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Fig.1 Attribution analysis of the impact of cold wave on epidemic
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Fig.3 Co-epidemic of influenza types with different SARS-CoV-2 variants'
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Fig. 4 Projected COVID-19 cases for different countries from 1 June 2020 to 31 December 2021
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Fig. 5 Construction of a global platform for infectious disease surveillance and early warning

T SEBK L H AR, AT LUR B OEis S sl XORAEME AT RE TS, JF T R AR
AR GERFEARM > T Y 2T, TR R R e A A SR R I 8]y 31, LA 78

HEZIR https://www. cnki. net



Hh LR

342 M BRBE R

540 %

23 [] 43 A 78 T2 R FITE A FEAS [ 5
(2) A 5% M5 AL 25 A & % s ) ) 2 3%

H AT, H A il A 0 7 vl A AR
AN, W DASCES A7 A AR ARSI 12 AT ) 2 4 4
AN, A A N7 50 365 14 W T D) 2%, 4% B 19 7™ B AR
N THAE P BREB FERT R AR &, AR S
PRER B AR DG 51 4k B 1) A 0 o0 — 3t =X A sl 4k
IBAT o PR, BRI RS S AR 1 S A
W B A A, B 2 A W B AR S IR A ) 1 oy
FERA RN , DAk 0T Sl R = A2 () 0 D 22 W S
SN 2 S B A A58 N o X

TEAA8 T X HE 05,37 P R 10 2 B I s, ST T
SN W) IAEE R 2 3 I  — R AR R L X
AR R AR AT A N N7 A 2R D ) T
AR, v A ) AR AT sk . R R A
J IR b2 AT R R AR e R TR
HH D DR B A% G W TP 5, i v B X 58
AT AEFRERRE T o RO 18 IR AR R R
Ly i 731U e ST AN S 8 = U1 T
()4 B Ot T Ik o K WY R R 0 vk 1
5 A5 O DI, i 87 2 e e, 4 v U A ) R
FIREE o B ] B — it ) R R ST e S 4% i )
DR R 28 B A IR Sk AR AR AR B SV A
PUBSE o H R I PR B 30 A R e B VE AL ) 45 [ B
YET7 20, I J 4 R RUBE R0 rh o I i A 0 1 1 A IXC
SIS 5 R E RO R B R A e e KR
9o [ AR A P I W, RRURR R R A BORT B R R AR
YU & RS JE[E R 0 kA 4t TAE PR .
() sk F R %R

YR AN [7] X RS 1) 0% B IS B4 ™ o 7
AR BRI LBk = 50— e, Bulls L= AR 7EAS
A RS 0 B RATH B XU , Jfe] 7E DR 4 A BRURA
{14 ] i S A 80P B e R 5 i — 2P AR R

o SRR G AT VAN e B L=
1N N AR PSS R 7R B E & ST = VAP
JOBIRIE R G S BU — A —22 AR T & 1E,
IR e R . ST RS AT YL e MR
JiE AR 22 N S {5 i I Tl S AR EAR R
B RGS R G, HBUNERT] ST AL FIRHE
PP A R 55 o BN P R S LR
TR PRBE A AR T 3 N R R A (94 e
i 25 W 55 B 1 . e R AN R R, ST
Bl R A5 s bR R AR AR, SE B R 4R
FEFRE AR, AWM R B =3t

https://www. cnki1. net

BRI T BEAF BORTT & WU Al TR, i B R Al
Ko o S8 BUA R R 3L TR I AR R
i, SR THE R B T RE S AL TR K
(4) Ao 3% Y5 ) R & 3%

I, g 1 T T T Il AT BA 2 1R Bk
1, i AT A R IE ST T i AR S AR )
B0 H BN R | DU 42 5RkA% Yo A4 46 700
B ARG H AR CEREE A 2 520 PR 2207 1 1
AR GRS PR R G BB A A R
1, 7 AT BB ) [ R G U F- 65 02 H A
R SE AL S5

P RATR (REE R VAU AN H AT
OF AT NUEM G AR TN R 4, il G 230
SRAFSE g o RN E O Sl Y A T
A B Y B B Jie 28 — A os 0], A AR 5T
DA R SVE AN TR RE S, sr N AR Bl A s
AP B RS R TT %8, T4 5 B AL s 4 1%
SRR A A 3R SR, Y s ) 25 2 AL A o3
Ay R GE Tt —3h 3 7RSS B RS A 4k T
T FUEEAST AR, SR v ] R o 1 KR
S5 H TR S 2= T . i [ A GO A RN
PR RSP B , S A s 5 SR I . il
S foe D0 T MR B D7 58, O O S R R 2 3
o e TR AR E OB R A2 R HENR YT
I RS 045 D7 T B I T o T g e PR A8 2 Ak
KA SR ZESRERG R ST . 12
3l T RPN e e A S R R L ALY BT
e R~ 8 3 0 2 Jo 3014 SRS M o IS TT R
i R, T M R SR SR TR MR
AR S I A A B AR R . AL 2R
FE B I A ) — U — A S R G S T A
B SEBUB A RAE T . S BB 56 E
J1 e A DR B85 TR 3R 2 A A6 T B R A
T NECAE AR SR o ) 0 A B Aok BB g AR
5 RTE  R SRR KBS, B R A A A
N7 58 Y A R R T R T IR R A
355 b B 25 0 A 19 9 Dk 2 0 ) R 3 A
RPN A Z S BOARMIETE , T BUE VBB 9
IS A WA el L N8 3 R LSO K £
T AP ) R B
(5)He it & XA R3] 5 AR A

DR SR AR 0 4 M 0 5 TR X 3B A KR
FORBENG B B R HE, W L Z 2R LT . X
S0 I A oyl 2ok 22 o 2 R R A B T N S B



o

),

Al

54 4

A RO R A T T A B

343

fet R, ] sl AT 3 0k K AR DR A5 s K AR A 2
kN A2 . B, B0 7 AH SC 5 R BFFE 14
) g 4 ) o S0 B S G A
F AR W ) K TS 5 (R A 5ET , Jin o B A
BB, TE R St [F] 44 DURAS 38 2 K 7R
IR, 12 i R R TR T

202448 H  HERZHEWRAE K MIE T EN, 2
S ST ft A B A 22 ik R 1 G T T R R
PE HAR HARER . it — AR TN S RE T,
BOEAME TR, G2 1w, NERZ i) E
KAFFE TR, BB LA Bl 7148 T G 4 3R 1]
ST AR I T A AR TR A W — T T —
Bl " AT 5 4, AR 0E G SR A FH  E E PRoR JR R A ig
TSP R B SRR, GE AN b i A4
Teat 2 i ST A2 4 G 5 91 -5 1 X RE T
(6)miE P & % 3110455 B IFo1F

1= 3 KA A A 4 A ) A A 1 B R
A VR A E PR AV S R0 S5 AR A R B0 2 fa e
f SR 30T 1A 1 AT A S [) 45T 1) 2 5
TR 2 R 10 ) s AV U] mT DA 6 HeAth B 52 1 A 2
2288 L [R] XF A BRTE PR AR

TEE NG VES T 7w, A R AR BT
L GETF R ARG AU 35 9 DRI TPy AR AW 0 i e -
G, 4L SRR BN, SO H AR MERT, 5
LR RS M5 AR R o i B R EOR ATl
Tr % et E R P A T H NI TS 5 3, TE
[ B A5 VE 5 4 BR W I 7 T ot 5 40 e =52 | A
BHARMAA R F . i d FE bR 2 3UOR E BRpr il
20 SVHE T PR 52w 7, TF R 4 R R TR DX 3
W 5 R AT RS S Y e A ), iR
EE BRI A S AN B A ZEB 1T EME,
TSR FEATIN 2 R AR MR B Bl 24 55 222 B2
Mo S AR A AR T T T 3 ek 2 ()
I AT A 22 H ARk 5k 7 v & PG B BT IR, DALY
X H 28 R 1) 5 DA BRAR

2% 3Lk (References) :

[1] SESSITSCHA, WAKELIN S, SCHLOTER M, e al. Microbi-
ome interconnectedness throughout environments with major
consequences for healthy people and a healthy planet[J |. Micro-
biology and Molecular Biology Reviews, 2023, 87(3). DOI:
10.1128/mmbr.00212-22.

[2] HUANG Jianping, ZHANG Beidou, WANG Danfeng, et al.
The new direction of interdisciplinary science in the 21st centu-
ry: climate change and monitoring and early warning of major

epidemic situations [J]. Journal of Lanzhou University (Medi-

M https://www. cnki. net

(4]

[8]

[10]

[12]

[13]

[14]

[15]

[16]

cal Sciences) , 2022, 48(11): 1-3. [ &, skdb =k, £+
R, A5 20 28 22 SCERF T T ) SR AL S TR
DT LT]. 2N R (2R, 2022, 48(11): 1-3.]
LIAN X B, HUANG J P, HUANG R J, et al. Impact of city
lockdown on the air quality of COVID-19-hit of Wuhan City
[T]. Science of the Total Environment, 2020, 742. DOI: 10.
1016/j.scitotenv.2020.140556.

LI Tiantian, DU Yanjun, MO Yang, ef a/. Human health risk
assessment of heat wave based on vulnerability: a review of re-
cent studies [ J]. Journal of Environment and Health, 2014, 31
(6): 547-550. [ =G, KLHOH, 554, 4 LT HES MY &
T FAGTRE N B B DXL DA 0F 50 20 e (). PR S5 (a2 s
2014, 31(6): 547-550.]

KAN Haidong, CHEN Bingheng. Health effects of global cli-
mate change[J]. North Environment, 2001, 26(2) : 35-36. [ [
MEZR, WRIFEAT . ek AR L i @ e AN [T]. b 5 3R 5E
2001, 26(2): 35-36.]

WU Xiaoxu, TIAN Huaiyu, ZHOU Sen, et al. Impact of glob-
al change on transmission of human infectious diseases[J]. Sci-
ence China: Earth Sciences, 2013, 43(11): 1 743-1 759. [ 515
JB, HWE, R, 5. R AL Jui Ak SR
S LT ] P ERE . HERFRE, 2013, 43(11): 1743-1759.]
HUANG J P, ZHANG L, LIU X Y, et al. Global prediction
system for COVID-19 pandemic[ J |. Science Bulletin, 2020, 65
(22): 1 884-1 887.

LI Z Q, MENG F C, WU B, et al. Reviewing the progress of
infectious disease early warning systems and planning for the
future [J]. BMC Public Health, 2024, 24(1). DOI: 10.1186/
512889-024-20537-2.

DANOVARO R, CORINALDESI C, DELL’ANNO A, ef al.
Marine viruses and global climate change[J]. FEMS Microbiol-
ogy Reviews, 2011, 35(6): 993-1 034.

HUANG J P, LIU X Y, ZHANG L, et al. The oscillation-out-
breaks characteristic of the COVID-19 pandemic [J]. National
Science Review, 2021, 8(8). DOI: 10.1093/nsr/nwab100.
CAVICCHIOLI R, RIPPLE W J, TIMMIS K N, ef al. Scien-
tists” warning to humanity : microorganisms and climate change
[T]. Nature Reviews Microbiology, 2019, 17: 569-586.
LAFFERTY K D. The ecology of climate change and infectious
diseases[J]. Ecology, 2009, 90(4): 888-900.

BAYOH M N, LINDSAY S W. Effect of temperature on the de-
velopment of the aquatic stages of Anopheles gambiae sensu
stricto (Diptera: Culicidae) [J]. Bulletin of Entomological Re-
search, 2003, 93(5): 375-381.

LIU Y, NING Z, CHEN Y, et al. Aerodynamic analysis of
SARS-CoV-2 in two Wuhan hospitals [J]. Nature, 2020, 582
(7 813): 557-560.

STADNYTSKYI V, BAX C E, BAX A, et al. The airborne
lifetime of small speech droplets and their potential importance
in SARS-CoV-2 transmission [ J]. Proceedings of the National
Academy of Sciences of the United States of America, 2020,
117(22): 11 875-11 877.

XIAOY Y, HEL M, CHENY, et al. The influence of meteo-



o

),

Al

344

M BRBE R

540 %

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

rological factors on tuberculosis incidence in Southwest China
from 2006 to 2015 [J]. Scientific Reports, 2018, 8(1). DOI:
10.1038/s41598-018-28426-6.

SMITH G S, SCHOENBACH V J, RICHARDSON D B, et
al. Particulate air pollution and susceptibility to the develop-
ment of pulmonary tuberculosis disease in North Carolina: an
ecological study [J]. International Journal of Environmental
Health Research, 2014, 24(2): 103-112.

YANG X B, DUAN Q H, WANG ] J, et al. Seasonal variation
of newly notified pulmonary tuberculosis cases from 2004 to
2013 in Wuhan, China[J]. PLoS One, 2014, 9(10). DOI: 10.
1371/journal.pone.0108369.

DENG Bin, ZHOU Zhigang, MA Zesui, et al. The model of
back-propagation neural network about the relationship be-
tween meterological factors and pulmonary tuberculosis[J]. In-
ternational Medicine and Health Guidance News, 2008, 14
(1): 17-20. (X3, FIERI, B, & a5 5% W
F G R MY BP 2 8 BRI 5T (0], [ B 12 25 T2 A 3R
2008, 14(1): 17-20.]

ZHANG Qiang, YE Dianxiu, YANG Xianwei, et al. Study on
high-risk meteorological indexes during SARS epidemic period
[J]. China Public Health, 2004, 20(6) : 647-648. [ 5ki% ,
B, bty , 4. SARS ATHI S fE R bR s (1],
Bl A 3L T4, 2004, 20(6) : 647-648. ]

CHOI K M, CHRISTAKOS G, WILSON M L. El Niflo effects
on influenza mortality risks in the state of California[J]. Public
Health, 2006, 120(6): 505-516

POHLKER M L, POHLKER C, KRUGER O O, et al. Respi-
ratory aerosols and droplets in the transmission of infectious dis-
eases[J]. Reviews of Modern Physics, 2023, 95(4). DOI: 10.
1103/RevModPhys.95.045001.

DABISCH P, SCHUIT M, HERZOG A, et al. The influence
of temperature, humidity, and simulated sunlight on the infec-
tivity of SARS-CoV-2 in aerosols[J |. Aerosol Science and Tech-
nology, 2021, 55(2): 142-153.

PAITAL B, AGRAWAL P K. Air pollution by NO, and PM,
explains COVID-19 infection severity by overexpression of an-
giotensin-converting enzyme 2 in respiratory cells: a review
[J]. Environmental Chemistry Letters, 2021, 19(1): 25-42.
BAYLIS M. Potential impact of climate change on emerging
vector-borne and other infections in the UK [J]. Environmental
Health, 2017, 16(Suppl. 1). DOI: 10.1186/s12940-017-0326-1.
REDSHAW C H, STAHL-TIMMINS W M, FLEMING L E,
et al. Potential changes in disease patterns and pharmaceutical
use in response to climate change [J]. Journal of Toxicology
and Environmental Health Part B, Critical Reviews, 2013, 16
(5): 285-320.

SEMENZA J C, HERBST S, RECHENBURG A, et al. Cli-
mate change impact assessment of food- and waterborne diseas-
es[J]. Critical Reviews in Environmental Science and Technolo-
gy, 2012, 42(8): 857-890

PAZ S. Climate change impacts on West Nile virus transmission

in a global context[J]. Philosophical Transactions of the Royal

https://www. cnki1. net

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Society of London Series B, Biological Sciences, 2015, 370
(1665). DOI: 10.1098/rstb.2013.0561.

HUIZINGA H W, MCLAUGHLIN G L. Thermal ecology of
Naegleria fowleri from a power plant cooling reservoir[J]. Ap-
plied and Environmental Microbiology, 1990, 56(7) : 2 200-
2205.

EL-SAYED A, KAMEL M. Climatic changes and their role in
emergence and re-emergence of diseases| J|. Environmental Sci-
ence and Pollution Research International, 2020, 27 (18) :
22 336-22 352.

MOORE S, SHRESTHA S, TOMLINSON K W, et al. Pre-
dicting the effect of climate change on African trypanosomia-
sis: integrating epidemiology with parasite and vector biology
[T]. Journal of the Royal Society, Interface, 2012, 9 (70) :
817-830.

TONG M X, HANSEN A, HANSON-EASEY S, et al. Infec-
tious diseases, urbanization and climate change: challenges in
future china [J]. International Journal of Environmental Re-
search and Public Health, 2015, 12(9): 11 025-11 036.
PAYNTER S, WARE R S, WEINSTEIN P, et al. Childhood
pneumonia: a neglected, climate-sensitive disease? [J). Lan-
cet, 2010, 376(9 755): 1 804-1 805.

XU Z W, HU W B, TONG S L. Temperature variability and
childhood pneumonia: an ecological study [J]. Environmental
Health, 2014, 13(1). DOI: 10.1186/1476-069X-13-51.
TOWERS S, CHOWELL G, HAMEED R, et al. Climate
change and influenza: the likelihood of early and severe influ-
enza seasons following warmer than average winters[J]. PLoS
Currents, 2013, 5. DOI: 10.1371/currents.flu.3679b56a3a5313
dc7c043b944c6f138.

DONALDSON G C. Climate change and the end of the respira-
tory syncytial virus season [J]. Clinical Infectious Diseases,
2006, 42(5): 677-679.

ZHANG X L, SHAO X J, WANG J, et al. Temporal character-
istics of respiratory syncytial virus infection in children and its
correlation with climatic factors at a public pediatric hospital in
Suzhoul[ J]. Journal of Clinical Virology, 2013, 58(4): 666-670.
The World Meteorological Organization[ Z ]. State of the global
climate 2024. 2025.

NI J M, ZHAO Y, LI B, et al. Investigation of the impact
mechanisms and patterns of meteorological factors on air quali-
ty and atmospheric pollutant concentrations during extreme
weather events in Zhengzhou City, Henan Province [T]. Atmo-
spheric Pollution Research, 2023, 14(12). DOI:10.1016/j.apr.
2023.101932.

HAMBLETON I R, JEYASEELAN S M, MURPHY M M.
COVID-19 in the Caribbean small island developing states: les-
sons learnt from extreme weather events[J]. The Lancet Global
Health, 2020, 8(9): ell14-el115.

PATZ J A, ENGELBERG D, LAST J. The effects of changing
weather on public health[J]. Annual Review of Public Health,
2000, 21: 271-307.

Lemonick D M. Epidemics after natural disasters[J]. American



o

),

Al

54 4

A RO R A T T A B

345

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Journal of Medicine, 2011, 8: 144-152.

LIAN X B, HUANG J P, LI H, et al. Cold waves accelerate
the spread of infectious diseases[J]. Geophysical Research Let-
ters, 2024, 51(15). DOI: 10.1029/2024GL109405.

TIAN Huaiyu. 2019-nCoV: new challenges from coronavirus
[J]. Chinese Journal of Preventive Medicine, 2020, 54 (3) :
235-238. [ A E . 2019-nCoV : 2K F 5 IR 555 7 14 57 Pk AR [T
AR PR ¢ 4455, 2020, 54: 4(3):235-238.]

LIAN X B, HUANG J P, LI H, ef al. Heat waves accelerate
the spread of infectious diseases[J]. Environmental Research,
2023, 231. DOI: 10.1016/j.envres.2023.116090.

WANG C C, PRATHER K A, SZNITMAN J, et al. Airborne
transmission of respiratory viruses [J]. Science, 2021, 373
(6 558). DOI: 10.1126/science.abd9149.

GUO Y M, WU Y, WEN B, et al. Floods in China, COVID-
19, and climate change [J]. The Lancet Planetary Health,
2020, 4(10): e443-e444.

WALTON D, van AALST M. Climate-related extreme weather
events and COVID-19: a first look at the number of people af-
fected by intersecting disasters[ R ]. IFRC, Red Cross Red Cres-
cent Climate Centre, 2020.

MORENS D M, FOLKERS G K, FAUCI A S. The challenge
of emerging and re-emerging infectious diseases [J]. Nature,
2004, 430(6 996) : 242-249.

HARUN N S, LACHAPELLE P, DOUGLASS J. Thunder-
storm-triggered asthma: what we know so far [J]. Journal of
Asthma and Allergy, 2019, 12: 101-108.

CHANG HY, LIMJ, WANG Y, et al. Acute effects of low
temperatures and cold waves on elderly infectious pneumonia
mortality-Jinan City, Shandong Province, China, 2014-2022
[J]. China CDC Weekly, 2024, 6(5): 77-82.

LIU Z D, ZHANG J, ZHANG Y, et al. Effects and interaction
of meteorological factors on influenza: based on the surveil-
lance data in Shaoyang, China[J]. Environmental Research,
2019, 172: 326-332.

SMITH G S, MESSIER K P, CROOKS J L, et al. Extreme
precipitation and emergency room visits for influenza in Massa-
chusetts: a case-crossover analysis[J]. Environmental Health,
2017, 16(1). DOI: 10.1186/s12940-017-0312-7.
MCMICHAEL A J. Extreme weather events and infectious dis-
ease outbreaks[ J |. Virulence, 2015, 6(6): 543-547.
XINGWL, LIUYY, WANG H L, et al. A high-throughput,
multi-index isothermal amplification platform for rapid detec-
tion of 19 types of common respiratory viruses including SARS-
CoV-2[J]. Engineering, 2020, 6(10): 1 130-1 140.

LISL, GUOJZ, GUY, et al. Assessing airborne transmis-
sion risks in COVID-19 hospitals by systematically monitoring
SARS-CoV-2 in the air[J]. Microbiology Spectrum, 2023, 11
(6). DOI: 10.1128/spectrum.01099-23.

LI H Q, XU M R, AN X L, et al. High-risk ARGs (HRA)
chip: a high-throughput qPCR-based array for assessment of
high-risk ARGs from the environment [J]. Water Research,
2024, 262. DOI:10.1016/j.watres.2024.122106.

https://www. cnki1. net

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

LI H, HONG Y W, GAO M K, et al. Distinct responses of air-
borne abundant and rare microbial communities to atmospheric
changes associated with Chinese New Year[J]. iMeta, 2023, 2
(4). DOI: 10.1002/imt2.140.

LI Jing, YAO Maosheng. State-of-the-art status on airborne an-
tibiotic resistant bacteria and antibiotic resistance genes[J 1. Chi-
nese Journal of Preventive Medicine, 2018, 52(4) : 440-445.
[Z530, EERR . 25 A0 ot vl 24 200 T RS 24 5 DR F) AT a0k
[1]. PRI R 22, 2018, 52(4) : 440-445.]

CACERES C J, RAJAO D S, PEREZ D R. Airborne transmis-
sion of avian origin HON2 influenza A viruses in mammals[J].
Viruses, 2021, 13(10). DOI: 10.3390/v13101919.
SPIEGELMAN D, WHISSELL G, GREER C W. A survey of
the methods for the characterization of microbial consortia and
communities[J]. Canadian Journal of Microbiology, 2005, 51
(5): 355-386.

ARGOTTE-RAMOS R, CIME-CASTILLO J, VARGAS V, et
al. Development of an Enzyme-Linked Immunosorbent Assay
(ELISA) as a tool to detect NS1 of dengue virus serotype 2 in
female Aedes aegypti eggs for the surveillance of dengue fever
transmission [ J]. Heliyon, 2024, 10(8). DOI: 10.1016/j. heli-
yon.2024.e29329.

GREEN M R, SAMBROOK J. Screening colonies by Poly-
merase Chain Reaction (PCR) [J]. Cold Spring Harbor Proto-
cols, 2019, 2019(6). DOI: 10.1101/pdb.prot095224.
KUBISTA M, ANDRADE J M, BENGTSSON M, et al. The
real-time polymerase chain reaction [J]. Molecular Aspects of
Medicine, 2006, 27(2/3): 95-125.

PAVSIC J, ZEL J, MILAVEC M. Assessment of the real-time
PCR and different digital PCR platforms for DNA quantification
[J]. Analytical and Bioanalytical Chemistry, 2016, 408 (1) :
107-121.

HUANG Z W, YU X R, LIUQT, ef al. Bioaerosols in the at-
mosphere: a comprehensive review on detection methods, con-
centration and influencing factors[J |. Science of the Total Envi-
ronment, 2024, 912. DOI: 10.1016/j.scitotenv.2023.168818.
WANG L, QI W Z, LIU Y J, et al. Recent advances on bio-
aerosol collection and detection in microfluidic chips[J]. Ana-
Iytical Chemistry, 2021, 93(26): 9 013-9 022.

PARK J W, KIM H R, HWANG J. Continuous and real-time
bioaerosol monitoring by combined aerosol-to-hydrosol sam-
pling and ATP bioluminescence assay [J]. Analytica Chimica
Acta, 2016, 941: 101-107.

CHEN H X, QI X, ZHANG L, et al. COVID-19 screening us-
ing breath-borne volatile organic compounds [J]. Journal of
Breath Research, 2021, 15(4). DOI: 10.1088/1752-7163/ac2e57.
WANG Y K, HUANG Z W, ZHOU T, et al. 1dentification of
fluorescent aerosol observed by a spectroscopic lidar over
northwest Chinal J]. Optics Express, 2023, 31(13): 22 157-
22 169.

LEE I, SEOK Y, JUNG H, et al. Integrated bioaerosol sam-
pling/monitoring platform: field-deployable and rapid detection
of airborne viruses[ J]. ACS Sensors, 2020, 5(12): 3 915-3 922.



o

),

Al

346

M BRBE R

540 %

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

CHEN E, WAN Dong, CHU Kecheng, et al. The monitoring
and research of airborne microbe pollution [J]. Environmental
Monitoring in China, 2014, 30(4): 171-178. [[f4%, A&, #
AL, A A SR S G D KT e (D] R PR
W, 2014, 30(4): 171-178.]

GUZMAN M, KOURI G, DIAZ M, et al. Dengue, one of the
great emerging health challenges of the 21st century[J]. Expert
Review of Vaccines, 2004, 3: 511-520.

HUANG Q S, BAKER M, MCARTHUR C, et al. Implement-
ing hospital-based surveillance for severe acute respiratory in-
fections caused by influenza and other respiratory pathogens in
new zealand [J].
Journal: WPSAR, 2014, 5: 23.

BRAMMER L, BUDD A, COX N. Seasonal and pandemic in-

fluenza surveillance considerations for constructing multicom-

Western Pacific Surveillance and Response

ponent systems [J]. Influenza and other respiratory viruses,
2009, 3: 51-58.

LIU Yongqin, GUO Bixi, JI Mukan, et al. A comprehensive
dataset of microbial abundance, dissolved organic carbon, and
nitrogen in tibetan plateau glaciers [J]. Earth System Science
Data, 2022, 14: 2 303-2 314.

YANG Z F, ZENG Z Q, WANG K, et al. Modified SEIR and
Al prediction of the epidemics trend of COVID-19 in China un-
der public health interventions [J]. Journal of Thoracic Dis-
ease, 2020, 12(3): 165-174.

HUANG J P, WANG D F, ZHU Y G, et al. An overview for
monitoring and prediction of pathogenic microorganisms in the
atmosphere(J |. Fundamental Research, 2024, 4(3): 430-441.
TIANHY, LIUY H, LIY D, ef al. An investigation of trans-
mission control measures during the first 50 days of the COV-
ID-19 epidemic in China[J]. Science, 2020, 368 (6 491) :
638-642.

BROWNSTEIN J S, RADER B, ASTLEY C M, et al. Ad-
vances in artificial intelligence for infectious-disease surveil-
lance[J]. New England Journal of Medicine, 2023, 388(17):
1597-1 607.

ANDERSON R M, MAY R M. Infectious diseases of humans:
dynamics and control [M]. Oxford: Oxford University Press,
1991.

KERMACK W O, MCKENDRICK A G. A contribution to the
mathematical theory of epidemics[J]. Proceedings of the Royal
Society of London. Series A: Containing Papers of a Mathemat-
ical and Physical Character, 1927, 115(772): 700-721.
KERMACK W O, MCKENDRICK A G. Contributions to the
mathematical theory of epidemics. II—the problem of endemici-
ty [J]. Proceedings of the Royal Society of London. Series A:
Containing Papers of a Mathematical and Physical Character,
1932, 138(834): 55-83.

CASTILLO-CHAVEZ C, CASTILLO-GARSOW CW, YAKU-
BU A-A. Mathematical models of isolation and quarantine[J].
JAMA, 2003, 290(21): 2 876-2 877.

STEHLE J, VOIRIN N, BARRAT A, ef al. Simulation of an

SEIR infectious disease model on the dynamic contact network

https://www. cnki1. net

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

of conference attendees([J|. BMC Medicine, 2011, 9. DOI: 10.
1186/1741-7015-9-87.

OKUWA K, INABA H, KUNIYA T. Mathematical analysis for
an age-structured SIRS epidemic model [J]. Mathematical Bio-
sciences and Engineering, 2019, 16(5): 6 071-6 102.
BJORNSTAD O N, SHEA K, KRZYWINSKI M, et al. The
SEIRS model for infectious disease dynamics[J]. Nature Meth-
ods, 2020, 17(6): 557-558.

GRIMM V, MENGEL F, SCHMIDT M. Extensions of the
SEIR model for the analysis of tailored social distancing and
tracing approaches to cope with COVID-19 [J]. Scientific Re-
ports, 2021, 11(1). DOIL: 10.1038/541598-021-83540-2.
BERGER D W, HERKENHOFF K F, MONGEY S. An seir in-
fectious disease model with testing and conditional quarantine
[J]. National Bureau of Economic Research, 2020. DOI: 10.
2139/ssrn.3561142.

RADULESCU A, WILLIAMS C, CAVANAGH K. Manage-
ment strategies in a SEIR-type model of COVID 19 community
spread [J]. Scientific Reports, 2020, 10 (1). DOI: 10.1038/
$41598-020-77628-4.

CARCIONE J M, SANTOS J E, BAGAINI C, et al. A simula-
tion of a COVID-19 epidemic based on a deterministic SEIR
model[J]. Frontiers in Public Health, 2020, 8. DOI: 10.3389/
fpubh.2020.00230.

MENDA K, LAIRD L, KOCHENDERFER M J, et al. Ex-
plaining COVID-19 outbreaks with reactive SEIRD models[J].
Scientific Reports, 2021, 11 (1). DOI: 10.1038/s41598-021-
97260-0.

POONIA R C, SAUDAGAR AK J, ALTAMEEM A, et al. An
enhanced SEIR model for prediction of COVID-19 with vacci-
nation effect[J]. Life, 2022, 12(5). DOI: 10.3390/1ife12050647.
KISELEV I N, AKBERDIN I R, KOLPAKOV F A. Delay-dif-
ferential SEIR modeling for improved modelling of infection
dynamics[J]. Scientific Reports, 2023, 13(1). DOI: 10.1038/
$41598-023-40008-9.

LU M, ZHENG X Y, JIAW N, ef al. Analysis and prediction
of improved SEIR transmission dynamics model: taking the
second outbreak of COVID-19 in Italy as an example[J]. Fron-
tiers in Public Health, 2023, 11. DOI: 10.3389/fpubh. 2023.
1223039.

CHEN T M, RUIJ, WANG Q P, ef al. A mathematical model
for simulating the phase-based transmissibility of a novel coro-
navirus[J]. Infectious Diseases of Poverty, 2020, 9(1). DOI:
10.1186/540249-020-00640-3.

LIANGJY, WANG Y, LIN Z J, et al. Influenza and COVID-
19 co-infection and vaccine effectiveness against severe cases:

a mathematical modeling study[ J|. Frontiers in Cellular and In-

fection Microbiology, 2024, 14. DOI: 10.3389/fcimb. 2024.

1347710.

LI H, HUANG J P, LIAN X B, et al. Impact of human mobili-
ty on the epidemic spread during holidays [J]. Infectious Dis-
ease Modelling, 2023, 8(4): 1 108-1 116.

DU Zhicheng, HAO Yuancheng, WEI Yongyue, et al. Using



54 A RO R A T T A B 347

Markov Chain Monte Carlo methods to estimate the age-specif- model based on deep learning for predicting COVID-19 infec-
ic case fatality rate of COVID-19[J]. Chinese Journal of Epi- tion [J]. Scientific Reports, 2023, 13. DOI: 10.1038/s41598-
demiology, 2020, 41(11): 1 777-1 781. [ #L & Kk, Moc ¥, 023-39408-8.

Bk, 5 BE T SRR R BE SRR BB L 1 COVID- [103] HUANG J P, ZHANG L, CHEN B, et al. Development of the
19 4 8 55 JE AL TH[T]. s BB AT 0 2 A as L 2020, 41 second version of global prediction system for epidemiological
(11): 1777-1781.] pandemic|J|. Fundamental Research, 2024, 4(3): 516-526.

[100] KIM J, AHN 1. Infectious disease outbreak prediction using me- [104] XU T, CHENG J, YANG Z F, et al. COVID-19 focused se-
dia articles with machine learning models [J]. Scientific Re- ries: diagnosis and forecast of COVID-19[J]. Journal of Tho-
ports, 2021, 11(1). DOI: 10.1038/s41598-021-83926-2. racic Disease, 2023, 15(3): 1 503-1 505.

[101] ZHANG Y M, CHEN K, WENG Y, ef al. An intelligent early [105] YANG LY, WANG Z M, WANG L, et al. Association of vac-
warning system of analyzing Twitter data using machine learn- cination, international travel, public health and social measures
ing on COVID-19 surveillance in the US [J]. Expert Systems with lineage dynamics of SARS-CoV-2[J]. Proceedings of the
with Applications, 2022, 198. DOI: 10.1016/j.eswa.2022.116882. National Academy of Sciences of the United States of America,

[102] SUX Y, SUNYF, LIU H X, ef al. An innovative ensemble 2023, 120(33). DOI: 10.1073/pnas.2305403120.

Monitoring and Early Warning of Atmospheric Pathogenic
Microorganisms: A Review of Recent Studies’

HUANG Jianping', LIAN Xinbo"?, WANG Rui', WANG Danfeng',
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(1. Collaborative Innovation Center for Western Ecological Safety, College of Atmospheric Sciences,

Lanzhou University, Lanzhou 730000, China; 2. School of Earth and Environmental Sciences,
Lanzhou University, Lanzhou 730000, China)

Abstract: The monitoring and early warning of pathogenic microorganisms and infectious diseases serve
as a critical foundation for preventing major public health crises and mitigating biosecurity risks. However,
research on the monitoring and early warning of pathogenic microorganism transmission in the atmosphere
remains limited, with no systematic framework established yet. This study addresses strategic needs in public
health security by identifying key scientific challenges in the field, systematically elucidating the environmental
response mechanisms of atmospheric pathogens under climate change, monitoring technologies for pathogenic
microorganisms in the atmosphere, and advances in infectious disease prediction models. Furthermore, this study
identifies critical research frontiers for future breakthroughs, including: elucidating the source characteristics,
formation mechanisms, environmental evolution, and transmission mechanisms of atmospheric pathogens;
developing high-precision real-time monitoring technologies for atmospheric pathogens and establishing a
biosafety surveillance network; constructing a multi-disciplinary, multi-scale and multi-model coupled prediction
and early warning platform for atmospheric pathogen and infectious diseases. This research framework will
provide scientific decision-making support for preventing public health emergencies, effectively enhance
biosecurity governance capacity, and offer a scientific paradigm for building a global community of health for all.

Key words: Atmospheric pathogenic microorganisms; Monitoring; Prediction; Climate crisis; Infectious
disease.

* Foundation item: Project supported by the Collaborative Research Project of the National Natural Science Foundation of China and the
Chinese Academy of Sciences (Grant No. L2224041/XK2022DXC005); Self-supporting Program of Guangzhou Laboratory (Grant No.
SRPG22-007); National Funded Postdoctoral Researcher Program (Grant No. GZC20231001).

First author: HUANG Jianping, Member of the Chinese Academy of Sciences, research areas include climate change in semi-arid regions.
E-mail: hjp@lzu.edu.cn



