019(COVID-19) in China, with a view to providing
recommendations for the formulation of preventive and control measures according to the actual
conditions in different regions during the outbreak of the severe infectious disease. Methods We
collected the total number of confirmed cases of COVID-19 in 30 provinces and cities in China by
the end of 24:00 February 25, 2020. Then we also collected the distance from each region to
Hubei province, the proportion of population moving out from Wuhan city from January 1 to
January 23, population density, urban population, traffic passenger volume, passenger turnover
volume and other relevant data of each region. The cumulative confirmed cases including the most
of imported cases by the end of 24:00 January 29, 2020 were taken as the first-stage cases cluster,
and the cumulative newly confirmed cases including the most of secondary cases from 0:00
January 30 to 24:00 February 25, 2020 were taken as the second-stage cases cluster. Pearson
bivariate correlation and linear fitting regression method were adopted to analyze the effects of
population migration, transportation, economy and other factors on the transmission and
development of COVID-19 in different regions. In the linear fitting regression, the multi-factor
optimal subset model was used to screen the factors most closely related to COVID-19. Results
The distance from each region to Hubei province was negatively correlated with the first-stage
cases cluster with the most of imported cases and the second-stage cases cluster with the most of
secondary cases(t=-3.654, -3.679, both P<0.001). The proportion of population moving out from
Wuhan, GDP, urban population, traffic passenger volume, and passenger turnover volume were
positively correlated with the first-stage and second-stage cases cluster (all t2.760, all P<0.050).
GDP and the proportion of population moving out from Wuhan were most closely related to the
first-stage cases cluster with the most of imported cases(t=3.962, 8.736, all P<0.050). The

first-stage cases cluster, the proportion of population moving out from Wuhan, and urban
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population were most closely related to the second-stage cases cluster with the most of secondary
cases(t=4.734, 3.491, 2.855, all P<0.050). Conclusion GDP and the proportion of population
moving out from Wuhan city had the greatest impact on the stage with the most of imported cases.
The imported cases, the proportion of population moving out from Wuhan and the urban
population had the greatest impact on the stage with the most of secondary cases. In the early
stage of epidemic outbreak with the most of imported cases, the government should consider
strengthening the prevention and control of the epidemic in areas with high level of GDP and
high proportion of population moving out from the epidemic area. The flow of population should
be restricted more strictly as soon as possible in order to effectively curb the outbreak of the
epidemic. In the later-stage of epidemic with the most of secondary cases, regionalized control
policies should be formulated mainly according to the indicators of imported cases, the population
proportion from the epidemic area, and the urban population. Finally, the contact of population
should be restricted reasonably to prevent further development of the epidemic.

KEY WORDS: epidemic outbreak; novel coronavirus disease 2019(COVID-19); transmission;

development; influencing factor
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Fig.1 Basic distribution of confirmed cases of COVID-2019 among 30 provinces and cities in China
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Tab.1 The correlation analysis between cases cluster and influencing factors of population

migration, transportation and economy

- —Pi B o S 55 i B i SR
r P r P

55— W B ) S 0.892 <0.001
RN T L 0.705 <0.001 0.811 <0.001
FRIIAL A R BE B -0.568 0.001 -0.571 0.001
N A% % 0.162 0.391 0.120 0.529
IR NEE 0.698 <0.001 0.783 <0.001
GDP 0.669 <0.001 0.706 <0.001
S IE-SEyS 0.737 <0.001 0.754 <0.001
AT I R 0.763 <0.001 0.767 <0.001
ISy 0.711 <0.001 0.813 <0.001
i 2 JE) B -k 0.661 <0.001 0.766 <0.001
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Tab.2 Single linear fitting regression analysis between the first-stage cases cluster and

influencing factors

AN M5 5% B (95% CD) t P

R EH T 65.162 (39.767, 90.556) 5.256 <0.001
FRIHIAL A B B —0.079 (—0.123, —0.035) —3.654 <0.001
JNEED 33.202 (9.912, 56.493) 2.920 0.007
W F# 3.964 (2.391, 5.536) 5.163 <0.001
GDP 29.049 (16.571, 41.527) 4.769 <0.001
LRI M 0.002 (0.001, 0.003) 5.775 <0.001
AT IS -k 0.011 (0.008, 0.015) 6.251 <0.001
i 25 i o B 0.140 (0.087, 0.194) 5.350 <0.001
il 2 Jo B -k it 0.214 (0.120, 0.307) 4,667 <0.001

Vs NFUEENZ Ln U 1300

#3 BHrBURBISERH SEME R RRREENE BB
Tab.3 Single Linear fitting regression analysis between second-stage cases cluster and

influencing factors

AL 5 R% B (95% CID t P

5B BOw B SR 2.630 (2.114, 3.145) 10.456 <0.001
BN LT H B 221.128 (159.481, 282.775) 7.338 <0.001
PRIHIACAE (R 55 —0.233 (—0.363, —0.103) —3.679 <0.001
JNEES 95.842 (26.777,164.908) 2.843 0.008
e S NI ¢ 13.101 (9.074, 17.127) 6.665 <0.001
GDP (JifL) 90.321 (55.274, 125.367) 5.279 <0.001
TilKIs R E 0.006 (0.004, 0.008) 6.078 <0.001
RIS o -k 0.034 (0.023, 0.044) 6.330 <0.001
i & S e 0.729 (0.493, 0.966) 6.315 <0.001
i 2 Jo e -k B 0.214 (0.120, 0.307) 4.667 <0.001
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Tab.4 Optimal subset model analysis of influencing factors on the cases cluster
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AN EN EYE|
RASE t P WG R? F P
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GDP 12.948 0.688 3.962 0.010
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T PNIEE 4.302 0.496 2.855 0.008
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Supplemental Tab.1 The correlation analysis between GDP and other influencing factors

Y

giit fEEAbE O ANRE WA % HEEEE O REHE OREAK

i I BE 5 g™ M izEE -k S -k
r —0.428 0546 0938 0777 0.902 0.808 0.696
P 0.006 0.001  <0.001  <0.001 <0.001 <0.001 <0.001

Ve NFVBEEETAZ Ln XEEUEE R 5

B=EFEA : http:/lyxxb.xjtu.edu.cn WEART  ARRBAREZREZR



AEZXBAZZHR (BEFR)

Journal of Xi'an Jiaotong University (Medical Sciences)

Mz 2 2018 FEGIHFEENIRIR 51T 4 N S AR AR L /i R
Supplemental Tab.2 The correlation analysis between factors in 2018 and factors in recent 4

years in the statistical yearbook

=00 2 NAKIEN 2017 4F 2016 4F 2015 4F 2014 4F
N r 1.000 1.000 1.000 1.000
JNEE3S
P <0.001 <0.001 <0.001 <0.001
0.997 0.997 0.996 0.995
WHEANO
<0.001 <0.001 <0.001 <0.001
r 1.000 0.998 0.99 0.989
GDP
P <0.001 <0.001 <0.001 <0.001
A IH B B r 0.997 0.985 0.968 0.953
= P <0.001 <0.001 <0.001 <0.001
A IH B R r 0.959 0.987 0.978 0.961
-k P <0.001 <0.001 <0.001 <0.001
‘ r 0.999 0.996 0.991 0.986
itk 2% J&) %
P <0.001 <0.001 <0.001 <0.001
i 5% A s - r 0.998 0.995 0.992 0.982
L3S P <0.001 <0.001 <0.001 <0.001
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