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Abstract: To explore the early stage spatial-temporal characteristics and to assess the factors of atmo-
spheric pollution that may affect the development of coronavirus disease 2019 (COVID-19) outbreak
in the Chinese Mainland in 2020, we collected the daily new cases of COVID-19 in the Municipalities
and Provinces from the websites of National and Provincial Health Commission of China. The spatio-
temporal characteristics of COVID-19 epidemic were studied using autocorrelation analysis and trend

analysis. The Spearman's correlation coefficient for ranked data and generalized additive model were
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used for risk assessment of air pollutants affecting the COVID-19 epidemic of Hubei Province. Daily
new cases of COVID-19 in the Chinese Mainland totaled 39 877 from January 20th to February 9th
of 2020. The global Moran index values of these three weeks were 0.249, 0.307 and 0.297 (P<0.01),
respectively. There was a significant clustering phenomenon. The high incidence regions included Hunan
Province, Guangdong Province, Jiangxi Province, Zhejiang Province, Anhui Province and Jiangsu
Province. The epidemic hot spots were basically distributed in the area from 108° 47'-123° 10" E to 25°
31'-35° 20" N. Daily new cases of COVID-19 in Hubei Province was positively correlated with daily
average concentrations of PM,,, NO, and O, pollutants ( p=0.515, 0.579 and 0.536, P<0.05). The
lag effects of air pollutions were existed. The relative risk (RR) values of PM, and PM,, reached to
maximum with lag0, the RR value of NO, reached to maximum with lag4, and the RR value of O,
reached to maximum with lag 0~1. We estimated that a 10 ug/m’ increase in day-before NO, daily
average concentration was associated with a 32.745% (95% Confidence Interval (CI) : 11.586%~
57.916%) excess risk (ER) of daily new cases of COVID-19. And NO, had a significant impact on daily
new cases of COVID-19. When NO, was introduced to PM, and PM,, separately, for every 10 pg/m’
rise in NO, daily average concentration, the ER of daily new cases of COVID-19 was 23.929% (95%
CI: 4.705%-46.682%) and 24.672% (95% CI: 5.379%47.496%) , respectively. The study showed
that the southeast was the main spread direction in the early stage of COVID-19 outbreak in the
Chinese Mainland in 2020. Reducing the atmospheric concentration of nitrogen dioxide in epidemic
hot spots has a positive effect on epidemic prevention and control.
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Local spatial autocorrelation and hotspot analysis of daily new cases

in the early stage of COVID-19 outbreak in the Chinese Mainland in 2020
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Table 3 Spread direction and trend in the early stage of COVID-19 outbreak in the Chinese Mainland in 2020
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Table 4 Meteorological factors and average daily

concentrations of air pollutants in the early stage of
COVID-19 outbreak in Hubei Province in 2020
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Table 5 Correlation analysis of daily new cases, meteorologi-

cal factors and air pollutants in Hubei Province in 2020
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(VLE3) . ], NO, H -2 5 1k B X s
4 d 1Y H R B oK . XSRS RS A S
2B L (P<0.05).

K6 BTG YLYIRERLAR R fE R B TSR R Y

Table 6 RR calculation results of single pollutant model

PRI YL AT GRS E RRAE (95% CI)

fir e H
PM, , PM,, NO, 0,
Lag0 1.004 (1.002~1.005)"" 1.003 (1.002~1.004)™ 1.025 (1.010~1.040)™ 1.002 (1. 000~1.004)"
Lag1 0.998 (0.996~1.000)" 0. 998 (0. 996~0.999)" 1. 006 (0. 986~1. 025) 0. 999 (0. 998~1.001)
Lag2  0.998 (0.996~1.001) 0. 999 (0. 996~1. 001) 0.970 (0. 951~0.989)™" 0. 994 (0. 989~0. 999)"
Lag3 0.999 (0.997~1.001) 0.999 (0. 997~1.001) 0. 985 (0. 969~1. 002)" 0.998 (0. 996~1. 000)"
Lag4 1.001 (0.999~1.004) 1.001 (0. 999~1. 004) 1.029 (1.011~1.047)™" 1..001 (0. 998~1. 004)
Lag5  0.997 (0.994~1.000)° 0. 997 (0. 994~1. 000)" 0. 964 (0. 934~0.995)" 1. 002 (0. 999~1. 004)
Lag 0~1 1.001 (0.997~1.005) 1. 000 (0. 996~1. 003)" 1. 022 (0. 985~1.061) 1.003 (0. 998~1.007)"
Lag 0~2 0.994 (0. 983~1.005) 0. 995 (0. 985~1. 005) 0. 982 (0. 910~1. 060) 0. 997 (0. 986~1.007)"
Lag 0~3 1.010 (0. 999~1.021) 1.010 (1. 000~1. 020) 0. 722 (0. 585~0. 890)™ 0. 964 (0. 942~0. 986)°
Lag 0~4 1.013 (1.001~1.025) 1.013 (1. 003~1. 024) 1.084 (0.973~1.208) 0.918 (0. 874~0. 964)"
1) “P<0.10, " P<0.05, " P<0.01.
G 75 Y B AL iy 5 A 0 o A 2R, dk e QWAL HFRESR BN, TR i,

25 DR ZA R A 5 B (e R A i I B T U5 229

M PM, . PM, 400l 51 ANO,J&, X H 555 5 1) 5%
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Table 7 ER calculation results of single pollutant model %
" Hy5 YL AR FE RS ERH (95% CI)
Hifs H
PM, | PM,, NO, 0,
3.548 3.175 28.241 2.162
Lag 0 (2.032~5.087)™ (1.818~4.550)™" (10. 866~48.339)"" (0. 069~4.299)™
-2.368 -2.325 6. 653 -0. 786
tagl (-4.306~-0.390)" (~4.078~-0.539)" (~13. 026~28. 343) (-2.338~0.791)
Lag2 -1.638 -1.203 -26.266 -5.840
(-4.019~-0. 801) (3. 442~1.089) (-39. 686~9. 859)™" (-10. 325~-1.130)"
-0. 849 -1.070 13.958 -1.997
Lag3 (-2.844~1.186) (2. 894~0. 788) (-27.321~1. 861)" (-3.800~-0. 159)"
Lag4 1.102 1.362 32.745 1.091
(~1.368~3.634) (-0.009~3.714) (11.586~57.916)" (~1.740~4.003)
Lag 5 -3.010 -2.774 -30. 448 1.951
(-5.937~0.006)" (-5.441~0.032)" (-49. 360~4. 474)" (-0.598~4. 566)
Lag 0-1 0.970 -0. 136 24.792 2.839
(2. 892~4.986) (-3.549~3.397)" (~13.975~81.029) (-1.762~7.656)"
Lag 02 -5.755 -5.168 -16. 188 -3.154 *
(~15.451~5.052) (~14.277~4.909) (~60. 812~79. 249) (-12.920~7.707)
10. 707 11. 067 -96. 148 -30. 965
Log0-3 (-0. 449~23.112) (0. 626~22.591) (-99. 527~-68. 639)™ (-45.125~-13. 151)"
Lag Ot 13. 833 14.312 124.277 -57.479

(1.394~27.798)

(2.810~27.100)

(—23. 744~559. 620)

(-74.070~30.273)"

1) "P<0.10, "P<0.05, " P<0.01, ER{ERFRIFEDEHIN 10 we/m’ IHEEER .

K8 W5 YW S =5 R BRI X A

Table 8 Risk assessment of two-pollutant and three-pollutant models

5 YL s AHXF G I B RR A (95% CI) A G ER1H (95% CT)/% P
PM, .+ [O,] 0.998 (0.995~1.001) ~1.945 (-4.677~0. 866) 0.173
PM, .+ [NO,] 1.022 (1.005~1.040)" 23.929 (4.705~46. 682) 0.010
59
.- PM,+ [O,] 0.998 (0.995~1.007) -2.204 (-5.016~0. 690) 0. 134
PM,+ [NO,] 1.022 (1.005~1.039)" 24. 672 (5.379~47.496) 0.013
NO,+ [0,] 1.004 (1.002~1.008)" 4.664 (1.558~7.866) 0. 003
=y5iudy PM, .+ [NO,] +O,  1.020 (1.000~1.040)" 21.587 (-0.315~48.302) 0. 054
e PM,+ [NO,] +O, 1.020 (1.000~1.040)" 21.965 (=0.030~48. 800) 0. 050
1) "P<0.10, "P<0.05, ™ P<0.01; EREAFRICAHI RIS EHE N 10 pg/m’ AT H L5 R .

W 4545 BT N5 s NO, H -2 J5 & e B AR89 0 10 pg/
m’, H 3455 51 ER D)4 51 BUE A 23. 929%(95% CI

TE =I5 YRR ch ) S5 PM, o, PM,, 439 ] it
BIANO,FI0,, %It H 5 ] 15 i BTN

4.705%~46. 682%) il 24. 672% (95% CI: 5. 379%~
47.496%) . 24 NO, 5| A O, )i, X H 555551 1 5 mi i
A PTG O, H V34 B v B B35 in 10 pg/m®, H
Hagi 5 ER A 4. 664%(95% CI:1. 558%~7. 866% ) .

B, EAG L (P<0.10) ;5 4 5] il
PM,,. PM, f10,, 45| ANO, H V-3 Jifi v & 154
T 10 pg/m’ B, H 38 5% 41 A9 ER U 43 51 B A
21.587%(95% CI:—0. 315%~48. 302%) F121. 965%
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Fig. 3 Relative risk (RR) distribution of PM, ,, PM,;, NO, and O; in single-day lag model

(95% CI: —0. 030%~48. 800%) . % HH & il PM, ;.
PM,, i1 O, 5, NO, Xt H 4 J5 1 /) 5 mi {4 45 41 Xt
% 7 2 B ik A F (VIF, variance inflation
factor) {H, &I PM, F1PM, ELAAILLPE, BOkA
Y] — AR5 YRR RN = 5 Y IR oA o 38
Tk RS B [RDRT H ST B ARG 4 PR RS RS A 7
THUBHE T, B RS A B,

3 45

AR, A 2020451 H20~2H9H,
] P M H S ) R R RS, IR L,
T MR- FRIE. TR, H20197%
DRI EFR 22 AR ER 3 T 4R, BTSRRI i1
BT AR 5 R BT RS it ) B A A i
JE IR A

JrdR s o] A AR B, IR . AR
TLVUAE . WA . LR RN 8 8 T - R AR
X LR R AR X . NS H IR XA K
1A DR FICIRE X, s F L s %5
REX, B, 5 HIX 3 A0 7E AR 2 108°
47'~123°10'F14L 25 25°31'~35°20 5 FI LAY o o [ A

Hb 2019 bR 95 7505 2 B TEE A R A L
A PE I ) AR B FE B0 K L B b i) pE PR U K A
B IREE T IR EN B E LR I 1) .

R LB, WdtA KI5 Y PM,,. NO,. O,
FH PSR X BE 5 H B e 101 A7 A 3 IR DG OG
Fo XFRATT Y YA fa B BEVPAL LB, PM, I
PM, i RRAELTE X H ik 2 K, NO, Y RR {EL7E i
& 4 dBFIs K, OB RRIETEA G 0~1 diF ik
Ko NO, H V-2 it Wk B2 B35 hn 10 pg/m’,  H 3
% ) B ER {H M 32.745% (95% CI: 11.586%~
57.916%) . PM,,. PM, /%51 ANO,J5, #%FH
B B2 A BTN s NO, H SF-H47 Jf £ i i A 14
T 10 pg/m®, B 345 41 19 ER 435I B R 23. 929%
(95% CI: 4. 705%~46. 682%) Fl1 24. 672% (95% CI:
5.379%~47. 496%) . 24 NO, 5| A O, )5 , %t H 34 %% 5]
)55 M A, A BT IR

AR 23 6] | AR S o A MUt oy Bk o 17
SENH AL RE Y B B 25 Rk S RO X3, A 208
Ik ) S A G o AR B[] A T 0 AR Y AT IX
By P TR, A 2019 SRR G 1L 3% 1Y R4
r ] P b K I 3 i R 1 1 R 2 ) St R 3 A AR
KRR, ZAEMREYN, KIGEYPM, ;.
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