Cholera, WASH and climate
change

Paul R Hunter

( l : '_ The Norwich Medical School

©
University of East Anglia a wate rAId



Aoy 210N «— | —> APy ssen
05 0z 08 0§ 0f §Z 0Z 9L +¢1L ZL 0L 80

I
Buiem D, £12 dd Buiiem 3, 7 18 ¥d BuiLiem >mﬁ-EwmmE ﬂ..... ud
} 2 SaBIIXD JOH p

A 210N «— | —> K@y 5597
sz 02 8'l gl £l 1 It oL 80

o -, i

T1eYd m:_EHmz U.u. N|E Hd mc_ELm,,_; ...“mv-d_._m.wwi je mn_..

S9W4}Xd ainjesadwal-y3iy pue 5 q voneydipaid AnesH g
uoneydidaid-AAeay Jo 92ua44n200
|eqo|3 03 uoiynqgiajuod diuadodoiyjuy

INUY Y PUE ,JBSI3 "W '3

LI9ZILVWITON/BEOLOL *100 | SLOZ ¥V £Z :INITNO GIHSITENd
adueyo rewnp
ameu

SY3L131




SIBaA = BUO| "SUYJUOW O] $H)oaM = 9Je1dpill "S)daM 0] SAPP = JI0US

(Sa[ems JO UONINNSUOD ‘'Sa[eq Mmels 59)

$951N02-191eM SULI2IUD Jan1eW Ae[nonaed jo uonuaAal
SJUBUILLRIUOD JO SULIO)IUOL [PUONIPPY

juejuIsip jo uonedjdde pue Sutiojiuow [njaie)
uononpoud

121em Supjuup jo sasels Alea ul uonenyy [euonippy
suondo SuInos 1ayem SulAjisiaaiqg
oURUIIUIPLL

woalsAs  uonnquisip  pascueyul
jjount adejIns peol jo [013U0d [njaie)
JUIUIYIILD Y UT JUIWABPURLL JUILIINU 121211S
11oA1asal Ajddns 1a1em Jo Buixiw [edNI9A
ueajuisip jo uonedijdde pue Surioluow [njaIe)
suondo SuINOS 131eMm SUlAJISIaAIQ]

pue  Sunojuow

swoo|q [eLadeqourAd 1o [eS[e jo

SUSIS 10] SIOAIISI 191PM IIBLINS JO SULIONIUOW PIsea.IdU]
uonsnpoud

121em Supjuup jo safeys Apea ul uonenjy [euonippy
suondo Supinos 1a1em Sulkjisianlg

$2INOS 1JEM J)BLLIdR JO AIjIqe|IPAY

Ajesuoniaa

J[QISSAIIP 10 [[BD UO J|GRIPAE JJRIS 2]PUII[R JARY 01 U]
sioye1auas 1amod dn-yoeq Suipnpul

‘swasAs  Aiddns  1a1em  our  Aduepunpar  Sulpjing
:snid ‘anoqe ,spoojj pue [[ejuiel Aaeay,, 01 IBjILUIS

1UIAD 158I210]

e 01 Joud suondo Juaunean pascueyua jo uonejuawdjduwi]
SILIOSIAPE 12]eMm [10q JO SuInss]

(s1njuey “§a) 191em ajqerod Jo A1aAljap ey

sy Sunsa) Aenb 1arem

leuosiad pue sadiaap uoneniy asn-jo-wutod jo Ajddng
$3s52001d UONIJJUISIP PAsEaIdUL 10 [EUONIPPY

sjuejd 1a1em

Fupjuup ur el 0 1o1id SI21M IBLINS JO UONBN[Y-1]
suondo Suinos 1a1em SulAjisiaalg

siestwayd Sunysy-aay Jo aduasald

uonPeLLIOJSURI) DO PU® AJIAIDE [BIGOIIIW PAILAI[]
SLWoO|q [eLIdDRqOURAD pue [eS|e Jo $)SLI paleaalq
uoqaed diuesio pasealdu|

SPEO| JUBUILLIEILOD PUE JUILIINU PASEIdu|

JJOun wuois jJo apniiudew pasealdu|

SaIN[IE] WIISAS UOIINQLIISIP pUP Sa8e3I0]q a1 L]
Buixiw pue uONEPIYNEIISIP ]

sjjes SupI-ap wolj uonesuies

SWa)SAS PajeuILLIRIONyD Ul UONPIYLIIU JO 1asuo Aj1eg
wasAs

uonNqLISIP Ul [ENPISal JURIAJUISIP JO SSO| Paleiajaddy
Swoo[q [eL1aldeqourAd pue [eS[e JO S$HSLI PaILAd[]
s1onpoad

-Aq UONDIIJUISIP PAILUILIOI] PASEAIDIUT O] PEI| U

[DIYM ‘I21PMPUNOIS PAIP [RISEOD UI 19]EMI[PS JO LIOISNIU|
SLWoo|q [eLIddeqourRAd pue [e3je Jo SySLI paleaalq

SINJD0 [[ejures 25uo uogaed duesio jo saysny, 28.1e7
1ySnoip jo poriad papualxa 19)Je SPPO| JUILIINU Pasealdu|

‘Auadoad umo d1ayd
01 aSewep 1o sannoyjip wodsuer) 0y anp jjeis A3y Jo sso7
"9A0QE ,SPOO[J PUE [[BJUIRI AABIY,, 0] JB[IWIS

Sunmoan

-110US 01 anp SIIOAIASAl Ul SAWI] UONuUalal uoys Alap
Ajddns [eaunnaga Suipnpul ‘aimdnaseljul 0] asewe(q
A2BI1J2 UONIJUISIP paseatda(]

SUOIIEIIUAIUOD JUBUILWRIUOD pue uaSoyled pasealdu|
SWalsAs 1amMas pauiquiod Jo MO[IIAQ

Jjouns wiols ul sadueIsqns A[qnjos

pue ajepnonted paseanur 01 anp AIpiqinl  pPaleadq

e & & & 5 s 8 s s

. & 8 s

8uo SQIYPIIM

Buo7 01 ;yerapON

PI02 awanxg

21O 13 AWdNXY

2IRIIPON ysnoiqg
sputm ysiy

uoys pue swoisiadng
spooyj

uoys pue [jejutel Aaeay

$918a1e.11S UONESNIW 3ANIYJT

1edw Ajddns asianpy

LAUIAQ ] Ja)e

1J39jjo jo uoneingg JU2A9 alAIIXT

'sa1dale1s uonesniw fqissod pue SIUIA JAYILPIM AWANXA Jo saduanbasuod Knuenb pue fifenb 1a1epy

| AIUN) piAe( *, sunjua[ auId[apeN

1 31qeL

‘» 98edwiny maIpuy ‘, yasna "1 dHapald ‘, 2193 [alue(q ‘., ueyy| [ 1rems

¢S9rgoad ysur gurdueyd o3 jdepe swialsAs

juswdgeuew Ayenb 191em SUDJULIP PINOYS :SIUDAI J9YIPoM IWDIIXT




Some possible mechanisms for extreme
weather events impacting on cholera risk

 Pollution of wells & Boreholes

e Damage to infrastructure

e Damage to distribution networks

e Flooding out of latrines

e Turning to less safe drinking water sources



JBS "V PIABQ pue SUoLISWIY uag “Jaluny 'Y [ned ‘1useAed 1ydleL
‘anbnied ‘D 'S NQy ‘ewnsieS8ep ONA ‘BWNzIYseH oJiyesen
ysapejSueg ul Spooj} 319A3s J3jje pue SuLnp
eaoy.lielp o3 A}iqesauina SuluiwIaap siojoed

'sieak (L0-0002) 3uanbasans pue (£6-9661) Suipadald 0M] 3yl JaA0 a3etaAe 21J103ds-U0seas au} aJam SanjeA pajdadxa aul,

6T'CT 9T Z'86 9¢T 9L'0C T9 8b¢ b1z Atejueg
000> T¢¢C 9¢C 6001 99¢ c0- cLEY 9¢ o 4 19| Arejuesun
19[101 Jo adA],
9C L'l 1¢ 8°9¢ 811 LYY 6¢ 80T ccl $S3] 10 Wg
c0< €261 1I7C 91¥l €0€ C¢0< CLBY 6¢ ¥'RE 8CC wig ueif} 210N
22IN0S 12)eMm 0] DURISI(]
6T°CT 9T 8001 Z91 Z8ts L9 ['9¢ 1+ 1rem def,
1000> T€¢€C LT L6 09 €00 c99¢ Lt 6'CC 801 [lom aqn],
221N0S Jajem SunjuL(]
uonejues pue duANsAY
¥z 61 1¢ 1'661 cct 0L0S 6¢ € 6S 0cE e
;enjea d 12%S6 0 (3) papaedxa (0) pamsesqo enjead 12%S6 3/0 (3).paydadxa  (0) panIasqo
pouad poojj-ysod pouad poold

exeyq ul pouad (6661 Vi %09M -8661 “6E ¥8aM) POOY-1S0d pue (8E-0E ¥9aM) POOY ay) Suunp eIBjoYd JO XU $Sa0x3 | | alqel



WY E LG 6¢) V¢ Y] Y JULHE] UOWIWILY JU 9y ]

(0'692-0°F) 0'SE (0S) ¥¥ (L6) ¥9 193em SuIfioq JoN
. T wRIsAs Iayem-gupyuiip onqnd
(0°'S8T-0°F) 0°LE (SF) OF (L6) 9 R RS
(ID %S6) (88=N) (99=N) —

ORI SPPO PaydIeA SJOUO0D JO (%) "ON  syuaned-ased jo (¢,) "ON

2102 ‘e1pu] ‘ALRydIpuoJ ‘Apnis [01U0d
-9SBD PADILUW ‘SJOIIUO0D PUR $3SLI BIOYLIRIP 23nde Juoue sainsodxa pajdafas jo Aouanbai] 'z ajqer

195U0 JO Aje(]

EN ) Emmo\x%ﬁo ourad1 ] =— S c R rEE8aEBERE R
. $3580 € UIIM PIOISNOH [ B — &s@ SR E2L2R2 22288288 BE R
$35LJ Z YIM PIOYDSNOH S E 28888888 BRBREEEEE
N B § yuey e E P BB PR BEBBEBREEBBEBGEEREREES
= 9SEd T UHM PIOY2SNOH z o p. — =0
N M B oo yam proyasnoy [ Elv o
Njs i l ]
\\/ - leurey | = 001
_ ‘ o Z
ﬂ W sased Areunl g 051 m.
O n —— A2IN0S 00g n.m
I121EM JO uonDaJuIsip 0SZ w
pue Ajddns 123em
M M padid jo aSeddoig 00€
IS 0S€
Z10g ‘e1pu ‘ALIBUDIPUO 135UO JO 31ep A Sased BIOULIRIP JO UonNqsi(] *1 Sy
enyso[ eusep ‘0oAIpep [edeajag
‘prae(q Y| ydasol[ ‘uewe.ee| [edean ) ‘aexaynp “A louel ‘Yereuuod wesdiuel HjaLipadg Auo |
~, L S ; Y / Ly ) a L ¢
< < { 10T ®Elpyj
‘Aaaaydipuod ui auo|aL>) jedidoa ] e Suimojjo4 A|ddng
/ ADJBAA 9jeS JO e Y3IM padjulT] Ye24qinQ eadjoyd)
HS3QY ONVE HOHV53d 35v35id OTOT00% ] 26609091 1SS

NHON rm—ﬂuﬁ: EHU:U—.@EOA.— .GO,D.BEW.Hﬁ WO UUN—Q .%Q m@ﬂﬂu N@O—.ﬂbﬁ.ﬂﬂv Mo QME H&m ¢N Ezmmm IVIOHEEYIA HO4 FUINID TYNOLLYNEILNI g BE-IELIEESW SI0T  HLNN NDOd HLTV3H |




DZ 2D IM@STNDPN JIpWa ‘loyinp bulpuodsario),
DY YInos ‘pLojald ‘Abojouyda] jo AisiaAiun aubmys Juawipda( Yi|paH [PIUBWUOIIAUT,
)N ‘Dijbuy 3503 Jo Aisianiup) ‘dUIIPay JO [0OYIS YIIMION,

423UnH puowiey |ned pue ejoyyn|y A3juels emiquiaingy ‘y.nepniy eiajAs opuaing

3uinoid ododwiy ur Apnis ased e :)eaiqino eidjoy e Jayje
13]BM JB3.) J0U Op SANIUNWIWO0d AYM Juaw)eal) 131eM pjoyasnoy pue eiajoy)

0°€/2u-Aq/sasuadi|/biorsuowiwodannean//duy
140d34 3SVYD [0°E DN-Ag DD] 85U3D[ SUOWIWIOD) AIIE3ID
(s)Joyny ay1 910z © 3Y1 JO SWa) 3y} Japun pajnquisip apiMe ssaxny uado

OL8L-ELET NSSI3 €500-CLET NSSI

LS6/S11'9L0T'€S00ZLEZ/0801°0L/B10"10pXp//:dny
S1@ 194Ul 1 4V YInos H—1:(1) L ‘9107 Sa5DasIq SNONI3Juj JO [DUINOL UDLAJY UIBYINOS



Estimated RO values for cholera in Zimbabwe

and Haiti (Mukandavire & Morris 2015)
Province RO  95%Cl Department RO SE

Zimbabwe (country) 1.151.08-1.23  Haiti(Country) 1.55 0.41
Harare 1.521.14-1.96 Artibonite 2.63 0.18
Bulawayo 1.361.12-1.61 Centre 1.37 0.24
Mashonaland Central 1.381.21-1.54 Grande Anse 1.27 0.35
Mashonaland East 1.110.90-1.32  Nippes 1.06 0.21
Mashonaland West 1.871.34-2.38 Nord 1.53 0.23
Midlands 1.391.23-1.56 Nord Ouest 1.40 0.11
Manicaland 2.061.78-2.34  Nord Est 1.44 0.21
Matebeleland South 2.721.19-4.24  Ouest (Ouest) 1.18 0.06
Matebeleland North 1.721.44-1.99  Port-au Prince (Ouest) 1.89 0.13
Masvingo 1.611.20-2.03  Sud 1.44 0.09

Sud Est 1.17 0.14

Microbiology Spectrum. 2015 Jun;3(3)



Conclusions

e Climate change is likely to increase risk of cholera outbreaks and
epidemics

 The main driver of this increased risk is likely to be an increase in the
incidence of extreme weather events.

e However the impact of extreme weather events on cholera risk will
often be dictated by pre-existing WASH provision or by the damage to
WASH infrastructure or behaviours



Research needs

e Development of tools to identify those communities most likely to
experience cholera outbreaks after extreme weather events.

e Tools to identify those communities where rapid WASH interventions
can prevent subsequent cholera outbreaks

e Tools to identify those communities experiencing outbreaks of
cholera where oral cholera vaccine campaigns may be insufficient to
control an outbreak.

e Understand better how urgent behavioural change may be
implemented when appropriate.



