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Key messages

Diarrhoeal disease is a major cause of death

Common pathogens include : viruses (rotavirus),
bacteria (shigella, salmonella) and protozoa

Some pathogens are now amenable to vaccination
Broader interventions improving water supply can
reduce the incidence of diarrhoeal disease but are not
universally implemented

ORS saves lives as part of ICMI, but uptake still limited

Climate change is likely to influence diarrhoeal disease




Burden of disease




Global Burden of Diarrhoeal disease and MDG4

Current estimates that 8.8 million deaths under age of 5 in
2008

A large proportion of mortality in under 5s globally is due to
infectious diseases (68%)

Hence targeting infectious diseases, and particularly diarrhoeal
disease, is a major part of achieving MDG4 (to reduce under 5
mortality by 2/3)

Source: Black et al Lancet 2010



Global Burden of Diarrhoeal disease and MDG4

Estimated number

{uR; milllansy
Meanates aged -27 days
Fretermn birth complications 1033 {0717-1-215)
Birth asphyxia 0-814 {0-563-0-397)
Sepsls 0571 {0-356-0-735)
Other 0-4049 (0-316-0-BE3)
Fnieumoniz® 0-386 [0-264-0-545)
Congenitzl abnommalltiest 0-272 (- 205-0-384)
Diarrhoeas 0079 (0-057-0-211)
Tetanus 0059 (0-032-0-083)
Children aged 1-59 manths
Diarrhoeas 1357 (D-774-1-886)
Frieumomiz™ 1-189 [0-7E0-1-415)
Other Infections 0753 (-7 53-2-830)
Malaria 0-732 {0-601-0-E51)
Orther non-communicable diseases 0-238 (0-143-0-606)
Injury 0273 (0-174-0738)
AIDES 0-201 [(3-186-0-215)
Fertussist] C-195(—)
Kienilngltls 0-164 (0-110-0-728)
Wieasles 0118 (-7 5-0-180)

Congenital abnormalitiest 0-104 (0-07 8-0-160)
Uncertainty range (UR) is defined s the 2.5-497 -5 centile. --=data unarailable.
*Estimated number of deaths in children younger than §years ovenll s

L.57% million {UR 1046 milkon-1-E74 millicn). fEstimated number of

deaths in children younger than §years owerall is0.37 6 milion

[UR 0-2E3 million-0.580 million). $Estimated number of deaths in children
younger than & years overall is 1.336 milion (UR 0-8272 million-2-004 milion).
Wncetainty ange i based on UNAIDS estimated low er and upper bounds for
deaths in children younger than 15 years. 9 Crow oroft and colleagues™
sensitivity analysis presents extreme upper and lower values for vanious inputs.
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Diarrhoea

Table 1: Estimated numbers of deaths by cavse in 2008

Flgure 4: Global causes of child deaths

Data are separated Into deaths of neonates aged 0-27 days and children aged
1-59 months. Causes that led to less than 1% of deaths are not presented.
“Includes data for congenital abnormalities.

Source: Black et al Lancet 2010



Distribution of diarrhoeal deaths by WHO region
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Estimated proportion of under 5 mortality due to
diarrhoeal disease

WHO region Mortality Average of Estimated Uncertainty
stratum® diarrhoea-proportional diarrhoea deaths ranges
mortality (%) (thousands) (thousands)
African (AFR) D 17.8 402 346—455
E 17.5 365 315413
Americas (AMR) B 13.3 35 30-40
D 14.9 14 1216
Eastern Mediter- B 13.4 12 10-14
ranean (EMR) D 16.9 221 190-250
South-East Asia B 22.3 44 34-53
(SEAR) D 24.5 651 500793
Western Pacific B 13.8 105 90118
(WPR)
World 18.7 1870 1558-2193

* WHO subregions are defined on the basis of levels of child and adult mortality: A, very low child and very
low adult mortality; B, low child and low adult mortality; C, low child and high adult mortality; D, high child
and high adult mortality; E, high child and very high adult mortality.




Deaths due to diarrhoea per 100,000 children younger than 5 years

Figure 1: Deaths due to diarrhoea per 100 000 childrenyounger than Syears
Diata from refierence 1.,

Santosham et al LID 10



ICMI (WHO)

- Classifies diarrhoea (watery, persistent, dysenteric)

- Classify dehydration

Type % all %all % deaths

diarrhoea childhood childhood preventable
diarrhoea deaths due to | by standard

diarrhoea case
management

Acute Watery 80 50 100

Dysentery 10 15 80

Persistent 10 35 80

Total 100 100 90

- Intervention bundle includes ORS, vitamin A, zinc
supplements




Causes of disease




Pathogens causing diarrhoeal disease

ACUTE

Bacteria
Shigella
Salmonellae
Vibrio cholerae
E Coli
Campylobacter

Viral
Rotavirus
Hepatitis A,E
SMRYVs (Norwalk)

Protozoa
Entamoeba histolytica

CHRONIC (> 2weeks)

Giardia
Amoebiasis
Tropical sprue
Non-infective

Malignancy

UcC

Coeliac

Lactase deficiency

Drugs




Shigellosis

Small gram negative rods * Incubation 3 - 4 days

40 serotypes  Prodrome - fever

4 groups , - Diarrhoea for 1 week (1 day to 1

Group A S dysem‘?r/ae month)

Group B S flexneri . Canb _ g tory’

Group C S boydi an be severe ysentery

Group D S sonnei « Complications include:
bacteraemia, septicaemia,
pneumonia,

Typically low infecting dose keratoconjunctivitis, arthrirtis,

(cf salmonellae) Reiter’'s syndrome in

HLAB27+ individuals




Shigella and dysenteric diarrhoea

Major cause of dysenteric diarrhoea
Kotloff et al (1999) Bull WHO

Estimated 1.1 million deaths p.a.

61% are in those under age 5

S. flexeneri most common in developing countries
S. sonnei most common in industrialised countries

Dysenteric diarrhoea responds less well to ORT and risk of
death with dysenteric vs watery diarrhoea 2-7x




Cholera

Incubation 3 — 4 days
« Mild to severe
* Profuse watery stool - “rice

Contaminated water / food

Pandemic in developing world water”
with epidemics « Shock
* Not fever
Toxin mediated from 01 & 0139 « Diagnosis
serotypes of Vibrio cholerae — Comma-shaped darting
bacteria
— Slide agglutination for 01 &
0139 serotypes

— Antibody detection




Viral diarrhoeal disease

Organisms

Rotavirus

Enteric adenoviruses

Calciviruses

Small round viruses

Small round structured viruses (SRSVs)
(Norwalk)

Coronaviruses (Hep A & E)




Rotavirus

Commonest viral gastroenteritis in children
Important cause of mortality in developing world

About 40% of hospitalisations with diarrhoea in SSA are with
rotavirus

Incubation 24 hours

Lasts 2 — 4 days




Interventions to treat disease




UNICEF/WHO Package of interventions

Treatment

Fluids including ORS
Zinc

Prevention
Promotion of breast feeding with Vit A
supplements
Promotion of handwashing
Vaccination for rotavirus and measles
Improved water supply and quality
Improved community sanitation




ORS

Original oral Loner osmolarity
rehydration oral rebydration
solution® solution’
Glucose 111 75
Codium oo 75
Chloride BO 65
Potassium 20 20
Citrate 30 10
Total cemolarity (mOsmyL) 331 245
Data are mimeod/L unless otherwise stated.
Table: Comiposition of original and low-osmiolarty WHO oral
reby dration solution

20% reduction in stool output
30% reduction in vomiting
40% reduction in need for unscheduled IV treatment

Low osmolality ORS now recommended

From Santosham et al LID 10



Evidence for impact of ORS solutions?

Egypt
- Between 1980 and 1991 Decline of 76% In diarrhoeal

death rate in absence of change in diarrhoeal incidence and
more modest reduction in non-diarrhoeal deaths

Brazil

- Between 1980 and 1990 under 5 mortality due to
diarrhoea fell by 67% whilst non-diarrnoeal mortality fell by
32%

Formulation changed in 2002 with aim of improving outcome




Zinc: evidence for impact

- Reduces duration of episodes of both acute and
chronic diarrhoea

- Reduces risk of recurrence in next 2-3 months

- When introduced to community programmes,
iIncreased uptake of ORS

- Overall approximately 50% reduction in mortality




Oral rehydration solution: uptake
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From Santosham et al LID 10



ORS

Percentage of children under five with diamhoea recelving oral refydration
therapy (ORS packet or recommended homemade flulds or Increased flulds)
and continued feeding, by reglon, 2005-2008

East Asla & Pacific* LE&
Middle Eaxst & North Africa 39
SouthAsla 37
Africa 35
Developing countries 39
| | | | |
| | | | |

0 20 40 &0 70 100

Source: United Natlons Children's Fund, The Stare of the Worla's Chrldren 2010,
LUINICEF, New York (forthcomin gl Data are insufficient for Latin America & Carfbbean

ard CEESCIS.
# Excludas China

Source: UNAIDS 2011



Oral rehydration solution: uptake

Possibly hampered by introduction in to ICMI
Less specific funding

Changes to definition of what was considered acceptable fluid
schedule

Similarly, challenges to zinc use

- often not procured, or given in package of care
- lack of awareness of its potential benefits

From Santosham et al LID 10



Percentage of children under five with diarhoea receiving oral rehydration
therapy (ORS packet or recommended homemade flulds ar increased flulds)
and continued feeding, by reglon, 2005-2008

East Asla & Pacific* LG
Middle East & Maorth Africa 39
SouthAsla 37
I ‘ Africa 35
Developing countries 39
| | | | |
I I I I ]

i) 20 A0 &0 7o 100

Source: inited Mations Chilldren's Fund, The State of the Worla's Children 2000,
UMICEF, Mew York (forthcoming). Data are insufficient for LatinAmerica & Caribbean
and CEEfCIS.

* Excludes China




Improving the product to increase uptake

Better flavours (no longer a concern that might od with newer
Formulations

More convenient packaging/dosing, bundling with zinc

Better distribution (e.g. schools, community workers)




Interventions to prevent disease




Interventions to reduce diarrhoeal disease

Vaccination
Breast feeding
Water provision and water quality

Hygiene and Sanitation




Rotavirus vaccination

Characteristics of RotaTeq®

Oral pentavalent vaccine suspended in a liquid buffer/stabilizer.
Administered directly from tube.
3-dose regimen that integrates into
pre-established immunization schedules:
— First dose age 6 to 12 weeks
— Subsequent doses at 1 to 2 month intervals

Concomitant use: DTaP, DTwP, Hep B, Hib, IPV, Prevnar 12,
OPV 3, Hexavalent (T-3Q08) 4,
Meningococcal C conjugate (T-3Q08) >

Contains 5 human-bovine reassortants:
— G serotypes - human G1, G2, G3, G4, and bovine G6
— P serotypes — human P1A[8] and bovine P7[5]

1 Vesikari ef al_, 2006. N Engl J Med, 354: 23-33.
2 Rodriguez et al_, 2007. PIDJ, 26: 221-227

3 Ciarlet et al., PID, in press.

4 Ciarlet et al., submitied PID.J

5 Results to be presented at EAP, Oct 2008.

Source : Ciarlet , Merck



Rotavirus vaccination: landmark study

Phase Illl Studies: Protocol 006 (Rotavirus Efficacy and
Safety Trial [REST]), Protocol 007, and Protocol 009

Multi-centre, 11 countries on 3 continents, from 2001 to 2005
Randomised, double-blind study: RotaTeq® versus placebo controlled
Age at enrolment: 6 to 12 weeks of age, 3 oral doses provided every 4-10 weeks

r Finland

Sweden -
L
Germany
Belgium
Italy

Puerto Ricg
Jamaica
MeXico = —

Guatemala
Costa Rica —

United States

71,799 Subjects Vaccinated
36,203 in RotaTeq® Group
35,596 in Placebo Group

Vesikar ef al_, 2006. N Engl J Med, 354: 23-33
Vesikar ef al_, 2006. WD, 25 (Suppl 1) S42-A47T
Dennehy et al_, 2007 1JID 11 (Suppl 2): S36-S42. REST Subjects Lost to Follow-Up: 81 (0.2%) V: 97 (0.3%) P

Source : Ciarlet , Merck



Rotavirus vaccination: landmark study

Phase ll

Phase lll

Study

Protocol

Composition; subject
number

002

G1-3,P1A
(n = 370)"

005

G1-4,P1A
(n = 499)2

REST 006

G1-4,P1A
(n=4,512)

007

G1-4,P1A
(n=1,115)¢

Severe RGE
% Efficacy (95% CI)

100%

(44-100)

100%

(35-100)

98%

(88-100)

100%

{(13-100)

Any RGE
% Efficacy (95% CI)

13%

(50-88)

74%

(38-91)

4%

(67-80)

73%

(51-86)

Efficacy measured from 14 days after the third dose.
RGE cases with score >16/24 by Clark severity scale based on the intensity and duration of symptoms (fever,

vomiting, diarrhoea, and behavioural changes).

1. Clark et al_, 2004. J Pediair, 144: 184-190.

2 Vesikar ef al., 2006. Vaccdne, 24: 46214829
3. Vesikar ef al., 2006. N Engl J Med, 354: 23-33.
4. Block et al., 2007. Pediatrics, 119: 1118.

Source : Ciarlet , Merck




Rotavirus vaccination

2006 WHO: advocated use of licensed rotavirus vaccine in
Europe and Americas

Greater efficacy data needed from regions of greatest
burden, particularly SSA and SE Asia

Two recent papers published on efficacy




Rotavirus vaccination: Efficacy in Africa

Armah et al 2010

Design: Multicentre placebo controlled trial (Ghana, Kenya, Mali)
Subjects: 5468 infants randomised 1:1 vaccine (3 doses)/placebo
HIV positive not excluded, given with EPI schedule

Primary endpoint: severe GE (Vesikari >=11) 14 days after final
dose

Source : Armah et al 2010



Rotavirus vaccination

Pentavalent rotay lnes vaccine Macebo Vaccne efficacy, % (95% ()  Rate reduction® (95% )

Cases(n)  Person-years  Incidence™  Cases(n)  Person-years  Incidence”
Entire study period (14 days after third dose to end of follow-up)t

Crverall 79 26106 30 129 25859 5 30-3% (10-1 to 547 ) 20 (9t 3-1) |
Ghana 26 10741 24 57 1043-8 G 55-5% (28-0to 73-1) 30 (1410 4-B)

Karya 5 5056 10 14 510-4 27 63-9% (-5-9 to £9-8) 1-B(0:1t037)

Maii 4B 10310 47 58 10266 o 17-6% (-23-0t0 45.0) 10{10t030) ]
First year of Iife (14 days after third dose to age 365 days)

Chverall | 14200 15 58 14025 41 64-2% (40-2 to 79-4) 27 (15 to 4-0)

Ghana 15 558-0 27 42 5475 77 65-0% (355 to 81-9) 50 (2-4to 7-9)

Karva 2 3007 07 12 7091 40 83-4% (255 to 93-2) 33 (11 to 643

Kzl 4 5612 07 4 555-3 o7 1-0% {-4317 to 81-6) 00 {-1-2t01-3)

Secondyear of life (age 366730 days)

Crverall o7 13059 4-4 70 12891 54 19-8% [-15-7 to 44-4) 1-1 [-3-6 1o 2-8) |
Ghana 11 cB45 14 15 5639 7 29-4% (-64-6 107 0-7) 0B {-10t0 27

Karmva 3 719-4 14 z 2263 o9 -547% (-17527t0 B2-3) -0-5(-32t0 20

Mali 43 502-1 E6 53 493-9 106 10-2% {-33-1 10 47-3) 20(-1-Bto &0)

Per-profocod analy ses eccuded participants who recefved fewer than three doses, incormectly received waccine and plicebn, had no follow-up, or had laboratorg-confirmed
naturally oocurring rotavines before the start of the efhcacy follow-up period. Farticipants whaose clasification could not be established becawse of incomplete dinical o
laboratory data orwith stool mmples obtained out of day rangewere not assessed. *Per 100 person-years. { There was folloe- up beyond the second year of e, athough no
rases were reported. Teo participants {one in the vactine group and one in the placebo group) in Mali had severne rotavinus gastroententis after day 366 of life that were
counted as cases in the analysis of the entire shady follee-up period but not in the anakysiswithin the second year of life. This eschusion was becavse paricipants had
laboratorg-confirmed natumlly coourning rofawires 14 days after third dase, but beforne the second yearof life. Cases were ewcluded if they had labomtony- confirmed natumlly
ceccunting ratavinus before the start of the efficacy fallow-up period. For the entire study follow-up period analysis, the term beforewas defined as any time up ta 14 days after
thiird dose; for the within the secondyear of life analysis, beforewas any time up to day 356. $p=0-0003 for efficacy greater than 0%

Table 3: Efficacy of the pentavalent rotavirus vaccine for prevention of severe rotavines gastroenteritls (Veslkan score =11) In Africa by country and
Tollow-up period

Source : Armah et al 2010



Rotavirus vaccination: Efficacy in Asia

Zaman et al 2010

Design: Multicentre placebo controlled trial (Bangladesh,Vietnam)
Subjects: 2036 infants randomised 1:1 vaccine (3 doses)/placebo

Primary endpoint: severe GE (Vesikari >=11) 14 days after final
dose

Source : Zaman et al 2010



Rotavirus vaccination: Efficacy in Asia

Pentavalent rotavinus vaccine Placebo Vacdne efficacy, % (05% Cl)  Rate reduction™ {95% 1)
Cases(n) Person-years Incidence”  Casesin) Person-years [Incidence™

Entire study perlod (14 days after third dose to end of follow-upyt

Overall 38 1197-3 32 71 1156-9 &1 48-3% (22310 6614 30(1-Zto4-8)
Bangladesh 33 7121 46 56 6921 81 42-7% (10-4 to 63-9) 35(0-8mw6-2)
Vietnam 5 4852 1-0 15 4647 32 63-9% (7-6 to 90-9) 23 (0-4t04-4)
Firstyear of life {14 days after third dose to age 365 days)

Overall 19 605-9 31 38 504-3 6-4 S1-0% (12-3t0 73-3) 33(0-8 0 5-9)
Bangladesh 17 3456 49 11 342-4 g1 45-7% {-1-2 to 71-B) 4-1({0-2 to B-4)
Vietmam 2 260-3 -8 7 2519 2.8 723% (4520 97 -3) 2-0{-0-4to51)
Second year of life (age 366-730 days)

Overall 10 cEE-4 32 33 555-& 59 45-5% (1-2t070-7) 27 (02 to5-4)
Bangladesh 16 557 45 5 31375 74 353% (-1B3 0 63-7) 2.0 (-07to&-0)
Vietmam 3 1307 13 B 7181 37 64-6 %(-477 to 93-9) 24 [-0EL0ET)

Per-protocol analyses e duded participantswho received fewer than three doses, incomectly received vaccine and placebo, had o folkoe-up, or bad boratoeg-confinmed
naturally coouming ratavinus before the start of the efficacy follow-up pericd. Pardicipantswhose dassiication could not be established because of incomplete clinical or

bboratary data or with stool samples obtained out of day mnge werne not assessed. #Per 100 person-pears. § Therewas follow-up beyond the secondy ear of life, although no
cases were reparted. +p=0-0005 for eficacy greater than 066

Table 3: Efficacy of the pentavalent motavins vaccine for prevention of severe rotav inus gastroenteritls (Vesikan score=11) InAsia by country and
Tollowe- wp perlod

Source : Zaman et al 2010



Scale up

Desire to scale up vaccination
Needs innovations in cold chain supply

Concerns that it might jeapordise EPI

Source : Zaman et al 2010



Breastfeeding

Percentage of Infants who are exclusively breastfed for the first sik months

of life, by region, 2003-2008

South Asla

Latin America & Carbbean

Africa

Middle East & Narth Africa

CEE/ CIS

Developing countries

45
4

37
| | | |

I I I |
40 &0 70 1040

Source: Uinited Nations Children's Fund, The State of the Worla's Children 201 0, UNICEF,
New York (forthcoming). Data are Insufficlent for East Aska & Pacific

Source: UNAIDS 2011



Other Interventions to reduce diarrhoeal disease

Water
Improved provision of water or water supply at either
household or community level
Water quality — removal of microbes

Hygiene
Hygiene and Health education and promotion
(e.g.handwashing)
Advice on handling pets

Sanitation
Different methods of excreta disposal (particularly
latrines)




v
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Figure 1: Intervention stratification

Fewtrell et al LID 2005



Water Supply Interventions

Zeng-sui et al Bull WHO (1989)

Setting: Rural China

Methodology: Case/control study

Period: June-October 1983

Subjects: 10290 intervention group, 9397 controls
Intervention: DWTW (deep well tap water)
Outcome measure: Enteric infectious diseases




Water Supply Interventions

Zeng-sui et al Bull WHO (1989)

Table 2: Incidence of enterlc Infectious disease (EID) in the study and control regions, 1 June-31 October 1963

EID
Viral hepatitis A Cholera AWD* Dysentery Total

Study region:

No. of cases 2% 1 1816 8 1926

Incidence (per 1000) 25 0.1 176.5 8.1 181.2
Control region:

No. of cases 8 8 2685 8 2865

Incidence (per 1000) 94 09 285.7 89 049

% reduction in study region 130 88.2 382 - 386
Statistical significance® <0001 0.02 <0.001 >0.05 <0001




Water Quality Interventions

Quick et al (2002)

Setting: Periurban (Kitwe, Zambia)

Methodology: Case-control household intervention
Period: April-dJune 1999

Subjects: 260 households (1584 persons)
Intervention: (1) point of use sterilisation with
hypochlorite, (2) durable plastic storage bottles, (3)
community education

Outcome measure: Episodes of diarrhoea

Limitations: non-randomised, field site contaminated by
local enterprise




Water Quality Interventions

% of families with diarrhea
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Sanitation remains a major global issue

SouthAsla
Sub-5aharanAfrica
Middle East & North Africa
East Asla & Pacific

Latin Amenica & Caribbean

CEE/CI5

Developing countries
Industrialized countries
Least developed countries

World

Sharing Improved Unimproved Open defecation

33 10 49
K] 18 23 28
13 18 9
66 7 20 T
78 b 9 7
2 9
9 15 23
33 13 24 30
8 12 18
20% 40% 0% 80% 100%




Comparison of interventions

Hyglene
Exchuding pocr qualiny sudies

Handwashing
Edwcarion

Sanitation

Water supphy
Dianfvoea onlky

Household connection
Srandpipe of community conmecion

Water quality

SoAmCE TrEaTment anly

Howsehold treatment only
Househaold treatmen:

« excluding poor qualicy studies

« Uzl bocarion
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of studies
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0-63 (0-52-0-77)
0-55 (0-40-0-75)
0-56 (0-33-093)
072 (0-63-0-83)

0-68 (0-53-0-87)

0-75 (0-62-0-91)
1-03 (0-73-1-46)
000 (0-43-1-93)
0-04 {0-65-1-35)

0-69 (0-53-0-89)
0-B9 (0-42-1-90)
0-65 (0-48-0-B8)

0-61 (0-46-0-81)
0-61 {0-30-0-04)
0-B6 (0-57-1-28)
0-74 (0-65-0-85)

0-67 (0-50-0-76)

Figure 3: Summary of meta-analysis results

Fewtrell et al LID 2005



Climate change and diarrhoeal disease




Climate change and diarrhoeal disease

Factors potentially associated with diarrhoeal disease
- Weather; short terms trends in temperature and rainfall

Methods: time-series analysis; weather exposure and outcome usually at one
location

Use: early warning systems
- Climate; longer terms trends in climate

Methods: cross-sectional analysis,use of mean values over longer time
periods; multilocational

Use: Infrastructure planning
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Short term association (El Nino, Peru)

Admissions for diarrhoea

Temperature (°C)
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Longer term association

Methods: Global cross-sectional multi site study

Primary outcome: Age-specific all cause diarrhoeal morbidity in
children under 5 years old

Exposures: mean monthly rainfall, mean temperature and climate
type

Lloyd et al 2007




Study sites and climate type

Climate classification
@ Tropical-humid
@ Arid

O Warm temperate
@ Boreal forest/snow

All sites included in Dataset 1
‘A Dataset 2




Outcomes
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Concluded that

Studies of short term association between rainfall and diarrhoeal iliness
are inconclusive

Negative association between rainfall and diarrhoeal disease, possibly
due to increased water scarcity

Didn’t see an impact of mean temperature




Suggested reading:

Diarrhoea: why children are still dying and what can
be done (UNICEF/WHO 2010)

Bridging the gap from knowledge to delivery in the
control of diarrhoea (Isanaka, Bull WHO 2012)

Imperial College
London



Questions

Imperial College
London



