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1. Scientific	background	and	rationale

Soil	transmitted	helminth	(STH)	infections,	including	infections	with	Ascaris	lumbricoides	
(roundworm),	Trichuris	trichiura	(whipworm),	and	Necator	americanus	and	Ancylostoma	
duodenale	(hookworms)	affect	more	than	one	billion	people	worldwide	(Campbell	et	al.	
2016).	Chemotherapy	in	the	form	of	mass	drug	administration	with	anthelmintic	drugs	
such	as	benzimidazoles	is	effective	in	reducing	infection	(Keiser	and	Utzinger	2008;	
Vercruysse	et	al.	2011).	However,	the	risk	of	developing	drug	resistance	is	a	concern	given	
the	limited	number	of	currently	available	drugs	(Campbell	et	al.	2016).	Additionally,	in	the	
absence	of	environmental	measures	to	reduce	transmission	from	feces	to	new	hosts,	rapid	
reinfection	following	treatment	is	common;	a	systematic	review	and	meta-analysis	has	
shown	that,	12	months	post-treatment,	the	infection	prevalence	reverts	to	94%	of	pre-
treatment	levels	for	Ascaris,	82%	for	Trichuris	and	57%	for	hookworm	(Jia	et	al.	2012).		

Improvements	in	water	and	sanitation	infrastructure	to	break	environmental	transmission	
cycles	of	helminths	have	been	identified	as	critical	steps	to	sustainably	reduce	the	global	
burden	of	STH	infections	(Anderson	et	al.	2014;	Campbell	et	al.	2014).	However,	there	is	
limited	evidence	to	date	on	the	impact	of	water,	sanitation	and	hygiene	(WSH)	
interventions	on	STH	transmission	(Campbell	et	al.	2016).	Two	recent	systematic	reviews	
found	significantly	reduced	odds	of	STH	infection	associated	with	water	treatment,	
sanitation	access	and	handwashing	(Strunz	et	al.	2014;	Ziegelbauer	et	al.	2012);	however,	
this	evidence	was	mostly	based	on	observational	studies.	There	have	been	few	randomized	
assessments	of	the	effectiveness	of	WSH	interventions	in	reducing	STH	transmission.	Two	
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randomized	controlled	trials	of	sanitation	interventions	in	rural	India	found	no	reduction	
in	STH	prevalence;	these	negative	results	could	be	because	the	intervention	villages	did	not	
receive	sufficiently	high	latrine	coverage	to	break	transmission	cycles	(Clasen	et	al.	2014;	
Patil	et	al.	2014).	Randomized	trials	of	hygiene	and	health	education	interventions	have	
also	had	mixed	success	in	reducing	STH	infections	(Campbell	et	al.	2016).	A	randomized	
trial	found	that	a	school-based	WSH	program	reduced	reinfection	prevalence	for	Ascaris	
but	not	for	other	STH	species	(Freeman	et	al.	2013).	Similarly,	the	impact	of	host	
nutritional	status	on	STH	infections	is	poorly	understood	(Yap	et	al.	2014).	WASH	Benefits	
is	the	first	randomized	trial	to	assess	the	impact	of	individual	and	combined	WSH	and	
nutrition	interventions	on	STH	infection	prevalence	and	intensity.	
	
2.	Objectives	and	hypotheses	
	
The	WASH	Benefits	study	measures	the	impact	of	individual	and	combined	WSH	and	
nutrition	interventions	on	growth,	development	and	enteric	disease	in	young	children	in	
Kenya	and	Bangladesh.	This	document	outlines	the	STH	outcomes	collected	in	the	
Bangladesh	trial,	which	aim	to	test	the	following	hypotheses:	

	
H1	(primary	hypothesis):	Do	water,	sanitation,	handwashing	and	nutrition	interventions,	
alone	and	in	combination,	reduce	STH	infection	prevalence	and	intensity	among	young	
children?	
	
H2:	Do	combined	WSH	interventions	reduce	STH	infection	prevalence	and	intensity	among	
young	children	more	than	individual	water,	sanitation	and	handwashing	interventions?	

	
H3:	Do	combined	WSH	plus	nutrition	interventions	reduce	STH	infection	prevalence	and	
intensity	among	young	children	more	than	WSH	or	nutrition	alone?	
	
3.	Study	design	
	
The	WASH	Benefits	trial	has	a	cluster-randomized	design,	where	eight	households	eligible	
for	enrollment	were	defined	to	constitute	a	cluster	and	a	buffer	zone	of	a	minimum	of	15	
minutes	walking	distance	was	enforced	before	enrolling	the	next	cluster	to	minimize	
spillovers	between	enrolled	clusters.	Eight	adjacent	clusters	were	defined	to	form	a	block;	
clusters	were	randomized	into	study	arms	within	the	block,	providing	geographically	pair-
matched	randomization	to	increase	the	efficiency	of	effect	estimates	as	study	outcomes	are	
expected	to	be	correlated	with	geographical	characteristics.	The	trial	had	six	intervention	
arms	and	a	double-sized	control	arm.		
	
4.	Participants	
	
The	WASH	Benefits	Bangladesh	trial	was	conducted	in	the	Gazipur,	Mymensingh,	Tangail	
and	Kishoreganj	districts	of	central	Bangladesh,	selected	based	on	the	following	criteria:	
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• Located	in	a	rural	area.	
• Drinking	water	with	low	levels	of	iron	(<1	mg/L	on	average)	and	arsenic	(<50μg/L	

on	average)	as	documented	in	the	collaborative	assessments	by	the	Government	of	
Bangladesh	and	the	British	Geological	Survey.	Water	chemistry	eligibility	criteria	
were	used	because	pilot	studies	indicated	that	when	iron	or	arsenic	levels	were	high	
the	chlorine	demand	for	household	water	treatment	was	unpredictable.	

• The	Government	of	Bangladesh,	international	nongovernment	organizations	
working	in	Bangladesh	and	local	government	authorities	report	that	no	major	
water,	sanitation	or	focused	nutrition	programmes	are	operating	or	planned	in	the	
area	during	the	two-year	study	period.	

• Not	located	in	haor	areas	(areas	completely	submerged	during	the	monsoon	
season).	

	
In	the	selected	districts,	the	trial	enrolled	compounds	according	to	the	following	inclusion	
and	exclusion	criteria.	
	

Inclusion	criteria:	
• Pregnant	woman	in	her	first	or	second	trimester	in	the	compound.	
• The	pregnant	woman	plans	to	stay	in	the	village	for	the	next	12	months.	

	

Exclusion	criteria:	
• Household	does	not	own	their	home	(excluded	to	minimize	loss	to	follow-up).	
• Household	draws	water	from	a	source	with	high	iron	content	(excluded	to	optimize	

the	effectiveness	of	the	chlorine-based	water	treatment	intervention).	
	
The	children	born	to	the	enrolled	pregnant	women	were	considered	“index”	children.	STH	
outcomes	were	measured	in	the	following	children:	
	

• Index	children	
• Children	living	in	the	enrolled	compound	that	were	aged	18-27	months	at	baseline	
• One	child	aged	5-12	years	per	enrolled	compound;	we	selected	the	youngest	5-12	

year	old	sibling	of	the	index	child,	if	not	available	then	the	youngest	5-12	year	old	
child	living	in	the	same	household	as	the	index	child,	if	not	available	then	the	
youngest	5-12	year	old	child	living	in	the	same	compound	as	the	index	child	

	
5.	Intervention	arms	
	
The	WASH	Benefits	intervention	arms	included	water	treatment,	sanitation,	handwashing,	
nutrition,	combined	water	treatment,	sanitation	and	handwashing	(WSH)	and	combined	
WSH	plus	nutrition.	The	intervention	packages	entailed	the	following	(Arnold	et	al.	2013).	
	

• Water	treatment:	Chlorine	tablets	(Aquatabs;	NaDCC)	and	safe	storage	vessel	to	
treat	and	hygienically	store	drinking	water.	

• Sanitation:	Child	potties,	sani-scoop	hoes	to	remove	feces	from	households	and	
compounds,	and	latrine	upgrades	to	a	dual	pit	latrine	for	all	households	in	study	
compounds.	
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• Handwashing:	Handwashing	stations	near	the	latrine	and	kitchen,	including	soapy	
water	bottles	and	detergent	soap.	

• Nutrition:	Lipid-based	nutrient	supplements	(LNS),	exclusive	breastfeeding	and	age-
appropriate	recommendations	on	maternal	nutrition	and	infant	feeding	practices,	in	
accordance	with	the	Government	of	Bangladesh	nutrition	policy.		

	
Local	promoters	visited	study	compounds	at	least	twice	a	month	to	deliver	behavior	
change	messages	that	focused	on	(1)	treating	drinking	water	for	children	aged	<	36	
months,	(2)	use	of	latrines	for	defecation	and	disposal	of	human	and	animal	feces	from	the	
compound,	(3)	handwashing	with	soap	at	critical	times	around	food	preparation,	and	after	
toilet	use,	contact	with	feces	or	cleaning	child’s	anus,	and	(4)	exclusive	breastfeeding	for	
index	children	aged	0-6	months,	continued	breastfeeding	for	index	children	through	24	
months,	use	of	LNS	for	index	children	aged	6-24	months	and	age-appropriate	nutrition	
practices	from	pregnancy	to	24	months	of	age	for	the	index	child.		
	
The	WSH	interventions	aimed	to	improve	the	environmental	conditions	of	the	index	
children	from	birth	to	reduce	their	early-life	exposure	to	fecal	pathogens.	Households	in	
Bangladesh	are	clustered	in	multiple-family	compounds	shared	by	members	of	extended	
families;	the	interventions	aimed	to	modify	the	compound	environment	as	the	family	
compound	was	expected	to	present	the	primary	domain	of	fecal	exposure	for	young	
children,	and	compound-level	environmental	conditions	have	been	shown	to	be	associated	
with	enteric	outcomes	in	young	children	in	rural	Bangladesh	(Lin	et	al.	2013).		
	
6.	Outcomes	
	
STH	outcomes	were	measured	24	months	after	intervention	delivery,	when	index	children	
were	aged	30	months	on	average.	Field	staff	distributed	sterile	stool	collection	containers	
to	the	primary	caregivers	of	the	children	eligible	for	specimen	collection,	instructed	them	
to	collect	stool	from	the	following	morning’s	defecation	events,	and	returned	to	the	
household	later	on	the	day	of	defecation	to	retrieve	the	containers.	Specimens	were	
transported	on	ice	to	the	field	laboratory	and	analyzed	on	the	same	day	for	Ascaris	
lumbricoides,	Trichuris	trichiura,	and	Necator	americanus	and	Ancylostoma	duodenale	
(hookworm)	ova	using	the	double-slide	Kato-Katz	method	(Katz	et	al.	1972).	The	Kato-Katz	
method	provides	quantitative	measures	of	infection	intensity,	measured	in	eggs	per	gram	
(epg),	as	well	as	measures	of	infection	prevalence.	Infection	intensity	is	associated	with	
STH-related	morbidity	and	transmission	rates	(Bethony	et	al.	2006;	Brooker	et	al.	2006)	
and	is	therefore	a	recommended	epidemiological	measure	to	characterize	STH	infections	
and	measure	intervention	impact	(Anderson	et	al.	2014,	2013).		
	
Primary	outcomes:	

• Prevalence	of	STH	infections	(Ascaris,	Trichuris,	hookworm),	for	organism-
specific	infection	as	well	as	infection	with	any	organism.	

• Intensity	of	STH	infections	(Ascaris,	Trichuris,	hookworm),	measured	in	eggs	per	
gram	(epg)	for	organism-specific	infection.		
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Secondary	outcomes:	
• Intensity	category	of	STH	infections	(Ascaris,	Trichuris,	hookworm),	measured	as

low,	moderate	or	high	intensity	infection	using	the	following	WHO	cut-offs	based	on
eggs	per	gram	of	stool	(WHO	2002).

Low	intensity	
(epg)	

Moderate	intensity	
(epg)	

High	intensity	
(epg)	

Ascaris	 1-5000 5000-50000	 >50000
Trichuris	 1-1000 1000-10000	 >10000
Hookworm	 1-2000 2000-4000	 >4000

7. Minimum	detectable	effect	size

The	WASH	Benefits	study	was	designed	and	sized	to	detect	intervention	impacts	on	child	
length	and	diarrhea.	The	selected	sample	size	for	the	study	was	5,040	pregnant	mothers	in	
720	clusters	(7	mothers/cluster).	To	calculate	the	minimum	detectable	effect	(MDE)	for	
this	sample	size,	we	assumed:	(1)	Two	children	per	enrolled	household	eligible	for	stool	
collection,	and	(2)	70%	stool	recovery.	We	estimated	the	infection	prevalence	and	
intraclass	correlation	coefficient	(ICC)	in	the	control	group	using	data	from	a	study	in	rural	
Bangladesh	that	measured	STH	outcomes	in	~1000	preschool-aged	and	school-aged	
children	(Benjamin-Chung	et	al.	2015).	With	these	assumptions,	the	selected	sample	size	
allows	the	following	MDEs	between	any	intervention	arm	and	the	double-sized	control	arm	
with	80%	power	and	a	two-sided	α	of	0.05.	We	note	that,	with	the	given	sample	size	and	
this	set	of	assumptions,	the	study	is	powered	to	detect	only	relatively	large	reductions	in	
the	prevalence	of	individual	STH	species;	however,	these	MDEs	are	subject	to	change	
depending	on	the	actual	prevalence	and	ICC	values	that	we	observe	in	our	study.	

Prevalence	in	
control	arm	(%)	

ICC	 Relative	
Reduction	(%)	

Ascaris	 14	 0.11	 41	
Trichuris	 22	 0.21	 39	
Hookworm	 5	 0.02	 50	
Any	STH	 50	 0.14	 18	

8. Effect	modifiers

Age	is	strongly	correlated	with	the	intensity	and	prevalence	of	STH	infections	and	different	
species	display	different	patterns	of	age-dependence.	Ascaris	and	Trichuris	infection	
intensity	peaks	in	children	aged	5-15	years	and	declines	in	adults,	while	hookworm	
infection	intensity	increases	with	age	(Anderson	et	al.	2014).	Infection	prevalence	for	all	
three	species	peaks	in	school-aged	children	and	remains	at	a	plateau	into	adulthood	
(Anderson	et	al.	2014).	The	reasons	for	these	age-dependent	patterns	include	temporal	
changes	in	exposure,	changes	in	immunity	with	increasing	age	or	both	(Galvani	2005).		
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Other	factors	that	potentially	affect	STH	outcomes	include	the	number	of	individuals	and	
the	number	of	school-aged	children	living	in	the	compound,	recent	deworming	(Benjamin-
Chung	et	al.	2015),	floor	material	(Benjamin-Chung	et	al.	2015),	wearing	shoes	(Tomczyk	et	
al.	2014)	and	geophagia	(Glickman	et	al.	1999).	Additionally,	baseline	sanitary	conditions	
could	impact	the	magnitude	of	the	reductions	in	STH	infections	achieved	by	the	WASH	
Benefits	interventions;	compounds	with	the	poorest	sanitary	conditions	at	the	time	of	
enrollment	would	presumably	experience	greater	benefits	from	the	interventions.	
	
Finally,	the	sensitivity	of	the	Kato-Katz	method	has	been	shown	to	decline	with	increasing	
time	gap	between	defecation	and	sample	processing	(Dacombe	et	al.	2007).	We	targeted	to	
collect	stool	samples	from	defecation	events	that	occurred	on	the	day	of	sample	processing;	
however,	a	subset	of	participants	submitted	samples	from	the	previous	day’s	defecation	
events.	These	older	samples	could	have	lower	ova	counts	due	to	reduced	sensitivity.	
	
9.	Analysis	
	
9.1	Statistical	parameters	
To	test	our	hypotheses,	we	will	conduct	comparisons	between	the	following	study	arms.	
	
H1	(primary	hypothesis):	Compare	STH	infection	prevalence	and	intensity	in	the	water,	
sanitation,	handwashing,	combined	WSH,	nutrition	and	combined	WSH	plus	nutrition	arms	
to	the	double-sized	control	arm.	
	

H2:	Compare	STH	infection	prevalence	and	intensity	in	the	combined	WSH	arm	to	the	
individual	water,	sanitation	and	handwashing	arms.	
	

H3:	Compare	STH	infection	prevalence	and	intensity	in	the	combined	WSH	plus	nutrition	
arm	to	the	WSH	and	nutrition	arms.	
	
We	will	estimate	unadjusted	and	adjusted	intention-to-treat	effects	between	study	arms;	
the	intention-to-treat	parameter	preserves	the	benefits	of	the	randomized	design	and	is	an	
appropriate	measure	of	intervention	effectiveness	given	the	high	user	uptake	of	the	WASH	
Benefits	interventions	(Luby	et	al.	in	prep).	Our	parameters	of	interest	for	infection	
prevalence	will	be	the	prevalence	differences	and	ratios.	Our	parameter	of	interest	for	
helminth	intensity	will	be	the	relative	reduction	in	infection	intensity.	We	will	calculate	the	
relative	reduction	using	both	geometric	and	arithmetic	means	(Vercruysse	et	al.	2011).	We	
will	estimate	these	same	parameters	in	the	subgroup	analyses	specified	in	section	9.3	
below.	
	
9.2	Unadjusted	and	adjusted	analyses	
Randomization	led	to	extremely	good	balance	in	measured	covariates	across	arms	(Luby	et	
al.	in	prep),	and	bias	due	to	confounding	in	the	trial	is	extremely	unlikely.	Therefore	we	will	
rely	on	the	unadjusted	analysis	as	our	primary	analysis.	We	will	estimate	the	unadjusted	
prevalence	ratio,	prevalence	difference	and	relative	reduction	infection	intensity	
parameters	using	targeted	maximum	likelihood	estimation	(TMLE).	TMLE	is	implemented	
in	the	tmle	package	in	the	R	statistical	software	(Gruber	and	van	der	Laan	2011).			
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In	a	secondary	analysis,	we	will	estimate	adjusted	parameters	by	including	variables	that	
are	strongly	associated	with	the	outcome	to	potentially	improve	the	precision	of	our	
estimates	(decrease	the	SEs);	however,	we	recognize	that	for	binary	outcomes	gains	in	
precision	are	very	unlikely	(Pocock	et	al.	2002).	In	accordance	with	the	main	study’s	
analysis	plan	(Arnold	et	al.	2013)	(updated	on	2016.02.05,	https://osf.io/63mna/),	we	will	
consider	and	test	the	following	covariates:	
	

o ID	of	the	lab	staff	member	who	performed	the	Kato-Katz	analysis	
o Month	of	measurement,	to	account	for	seasonal	variation		
o Child	age	(days)	
o Child	sex	
o Child	birth	order		
o Mother’s	age	(years)	
o Mother’s	height	(cm)	
o Mother’s	education	level	(no	education,	primary,	secondary)	
o Household	food	insecurity	(4-level	HFIAS	categories)		
o Number	of	children	<	18	years	in	the	household	
o Number	of	individuals	living	in	the	compound	
o Distance	(in	minutes)	to	the	household’s	primary	drinking	water	source	
o Housing	materials	(floor,	walls,	roof)	and	household	assets	

§ Assets	measured:	electricity,	wardrobe,	table,	chair	or	bench,	watch	or	
clock,	khat,	chouki,	working	radio,	working	black/white	or	color	
television,	refrigerator,	bicycle	(not	child’s	toy),	motorcycle,	sewing	
machine,	mobile	phone,	land	phone		

	
As	specified	in	the	original	protocol,	we	will	conduct	the	adjusted	analyses	using	TMLE.	
TMLE	enables	use	of	the	SuperLearner	ensemble	machine	learning	algorithm	to	flexibly	
adjust	for	pre-specified	covariates	(Laan	et	al.	2007).	We	will	include	the	following	model	
library	in	the	ensemble	(SuperLearner	R	package	arguments	in	parenthesis):	the	simple	
mean	(SL.mean),	main	effects	generalized	linear	models	(SL.glm),	Bayesian	generalized	
linear	models	(SL.bayesglm)	(Gelman	et	al.	2008),	generalized	additive	models	degree	2	
(SL.gam)	(Hastie	and	Tibshirani	1990),	and	penalized	elastic	net	regression	(SL.glmnet)	
(Friedman	et	al.	2010).		
	
We	will	pre-screen	covariates	to	assess	whether	they	are	associated	with	each	outcome	
prior	to	including	them	in	adjusted	statistical	models	(Pocock	et	al.	2002).	We	will	use	the	
likelihood	ratio	test	to	assess	the	association	between	each	outcome	and	each	covariate	
and	will	include	covariates	with	a	p-value	<	0.2	in	the	adjusted	analysis.	We	will	also	
exclude	covariates	that	have	little	variation	in	the	study	population	(e.g.,	prevalence	<5%).	
	
9.3	Effect	modification	and	subgroup	analyses	
We	will	tabulate	infection	intensity	and	prevalence	by	the	following	covariates	as	well	as	
conduct	subgroup	analyses	by	these	covariates	by	estimating	our	parameters	of	interest	
within	the	corresponding	subsets	of	the	dataset.		
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o Index	children	(who	were	the	primary	recipients	of	the	interventions)	
o Pre-school-aged	(2-4	yrs)	vs.	school-aged	(5-12	yrs)	children,	consistent	with	

previously	used	age	groupings	(Anderson	et	al.	2014)	
o Number	of	individuals	living	in	the	compound	(<10	vs.	≥10)	
o Percentage	of	mud	floors	in	household	and	latrine	area	(0	vs.	≥1)	
o Caregiver-reported	deworming	of	child	in	last	six	months		
o Samples	from	same-day	vs.	previous-day	defecation		
o At	baseline,	compound	had	latrine	with	water	seal	that	flushes	into	pit	or	

septic	tank		
o At	baseline,	compound	had	dedicated	tool	to	clean	up	feces	and	reports	using	

it	to	dispose	of	child	feces	
o At	baseline,	no	open	defecation	was	reported	by	any	compound	member	

	
The	binary	cut-offs	for	categorical	effect	modifiers	(number	of	individuals	and	school-aged	
children	living	in	compound,	and	percentage	of	mud	floors	in	the	household	and	latrine	
areas)	were	determined	based	on	the	empirical	data	distribution	for	these	variables.	We	
note	that	the	selected	sample	size	is	not	powered	to	detect	interactions	–	these	subgroup	
analyses	should	be	interpreted	as	pre-specified	exploratory	analyses.	
	
9.4	Missing	specimens	
We	will	tabulate	the	percentage	of	participants	lost	to	follow-up	between	enrollment	and	
specimen	collection	at	the	two-year	follow-up	as	well	as	the	percentage	of	participants	that	
completed	the	study	but	from	whom	a	stool	specimen	was	not	successfully	obtained.	We	
will	assess	whether	missing	specimens	are	differential	with	respect	to	treatment	group	or	
any	characteristics	of	participants,	by	comparing	the	percentage	of	missingness	across	
study	arms	and	comparing	baseline	covariates	between	those	with	an	available	vs.	missing	
specimen	(Wood	et	al.	2004).	We	will	also	compare	the	balance	of	baseline	covariates	
between	study	arms	both	in	the	original	enrolled	population	and	among	participants	that	
successfully	provided	a	specimen.	We	will	conduct	a	complete-case	analysis,	and	if	we	find	
evidence	of	differential	missingness	by	study	arm	or	by	any	covariates	that	predict	the	
outcome,	we	will	also	conduct	an	inverse	probability	of	censoring-weighted	(IPCW)	
analysis	that	reconstructs	the	original	enrolled	population	(Hernán	et	al.	2004).		
	
Individuals	with	missing	specimens	will	be	imputed	as	follows:	For	all	households	that	
were	enrolled	at	baseline	and	had	a	subsequent	index	child	live	birth	but	were	then	lost	to	
follow-up	by	the	time	of	the	STH	assessment,	an	index	child	will	be	imputed.	For	a	random	
subset	of	these	households,	an	older	non-index	child	will	also	be	imputed	based	on	what	
percent	of	non-lost	households	had	an	eligible	(5-12	yrs	old)	non-index	child.	Among	
households	that	remained	enrolled	at	the	time	of	the	STH	assessment,	all	individuals	with	a	
missing	specimen	will	be	imputed.		
	
The	IPCW	analysis	will	screen	and	adjust	for	differential	missingness	by	the	same	
adjustment	covariates	listed	in	9.2	except	for	ID	of	the	lab	staff	member	who	performed	the	
Kato-Katz	analysis	and	month	of	Kato-Katz	analysis	as	well	as	child	age,	sex	and	birth	order	
since	this	information	is	not	available	for	children	in	households	that	were	lost	after	
baseline	(index	children	were	not	born	at	the	time	of	baseline	data	collection	and	this	
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information	was	therefore	collected	at	the	time	of	the	one-year	assessment	for	the	trial’s	
main	outcomes).	Instead,	an	indicator	variable	distinguishing	index	vs.	non-index	child	
status	will	be	included	as	an	adjustment	covariate	to	serve	as	a	proxy	for	age	for	imputed	
children.	This	variable	captures	differential	missingness	by	child	age	(older	non-index	
children	were	more	likely	to	have	a	missing	specimen	than	index	children)	as	well	as	age-
dependent	variation	in	STH	outcomes	(older	non-index	children	had	higher	STH	
prevalence	than	index	children	but	STH	prevalence	did	not	vary	significantly	with	age	
among	index	children	and	among	non-index	children).	The	IPCW	analysis	will	be	
implemented	using	TMLE.	We	will	estimate	inverse	probability	of	censoring	weights	as	a	
function	of	the	specified	covariates	using	data-adaptive	super	learning	and	adjust	the	effect	
estimates	for	missingness.	
	
Post-Hoc	Changes	to	Analysis	Plan	
	
(1)	Switch	from	Mantel-Haenszel	estimator	to	TMLE	for	unadjusted	parasite	prevalence	
outcomes.	The	analysis	plan	had	originally	proposed	using	the	Mantel-Haenszel	(MH)	
estimator	for	the	binary	STH	outcomes	to	account	for	the	pair-matching	in	the	study	
design.	However,	upon	completing	these	pre-specified	analyses,	we	discovered	that	for	the	
rare	STH	outcomes	such	as	hookworm	and	Trichuris,	the	MH	estimator	drops	a	substantial	
number	of	blocks	(as	many	as	50%)	in	which	there	are	no	outcomes	in	a	given	arm	--	the	
MH	estimator	drops	strata	with	no	events	because	it	cannot	estimate	a	PR	within	those	
strata.	This	discards	a	lot	of	information	and	the	MH	estimator	is	consequently	driven	by	a	
small	subset	of	the	available	observations.	We	therefore	revised	our	approach	to	use	TMLE	
for	the	unadjusted	STH	prevalence	analyses.	
	
(2)	Remove	the	subgroup	analysis	by	the	number	of	school-aged	children	in	the	compound.	
Since	school-aged	non-index	children	have	higher	STH	prevalence	than	pre-school	aged	
index	children	and	many	compounds	only	have	one	school-aged	child,	the	higher	
prevalence	in	compounds	with	a	school-aged	child	is	primarily	driven	by	the	prevalence	in	
these	children	themselves	(in	which	case	this	subgroup	analysis	does	not	provide	any	
additional	information	compared	to	the	one	on	index	vs.	older	non-index	children).	
	
(3)	Remove	the	subgroup	analyses	by	geophagia	and	wearing	shoes.	Since	these	variables	
are	strongly	age-dependent	and	age	is	a	strong	predictor	of	STH	prevalence,	we	cannot	
tease	out	the	age	effect	from	the	effect	of	these.	
	
(4)	Remove	formal	tests	of	effect	modification.	An	examination	of	overlapping	confidence	
intervals	among	subgroups	demonstrates	that	there	is	no	significant	effect	modification.	
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