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Special column: Mechanisms underlying human health effects of climate change
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Review on environmental-social factors and social driving process model construction of
infectious diarrhea affected by rainstorm and flood YANG Lianpingl, LIU Li*, LIU Yuchen?,
WANG Shiyul, LI Weibin®, MA Wenjunz’s, HUANG Cunrui® (1. School of Public Health, Sun Yat-sen
University, Guangzhou, Guangdong 510080, China; 2. School of Medicine, Jinan University,
Guangzhou, Guangdong 510630, China; 3. Guangdong Provincial Institute of Public Health,
Guangdong Provincial Center for Disease Control and Prevention, Guangzhou, Guangdong
511430, China; 4. Vanke School of Public Health, Tsinghua University, Beijing 100084, China)

Infectious diarrhea is an important public health problem, which has a significant impact on
global disease burden. Under the background of climate change, rainstorms increase and floods
occur frequently. Most studies show that the incidences of infectious diarrhea disease increase
significantly after rainstorm and flood events. However, there is a lack of systematic summary on
the path of rainstorm and flood events affecting the incidence of infectious diarrhea, including
the key links and mechanisms underlying environmental-social interaction. This study
comprehensively combed the literature from environmental factors, socio-economic and
cultural factors, and population and individual susceptibility factors. The potential mechanisms
of infectious diarrhea caused by rainstorm and flood events were discussed from the aspects of
spreading of pathogens, affecting sanitation facilities and (or) drinking water treatment
infrastructure, the regulatory role of individual and behavioral factors, and long-term effects.
Based on the "pressure-state-response" model, a social driving process model of rainstorm and
flood leading to incidence of infectious diarrhea was constructed. This model could provide
reference for future quantitative modeling and other research directions. It is helpful to guide
the public health departments to accurately identify factors affecting the incidence of infectious
diarrhea after rainstorm and flood, so as to take targeted intervention measures.

rainstorm and flood; infectious diarrhea; environmental factor; social factor; process
mechanism
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[Note] Right-angled box: Social process factors or driving factors; Rounded box: Health outcomes; Black line: Risks increase; Green line: Risks decrease;

Solid line: Direct action path; Dotted line: Relevant impact factors.
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Figure 1 The social driving process model of infectious diarrhea affected by rainstorm and flood

FEBRENSZENEET T (DERHFIA
B RRAERETE KRR AL R E 2R, ZIR AN E
R IIERTHIT T IFARENRT; (22K
URZUHERT, MER[SFHMEL, EFIAIRE
IR A AS F 4T RRRIERRN R RN LT

EEER (3) EmXIHH WEZINREF R, 23
REMLE. “REB-HEUNER T RERME
B ERET kAR, AR A B TR SRR XL R2 AT
HIBIIARI
AOANABRFHERRTUEENFRSAHT

wWww.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(3) 301

EEIIERNLG EEEM IR ERRIEETE R
WA, MR X ER AR DEFFE . &
KARFRARITHEBENEREAER, BIE LR
BRNEFREN &ZRBERHTINNE, &Rt
AT R D RA N B TR A
EXM. X TFHIEHIZERNFINEERR, B
BRI T LA ERA: —21HEMEE XL
M7 O ABHFAE, KR DA B IR ) Wfel o &
EMASFERERREZEINXR, TG MR IR
PR FIHER(IN RN ML, e RHmERE. KBEE
MigieRig. PEEHF) WERAGHRBRIEETS
KEXRIRZMN, SNE EW LIRS A EKEREMEEE
R ERIBRMEIEE R BX BT R
“RIHLZERBRIREHRENHER M, FER
EIUERXAEHIH R [IREHRBEHRRE, Rin
BERSTEEHZENEER 5EE. REFH
SKARZENRZEERE Y, Z2iTHHERH
FHERRERRESENTEMEEEHRRZEX
ANER, HERRENMIREFEFH I RARRE
FRMBRAER". FRREKLZ MGG, SEZ
UARRBER T RIRER. A5 5RENBRMEET R
1B, A ESEX AR RESREAF5RZAE
HHETTY BME 2, ARIEBESEFLS R mERR
MERE TS R iRt = A2, KB B T A SE RS
ENAHDEFTEEUBEERFERR, ZES
BS5&RRRNX RN IENG, BB FRBES
AR AMARKIRERT, REMLHTTFR, T4
FBET, UMb H ERAE S 4 Tk ERREN
RRATHE, IR ABHERR.

SE R

[1]1kER, =5, T#, % 2KARL°CH2.0°CE R T RT RS
SN L], SIETRRERE, 2020, 16(1) : 78-87.

ZHANG JZ, YUAN F, WANG J, et al. The rainstorm and flooding disaster
risk in Beijing under the global warming of 1.5°C and 2.0°C[J]. Climate
Change Res, 2020, 16( 1) : 78-87.

[2] KFE, BRT, BEH. PEEELEFXAEEHSBR T D].
HIBRI SR, 2020, 39(10) : 1609-1618.

ZHANG XZ, ZHENG J Y, HAO ZX. Climate change assessments for the main
economic zones of China during recent decades[J]. Prog Geogr, 2020,
39(10): 1609-1618.

[3 ] WATTS N, AMANN M, ARNELL N, et al. The 2020 report of the Lancet
Countdown on health and climate change: responding to converging
crises[J]. Lancet, 2021, 397(10269) : 129-170.

[4]CANN KF, THOMAS DR, SALMON RL, et al. Extreme water-related
weather events and waterborne disease[J]. Epidemiol Infect, 2013,
141(4): 671-686.

[ 5] Local Burden of Disease Diarrhoea Collaborators. Mapping geographical

inequalities in childhood diarrhoeal morbidity and mortality in low-
income and middle-income countries, 2000-17: analysis for the Global
Burden of Disease Study 2017 [J]. Lancet, 2020, 395(10239) : 1779-1801.

[ 6 1 GBD Diarrhoeal Diseases Collaborators. Estimates of global, regional, and
national morbidity, mortality, and aetiologies of diarrhoeal diseases: a
systematic analysis for the Global Burden of Disease Study 2015[J].
Lancet Infect Dis, 2017, 17(9) : 909-948.

[ 71 GBD 2016 Diarrhoeal Diseases Collaborators. Estimates of the global,
regional, and national morbidity, mortality, and aetiologies of diarrhoea in
195 countries: a systematic analysis for the Global Burden of Disease
Study 2016[J]. Lancet Infect Dis, 2018, 18(11): 1211-1228.

[ 8 1 PICKERING AJ, NULL C, WINCH PJ, et al. The WASH benefits and SHINE
trials: interpretation of WASH intervention effects on linear growth and
diarrhoea[J]. Lancet Glob Health, 2019, 7(8) : e1139-e1146.

[91WALKER CL F, RUDAN I, LIU L, et al. Global burden of childhood
pneumonia and diarrhoea[J]. Lancet, 2013, 381(9875) : 1405-1416.

[10] LEVY K, WOSTER AP, GOLDSTEIN RS, et al. Untangling the impacts of
climate change on waterborne diseases: a systematic review of
relationships between diarrheal diseases and temperature, rainfall,
flooding, and drought [J]. Environ Sci Technol, 2016, 50(10) : 4905-4922.

[11] LEVY K, SMITH SM, CARLTON EJ. Climate change impacts on waterborne
diseases: moving toward designing interventions[J]. Curr Environ Health
Rep, 2018, 5(2): 272-282.

[12] CURRIERO FC, PATZ J A, ROSE JB, et al. The association between extreme
precipitation and waterborne disease outbreaks in the United States,
1948-1994[J]. Am J Public Health, 2001, 91(8) : 1194-1199.

[13] THOMAS KM, CHARRON DF, WALTNER-TOEWS D, et al. A role of high
impact weather events in waterborne disease outbreaks in Canada, 1975 -
2001[J]. IntJ Environ Health Res, 2006, 16(3): 167-180.

[14] NICHOLS G, LANE C, ASGARI N, et al. Rainfall and outbreaks of drinking
water related disease and in England and Wales[J]. ] Water Health, 2009,
7(1):1-8.

[15] LAl H, HALES S, WOODWARD A, et al. Effects of heavy rainfall on
waterborne disease hospitalizations among young children in wet and dry
areas of New Zealand [J]. Environ Int, 2020, 145: 106136.

[16] MERTENS A, BALAKRISHNAN K, RAMASWAMY P, et al. Associations
between high temperature, heavy rainfall, and diarrhea among young
children in Rural Tamil Nadu, India: a prospective cohort study [J]. Environ
Health Perspect, 2019, 127(4) : 047004.

[171 PHUNG D, CHU C, RUTHERFORD S, et al. Heavy rainfall and risk of
infectious intestinal diseases in the most populous city in Vietnam[J]. Sci
Total Environ, 2017, 580: 805-812.

[18] DESHPANDE A, CHANG HH, LEVY K. Heavy rainfall events and diarrheal
diseases: the role of urban-rural geography [J]. Am J Trop Med Hyg, 2020,
103(3): 1043-1049.

[19] WU 1Y, YUNUS M, ALI M, et al. Influences of heatwave, rainfall, and tree
cover on cholera in Bangladesh [J]. Environ Int, 2018, 120: 304-311.

[20] CARLTON EJ, EISENBERG JN S, GOLDSTICK J, et al. Heavy rainfall events
and diarrhea incidence: the role of social and environmental factors[J].
Am J Epidemiol, 2014, 179(3) : 344-352.

[21] MORRAL-PUIGMAL C, MARTINEZ-SOLANAS E, VILLANUEVA CM, et al.
Weather and gastrointestinal disease in Spain: a retrospective time series
regression study[J]. Environ Int, 2018, 121: 649-657.

[22] ALEXANDER KA, HEANEY AK, SHAMAN J. Hydrometeorology and flood
pulse dynamics drive diarrheal disease outbreaks and increase
vulnerability to climate change in surface-water-dependent populations: a
retrospective analysis [J]. PLoS Med, 2018, 15(11): e1002688.

(23] BRIE, WER, WEE, & TR AENHEBREMETE L
R MM AESE ARSI U], FEAHE T4, 2019, 35(8) : 1043-1046.

wWww.jeom.org


https://doi.org/10.18306/dlkxjz.2020.10.001
https://doi.org/10.18306/dlkxjz.2020.10.001
https://doi.org/10.1016/S0140-6736(20)32290-X
https://doi.org/10.1017/S0950268812001653
https://doi.org/10.1016/S0140-6736(20)30114-8
https://doi.org/10.1016/S1473-3099(17)30276-1
https://doi.org/10.1016/S1473-3099(18)30362-1
https://doi.org/10.1016/S2214-109X(19)30268-2
https://doi.org/10.1016/S0140-6736(13)60222-6
https://doi.org/10.1021/acs.est.5b06186
https://doi.org/10.1007/s40572-018-0199-7
https://doi.org/10.1007/s40572-018-0199-7
https://doi.org/10.2105/AJPH.91.8.1194
https://doi.org/10.1080/09603120600641326
https://doi.org/10.2166/wh.2009.143
https://doi.org/10.1016/j.envint.2020.106136
https://doi.org/10.1289/EHP3711
https://doi.org/10.1289/EHP3711
https://doi.org/10.1016/j.scitotenv.2016.12.027
https://doi.org/10.1016/j.scitotenv.2016.12.027
https://doi.org/10.4269/ajtmh.19-0768
https://doi.org/10.1016/j.envint.2018.08.012
https://doi.org/10.1093/aje/kwt279
https://doi.org/10.1016/j.envint.2018.10.003
https://doi.org/10.1371/journal.pmed.1002688
https://doi.org/10.11847/zgggws1124336
https://doi.org/10.18306/dlkxjz.2020.10.001
https://doi.org/10.18306/dlkxjz.2020.10.001
https://doi.org/10.1016/S0140-6736(20)32290-X
https://doi.org/10.1017/S0950268812001653
https://doi.org/10.1016/S0140-6736(20)30114-8
https://doi.org/10.1016/S1473-3099(17)30276-1
https://doi.org/10.1016/S1473-3099(18)30362-1
https://doi.org/10.1016/S2214-109X(19)30268-2
https://doi.org/10.1016/S0140-6736(13)60222-6
https://doi.org/10.1021/acs.est.5b06186
https://doi.org/10.1007/s40572-018-0199-7
https://doi.org/10.1007/s40572-018-0199-7
https://doi.org/10.2105/AJPH.91.8.1194
https://doi.org/10.1080/09603120600641326
https://doi.org/10.2166/wh.2009.143
https://doi.org/10.1016/j.envint.2020.106136
https://doi.org/10.1289/EHP3711
https://doi.org/10.1289/EHP3711
https://doi.org/10.1016/j.scitotenv.2016.12.027
https://doi.org/10.1016/j.scitotenv.2016.12.027
https://doi.org/10.4269/ajtmh.19-0768
https://doi.org/10.1016/j.envint.2018.08.012
https://doi.org/10.1093/aje/kwt279
https://doi.org/10.1016/j.envint.2018.10.003
https://doi.org/10.1371/journal.pmed.1002688
https://doi.org/10.11847/zgggws1124336
www.jeom.org

302 #445-5723L&% | Journal of Environmental and Occupational Medicine | 2022, 39(3)

LAO JH, LIU ZD, LIU YY, et al. Influence of floods on incidence of other
infectious diarrhea and vulnerable population in Chengdu city[J]. Chin J
Public Health, 2019, 35(8): 1043-1046.

[24] ZHANG N, SONG DD, ZHANG J, et al. The impact of the 2016 flood event
in Anhui Province, China on infectious diarrhea disease: an interrupted
time-series study [J]. Environ Int, 2019, 127: 801-809.

[25] ZHANG F, LIU Z, GAO L, et al. Short-term impacts of floods on enteric
infectious disease in Qingdao, China, 2005-2011[J]. Epidemiol Infect,
2016, 144(15): 3278-3287.

[26] GONG L, HOU S, SU B, et al. Short-term effects of moderate and severe
floods on infectious diarrheal diseases in Anhui Province, China[J]. Sci
Total Environ, 2019, 675: 420-428.

[27] %7, NER, BERE, F. 1T T4 2004-20105F 35 R EXT A E 14 Fx
BIRFMB A D], PERITRFSE, 2016, 37(5) : 686-688.

XU X, LIU ZD, HAN DB, et al. Study on influence of floods on bacillary
dysentery incidence in Liaoning province, 2004-2010[J]. Chin J Epidemiol,
2016, 37(5) : 686-688.

[28] XER, FHRIE, XWEE, F. i E BRI XHE RIS R
ReffEssHtX [1]. IWARARFFIR(EFHR), 2018, 56(8): 37-42.

LIU ZD, LAO JH, LIU YY, et al. Lag effect and vulnerable areas of floods on
bacillary dysentery in Hunan Province[J]. J Shandong Univ (Health Sci),
2018, 56(8): 37-42.

[29] LIAO WM, WU J B, YANG LP, et al. Detecting the net effect of flooding on
infectious diarrheal disease in Anhui Province, China: a quasi-
experimental study [J]. Environ Res Lett, 2020, 15(12): 125015.

[30] DING GY, ZHANG Y, GAO L, et al. Quantitative analysis of burden of
infectious diarrhea associated with floods in northwest of Anhui province,
China: a mixed method evaluation [J]. PLoS One, 2013, 8(6): e65112.

[31] MIETTINEN IT, ZACHEUS O, VON BONSDORFF CH, et al. Waterborne
epidemics in Finland in 1998-1999[J]. Water Sci Technol, 2001, 43(12):
67-71.

[32]LIU ZD, DING GY, ZHANG VY, et al. Identifying different types of flood-
sensitive diarrheal diseases from 2006to 2010in Guangxi, China[J].
Environ Res, 2019, 170: 359-365.

[33] CARLTON EJ, WOSTER AP, DEWITT P, et al. A systematic review and
meta-analysis of ambient temperature and diarrhoeal diseases[J]. Int J
Epidemiol, 2016, 45(1) : 117-130.

[34] COLSTON JM, ZAITCHIK B, KANG G, et al. Use of earth observation-
derived hydrometeorological variables to model and predict rotavirus
infection (MAL-ED): a multisite cohort study[J]. Lancet Planet Health,
2019, 3(6): e248-e258.

[35] SETTY KE, ENAULT J, LORET JF, et al. Time series study of weather, water
quality, and acute gastroenteritis at Water Safety Plan implementation
sites in France and Spain[J]. Int J Hyg Environ Health, 2018, 221(4): 714-
726.

[36] ROSINGER AY. Household water insecurity after a historic flood: diarrhea
and dehydration in the Bolivian Amazon [J]. Soc Sci Med, 2018, 197: 192-
202.

[371 WU JY, YUNUS M, STREATFIELD PK, et al. Impact of tubewell access and
tubewell depth on childhood diarrhea in Matlab, Bangladesh [J]. Environ
Health, 2011, 10(1): 109.

[38]LIU ZD, ZHANG FF, ZHANG Y, et al. Association between floods and
infectious diarrhea and their effect modifiers in Hunan province, China: a
two-stage model [J]. Sci Total Environ, 2018, 626: 630-637.

[39] JOSHI PC, KAUSHAL S, ARIBAM BS, et al. Recurrent floods and prevalence
of diarrhea among under five children: observations from Bahraich
district, Uttar Pradesh, India[J]. Glob Health Action, 2011, 4(1): 6355.

[40] ZUO SD, YANG LP, DOU PF, et al. The direct and interactive impacts of
hydrological factors on bacillary dysentery across different geographical

regions in central China[J]. Sci Total Environ, 2021, 764: 144609.

[41] KUNII O, NAKAMURA S, ABDUR R, et al. The impact on health and risk
factors of the diarrhoea epidemics in the 1998 Bangladesh floods[J].
Public Health, 2002, 116(2) : 68-74.

[42] EMCH M. Diarrheal disease risk in Matlab, Bangladesh[J]. Soc Sci Med,
1999, 49(4): 519-530.

[43] WADE TJ, SANDHU SK, LEVY D, et al. Did a severe flood in the Midwest
cause an increase in the incidence of gastrointestinal symptoms?[J]. Am J
Epidemiol, 2004, 159(4) : 398-405.

[44] MILOJEVIC A, ARMSTRONG B, HASHIZUME M, et al. Health effects of
flooding in rural Bangladesh [J]. Epidemiology, 2012, 23(1) : 107-115.

[45] BHATNAGAR S, DOSAJH U. Diarrhoeal disease morbidity in children below
S years in urban slums of Delhi[J]. Indian J Med Res, 1986, 84: 53-58.

[46] SCHWARTZ BS, HARRIS J B, KHAN Al, et al. Diarrheal epidemics in Dhaka,
Bangladesh, during three consecutive floods: 1988, 1998, and 2004 [J].
Am J Trop Med Hyg, 2006, 74(6) : 1067-1073.

[47]LIU ZD, DING GY, ZHANG Y, et al. Analysis of risk and burden of dysentery
associated with floods from 2004 to 2010 in Nanning, China[J]. Am J Trop
Med Hyg, 2015, 93(5) : 925-930.

[48] ZHANG FF, DING GY, LIU ZD, et al. Association between flood and the
morbidity of bacillary dysentery in Zibo City, China: a symmetric bidirec-
tional case-crossover study[J]. Int J Biometeorol, 2016, 60(12): 1919-
1924.

[49] LU ZD, LI J, ZHANG Y, et al. Distributed lag effects and vulnerable groups
of floods on bacillary dysentery in Huaihua, China[J]. Sci Rep, 2016, 6:
29456.

[50] REINER RC JR, KING AA, EMCH M, et al. Highly localized sensitivity to
climate forcing drives endemic cholera in a megacity[J]. Proc Natl Acad
Sci USA, 2012, 109(6) : 2033-2036.

[51] LEVY K, HUBBARD AE, EISENBERG J N S. Seasonality of rotavirus disease in
the tropics: a systematic review and meta-analysis[J]. Int J Epidemiol,
2009, 38(6): 1487-1496.

[52] MOORS E, SINGH T, SIDERIUS C, et al. Climate change and waterborne
diarrhoea in northern India: impacts and adaptation strategies[J]. Sci
Total Environ, 2013, 468-469 Suppl: $139-5151.

[53] KRAAY AN M, MAN O, LEVY MC, et al. Understanding the impact of
rainfall on diarrhea: testing the concentration-dilution hypothesis using a
systematic review and meta-analysis[J]. Environ Health Perspect, 2020,
128(12): 126001.

[54] GLEASON JA, FAGLIANO JA. Effect of drinking water source on associa-
tions between gastrointestinal illness and heavy rainfall in New Jersey[J].
PLOS One, 2017, 12(3) : e0173794.

[55] ANDRADE L, O'DWYER J, O'NEILL E, et al. Surface water flooding,
groundwater contamination, and enteric disease in developed countries:
a scoping review of connections and consequences[J]. Environ Pollut,
2018, 236: 540-549.

[56] JAGAI JS, LI QL, WANG SL, et al. Extreme precipitation and emergency
room visits for gastrointestinal illness in areas with and without combined
sewer systems: an analysis of Massachusetts data, 2003-2007 [J]. Environ
Health Perspect, 2015, 123(9) : 873-879.

[57] FINGER F, GENOLET T, MARI L, et al. Mobile phone data highlights the role
of mass gatherings in the spreading of cholera outbreaks[J]. Proc Natl
Acad Sci USA, 2016, 113(23) : 6421-6426.

[58] GUERRANT RL, DEBOER M D, MOORE SR, et al. The impoverished gut-a
triple burden of diarrhoea, stunting and chronic disease[J]. Nat Rev
Gastroenterol Hepatol, 2013, 10(4) : 220-229.

[59] ALDERMAN K, TURNER LR, TONG SL. Floods and human health: a
systematic review [J]. Environ Int, 2012, 47: 37-47.

[60] =%, TEX, MEH. BRHFEALBRXANHARARED]. L

wWww.jeom.org


https://doi.org/10.11847/zgggws1124336
https://doi.org/10.11847/zgggws1124336
https://doi.org/10.1016/j.envint.2019.03.063
https://doi.org/10.1017/S0950268816001084
https://doi.org/10.1016/j.scitotenv.2019.04.248
https://doi.org/10.1016/j.scitotenv.2019.04.248
https://doi.org/10.3760/cma.j.issn.0254-6450.2016.05.020
https://doi.org/10.3760/cma.j.issn.0254-6450.2016.05.020
https://doi.org/10.1088/1748-9326/abccf5
https://doi.org/10.1371/journal.pone.0065112
https://doi.org/10.2166/wst.2001.0713
https://doi.org/10.1016/j.envres.2018.12.067
https://doi.org/10.1093/ije/dyv296
https://doi.org/10.1093/ije/dyv296
https://doi.org/10.1016/S2542-5196(19)30084-1
https://doi.org/10.1016/j.ijheh.2018.04.001
https://doi.org/10.1016/j.socscimed.2017.12.016
https://doi.org/10.1186/1476-069X-10-109
https://doi.org/10.1186/1476-069X-10-109
https://doi.org/10.1016/j.scitotenv.2018.01.130
https://doi.org/10.3402/gha.v4i0.6355
https://doi.org/10.1016/j.scitotenv.2020.144609
https://doi.org/10.1016/S0033-3506(02)00506-1
https://doi.org/10.1016/S0277-9536(99)00146-X
https://doi.org/10.1093/aje/kwh050
https://doi.org/10.1093/aje/kwh050
https://doi.org/10.1097/EDE.0b013e31823ac606
https://doi.org/10.4269/ajtmh.2006.74.1067
https://doi.org/10.4269/ajtmh.14-0825
https://doi.org/10.4269/ajtmh.14-0825
https://doi.org/10.1007/s00484-016-1178-z
https://doi.org/10.1038/srep29456
https://doi.org/10.1073/pnas.1108438109
https://doi.org/10.1073/pnas.1108438109
https://doi.org/10.1093/ije/dyn260
https://doi.org/10.1289/EHP6181
https://doi.org/10.1371/journal.pone.0173794
https://doi.org/10.1016/j.envpol.2018.01.104
https://doi.org/10.1289/ehp.1408971
https://doi.org/10.1289/ehp.1408971
https://doi.org/10.1073/pnas.1522305113
https://doi.org/10.1073/pnas.1522305113
https://doi.org/10.1038/nrgastro.2012.239
https://doi.org/10.1038/nrgastro.2012.239
https://doi.org/10.1016/j.envint.2012.06.003
https://doi.org/10.11847/zgggws1124336
https://doi.org/10.11847/zgggws1124336
https://doi.org/10.1016/j.envint.2019.03.063
https://doi.org/10.1017/S0950268816001084
https://doi.org/10.1016/j.scitotenv.2019.04.248
https://doi.org/10.1016/j.scitotenv.2019.04.248
https://doi.org/10.3760/cma.j.issn.0254-6450.2016.05.020
https://doi.org/10.3760/cma.j.issn.0254-6450.2016.05.020
https://doi.org/10.1088/1748-9326/abccf5
https://doi.org/10.1371/journal.pone.0065112
https://doi.org/10.2166/wst.2001.0713
https://doi.org/10.1016/j.envres.2018.12.067
https://doi.org/10.1093/ije/dyv296
https://doi.org/10.1093/ije/dyv296
https://doi.org/10.1016/S2542-5196(19)30084-1
https://doi.org/10.1016/j.ijheh.2018.04.001
https://doi.org/10.1016/j.socscimed.2017.12.016
https://doi.org/10.1186/1476-069X-10-109
https://doi.org/10.1186/1476-069X-10-109
https://doi.org/10.1016/j.scitotenv.2018.01.130
https://doi.org/10.3402/gha.v4i0.6355
https://doi.org/10.1016/j.scitotenv.2020.144609
https://doi.org/10.1016/S0033-3506(02)00506-1
https://doi.org/10.1016/S0277-9536(99)00146-X
https://doi.org/10.1093/aje/kwh050
https://doi.org/10.1093/aje/kwh050
https://doi.org/10.1097/EDE.0b013e31823ac606
https://doi.org/10.4269/ajtmh.2006.74.1067
https://doi.org/10.4269/ajtmh.14-0825
https://doi.org/10.4269/ajtmh.14-0825
https://doi.org/10.1007/s00484-016-1178-z
https://doi.org/10.1038/srep29456
https://doi.org/10.1073/pnas.1108438109
https://doi.org/10.1073/pnas.1108438109
https://doi.org/10.1093/ije/dyn260
https://doi.org/10.1289/EHP6181
https://doi.org/10.1371/journal.pone.0173794
https://doi.org/10.1016/j.envpol.2018.01.104
https://doi.org/10.1289/ehp.1408971
https://doi.org/10.1289/ehp.1408971
https://doi.org/10.1073/pnas.1522305113
https://doi.org/10.1073/pnas.1522305113
https://doi.org/10.1038/nrgastro.2012.239
https://doi.org/10.1038/nrgastro.2012.239
https://doi.org/10.1016/j.envint.2012.06.003
www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(3) 303

FRAEZIR(EFHR), 2018, 56(8): 21-28,36.

JIANG BF, DING GY, LIU XN. Research progress on the relationship
between floods and human health[J]. J Shandong Univ (Health Sci), 2018,
56(8):21-28,36.

[61] FERNANDEZ A, BLACK J, JONES M, et al. Flooding and mental health: a
systematic mapping review [J]. PLoS One, 2015, 10(4) : e0119929.

[62] ZHONG S, YANG LP, TOLOO S, et al. The long-term physical and
psychological health impacts of flooding: a systematic mapping[J]. Sci
Total Environ, 2018, 626: 165-194.

[63] HODGES M, BELLE JH, CARLTON EJ, et al. Delays in reducing waterborne
and water-related infectious diseases in China under climate change[J].
Nat Climate Change, 2014, 4(12): 1109-1115.

[64] BOITHIAS L, CHOISY M, SOULIYASENG N, et al. Hydrological regime and
water shortage as drivers of the seasonal incidence of diarrheal diseases
in a tropical Montane environment[J]. PLoS Negl Trop Dis, 2016, 10(12):
€0005195.

[65] DARVESH N, DAS JK, VAIVADA T, et al. Water, sanitation and hygiene
interventions for acute childhood diarrhea: a systematic review to provide
estimates for the Lives Saved Tool[J]. BMC Public Health, 2017, 17(S4):
776.

[66] COLSTON J, PAREDES OLORTEGUI M, ZAITCHIK B, et al. Pathogen-specific
impacts of the 2011-2012 La Nifia-Associated Floods on Enteric Infections
in the MAL-ED Peru Cohort: a comparative interrupted time series
analysis[J]. Int J Environ Res Public Health, 2020, 17(2) : 487.

[67] BB BB RIKFE K SBURR MRS R E XL R4t & 2200 E R
R [D]. I ALK, 2020.

LIAO W M. Risk of infectious diarrhea diseases caused by extreme
precipitation and its social influencing factors in Anhui province,
China[D]. Guangzhou: Sun Yat-sen University, 2020.

[68]LO IACONO G, ARMSTRONG B, FLEMING LE, et al. Challenges in
developing methods for quantifying the effects of weather and climate on
water-associated diseases: a systematic review[J]. PLoS Negl Trop Dis,
2017, 11(6) : e0005659.

[69] KRAAY AN M, BROUWER AF, LIN N, et al. Modeling environmentally
mediated rotavirus transmission: the role of temperature and hydrologic
factors [J]. Proc Natl Acad Sci USA, 2018, 115(12) : E2782-E2790.

[70] COLLENDER PA, COOKE OC, BRYANT LD, et al. Estimating the
microbiological risks associated with inland flood events: bridging theory
and models of pathogen transport[J]. Crit Rev Environ Sci Technol, 2016,
46(23/24): 1787-1833.

[71] DING GY, LI XM, LI XW, et al. A time-trend ecological study for identifying
flood-sensitive infectious diseases in Guangxi, China from 2005 to
2012[J]. Environ Res, 2019, 176: 108577.

[72] SCOULLOS IM, ADHIKARI S, LOPEZ VAZQUEZ CM, et al. Inactivation of
indicator organisms on different surfaces after urban floods[J]. Sci Total
Environ, 2020, 704: 135456.

[73] B3, JBRAUF X BURE RRA R R G R — — LR BB 1l
[D]. 5%E: WARKHE, 2016.

GAO L. Identifying and projecting flood-related sensitive infectious
diseases—a case study of Anhui province[D]. Ji'nan: Shandong University,
2016.

[74] ONOZUKA D, GASPARRINI A, SERA F, et al. Modeling future projections of
temperature-related excess morbidity due to infectious gastroenteritis
under climate change conditions in Japan[J]. Environ Health Perspect,
2019, 127(7): 77006.

[75] LIU XN, LIU ZD, DING GY, et al. Projected burden of disease for bacillary
dysentery due to flood events in Guangxi, China[J]. Sci Total Environ,
2017, 601-602: 1298-1305.

[76] XIS IR, F2R0 A% 40 B M 1% 22 0 A9 Y3 R 5 9 11 48 Ke FRfk A 5% [D].
PR IWARKE, 2017.

LIU X N. Evaluate and project of the burden of bacillary dysentery
associated with floods[D]. Ji'nan: Shandong University, 2017.

[77] MELLOR J E, LEVY K, ZIMMERMAN J, et al. Planning for climate change: the
need for mechanistic systems-based approaches to study climate change
impacts on diarrheal diseases[J]. Sci Total Environ, 2016, 548-549: 82-90.

(Hegmis | TR, RS - TiEm)

(3% 295 T1)

[25] VERMA V, OZA H, THAKER R, et al. Interleukin-6 and malondialdehyde in
women with preterm birth [J]. Curr Immunol Rev, 2019, 15(2) : 207-212.

[26] HUTCHINSON M F, XU T B. ANUSPLIN version 4.4 user guide[EB/OL].
[2021-07-02]. http://fennerschool.anu.edu.au/files/anusplin44.pdf.

[27] GASPARRINI A. Distributed lag linear and non-linear models in R: the
package dinm[J]. J Stat Softw, 2011, 43(8): 1-20.

[28]WU MY, SONG LL, ZHENG XX, et al. Prenatal exposure of diurnal
temperature range and preterm birth: findings from a birth cohort study
in China[J]. Sci Total Environ, 2019, 656: 1102-1107.

[29] WANG J, WILLIAMS G, GUO Y, et al. Maternal exposure to heatwave and
preterm birth in Brisbane, Australia[J]. BJOG:Int J Obstet Gy, 2013,
120(13): 1631-1641.

[30] VICEDO-CABRERA AM, OLSSON D, FORSBERG B. Exposure to seasonal
temperatures during the last month of gestation and the risk of preterm
birth in Stockholm[J]. Int J Environ Res Public Health, 2015, 12(4): 3962-
3978.

[31] WANG J, CHEN Y, TETT SF B, et al. Anthropogenically-driven increases in
the risks of summertime compound hot extremes[J]. Nat Commun, 2020,
11(1): 528.

[32] ZHU YD, LIANG CM, HU Y B, et al. Repeated measures of prenatal thallium

exposure and placental inflammatory cytokine mRNA expression: the

Ma'anshan birth cohort (MABC) study[J]. Chemosphere, 2020, 246:
125721.

[33] OKAMOTO-MIZUNO K, MIZUNO K. Effects of thermal environment on
sleep and circadian rhythm[J]. J Physiol Anthropol, 2012, 31(1): 14.

[34] DOS SANTOS AMARAL C, CORREA G R E, SERRANO MUIJICA LK, et al. Heat
stress modulates polymorphonuclear cell response in early pregnancy
cows: |. Interferon pathway and oxidative stress[J]. PLoS One, 2021,
16(9): 0257418.

[35] LIU ZF, SUN X G, TANG J, et al. Intestinal inflammation and tissue injury in
response to heat stress and cooling treatment in mice[J]. Mol Med Rep,
2011, 4(3): 437-443.

[36]XU QL, LIU JX, WANG ZL, et al. Heat stress-induced disruption of
endothelial barrier function is via PAR1 signaling and suppressed by
Xuebijing injection [J]. PLoS One, 2015, 10(2) : e0118057.

[37] DADVAND P, BASAGANA X, SARTINI C, et al. Climate extremes and the len-
gth of gestation[J]. Environ Health Perspect, 2011, 119(10) : 1449-1453.

[38] BERIE, 8%, RER, & A_EBNSHFEAREURARATERE
U], gV E4R, 2018, 34(1): 144-148,

ZHAI XH, YANG HF, CHEN HY, et al. Research progress in the toxicity and
determination technology of malondialdehyde[J]. Acta Agric Shanghai,
2018, 34(1): 144-148.

(FCRiE DR, BERE . DR)

wWww.jeom.org


https://doi.org/10.1371/journal.pone.0119929
https://doi.org/10.1016/j.scitotenv.2018.01.041
https://doi.org/10.1016/j.scitotenv.2018.01.041
https://doi.org/10.1038/nclimate2428
https://doi.org/10.1371/journal.pntd.0005195
https://doi.org/10.1186/s12889-017-4746-1
https://doi.org/10.3390/ijerph17020487
https://doi.org/10.1371/journal.pntd.0005659
https://doi.org/10.1073/pnas.1719579115
https://doi.org/10.1016/j.envres.2019.108577
https://doi.org/10.1016/j.scitotenv.2019.135456
https://doi.org/10.1016/j.scitotenv.2019.135456
https://doi.org/10.1289/EHP4731
https://doi.org/10.1016/j.scitotenv.2017.05.020
https://doi.org/10.1016/j.scitotenv.2015.12.087
https://doi.org/10.1371/journal.pone.0119929
https://doi.org/10.1016/j.scitotenv.2018.01.041
https://doi.org/10.1016/j.scitotenv.2018.01.041
https://doi.org/10.1038/nclimate2428
https://doi.org/10.1371/journal.pntd.0005195
https://doi.org/10.1186/s12889-017-4746-1
https://doi.org/10.3390/ijerph17020487
https://doi.org/10.1371/journal.pntd.0005659
https://doi.org/10.1073/pnas.1719579115
https://doi.org/10.1016/j.envres.2019.108577
https://doi.org/10.1016/j.scitotenv.2019.135456
https://doi.org/10.1016/j.scitotenv.2019.135456
https://doi.org/10.1289/EHP4731
https://doi.org/10.1016/j.scitotenv.2017.05.020
https://doi.org/10.1016/j.scitotenv.2015.12.087
https://doi.org/10.1371/journal.pone.0119929
https://doi.org/10.1016/j.scitotenv.2018.01.041
https://doi.org/10.1016/j.scitotenv.2018.01.041
https://doi.org/10.1038/nclimate2428
https://doi.org/10.1371/journal.pntd.0005195
https://doi.org/10.1186/s12889-017-4746-1
https://doi.org/10.3390/ijerph17020487
https://doi.org/10.1371/journal.pntd.0005659
https://doi.org/10.1073/pnas.1719579115
https://doi.org/10.1016/j.envres.2019.108577
https://doi.org/10.1016/j.scitotenv.2019.135456
https://doi.org/10.1016/j.scitotenv.2019.135456
https://doi.org/10.1289/EHP4731
https://doi.org/10.1016/j.scitotenv.2017.05.020
https://doi.org/10.1016/j.scitotenv.2015.12.087
https://doi.org/10.2174/1573395515666191026140006
https://doi.org/10.1016/j.scitotenv.2018.11.305
https://doi.org/10.1111/1471-0528.12397
https://doi.org/10.3390/ijerph120403962
https://doi.org/10.1038/s41467-019-14233-8
https://doi.org/10.1016/j.chemosphere.2019.125721
https://doi.org/10.1186/1880-6805-31-14
https://doi.org/10.1371/journal.pone.0257418
https://doi.org/10.1371/journal.pone.0118057
https://doi.org/10.1289/ehp.1003241
https://doi.org/10.2174/1573395515666191026140006
https://doi.org/10.1016/j.scitotenv.2018.11.305
https://doi.org/10.1111/1471-0528.12397
https://doi.org/10.3390/ijerph120403962
https://doi.org/10.1038/s41467-019-14233-8
https://doi.org/10.1016/j.chemosphere.2019.125721
https://doi.org/10.1186/1880-6805-31-14
https://doi.org/10.1371/journal.pone.0257418
https://doi.org/10.1371/journal.pone.0118057
https://doi.org/10.1289/ehp.1003241
https://doi.org/10.2174/1573395515666191026140006
https://doi.org/10.1016/j.scitotenv.2018.11.305
https://doi.org/10.1111/1471-0528.12397
https://doi.org/10.3390/ijerph120403962
https://doi.org/10.1038/s41467-019-14233-8
https://doi.org/10.1016/j.chemosphere.2019.125721
https://doi.org/10.1186/1880-6805-31-14
https://doi.org/10.1371/journal.pone.0257418
https://doi.org/10.1371/journal.pone.0118057
https://doi.org/10.1289/ehp.1003241
www.jeom.org

	1 暴雨洪涝增加感染性腹泻发病风险
	2 暴雨洪涝在感染性腹泻发病中的环境-社会影响
	2.1 环境因素
	2.1.1 水卫生状况
	2.1.2 自然环境

	2.2 社会经济与文化因素
	2.2.1 社会经济状况
	2.2.2 受教育水平

	2.3 人群及个体易感因素

	3 暴雨洪涝对感染性腹泻发病影响的潜在作用机制
	3.1 驱动病原体传播扩散
	3.2 影响卫生设施和（或）饮用水处理基础设施
	3.3 个体及行为因素的调节作用
	3.4 其他影响路径

	4 暴雨洪涝对腹泻发病影响的社会驱动过程模型构建

