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canield |  Infants and WASH

Water

« Safe WASH is required to sustain life, prepare food, maintain
personal and domestic hygiene

* Huge knock-on benefit for infants and young children

The ‘first 1000 days’

« Period from conception - 2 years of age
« Proper nutrition crucial for growth and development
« Establishes foundations for lifetime brain function

It’s not just about stunting:

 Improving even basic sanitation responsible for 10% decline 1930 *‘Iiii 39.6%
in child mortality 1990-20151 i

* Impacts on child development too (maternal caregiving / 2014 *iii’ 23.8%
time spent with child) : e

1. Headey D and Palloni G 2019. Demography, 56:729-752; 2. Online at https://www.flickr.com/photos/nealjwilson/39759842901/sizes/m/; 3. ACF and UNICEF WASH-Nutrition Handbook 2017



canfied )  \A/Nat [iINks WASH and undernutrition?

WASH affects all four pillars of nutrition and food security:
1. Food availability
2. Food access
3. Food stability
4. Utilisation of nutrients

The three main causes of undernutrition:

1. Alack of food quality and quantity
2. Poor care practices

3. Infectious disease

...are directly or indirectly related to poor WASH
... including poor WASH access, quality, and related behaviours

1. Online at https://www.washadvocates.org/learn/foodsecurity/; 2. Online at http://www.techforgood.global/blog/wearables-for-good/.




eantid | Stunting, WASH and infectious disease

Water

POOR WASH

Oral rehydration therapy,
nutrition interventions

» Diarrhoea deaths dropped by > half 2000-2015...3

... but diarrhoeal episodes have not similarly decreased*

1. Danaei G et al. 2016 PLoS Med., 13(11):1-18; 2. Troeger C et al. 2018 Lancet Glob. Health, 6(3):e255-e269; 3. Liu L et al. 2016 Lancet, 388(10063):3027-35; 5. Fischer-Walker CL et al. 2012 BMC Pub. Health, 6(3):e230-e231
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A reduction in mortality from diarrhoea but NOT
In episodes...

...means we are preventing infants
from dying from diarrhoea...

but less at preventing the infection in the first
place



wared ] The ‘F’ diagram

TOILET
barrier
(sanitation)

Fluids @
Fields b

N

Feces

1. Brown J et al 2013 Arch Dis Child 2013;98:629-634; 2. Online at https://www.flickr.com/photos/skateboardddddd/4780231871/sizes/I/.
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aaieid ) [Nfection without the signs (that we can see)

Water

Infection with enteric (gut) pathogens is common, often without clinical signs (e.g. diarrhoea)?

* Ininfants who experience frequent exposure to pathogens from faecal-oral transmission
there is a change in gut structure and function?

* This subclinical pathology is termed environmental enteric dysfunction (EED)

It has been argued that EED may be a more important pathway to
stunting than diarrhoea3

1. Kotloff KL et al. 2013; Lancet, 382:209-22; 2. Korpe PS et al. 2012 Trends Molec. Med., 18 (6): 328-336; 3. Humphrey JH 2009 Lancet, 374:1032-35; 4. Online at https://tralfaz.blogspot.com/2017/08/i-cant-see-thing.html. Accessed 09.10.19



canfield | EED: AN old issue in need of new evidence

Environmental enteric dysfunction (or enteric dysfunction, or environmental enteropathy, or tropical
enteropathy)

» Generalised state of subclinical chronic intestinal inflammation?

* Result of chronic exposure to faecal pathogens

 Documented as far back as mid 1700s in European expats in Barbados?
» Peace Corps volunteers?

Why environmental?
* Reversible3
* Closely related to GDP not latitude*

e Expats with enteropathy showed moderately reduced
absorption of carbohydrates, fat and B12°

e ‘Subclinical malabsorption’

1. Korpe PS et al. 2012 Trends Molec. Med., 18 (6): 328-336; 2. Hillary W. 2nd ed. London: Hawes, Clarke, and Collins; 17663. 3. Gerson CD et al. 1971 Ann. Intern. Med., 75(1):41-8; 4. Crane RJ et al. 2015 Food Nutr. Bull., 36(1 0): S76-S87; 5. Keusch GT et al. 1972 Am J Clin Nutr., 25(10):1067-1079; 6. Online
at https://www.imperial.ac.uk/hunger-project/working-groups/gut-barrier-dysfunction/. Accessed 10/10/19.



e Repeated infection and EED pathophysiological processes leading
- to growth failure

Intestinal
Inflammation

Intestinal Enterocyte/
Intestinal
Architecture

Abnormalit
\Yi[Tege]o]F] i

Effects variable and
dependent on the
Immune status of the
host?

Systemic -
Inflammation Malabsorption

Decreased Release of
Appetite and GH Binding
Intake Proteins

Increased Interrupted
Catabolism Bone Growth

Growth Shortfall/
Stunting

1. Denno DM et al. 2016. Washington University Libraries; 2. Kosek MN and the MAL-ED Network Investigators 2017 Ebio Med., 18(2017):109-117



Relationship between poor WASH, infection and undernutrition
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To summarise;

Poor WASH and a contaminated environment increase the risk of faecal ingestion by
infants (and - pathogen infection)

1. High bacterial (pathogen) ingestion overwhelms the gut, resulting in high
concentration in the small intestines - EED

2. Intermittent diarrhoea, anorexia - reduced nutrient absorption

I

Child undernutrition

1. Denno DM et al. 2016. Washington University Libraries; 2. Kosek MN and the MAL-ED Network Investigators 2017 Ebio Med., 18(2017):109-117



Checking in:

What do you see as the main causes of
malnutrition in infants, youth and
children?

What is going down in child diarrhoea —
mortality or cases?
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Undernutrition, infection
and animal pathogens




canied | HOW have WASH interventions been designed?

Water

Back to the F Diagram...

» The traditional F-diagram focuses
on human excreta

However...

* To understand how WASH might improve
infant health outcomes...

...we must understand how each of 5 x ‘Fs’
relate specifically to infants
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1. Brown J et al 2013 Arch Dis Child 2013;98:629-634; 2. Online at https://www.shutterstock.com/image-vector/vector-silhouette-baby-on-white-background-424469746.
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We want to hear from you:

How are your programmes
currently addressing infant-
specific pathways?
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1. Online at https://www.alamy.com/stock-photo-african-baby-ghana-africa-76980545.html; 2. Online at https://bestalbuquerquedentists.com/baby-teeth-care/; 3. Online at https://www.flickr.com/photos/duniaduara/7518037570/sizes/|/; 4. Online at https://www.flickr.com/photos/littlebigafrica/12459790705/sizes/|/; 5. Online at
https://www.alamy.com/stock-photo-black-mother-spoon-feeding-baby-daughter-11419712.html; 6. Online at https://www.flickr.com/photos/unicefethiopia/17603098604/sizes/I/



Gmfed | Infant behaviours and pathogen transmission

Infant behaviours are often not considered:

* Households are where infants spend a lot of time

» Infants often crawl and play on the bare (dirt) floor

* Play with contaminated objects, directly eat faeces from the floor

« Given water from unprotected sources 1

» Given food which is not reheated properly (bacteria multiplies)

* Fed using dirty utensils

All of these risk factors increase exposure to pathogens during critical periods of growth

1. Online at https://tinyurl.com/sta9gfj.
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« The traditional F-diagram focuses on o A
human excreta s /
Fingers

However...

* In many low-income countries, people live closely with
their animals

* Animals often share living and sleeping quarters and are
not separated at all

» Here, animals increase contamination across multiple
transmission pathways inside the home

1. Brown J et al 2013 Arch Dis Child 2013;98:629-634; 2. Food and Agricultural Organization FAOSTAT. http://www.fao.org/faostat/en/#home; 3. Reuters. Online at https://www.economist.com/science-and-technology/2015/12/12/chicken-out.
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1. Credit: J Rosenbaum.
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% of rural households keeping livestock*
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1. FAO. Online at http://www.fao.org/fileadmin/templates/ess/documents/afcas23/Presentations/AFCAS_6b_livestock.pdf; 2. Online at https://www.psychologytoday.com/gb/blog/freedom-learn/200807/children-educate-themselves-ii-lessons-little-kids
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Domestic animals such as poultry,

cattle, sheep, and pigs generate

85% of the world’s animal faecal
waste, proportionally a far greater

amount than the contribution by

the human population.
”

1. Online at https://www.eurekalert.org/multimedia/pub/183059.php.




Animals increase contamination across multiple transmission pathways
Inside the home
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1. Penakalapati G et al. 2017 Environ. Sci. Techmol., 51(20):11537-11552; . 2. Online at https://www.shutterstock.com/image-vector/vector-silhouette-baby-on-white-background-424469746



canfield | WWhat’s the common factor?

Pathogen

Campylobacter

Evidence for correlation
with infant health

Source

Reduced growth®? and
weight?3

Primarily in poultry and cattle; others include dogs and cats, pigs, rodents, and bird

Norovirus*

Reduced growth!and
weight3

Pathogen of livestock. The excreta from infected cattle, pigs and sheep contains large
numbers of infectious particles

Shigella

Cryptosporidium

Reduced growth'3#and
weight3

Found in poultry, shed in the faeces of livestock such as cows and goats

Reduced growth>and
weight®

Most common species are generally considered dog, avian, cat, and rodent species

Enteropathogenic/
Enterotoxigenic E. coli

Giardia

Reduced growth? and
weight34

Animal reservoirs include dogs, sheep, rabbits, pigs, cattle

Reduced growth®37 and
weight3

Commonly isolated in animals such as livestock, dogs, and cats™

*Authors speculated that increased detection of norovirus in cases may be a sequela of impaired mucosal immunity
**However evidence lacking that zoonotic transmission significantly contributes to overall burden of disease

Several pathogens of zoonotic origin are associated with acute gastrointestinal symptoms
arising from contact with animal faeces

1. Rogawski ET and the MAL-ED Network Investigators 2018 Lancet Glob. Health, 6(12):e1319-e1328; 2. Lee G et al. 2013 PLoS Neg. Trop. Dis., 7(1): e2036; 3. Platts-Mills JA et al. 2017 Am. J. Clin. Nutr., 105:1132-1038; 4. Lee G et al. 2014 Pediat. Infect. Dis. J., 33(10):1004-1009; 5. Checkley W et al. 1998 Am. J. Epidemiol.,
148(5):497-506; 6. Checkley W et al. 1997 Am. J. Epidemiol., 145(2):156-63; 7. Prado MS et al. 2005 Parasitol., 131(Pt 1):51-156.




Approximately one third of deaths among under-fives are attributed to
pathogens found in animal faeces?

Cranfield

Water

Giardia ) Shigella ° Enteroaggregative E. coli  °
Enterotoxic E. coli

... and infections are associated with markers of EED1

1. Wang, H et al. Lancet. 2015, 388 (10053), 1459-1544; 2. Online at: https://abcnews.go.com/Health/cdc-warns-pool-parasite-summer/story?id=32060444; 3. Online at https://www.hygiene-in-practice.com/pathogen/campylobacter-jejuni-coli_en/; 4. Online at https://en.wikipedia.org/wiki/Giardia_lamblia; 5. Online at
https://news.psu.edu/story/582818/2019/08/06/research/whole-genome-sequencing-may-help-officials-get-handle-disease; 6. Online at https://www.livescience.com/62600-ecoli-diarrhea-blood-type.html.



aanieid )] TO SUM a complicated story

Water

WASH .

1 Online at https://www.ewb.hk/new-events-1/2019/1/20/wash-water-sanitation-amp-hygiene; 2. Online at http://www.healthygutbugs.com/5-reasons-why-bacteria-is-the-hottest-topic-in-human-health/; 3. Online at https://www.medscape.com/viewarticle/913237; 4. Online at https://www.dreamstime.com/stock-photo-children-compare-body-height-two-little-brothers-showing-
comparing-image44105026; 5. Online at https://www.care.com/c/stories/4655/is-your-baby-teething-early-here-are-4-commo/en-gb/; 6. Online at https://www.stickpng.com/img/animals/chickens/chicken-white and https://webstockreview.net/explore/hen-clipart-live-chicken/; 7. Online at https://www.shutterstock.com/image-vector/vector-silhouette-baby-on-white-background-
424469746



Review:

What are your programmes
currently addressing infant-
specific pathways?




The dangers of a single story
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~50% of undernutrition is associated with infections caused by poor WASH?

1. 1. WHO (2008) Safer water, better health: Costs, benefits and sustainability of interventions to protect and promote health; 2. Online at https://www.dreamstime.com/details-big-picture-as-choice-pictured-words-road-signs-to-show-person-makes-decision-can-choose-either-image171951033.
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...an alternative explanation...

Is that faltering growth occurs as a
consequence of chronic
or recurrent infection...

brought about by living

In an unhygienic 17,
and unsanitary environment...!

1. In: Solomons NM 2003 Am. Soc. Nutr. Sci. J. Nutr. 133:1237; 2. Online at https://www.flickr.com/photos/30641500@N07/3248893828/sizes/z/.




Cranfield
Water

o
...The problem of stunting is not going to be easily fixed

by a little bit of attention to WASH.
Modest efforts to marginally improve environments
are not sufficient.

If we want children in the lowest-income environments
to thrive, [we] need to make environments radically
cleaner. »»

Prof Steve Luby, WASH Benefits Bangladesh

1. Online at https://i.pinimg.com/originals/97/1f/57/971f57bdae720a5069666eac403f8400.jpg.



Houschold Environmental Conditions Are Associated with Enteropathy
and Impaired Growth in Rural Bangladesh

Enteropathogens and Gut Inflammation in Asymptomatic Infants and
Audrie Lin,*} Benjamin F. Arnold,} Sadia Afreen, Rie Goto, Tarique Mohammad Nurul Huds Children in Different Environments in Southern India

Ira Praharajﬂ-’ R Revath-,-;:" Rini Bar1d-,-g;:uendh3@,:.1 Blossom Benn}{.' Mohammed Azharuddin KO:1 Jie Liu,
Am. [ Trop Med Hyg, 93(2), 2015, pp. 269-275 Eric R. Houpt,2 and Gagandeep Kang'
i1 (42690 a) trah . 1 4-(M504

Copyright © 2015 by The American Society of Tropical Medicine and Hygiene

Fecal Markers of Environmental Enteropathy Are Associated with Animal Exposure
and Caregiver Hygiene in Bangladesh

Christine Mane George,* Lauren Oldja, Shwapon K. Biswas, Jamie Perin, Gwenyth O. Lee, Shahnawaz Ahmed,

Dachadnl Moo . Bradley Sack, Tahm . .
Environmental Contamination and Kaisar A. Talul Fecal Corltamina::g::Lﬁ:::;yp’ﬂ;:;z?:;erg ;:iuHouseholds with
Early Childhood Morbidity in ’ ’
K . Grace S. Marquis, MS, Grapys Ventura, BS, Rosert H. GiLman, MD, Esperanza Porras, BS,
enya, Tanzania, and Uganda

. Poultry husbandry, water, sanitation, and hygiene practices,
Assata Zerai, Rebecca L. Morrow, and

and child anthropometry in rural Burkina Faso

Animal_related factors associated Wlth Aulo Gelli* | Derek Headey] Paediatl'ic C&Iﬂp}’lOb&CtCI’ diarrhoea fI'OIIl hOllSGhOld
moderate-to-severe diarrhea in children exposure to live chickens in Lima, Peru
younger than five years in western Kenya: A 1 o n R S e 1 b R .

N _Geanns ° N Repavn < R 1T ACK 1ITZ1 ER
matched case-control study Exposure to Livestock Feces and Water Quality, Sanitation, and Hygiene (WASH) Conditions
Anne Conan', Ciara E. O’Reilly?, Eric Ogola®, J. Benjamin Ochieng®, Anna J. Blackstock?,

among Caregivers and Young Children: Formative Research in Rural Burkina Faso

Francis Ngure,'* Aulo Gelli,” Elodie Becguey,” Rasmané Ganaba,® Derek Headey,” Lieven Huybregts,®
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-+ THING WORSE

«» THAN BEING BLIND
IS HAVING SIGHT

AND NO VISION

1. Online at http://www.quotesforthemind.com/wp-content/uploads/2013/05/See-Quotes-%E2%80%93-Seeing-Quotes-%E2%80%93See-the-World-Sayings-%E2%80%93Quote-The-only-thing-worse-than-being-blind-is-having-sight-and-no-vision.jpg.



What does this mean for WASH interventions
aiming to improve child health?
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1. Budge S et al. 2019 Nutr. Rev. 77(4): 240-253.
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infection

Malnutrition
and stunting
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(sanitation)

Human
AND
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1. Brown J et al 2013 Arch Dis Child 2013;98:629-634.
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Transformative WASH:

* An approach to delivering WASH that is ‘radical’ and
fully comprehensive

* Interventions or changes that may be structural,
technical, behavioural...

« Aims to address each possible transmission route

Interventions must consider every aspect of WASH
AND environmental hygiene

« Water, sanitation and hygiene are ALL linked together
* Good infant health depends on each factor individually...

... As well as the many interactions between them

1. Online at https://www.howwemadeitinafrica.com/nanofilter-an-african-innovation-for-safe-drinking-water/50553/; 2. Online at https://www.flickr.com/photos/duniaduara/7518037570/sizes/I; 3. Online at https://theconversation.com/yes-washing-our-hands-really-can-help-curb-the-spread-of-coronavirus-132915l; 4. Online at
https://www.shutterstock.com/image-photo/dirty-pan-after-dinner-on-table-268095203; 5. Online at https://www.psychologytoday.com/gb/blog/freedom-learn/200807/children-educate-themselves-ii-lessons-little-kids; 6. Online at https://www.flickr.com/photos/gtzecosan/6618611465/sizes/|/.



canfield | BabyWASH intervention components

BabyWASH interventions aim to:1!

1. Improve household sanitary and hygienic conditions
Improve personal hygiene practices

2
3. Avoid ingestion of faeces and contaminated objects during infant play
4

Achieve the safe storage and use of water

5. Maintain good hygiene practices in the preparation and storage of infant foods S )
(food safety)

1. BabyWASH and the first 1000 days. Action Against Hunger 2017; 2. Credit: J Rosenbaum.



~.~ )\ Moving forward with WASH intervention design,
- we need to remember...

1. We need transformative WASH but also BABYWASH components:
« Safe feeding practices
« Adequate separation from animals

» Environmental hygiene

2. We need to think bigger, more long term and more comprehensive...

* Reducing exposure to bacteria within the home can only be tackled
through a truly integrated approach

3. Infection and undernutrition cross issues and sectors —and so must the solutions.

1. Online at https://www.worldvision.org/clean-water-news-stories/walk-water-6k.
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