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Influence of Fine Particulate Dust Particulate Matter 10 on Respiratory Virus Infection in the
Republic of Korea

Ji Min Cheon, Yun Jun Yang*, Yeong Sook Yoon, Eon Sook Lee, Jun Hyung Lee, Youn Huh, Jung Won Mun, Chang Hyun Jhung, Bo Ra Hyun
Department of Family Medicine, Inje University Ilsan-Paik Hospital, Goyang, Korea

Background: This study investigated the effect of fine dust concentrations in the air on the incidence of viral respiratory infections in the Republic of
Korea.

Methods: A time series analysis using R statistics was performed to determine the relationship between weekly concentrations of fine dust in the air
and the incidences of acute respiratory tract infections caused by the respiratory syncytial virus (RSV), adenovirus (HAdV), rhinovirus (HRV), human
metapneumovirus (HMPV), human coronavirus (HCoV), human bocavirus (HBoV), human parainfluenza virus (HPIV), and influenza virus (IFV), from
the beginning of 2016 to the end of 2017. Correlations between various meteorological factors and the amount of fine dust were analyzed using the
Spearman’s rank correlation coefficient. To analyze the relationship between viral infections and fine dust, a quasi-poisson analysis was performed.

Results: The incidence of the HAdV was proportional to fine dust and air temperature. The IFV was proportional to fine dust and relative humidity and
was inversely proportional to temperature. The HMPV was proportional to fine dust, wind speed, and inversely proportional to relative humidity. The
HCoV was proportional to micro dust, relative humidity, and inversely proportional to temperature. Both the HBoV and HPIV were directly
proportional to fine dust, temperature, wind speed, and inversely proportional to relative humidity. The RSV was inversely proportional to fine dust,
temperature, wind speed. A lag effect was observed for the influenza virus, in that its incidence increased 2-3 weeks later on the cumulative lag
model.

Conclusion: As the weekly average concentration of fine dust increases, the incidence of HAdV, HMPV, HCoV, HBoV, HPIV, and influenza increase.
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Table 1. Spearman correlation coefficient between meterological variables, 2016-2017

Variable Av.PM10 Min.T Max.T Av.W Max.W Min.RH Av.RH
Av.PM10 0.57° 0.54° -0.46° -0.43° 0.13 0.21¢
Min.T 0.48° -0.19¢ -0.20¢ 0.61° 0.59°
Av.T 0.80° -0.42° -0.38° 0.33° 0.37¢
Max.T -0.40° -0.332 0.02 0.12

Av.W 0.89° -0.07 -0.14

Max.W -0.10 -0.12

Min.RH 0.92°
Av.RH

Av.PM10, average particulate matter smaller than about 10 micrometers; Min.T, minimum temperature; Av.T, average temperature; Max.T, maximum temperature;
Av.W, average wind velocity; Max.W, maximum wind velocity; Min.RH, minimum relative humidity; Av.RH, average relative humidity.
P-value: 0 " 0.001 ' 0.01 < 0.05"'.'0.1 "' 1 (using a spearman correlation coefficient analysis).

Table 2. Summary of Korea’s meteorological factors and virus infection statistics, 2016-2017

Variable Mean+SD Min. P25 Med. P75 Max.
PM10 (ug/m3) 35.1+£10.8 14.4 28.6 334 40.8 733
Min. temperature (°C) 9.0+10.1 -8.9 -0.4 9.6 179 250
Mean temperature (°C) 13.589.8 -5.0 4.4 14.6 218 29.0
Max. temperature (°C) 18.749.7 -0.7 9.8 209 27.0 342
Mean wind velocity (m/s) 22404 14 19 22 23 34
Max. wind velocity (m/s) 49+0.7 3.5 44 49 53 6.9
Min. RH (%) 4261116 235 344 394 523 69.5
Mean RH (%) 65.9+9.7 496 58.6 65.0 74.2 58.8
HAdV (No.) 182.9+79.6 53.0 1155 1715 2385 367.0
IFV (No.) 176.4+287 .6 20 14.0 430 168.5 1,903.0
HBoV (No.) 87.61£86.6 12.0 33.75 47.0 110.3 373.0
HPIV (No.) 142.5+101.7 16.0 61.5 121.0 192.3 410.0
RSV (No.) 256.6+355.7 4.0 21.0 101.0 278.0 1,420.0
HRV (No.) 381.3+132.7 123.0 286.8 375.0 4773 713.0
HMPV (No.) 83.5+109.4 3.0 10.0 240 129.0 397.0
HCoV (No.) 83.0£67.2 2.0 30.8 68.5 1113 324.0

SD, standard deviation; Min., minimum; P25, 25 percentile; Med., median; P75, 75 percentile; Max., maximum; PM10, particulate matter smaller than about 10 mi-
crometers; Min. temperature, minimum temperature; Max. temperature, maximum temperature; Max. wind velocity, maximum wind velocity; Min. RH, minimum rela-
tive humidity; Mean. RH, mean relative humidity; HAdV (No.), number of human adenovirus infection; IFV (No.), number of influenza virus infection; HBoV (No.), num-
ber of human bocavirus infection; HPIV (No.), number of human parainfluenza virus infection; RSV (No.), number of respiratory syncytical virus infection; HRV (No.),

number of human rhinovirus infection; HMPV (No.), number of human metapneumo virus infection; HCoV (No.), number of human coronavirus infection.
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A2 1579 WA E T B0l wheh S HATHP-value<
0.05). o] & TE7AZEGHe|H AL o= WAHA Fts
T7h 1 pg/m?® F7VE AT 3% AR 0 (95% CI: -4.8%,
0%), oFeliedtol AL 1% (0.5%, 2.1%), ASFAA} Hiolg AL
4.8% (2.8%, 6.9%), HBoV= 3.4% (2.2%, 4.8%), THe}Ql= 2z u}o]
HAE 1.5% (04%, 2.6%), HMPVE= 4.7% (3.1%, 6.5%), AFEZ 2L}
HoHAE 2.0% (1.3%, 2.9%) S71FFTHTable 3).
19} EEo] ARG A QAZ2QN7} Hlo]P AL ZHo] 2
B9 =& A1) 8%7F 371, 3F B = A(0:2) 10%7F Z7}
'3}9,"}\13}(P—value<0.05) (Table 4).
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Table 3. Relationship between PM10 and respiratory virus infection by
quasipoisson regression analysis? (single lag effect)

Single lag effect

Variable Estimate 95% Cl P-value
HAdV 1.013 [1.005; 1.021] 0.002
IFV 1.048 [1.028; 1.069] <0.001
HBoV 1.034 [1.022; 1.048] <0.001
HPIV 1.015 [1.004; 1.026] <0.001
RSV 0.975 [0.952; 1.000] 0.043
HRV 1.006 [1.000; 1.015] 0.075
HMPV 1.048 [1.030; 1.065] <0.001
HCoV 1.020 [1.013;1.028] <0.001

PM10, particulate matter smaller than about 10 micrometers; Cl, confidence in-
terval; HAdV, human adenovirus; IFV, influenza virus; HBoV, human bocavirus;
HPIV, human parainfluenza virus; RSV, respiratory syncytical virus; HRV, human
rhinovirus; HMPV, human metapneumovirus; HCoV, human coronavirus; IFV
(0:1), 0-1 weeks cumulative lag effect of influenza virus; IFV (0:2), 0-2 weeks
cumulative lag effect of influenza virus.

°lt is adjusted by temperature, relative humidity, wind velocity.
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Table 4. Relationship between PM10 and respiratory virus infection by quasipoisson regression analysis® (cumulative lag effect)

Cumulative lag effect (0:1)

Cumulative lag effect (0:2)

Variable
Estimate 95% Cl P-value Estimate 95% Cl P-value
HAdV 1.001 [0.973; 1.039] 0.509 1.010 [0.973; 1.051] 0.308
IFV 1.089 [1.010; 1.174] <0.001 1.101 [1.018; 1.190] <0.001
HBoV 0.996 [0.944; 1.051] 0.820 0.994 [0.931;1.061] 0.800
HPIV 0.986 [0.957;1.016] 0.241 0.972 [0.940; 1.005] 0.070
RSV 0.992 [0.956; 1.030] 0.735 0.981 [0.931;1.034] 0.542
HRV 0.999 [0.990; 1.007] 0.816 0.997 [0.985; 1.008] 0.678
HMPV 1.024 [0.970; 1.086] 0.370 1.048 [0.974;1.281] 0.174
HCoV 1.032 [1.001; 1.063] 0.054 1.032 [0.996; 1.070] 0.123

PM 10, particulate matter smaller than about 10 micrometers; Cl, confidence interval; Cumulative lag effect (0:1), 0-1 weeks cumulative lag effect of virus; Cumulative
lag effect (0:2), 0-2 weeks cumulative lag effect of virus; HAdV, human adenovirus; IFV, influenza virus; HBoV, human bocavirus; HPIV, human parainfluenza virus;
RSV, respiratory syncytical virus; HRV, human rhinovirus; HMPV, human metapneumovirus; HCoV, human coronavirus.

2t is adjusted by temperature, relative humidity, wind velocity.
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