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Abstract

To explore the potential impact of gaseous pollutant concentration on influenza outbreak epi-
demics in Shenzhen, and provide a scientific reference for influenza prevention and control, in this
study, we collect the daily monitoring data of influenza outbreak in Shenzhen from May 1, 2013 to
December 31, 2015, as well as local meteorological factors and atmospheric pollutant concentra-
tion during the same period. We differentiated two influenza virus subtypes, i.e., influenza A and
influenza B, to research the risk of influenza outbreak and lag effects of three gaseous pollutants
(NO2, SO, and 03), through establishing the Distributed-Lag Nonlinear Model (DLNM). The results
show that, the peaks of two subtypes’ outbreak in the cool season (November 4 to April 20 of the
following year) basically corresponded to the high peaks of NO; and SO, while high concentration
of O3 in the warm season (April 19 to November 3) was accompanied by influenza epidemic. There
was a significant short-term lag effect of NO; and SO; during the cold season on the influenza A
outbreak. The Relative Risk (RR) associated with 68.51 pg/m? (Pos) of NOz and 21.77 pg/m?> (Pos)
of SOz on the current day was 3.04 (95% CI: 2.07~4.48) and 1.76 (95% CI: 1.08~2.88), respectively.
However, NO; did not show a significant influence on influenza B, while SO, had a weak effect at a lag
of 3~5 d. For example, the RR of a 21.77 pg/m? (Pos) SOz 0n lag 4 d was 1.45 (95% CI: 1.12~1.80).
High concentration of O3 had a significant effect on influenza during the warm season. For influenza
A, the effect was strongest on lag 3 d, RR was 2.42 (95% CI: 1.12~5.42) for a 162.12 pg/m? (Pos) of Os.
With regard for influenza B, the strongest effect was on the day of outbreak, the RR at a concentra-
tion of 162.12 pg/m? was 3.50 (95% CI: 1.54~7.96). In addition, in the cool season, the concentra-
tion of Oz was lower and had minor effect on influenza. In conclusion, NO; and SO, have more sig-
nificant effects on influenza A epidemic in the cold season, while high concentration of O3 increas-
es the risk of influenza in the warm season.
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AR 2 G AIAT R UL 107, #Avs 15 S BAGHE 1L X PR AU AE SR W AEAE AR AE 2 i o BERTVRDIT AR SCAIT Fi
RIL, TP B R FER AR ZEMEATEN AR 75 RS X RINTHE CA Ry,
BUAEFEIR L . AR KOESE XA B A AT € M [12] [13]. EBIIIT SRR 1, AHXTHE
FERURI, U R B i 2 A R IA E [ 14].

KA HEEG RN —EIENO,) . —AMB (SO EA(05)55, AUZRIEESM, AR
TERGIEL, X RZR[15] WPHRAEZR[16] OIS B[ 175588 B — e ARG . bR RS T5 Wit vl e 1
TN S AL T REPE, A BT et R A 4, SN B 1 28 R IR R 18] o

W CRY], KRR R I IR I Z 1AL, NO,. SO, IR —BAEAK . & Z= Il
W, T Os KA R T KT mi[19]. PRI FXT NOy SO, ONBUR, 15 AWK T X
A T e R AU [20]. RA I TR I, AZEIE NO,y SO, [R5 iR R & 2 2 3 I IEAROG: T E
TR Oy EMTUBR 22110 FEWR T, ARIBHLX LA N I ELZ (K98 03 1 2 05 Ge ) 5 I 8 R R
S R SRR PR [22] 6

TRYITT A b [ R X BRIT R, 2 AR D ROL ISR X, R A 2 5 ALl
NHEE. BT FRAE, AR, HExE, BFERKE 6 N2 ACHEEK 202 K), BT
FIX EHR T KA TFRAT AR, KT, HAKS T2 5 GRS s [23], XA
P RREEAT —5E 52

BRI, B FTR DT ST Yo i A U FR S M BAT — 8 o B FUEIE XS 2013 45 A 1 H
~2015 4 12 7 31 HIRIIT USRI AR ST RYIRIE SR BEE BEAT 704, 456 AR ER, EA
S TAER TS RSB I RE M, LR IR =ik L O5 MITE AL

2. BERS S
2.1. BiEkiIE

EHIH AR ZmHRMEE 2013 455 A 1 H~2015 4F 12 H 31 HIR S EdE . WIEFRYITT RS R ET
X453 (http://www.sz.gov.cn/) [24], SiZHE KAEIFE S S, ASCEEE. KE. LT AT,
B 11 H4 B&ERG 4 H20 H; BFERS RS, 4719 0% 11 A3 H. AREEIEHAT PG
Ja s R AR RS I 2 R R R NN (] PP FIRRY, A0 HE H P35 SR (T) A AR FE(RH)

TR VB 1 B R B A B R R ) (2018 AERROFLE, JLERR AR R [F] —Hh X B AL P 7E R I
[F) H B 5 5 48 22 () I IR 99 191 (influenza-like-illness) o A< SC MR T 57 TR 42 #1 HH 0 3REL T 2013 4F 5
H 1 H~2015 4 12 31 HEGERREREEIEE. 2300 7R RN A W ASL 15 A
WERRAG M 25 545 . AEREFCIAIE], WRiZ TSP B 1687 1, ik A Z= 20 A 1058 451 (3 rp F 7Y
380 #4l, 2.7 678 1), BRZEWMSIHGIA 629 FI(FH AL 405 4], 2.7 224 fl).

BEAh, RINTT A SR HRAE 7% 18 /N S M Ik 1 2S00 Gl , B35 3 /N UL NO,-
SO, O3 IRFERHE, W4Tl s FORNIEAT 38, FEae 4k 8 H IR B 5555 H U BRE I 1 AH X

2.2. Gt

PUONUEFERR I TR B AR IR 220, 8 T BEE L PP ST Rk SRR KK &R, M2
A = e AR (DLNM) . M FZAERL, it 7 AR 7 SRR A R A T %S5
TR BA BRI, IR A S K5, WIER TS ) 5 TR 1 ORIk
B, RIS RSN R Ja I R AR RS . 25 8 SIS BT MR, A7 T NO,. SO,
PGS TR (R PP AR A, DAL L PR 2R A KR IR . ST O3, RV ZEANIR 203 Il R 3 1 Y ik
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o, ARYE CMERAT T, SIS m R TR R R E AR T O R AR [ 16], Bk, K
TLRE  WRREH AN . AR 2 BURPE TR, B R A Y E B (degrees of freedom, dD¥128 3, &K
T G KRB 14 K

&, B NOy SOr Oy 73BN AR, AT G 37 AR I IR 2 R XU, 5 RSV Y DI P 1A S B A
PR, HA TR H (holiday) #1122 H# J L(day of the week, DOW){E AW AR & 4 Fric -

AL GAM BT DLRIR A

log[E(Yt)] = Zcb(Zi, lag) + cb(T,df) + ns(time, df) + ns(RH, df) + SFDOWt + yholidayt + « €))

Fodr, E(YORRBATGEE « HROANBE NSO, Yo 25 « RRBIZ NS, Z RESEST5EIH)
Forr—H; cb(Zi)je Tt 1958 Ok, F T RAUEE H SZT5 Je )38 B AR AN J5 2N, lag 2o
JEIFE], — A NO, SO, I SRR 84, Os I HIETK[25]. I, NO,. SO, W B a8y 10 d,
Os [ S Iy 18] 14 do DOW A1 holiday 43 7l il 52 ) LA AN 15 H 2N, o KoL 2 .

45 FK FIAH R fG 6 B2 (Relative risk, RR)Z7R, Bl HH/AATS G4 3 BRI R K AR 5 A 2 28 26 1F MR
IR . 2 RR > 1 I, FRoRys QeS8 ARG I, B 95% B A5 X ], FAERHAT R3.6.1 B
H “mgev” Al “dinm” FEFEE .

3. 58
3.1. RSt

1 B N R X 94 )R, YT ZHRE] . G KF(T, RH). SESTERPI(NO,
SO, O)ffidMEGTHEE R, Hrh, B, LMAEATRBREKRPIEIIRKTIES. | HRAE 0
HWEY T, KHEFETREAEZRETEZ[26]. NO,. SO, fEAERIRIE K TIEZ, 1 O KK EALRES
Brm . WEFCHAN, PRINTTAZER H P80 5 AR AT E 2508 6.0~26.8°C 19.0~94%; HEZE
S99 18.8°C~33°C . 34%~97%.

Table 1. Descriptive statistics of influenza outbreak epidemics and meteorological environmental variables

1. RBERLHOIRSKIMEER MR MG HHE

T BUME [ERzR0% 3 SN
Pys Pso P75 Pys
n=E 1.01 0 0 0 0 7 33
Flu-A (f51) M
BB 0.68 0 0 0 0 5.05 25
BT 1.80 0 0 0 0 11 32
Flu-B () N
REZ 0.37 0 0 0 0 4 16
h=E 40.21 13.46 30.39 37.67 47.44 68.18 111.5
NO; (png/m?) =
%2 31.16 10.91 24.88 29.23 36.5 48.36 64.67
hE 11.64 3.86 7.61 10.42 14.32 21.8 50.95
SO, (ng/m?) =
B2 9.56 4.67 7.32 8.82 10.84 15.16 31.67
BT 81.84 21.86 60.29 79.92 101.95 126.86 151.65
O; (ng/m?)
REZ 85.41 22.95 50.59 74.66 116.88 162.76 205.84
o) n=E 18.32 6 15.50 18.30 21.20 24.92 26.80
2 27.52 18.80 26.20 27.95 29.30 30.40 33
s 67.72 19 59 71 79 88 94
RH (%) -
RE 2 75.69 34 70 76 83 90 97

DOI: 10.12677/0jns.2023.116120 1006 H ARl


https://doi.org/10.12677/ojns.2023.116120

el %

BT B AR . SWEEBIERT NOy. SO, O MK BERRIT (R (¥ s . IR AN, HIR 2
KT VE—AE 5~6 H 12 A SHEBERIEE—BAE 4 AL 11~12 H . NO, iR LS 2 X,
FERFEERTEN M B e, ZEEN IR . O MRS R Bl mie, TG, NI i ™ E,
XS PHAER[27] B F T 45 FAH —E
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Figure 1. Time series of daily influenza confirmed-cases and gaseous pollutants in Shenz-
hen, from May 1, 2013, to Dec. 31, 2015

1. JFRYIT 2013.5.1~2015.12.31 & BREHIZ MRS S S BRYBAEFS

3.2. SEERYSRBRANKRR

3.2.1. NO, MFBRR Z KR
K2 518 3 JBoR TAER ZE NO, 55 R e SR A A2 3 e (0 dy 3.ds 6 RIDIAIA.
BAKTI S, NOL W AR RN B B (K 2). %8, WHWRMS, EREMUK, MNHH NO,
WRIE AL T LRI ¥R 3 d I, ZUNGA R E, RR BRI BMAENL T 60 ng/m?fitin; FEH
fiirJa HEE, TR 6 d I, RN IZHTE R (K 3).
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Figure 2. The lag effect of NO, on outbreak risk of (a) influenza A and (b) influenza B
2. NO, 3 (a) R F(b) MR & B HIH G K BRI

Flu A (lag 0d) Flu A (lag 3d) Flu A (lag 6d)
3.0+
5 2.5 231
4 2.0 2.0
&3 &51‘5 - /\ 1.5+
24 1.0 § 1.0
1 0.5 / 0.5 /
o4— oo4—_ oo~
20 30 40 50 60 70 20 30 40 50 60 70 20 30 40 50 60 70
NO, (pg/m?) NO, (pg/m’) NO, (ng/m?)
Flu B (lag 0d) Flu B (lag 3d) Flu B (lag 6d)
1.0 1.6 1.4+
0.8 1.44 1.2 /\
§0.6- é 1.24 / él,o
0.4 10 0.8 \/
0.8
0.2 06
20 30 40 5 70 20 30 40 S0 60 70 20 30 40 50 60 70

0 60
NO, (ng/m®)

NO, (ug/m?)

NO, (png/m*)

Figure 3. The association between NO, and risk of influenza subtypes on typical lag days
3. AAHBTEE H NO, 5t R B XIS B9 K EX 1

2% 2 P B NO, #L7 77 23 80(58 25, 50, 75, 95 F /MM BOME AL 5 HAH G 04 3 6 )Y
XGRS R R, IR, RN NO, %I I3 A A 3 R . Bk 4RI, 68.51
ng/m? (Pos) ) NO, W FEAH LR RR T34 3.04 (95% CI: 2.07~4.48); 1 NO, X 297 58 & XU F §2 i AN i 2%
flan, #if 3 d I, 68.51 ug/m?® (Pos)iE I NO, ) RR 4 1.17 (95% CI: 0.96, 1.41).

Table 2. Risk of influenza outbreak with 95% confidence intervals for typical concentrations of NO,

2 2. NO, HELRE T RARB LN R E 95%EEXIE
Lag0d Lag3d Lag6d
P Flu A 0.37 (0.27, 0.49) 0.21 (0.14, 0.30) 0.56 (0.43, 0.74)
2 Flu B 0.77 (0.64, 0.09) 1.07 (0.96, 1.18) 1.21 (1.08, 1.36)"
NO, . Flu A 0.78 (0.71, 0.86) 0.65 (0.57, 0.75) 0.94 (0.84, 1.04)
%0 Flu B 1.00 (0.93, 1.07) 1.04 (0.99, 1.09) 0.87 (0.81, 0.94)
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Continued
P Flu A 1.37 (1.18, 1.59)" 1.59 (1.34, 1.88)" 1.05(0.90, 1.21)
7 FluB 0.96 (0.87, 1.06) 0.96 (0.90, 1.03) 0.87(0.81, 0.94)
P Flu A 3.04 (2.07, 4.48)° 1.68 (1.13, 2.49)" 1.39(0.92, 2.11)
% FluB 0.79 (0.59, 1.06) 1.17 (0.96, 1.41) 0.75(0.62, 0.91)

T *FROR RREIE 78 F KT 95% 0 2 5 VERL I -

3.2.2. SO, M RER LB

K4 51 5 JoR THERTE SO, 5 PR RUE 1T Ja RIKTE KX AE SL R 5 H (0 ds 4 ds 8 )T .
4 7R SO, X HHRIEEWISE T L. &5, W T HARYL, BEREM, MR, 5 0d i, RR
i, SO, RN 3 IR RMEZIN 13 pg/ms fifJa 4 d I, JUEEKEEIE, A TR Ws 8 d it
WA L TR(E 4~5)0 11 SO, 5 LU Fe A WS 1 R eV s ARS8 . fENT G H 2R, BNE %, fEfia 4 d i,

BEA SO IREERITHm, RRITANZLVEIGIN, mikEERT 8. A5 8 d i, RR 2ARLMESEN, EmA L
(& 5).
(a) Flu A
Figure 4. The lag effect of SO, on outbreak risk of (a) influenza A and (b) influenza B
4. 80, 5(a)F R HF(b) LR B & K HTHE KB
Flu A (lag 0d) Flu A (lag 4d) Flu A (lag 8d)
47 2.0
2.0
3 <
1.5 1.54
2, % &
1.0
1 1.0
0.5+
5 10 15 20 25 5 10 15 20 25 5 10 15 20 25
S0, (ug/m’) S0, (ng/m?) SO, (ng/m?)
Flu B (lag 0d) Flu B (lag 4d) Flu B (lag 8d)
2.0 2.0
1.4
1.8
1.24 Lsd 16
1.0 i
- - g
0.8 10 1.2+
0.6 1.0
0.8
0.4, ; , . 0.5, , , . . . : , .
10 15 20 25 10 15 20 25 10 15 20 25
S0, (ng/m?) S0, (ng/m’) S0, (ng/m’)
Figure 5. The association between SO, and risk of influenza subtypes on typical lag days
5. FEHAHE R SO, S5k IE B RUFG B9 KB 1
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2% 3 s N EL SO, M7 T F (5B 25, 50, 75, 95 HAALEOE SR S H@ S 04 4. 8 d)IHIAH
XSGR . TR 4 d B, mREER) SO il T R EMERLE, H SO 6 IR BRI K. Flin,
Ja 4d i, 21.77 pg/m?® (Pys)J SO, ] RR 1A 1.44 (95% CI: 1.03~2.00).

Table 3. Risk of influenza outbreak with 95% confidence intervals for typical concentrations of SO,

5 3. SO, BARE T RBRBANE R H 95%EEX(E

RR Lag0d

Lag4d

Lag8d

> Flu A 0.67 (0.48, 0.95)

25 FluB 0.90 (0.70, 1.16)

> Flu A 0.89 (0.78, 1.02)

50, %0 FluB 0.98 (0.88, 1.09)
> Flu A 1.15(0.98, 1.34)

7 FluB 1.01 (0.89, 1.15)

P Flu A 1.76 (1.08, 2.88)"

” FluB 0.97 (0.65, 1.44)

0.71 (0.55, 0.90)
0.77 (0.67, 0.93)
0.88 (0.79, 0.99)
0.91 (0.84, 0.98)
1.14 (1.01, 1.28)"
1.12 (1.03, 1.21)"
1.44 (1.03, 2.00)"
1.45 (1.12, 1.80)"

0.74 (0.61, 0.91)
1.14 (0.94, 1.39)
0.83 (0.75, 0.92)
1.03 (0.94, 1.14)
1.22 (1.09, 2.03)"
0.98 (0.87, 1.10)
1.44 (1.02, 2.03)"
1.05 (0.74, 1.48)

TE: TR RROIBIE T R KT 95%I010 55 PR .

3.2.3. O; MRFBRRZ T M

6 JEIR T TEREZE Oy SRR 13 5 RBPE(E] 6(a)~(b)) S AE ik & H I\ A B (& 6(c)~(d)).
BRI, TERRZE O XS B A7 (KT S T (1 6(a)~(b). WG 3 d I, FHURINTS, Bk pEnt
WG AN R %, T2WME, KB 0 2 5SS HRRi% . 15 RIS B, Oy % T A
TR0 55 35 (VR BE UL A 85 ng/m® (] 6(c)~(d))e

100 o , 100 3
3 (i >
*(hermsy 150 <o my) 150 g VY
(a) BEZ-Flu A (b) BEZ-Flu B
Flu A (lag 3d) Flu B (lag 0d)
5 87
4 - 6
% 3 % 4
2 it
LN * \
1
T T T T T T T T T T T T T T
40 60 80 100 120 140 160 40 60 80 100 120 140 160

(¢) RZF-0, (ng/m*) (d) BEZE-0, (ng/m’)

Figure 6. The lag effect of O; on outbreaks of influenza (a~b) and the strongest association (c~d) in the warm season

B 6. BRZE O X RAE = HEFE FR RN (a~b) R R 585% f7 H B9 K EX M (c~d)
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P 7 [T AEAZE O X6 P R AR R I DS IBE I (a~b) S e st i i H IO Y) A B (c~d)o M T IR =,
O IEAZERIIMA R E . X THRMS, W5 0 d O, IREEMRE RR 8k, AIRE BT E S35,
SHF R s, a8 d i, 100 pg/mHic Il RR i K{E .

60

ka2
120 0 &

o 80
) g 00

(a) AZ-Flu A
Flu A (lag 0d)

(b) #Z-Flu B
Flu B (lag 8d)

1.4
205 12

5] I\ o I
1.0 / 0.8 -

0.5 0.6

T T T T T T T T T
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(c) %#ZF-0, (ng/m®) (d) B®Z-0, (ng/m’)

Figure 7. The lag effect of O3 on outbreaks of influenza (a~b) and the strongest association (c~d) in the cold season

B 7. % Z O MR = HEFE IR RN (a~b) R R 585% f7 H B9 K EX M (c~d)

2% 4 Fis ONEEL Oy 87 0 #0056 25, 50, 75, 95 A ENAE SR G H(BEZE: WG 0 dv 3 ds
AZE: W 0dy 8 I ARN R, (ERRZE, SREER O RHAUER I 2 R B W35 1A o s .
, O3 XIS LERT G 3 d IF Ak, 16212 pg/m®  (Pos)I) O3 ) RR N 2.42 (95% CI: 1.12~5.42). i
TN RZE

B

Table 4. Risk of influenza outbreak with 95% confidence intervals for each typical concentration of O;

F 4.0, FHAGRE T RBAKRLNKE L H 95%EFXIE

%2 s

RR Lag0d Lag3d Lag0d Lag8d
» Flu A 0.81 (0.61, 1.08) 0.83 (0.70, 0.98) 1.66 (1.18, 2.33)" 0.97 (0.71, 1.33)
» FluB 0.86 (0.62, 1.18) 1.02 (0.80, 1.30) 1.16 (0.92, 1.46) 0.66 (0.58, 0.76)
> Flu A 0.92 (0.83, 1.01) 0.89 (0.84, 0.95) 1.23 (1.14, 1.34)° 1.07 (0.99, 1.16)
o %0 Flu B 0.88 (0.80, 0.98) 1.04 (0.95, 1.13) 1.04 (0.99, 1.10) 0.91 (0.88, 0.94)
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