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Abstract
Predictors of diarrhea and respiratory disease and use of serological markers
to assess the health impact of a househitidtion interventionamong
young childrerin Western Province, Rwanda
By Laura Divens Zambrano

Diarrheaand acute lower respiratory infection (ALRI) are the two largest contributors to
childhood morbidity and mortality in Su®aharan Africaand areprimaiily attributableto

poor water quality, inadequatanitation and hygiene argkposure to household air
pollution from cooking with biomass fueldouseholdiltration interventions significantly
reduce diarrheal disease, even in the absence of any improvements to sanitation facilities.
Interventions addressing heehold air pollubn exposuretiave had varying degrees of
succesgiven the substantial reductions in fine particulate matter exposure (e.gs) PM
required to have a measurable health effect. This dissertation leverages the baseline round
of a large clusterandomized cotrolled trial of ahousehold water filteand a wood
burning rocket stove to characterizsousehold characteristics and environmental
exposures that are associated with diarrhea and AR&bconversion between baseline

and followrup against various entgrathogens was also assessed relative to study arm
assignment and recent diarrheal disease.

Multilevel analyses accounting for the complex survey desighetwo crossectional
studies of the baseline data revealed several household characteastesrthassociated
with diarrhea and ALRICompared to protected spring water sources, piped water sources
and dug wells were protective against diartithseasewhile standpipes, boreholes and
surface water sources reeassociated with excess riskompaed with pit latrines,
diarrhea prevalence was higher in households thashakd sanitation antbn-shared
household composting toiletBrinking water quality was not associated with diarrheal
diseaseWhile ALRI was not affected by household stove aodking characteristics,
PMz sexposuresaried significantly by cooking location, fuel use and stove type. The third
study examiningeroconversioagainst various enteropathogémsnd that the water filter
intervention significantly decreaségryptospoidium seroconversionthat both Giardia
andCryptosporidiunwere associated with recent diarrheal diseaskthatseroconversion
peaked after 12 months of age.

This dissertation outlines particular household exposures that are disproportionately linked
to childhad diarrhea and respiratory diseases, which should be useful to organizations and
stakeholders working in this field. It also generates future directions for this research,
particularly in the application of serological markers to the evaluatiowater and
sanitation interventions.
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Chapter 17 Introduction

Acute lower respiratory infection (ALRI) and diarrheal disease are leading causes of
morbidity and mortality among children uneeryears old in Su$aharan Africa.
According to the 2010 Global Burden of Disease (GBD) study, ALRI and diarrhea are
responsike for 4.6% and 3.6% of global disease burden, respecti¥glyHousehold air
pollution (HAP) due to iefficient biomasgurning cookstoves alone was associated 4.3%

of all global DALYs in 2010, making it the'Bleading risk factor for global burden of
diseasd?2]. HAP is the primary contributor of respiratory disease in children under 5 and
a leading cause of chronic bronchitis and chronic obstructive pulmonary disease (COPD)
among women2,3]. Among the top notommunicable contributors to global DALYSs,
HAP is the only exposure that disproportionately affects chilf2gnin addition to the

direct link between HAP and development of lower respiratory infections (LRIs), HAP has
been associated with inflammatory processes linked to cardiovascular sequelae. Today,
diarrheal disease still accounts for approximately 1.Bianideaths annually4], with

many of these deaths occurring among young children irSahlaran Africd2].

Despite the fact that Rwanda is driving the most pronounced reduction of childhood
mortality of any other country in the world, lack of access to improved water sources
contributes substantially to diaweal disease mortality in Rwanda and in the region as a
whole [2]. In order to address this disease burdand to reduce the costs and
envirormental burden associated with cooking fueBelAgua Health Rwanda
(DelAgua), under the authority of the Ministry of Health, Rwanda, will distribute advanced

water filters and high efficiency cook stoves to the poorgstu@ehelevels 1 and 2)



households inVestern Province, Rwanda. The intervention is being rolled out in three
phases. Phase 3 envisions distribution throughout the entire country, subject to the results

from the first two phases.

Phase 1, which was completed in late 2012 and early 20E8leeind pilot distribution of

the intervention filters and cookstoves by DelAgua to approximately 2200 households in
15 villages in the western portion of the counfsy. An evaluation used a parallel
householdrandomized controlled trial design of three rural villages in order to assess
uptake and use of the intervention and the impéthe intervention on microbial water
quality and air quality near household cooking af@asThis phase yielded household
reported uptake of water filters of 89.2% and a significant reduction of thernastbler
coliforms (TTC) (an indicator of fecal contamination) in household water samples; 86.8%
(95% ClI: 84.988.6%) of water samples from intervention households wereff@eCvs.
22.4% (95% CI: 20-24.6%) of control household6]. Reported and observed exclusive
use of the intervention stove was more inconsistent, but still yielded a 48% (p<0.005)
reduction in area Pl concentrations around the cooking area in intervention vs. control

household$6].

Phase 2 of the intervention involves distribution of the filters and stoves to the poorest 30%

of t he popul ati on of Rwanda’ s Western Pr
assessments of uptake and impacts on exposure, the main focus is on health®ifects

design is a clusterandomized controlled trial in which the intervention is randomly

assigned by administrative sector. Sectors were chosen as the unit of randomization since



they comprise the catchment area for health clinics. The research tedomized 72

sectors (consisting of about 100,000 households) to receive the intervention first, while the
control arm, consisting of 24 sectors (about 40,000 households) will receive the
intervention after the study perigdrigure 11). I n this-l emaeh” “stecdy,
impact of the intervention will be assessed using sdet@l clinic data and community

health worker (CHW) records. Nested within this overall seletegl study is a more in

depth assessment of 174 Ilagetedebsabs v u gFRglirgg ct ed
1.2). This involves air and water sampling together with more extensive exposure and
health collected from up to 10 households in each village. Following enrollment and a
baseline assessment from August through December, 2ath participating household

and will undergo followup visits on a quarterly basis throughout 2015. Figure 1 shows a

schematic of the evaluation of Phase 2.

A sub-population within the villagdevel study (2 households per village) will be selected
for the biomarker study. Dried blood spots (DBS) samples will be collected from household
cooks and from children undérto assess biomarkers of inflammation, which have been
linked to both exposures and ALRI disease. In addition, DBS disc samples cantinin
smaller volume of blood will be collected from children 6 to 12 months old at baseline and
again from these same children at 6 months (Round 2 of falfgwo analyze serum for

seroconversion against common enteric pathogens.

This proposed use of DBS obtain objective and quantitative biological measurements of

measurable physiological effects could be a potential solution to the subjective nature of



disease outcome ascertainment, a particular problem in assessing the impact of
environmental intervaions that cannot be blinded. Biomarkers offer the potential for
improving the consistency of diagnoses of these diseases associated with ALRI and
environmental enteropathy and can also directly reflect exposure to contaminated air and
drinking water. Bomarkers may be able to inform and improve the reliability of
standardized disease outcome classifications. Recognizing the potential contribution of
biomarker data, there are increasing calls for such data to be incorporated into future clean
cookstove ftals [7,8]. More extensive biomarker research is forthcamianalysis of
seroconversion against enteric pathogens in young children can serve as a proxy for

exposure to enteric pathogens among other household members.

The overall objective of my dissertation research essess household and environmental
predictors of pneumonia and diarrhea in children under 5 yadrdNe will also assess

the relationship between intervention group assignment and serological markers of
exposures to enteric pathogens. These activitiébe undertaken in the context ofader

study in which Isupportedhe collection and analysis of baseline data and data collection

for otheraspect®f the Phase 2 evaluation.



Aims of Dissertation

Aim 1) To describe baseline activities and study design (principally related to waliy qu

and diarrhea ascertainment), to perform a thorough assessment of baseline descriptive
statistics of our study population and to determine factors associated with diarrhea point
prevalence and-@day period prevalence in children undeyearsold prior to intervention

distribution.

Aim 2) To describe baseline activities and study design (principally related to air quality
and ALRI ascertainment), to perform a thorough assessment of baseline descriptive
statistics of our study population and to detemnfactors associated with respiratory
disease and ALRI point prevalence andag prevalence in children undgryearsold

prior to intervention distribution.

Aim 3) To characterize serologicalarkersof exposure to enteric pathogearsd toapply
these objective measures to assess the impact ofqiaise water filtration on diarrheal
disease among children unéeryearsold in Ubudehel and 2 households in Western

Province.

These three aims will be addressiebctly later in this disséation. Chapters 2 and 3 will
provide background on diarrheal disease and upper and lower respiratory disease among
children in SubSaharan Africa, and interventions that have been evaluated to ameliorate
these conditions. Chapter 4 will describe unifymgthods used in the cressctional

analyses of Aims 1 and 2, including our approaches to principal components analysis,



weighting and modeling approaches. Chapter 5 through 7 entail the manuscripts prepared
to describe the methods and results after imyaishg the questions posed from the three
dissertation aims. Chapter 8 concludes the dissertation with a summary of our findings,

limitations and future implications of this research.



Figure 1.1a: Rwanda is a small mountainous country in East AfricaWestern Province,
demarcated by sector borders, lies in the highest region of the country.

Figure 1.1b: Western Province is divided into 96 administrative sectors. The paired
intervention in this study was randomized at a 3:1 ratio by sector, whichlso represent
health clinic catchment areas.



Treatment Assignment

Villages in CRT
- Not included in CRT

- Intervention
|:| Control

Figure 1.2: Location of study village clusters. 174 village clusters were selected through
population proportional selection at a 1:1 ratio between intervention and control arms.



Chapter 271 Diarrheal Diseaseand WASH

Diarrheal disease is among the leading causes of morbidity and mortality among children
under5 yearsold in SubSaharan Africa and is responsible 3.6% of global disease burden
[1]. Diarrheal disease is thd'4argest contributor to years of lives lost in eastern-Sub
Saharan Africa, respectively, behind only HIV/AIDS and malftiaLack of access to

safe drinking water is associated with about 116,000 deaths annually and nearly 8000
DALYSs, as of 2010 estimatg2]. While this represents a significant decrease in mortality
and morbidity attributable to unimproved water sourcemfi990, many of the poorest
households in Rwanda still lack access. Today, diarrheal disease still accounts for
approximately 1.5 million deaths annugky}, with many of hese deaths occurring among
young children in Suisaharan Africg2]. In addition to being linked to acute enteric
infections, sustained comtawith unsafe drinking water is also associated with growth
stunting and undernutrition, which affects 20% of children in developing countries by
causing intestinal inflammation and altering intestinal barrier and absorptive fuf@jtion
Growth stunting and severe wasting are eisded with 2.2 million deaths and 21% of
DALYs among children undées in developing worldwide; the manifestations of stunting
and wasting are evident at age 1 and may be considered irreversible aftefl@je 3
Growth stunting and chronic wasting can be attributed to environmental enteric

dysfunction (EED), which may be induced by chronic exposure to unsaés[11].

Access to improved watérhe 2010 DHS indicates that 89.6% of households have access
to improved sources of water (piped water, public tap/standpipe, borehole, protected dug

well, protected spring, rainwater or bottled water) while another 7% have access to a
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unimproved source (ygmotected dug well, unprotected spring, tanker truck/cart with drum

or surface water]12]. While this appears promising, research from Phase 1 of the
intervention indicated that among the 468 households our team assessed for total coliforms
across 19 districts in Rwanda,7 . 8 % of “i mproved” water sour
water sources and 58.3% of stored water supplies exceeded the Rwanda Standard for
Potable Wate[13]. 34.7% of households do not treat their water; among households that

do, boiling is the dominant method (58.5%42].

Access to improved sanitation rural areas, approximately 25% of households
countrywide use unimproved sanitation facilities, the majority of which are pit latrines
without a slap/open pit. Another 57% in rural areas l@@oess to an improved/not shared

pit latrine with a slalh12]. As these figures were calculated countiigle, we might expect

the proportion of households that only have access to unimproved facilities to increase in
the lower wealth quintiles, although these data weralisaiggregated by socioeconomic
status. In addition, only 10% of households have a place dedicated for handwashing, and
among those households, only 21% actually have soap and water for hand washing. This
figure decreases in Western Province, where onlyof%ouseholds have a designated
handwashing placfl2]. 77% of households in the lowest wealth quintile have no water,

soap or cleansing agent availafé].

Background of methods to assessxposures and disease
Water quality.Microbiological quality of drinking water can be assesseeétymerating

total coliforms, thermotolerant coliforms (TTC) akd coli cells in a water sample as an
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indicator of overall Cc 0 nt a mineagative, roekhaped T ot al
bacteria and include thermotolerant coliforms and bacteria aafl ferigin. As not all
coliforms are of fecal origin, though, the WHO has designated TTC (coliforms that

specifically grow at 44 or 44.5°C) along with colias a fecal indicatdd4].

Microbial water quality can vary rapidly and widely, and peaks in pathogen concentration
can cause outbreaks of waterborne disease. This is particularly relevant for households that
collect heir drinking water from surface water, springs or streams, since microorganisms
can adhere to sediment and releasednassas water flow increasg¢$5]. As water flow

can be related to seasonal impacts of rain, autysincorporates the analysis of drinking
water samples from all study households on a quarterly basis throughout tiieaone

follow-up period.

IMCI and Classifications of Diarrhea with Dehydratio@ehydration resulting from
diarrheal disease is theiqeipal contributor to the disproportionately high mortality rate
attributed to diarrheal disease in Sséharan Africa. In our study, enumerators will detect
sunken eyes, inability to drink or limited drinking, eager drinking and restlessness and
irritability. The skin pinch test will be applied and timed in order to classify dehydration.
Lethargy and unconsciousness will also be assessed, as this is a danger sign associated with

severe dehydratiofi6].

Assessment of malnutritiolBevere malnutrition disproportiately affects children in

SubSaharan Africa and is linked to high child mortality. Weitgrtheight z-(WHZ)
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scores and midpper arm circumference (MUAC) have historically been used to assess
childhood malnutrition and wasting in field setti{@3]. Both MUAC and WHZ scores

are comparable in their ability to predict-88y mortality[17], [18]; however, MUAC is

an inexpensive and straightforward method to assess nutritional status in field settings. For

this reason, MUAC will be used to objectively assess childhood maiontim this study.

Justification of nested seroconversion study within th&CT

Seroconversion studies can elucidate the impact of improved water sources on personal
contact with enteric pathogens. In addition, consistent contact with enteric pathogens a
prolonged or recurrent diarrheal disease can subsequently result in intestinal enteropathy.
This study will examine the impact of the intervention water filter on seroconversion
against common enteric pathogens in-weaning children. These children lwbe
followed up after a minimum of 6 months, at which point alternative food and water

introduction has likely occurred.

Seroconversion studgerological assays that assess antibody production against various
enteric pathogens can provide a far molgective measure of exposure to enteric
infections than reported diarrhea or diarrhea diagnosed using clinical indices in the field
[19]. Multiplex immunoassay tecbiogy has recently been advocated as a convenient
platform for surveillance of neglected tropical diseases and enteric infe¢@0hs
Steinberg et al. (2004) sought to assess thesagmfic seroprevalence of antibodies
against various enteric pathogens, sudh.a®li, Norovirus,Cryptosporidium parvurand

Helicobacter pyloriand hepatitis A virus (HAV) in order to determine an appropriate age
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range to assess seroconversion againsterwand sanitation improvements in this
population. Previous studies had demonstrated a markedpag#ic prevalence of
antibodies against these pathogens between 6 to 36 months[@fl.ag®]. As Table2.1

depicts, Steinberg et al. found that for antibodies ag&nsbli heatlabile enterotoxin
(ETEGLT) and Norovius, seroprevalence was lowest among children 6 to <12 months
old compared with the 4 older age groups examined (12 to <18 months; 18 to <24 months,
24 to <30 months and 30 to <36 months). They observed the steepest increase in antibody
acquisition betweefi and 18 months of ag26]. Antibodies againsC. parvumincreased

with age, albeit ma gradually, with seroprevalence peaking and leveling out at around 18

to 24 months of age. Prevalence of antibodies against HAV increased in the three oldest

age groups, while antibodies agaiHspylori remained fairly constant across all affzg.

In a separate randomized controlled trial of household water treatment in Guatemala by
Crump et al. (2007), households with children <12 months of age or a pregnant women in
her last trimester of pregnancy were enro|E@]. Households were randomly agsed to

five different treatment groups: 1) flocculadisinfectant; 2) flocculandisinfectant plus a
customized vessel; 3) sodium hypochlorite; 4) sodium hypochlorite plus a customized
vessel; and 5) control (no treatment). Nested within this RCT wasoogic study that
assessed agpecific prevalence of antibodies agai@stparvum ETEC, norovirus and
Giardia intestinalisat baseline in children 6 to 12 months old and again at falljpwn the

same children when they were-18 months of age. Neither the flocculalisinfectant nor
hypochloritedisinfectant groups were associated with altered seroconversion after this 6

month period when compared to children in control households; however, serologic
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response was associated with diarrhea prevalence. The authors surmise that seroconversion
studies can still be useful in assessing health effects for houdedssd water trelent,

particularly given this method’ s objective

Mosset al.(2014) reported IgG responses in a cohort of Haitian children against various
enteric protozoan pathogenEntamoeba histolyticdectin adhesion antigen (LecA),
recombinantC. parvumartigens 17 and 27kDa (Qol7 and @27) andG. intestinalis
variantspecific surface proteins (VSRASP5)[27]. These novel targets were developed

and validated for use in a prior stuf®8]. They also examined IgG responses against
Schistosoma japonicurglutathioneStransferase (GST), which is a control antigen
included to account for nespecific bindng. They also examined the temporal relationship
between the detection @. intestinalisand E. histolyticacysts in stool and the IgG
response and found a sustained antibody response after 5 to 6 months. They found that IgG
responses to all antigens died were relatively low at 1 year of age, but that after that,

IgG responses began to increase, with IgG responses peaking around 2 years of age before
dropping off[27]. They also observed sificant difference in antibody responses to LecA

and VSP1VSP5 antigens between rainy and dry seasons, with a similar (albeit non

significant) trend observed forpT7 and @27 [27].

Sample medm forserological markers
Dried blood spots (DBS) are frequently used as a means for collecting blood for antibody

serosurveys and biomarker measurements in resdunied settings. DBS samples can
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be stable at room temperature for up to a week, atlegi@oncerns regarding storage

conditions of biological samples in the field.

TropBio™ filter discs are to be used for the seroconversion study in conjunction with
singleuse retractable heel stick or finger lanc&®pBio™ filter discs have been used in
previous field seroepidemiologic studies and are suitable for use with small children, from

whom we require only a small amount of blood-@uL) [29].

Due toits high elevatior(Figure 1.1) our study area exhibits a fairly temperate climate,
with temperatures rarely exceeding 27°C. The average daily high temperature in Kibuye,
Rwanda, which marks a central point of our study area, is 25°C, with nighttime
tempeatures reaching 14°C. While our samples will be protected from humidity and
ultraviolet exposure, DBS samples are typically stable at the ambient outdoor temperatures
seen in our study area. At the end of the day, all filter discs will be left on a ctudty
overnight. In the morning, they will be placed in plastic resealable bags with desiccant,
with up to four samples in each bag, and stored in a closed box to protect the samples from
UV exposure. All samples will be placed ir20°C freezer at thBIRL within 8 days of

sample collection.

We intend to analyze the blood samples for $beoconversin studyon the Luminex
XMAP platformat the U.S. Centers for Disease Control and Prevef@&C); as such,
they will have to be exported to the Unitetat®s under a Material Transfer Agreement

(MTA) with the Ministry of Health. In this case, DBS samples are considered exempt from
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International Air Transport Association (IATA) shipping regulations, as they are

considered noinfectious once dried.



Age Group ETEC Norovirus | C. parvum | HAV H. pylori
in months

6 to <12 48% 27% 27% 40% 20%

12 to <18 81% 61% 53% 28% 19%

18 to <24 80% 83% 70% 46% 21%

24 to <30 7% 94% 67% 60% 25%

30 to <36 83% 94% 73% 76% 25%

Table 2.1. Seroprevalence of antibodies against various enteric pathogens,
in months, in San Juan Sacatepequez, Guatemala. (Steinberg et al., 2(®8])

by age group

17
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Chapter 37 Pneumonia and Household Air Pollution

Acute lower respiratory infection (respiratory disease) is among the leading causes of
morbidity and mortality among children unéeiyearsold in SubSaharan Africa and is
responsible for 4.6% of global disease burflin Respiratory disease is th& Brgest
contributor to years of lives lost in eastern Sdharan Africa, behind only HIV/AIDS

and malam [1]. Household air pollution (HAP) alone is associated with 3.5 million deaths
annually and 4.3% of global DALYs in 2010, making it the'8leading risk factor for
global burden of diseag@]. HAP is the primary contributor of respiratotjsease in
children under 5 and a leading cause of chronic bronchitis and chronic obstructive
pulmonary disease (COPD) among woni@i8]. Among the top nowommunicable
contributors to globaDALYs, HAP is the only exposure that disproportionately affects
children[2]; HAP is directly associated with ALRI in addition to low bitleight and an
increased risk of tuberculosj80]. While WHO guidelines recommend that household
levels of HAP based on particulate concentrations not ext@edy/m® for PMzs and
50ug/nt for PMio, households that butriomass for cooking, concentrations can exceed
10,000 ug/mduring cooking or other period8]. In addition to the direct link baeen

HAP and development of lower respiratory infectioRtAP has been associated with

inflammatory processes linked to cardiovasculgustae.

Many of the poorest households in our study area cook using biomass fuels on inefficient
cookstoves. Given the high burden of disease attributable to these exposures in our study
population, mininzing exposure to biomass fueteuld have wideganging effects on

health and survivgB1]. Despite demonstrated HAP reductiongrevious cookstove trials
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[32], however, few trials have demonstrated a clear link between improved cookstove

distribution and pneumonia redigst.

Cooking habits and fuel sourcégcording to the 2010 DHS, 77% of households use wood

as cooking fuel countrwide, with the 2¢most common cooking fuel being straw, shrubs

or grass (12%); however, the proportion of households that use woodokingduel
increases to 83.3% in rural areas, with 12.4% using straw, shrubs or grass and 3.0% using
charcoal[12]. Households that use wood fuel for cooking spend, on average, 50 minutes
per day collecting wood. Most in Western Province report that they prefer woodeto oth
sources because it is relatively available (72%) and because it can be obtained without
purchasing (17%]33]. The predominant difficulties reported by residents in Western
Province with gathering wood are that the activity is difficult in the rainy season (24%) and
that cutting wood is difficult (21%). Other reported difficulties included that gathea€lrs h

to travel too far to get firewood, that the wood is heavy and that the wood is sometimes
located in inaccessible arg@8]. In rural areas, 28.9% of cooks report cooking inside the

house, 52.2% report cooking in a separate building, and 18.0% report cooking [d&kide

Disease outcome misclassification and recall bias could be attributed to subjective nature
of selfreporting inherent in household questionnaires. This is a particular problem in
assessing the impact environmental heath interventions, most of which cannot be blinded.
Field-based epidemiologic studies, clinical trials and monitoring and evaluation of
interventions to prevent respiratory and enteric infectietvgo of the major killers of

young children in Rwanda and worldwidaely largely on subjective assessments of



20

reported sympt oms. For exampl e, t he WHO’
identificationin resourcdimited settings entails disease indices that incorporate cough,
difficulty breathing and rapid respiratig84]. As a result of subjective methods of case
identificaion, previous clean cookstove trials and studies of household air pollution (HAP)

and acute lower respiratory infection (ALRI) prevalence have yielded considerable
statistical heterogeneity which is ascribed in part to methodological differences in @posur

and disease ascertainm§sit,32,35]

By coupling exposures and disease outcomes with objective, quantitative biomarkers, the
physiologic effects ofookstovanterventions can be better measured and described. Other
health outcomes, such as ALRI or chronic lung conditions and cardiovascular sequelae,
such as hypertension, in primary household cooks will also be exploréds study,
although lomarker data may provide a crucial objective link between environmental

exposuresind disease

Background for household air pollution exposure assessment methods

Under perfect combustion, only G@nd water would be produced from bungiwood

fuel; however, traditional cookstoves, such as the threee fire commonly used in
Rwanda, has a combustion efficiency of only3M%6. As a result, indoor smoke can
contain potentially harmful pollutants, such as particulate matter (e.go, PMz 5, fine

PM), nitrous oxide (MO), sulfur oxides, carbon monoxide (CO), formaldehyde and various
carcinogens, such as benzo[a]pyrene, benzene and various other polycyclic aromatic

hydrocarbons (PAHS|)36]. Because of the harmful chemicals and particles emitted by
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wood smoke, reducing exposure to HAP should be the principal objective of any household
energy interventioi36]. Objective HAP measurements should be performed in order to
accuately measure emissions and determine whether or not the intervention has driven
reductions in emissions. Several study design considerations havappltezifor HAP
exposure assessment, such as duration of monitoring and seag48iialiBrevious trials

have monitored HAP from 24 hours up to 7 days. In general, it is better to monitor HAP
over longer periods of time, given that there may be some variation-to-diy behavior

[37]. Seasonality can affeekposure, as the intervention specifically instructs recipients to
use their cookstove outdoors (or in a doorway during rain); however, during the rainy

season, cooks may move their stove indoors, thereby increasing exposure.

In general, the most accteaway to determine personal HAP exposure is personal HAP
monitoring over a 24or 48hour period[38]. Particularly vulerable groups, such as
women and children, can be more thoroughly assessed using this method.
Carboxyhemoglobin (COHDb), as a biomarker, has been used in previous cookstove studies
and can reflect recent exposure to cookstove smoke within the previoustes\|38].

Due to the increased accuracy of personal household exposure monitoring, we will be using
48-hour assessmend$ personal exposure using a pump and filter sygismgrammed so

that 24hour mean PMsconcentration can be calculatdéd addition, we will assess COHb

levels through pulse oximetry and exhaled CO.
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As Figure3.1depicts, some regard biomarkers asrtfest accurate method to determine
personal exposure. While it is considered the most expensive method, costs can potentially

be mitigated by using more cesffective means of collecting and storingrngdes

Field diagnosis of recent and current pneumaocrases

The primary caregiver of each child undewill be asked about symptoms of respiratory
disease in the previous week, including constant cough, difficulty
breathing/panting/wheezing, rapid breathing and the presence of a blocked or runny nose.
In addition, IMCI criteria will be used to identify any potential child health danger signs
and to differentiate between upper respiratory infections and pneumonia. While IMCI
criteria can be useful to diagnose pneumonia in resdunited settings, they casiill be
somewhat subjective. Chest indrawing and stridor can be difficult to detect in some
children, and breath counts (which must be taken over the course of a minute) can be
difficult to obtain in very young or restless children. For these reasorestiob and
guantitative methods should be developed that are easily applied in the field to mitigate the
risk of disease misclassificatiomhese methods will be subsequently applied soon after
the dissertation is submitted; however, because of the inateggievance, the background

and justification for these methods is provided in the next section.

Biological mechanisms of HAPassociated pneumonia pathogenesis and justification
of biomarkers for future cookstove studies
Recognizing the potential cortirition of biomarker data, there are increasing calls for such

data to be incorporated into future clean cookstove fifa®§. While funding limitations
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prevented biomarkers from immediately being incorporated into this dissertation, blood
samples have been collected during baseline and round 2 of 4gtiawith the intention

of analyzing these samples in the near fut\Wve. anticipate assessing levels of various
inflammatory biomarkers (including interleukin (H) I1L-8, IL-10, tumor necrosis factor
alpha (TNFa ) a-redctiveCprotein (CRP) for the cookstovengmnent. We also
anticipate analyzing carboxyhemoglobin (COHb) as an indirect measurement of carbon
monoxide (CO) exposure, which is a key contaminant emitted during wood combustion.
Inflammatory biomarkers can be indicative of several disease processesatesl with
PMzsexposure, particularly ALRI and hypertension. Both outcomes are being individually
assessed in our study. Meanwhile, COHb levels exceeding 2.5% have been deemed unsafe
by the WHO, and excess COHb levels (>5%) are associated with neavairal factors,
impaired vision and decreased alertness, in addition to potentially being an indicator of

overall HAP exposurg30].

PMz 5 induces reactive oxygen species (ROS) generation due to the presence of redox
active transition metals, redox cycling quinoids and polycyclic aromatic hydrocarbons that
may be present on the surface of these patrticles. Iron is particularlyaetiox, wth a

high propensity to flip between different valence st§d&$, and is frequently present on

the surface of these particl¢40]. Ironrinduced ROS production is catalyzed through

Fentontype reaction$39]:
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PAHs and various redesycling quinones are also present on the surface of PM, and they
are highly persisterj0]. In the presence oificotinamide adenine dinucleotide phosphate
(NADPH) or ascorbate, P450 reducta@sdalyzes the orelectron reduction of a carbonyl
oxygen of a quinone, converting it into a highly reactive semiquinone radical. This radical

can then react with Hwhich can induce the release ofsO r a ftll.c al s

OH*
T
(@] HZTOZ
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Fine PM is capable of penetrating deep into the lung and into alveoli, which can induce an
endogenous inflammatory response which can cyclically induce more ROS production.
Given thatthis ROS production is occurring in the gas exchange regions of the lung, ROS
and inflammatory cytokines can dissolve into the bloodsti{d&in This can have a fairly
acute impact on the blood vessels in addition to a more chronic effect on cardiovascular

and respiratory health.

Biomarkers of indoor air pollutionRelatively few studies have focused on linking
cookstove exposure to levels of systemic inflammation in addition to biomarkers of
exposure. A study by Torrd3osal et al. (2006) assessed levels of COHb one month after
a HAP intervention to biomaassing lousehold$30]. The intervention consisted of indoor

soot removal, paved dirt floors and a sand, clay and cement Patzari stove with a chimney.
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They found no difference in COHb between intervention and control groupsonih
after intervention deploymef®0]; however, their sample size was fairly small (n=20) and
massive COHDb reductions were observed across both study arms, indicating that some

other exposure or potential confoundiwrayiables were not being properly accounted for.

A couple of studies in India demonstrated reductions in systemic inflammation in women
who received liquid petroleum gas (LPG) stoves to reduce HAP. In one study, significant
reductions were observed foedian and mean TNé& , -6/1L-8 and IL-12 levels among
women cooking with LPG stoves compared to women who cooked exclusively with

biomasd42].

Dutta et al. (2012) examined the relationship between HAP and levels of GRPILHS

and TNFo i n the <context of al so asses-sing
inflammatory markers and blood press|43]. They found a positive associati between

all four prainflammatory mediators, as measured by ELISA, and household levels;of PM
and PMs, as measured in the cooking area by a-tiesd laser photometer, after
controlling for age, BMI, education, family income and kitchen locatioreyThlso
compared levels of these pirflammatory markers between women who cook with
biomass vs. LPG stoves. Compared to women cooking with LPG stoves, women cooking
with biomass also had significantly higher levels of T&NF ( 2 98.14vs. 18/1 +6.4

pg/mL, p<0.0001), I8 (29.6 + 5.4 vs. 12.2 +5.6 pg/mL, p<0.0001), H6 (5.6 +# 2.2

vs. 1.6 +/0.5 pg/mL, p<0.0001) and CRP (6.2 /3 vs. 1.9 +/0.7 mg/L)[43].
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While this study reveals an interesting association between HAP, stove type and levels of
pro-inflammatory markers, it wasasssectional and did not account for how long LPG
users had been using their stove. Importantly, some demographic factors, such as years of
schooling and family income, were not balanced between LPG and biomass groups.
Finally, while LPG stoves are highkfficient and do not involve biomass, LPG can be
expensive and logistically unfeasible in many resowmestrained settings. It is for this
reason that more efficient biomassrning rocket stoves are being investigated in this
study, as these stoves ynbe more feasible to bring to scalkhe use of biomarkers of

systemic inflammation has not been thoroughly investigated with these types of stoves.

Inflammation and ALRIGiven that inflammation in the deep lung can induce increased
alveolar permeabilt exposure to air pollutants can exacerbate ALRI and worsen
pneumonia prognoses. Complex interactions between cytokines and chemokines directly
mediate, amplify and maintain lung injury procesgd. TNFa a b-t lar e cruci
early response cytokines in lung inflammation, and both cytokines are typically present in
the bronchoalveolar lavage fluid (BALF) of patients at risk for acute respiratory distress
syndromg[44,45] Levels of TNFa , -8larid IL-6 all appear to be elevated in the BALF

of patients with severe pneumonia and acute respirdéiigre compared to healthy
controls[45]. Sack et al. (2005) collected exhaled breath cosate (EBC) from intensive

care unit patients with severe pneumonia and acute lung injury (ALI) and from smoking
and norsmoking health volunteengl6]. The EBC was analyzed for levels of several

cytokines via a multiplex cytometrlead assay (CBA). They found that the cytokines IL
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1pB,-6,IL-B,IL-10,IL-12and TNFa wer e al | significantly el

with ALI compared to health smokers and health-smoking volunteers (p<0.0§36].

Among an inpatient cohort of pneumonia patients, meab ¢bncentrations were higher
among patients who developed sepsis vs. those who did not (p<0.0®&L)evels also
appeared to be an indicator of segmssociated mortality, as those who died from
pneumoniainduced sepsis had higher levels ofdlthan those who survived (p<0.003)
[47]. While TNF and 110 concentrations were lower than-6Lconcentrations overall,
pneunonia patients with severe sepsis still had significantly higher levels of TNF and IL
10 [47]. In another study, TNEE a n-#0 whslLonly observed to be elevated among
patierts with acute respiratory distress syndrome (ARDS) and were not detected among
normal healthy controlgl4]. Patients with diagnosed ARDS had@llevels that were 160
fold higher than in normal subjects (p<0.009he authors also found that day 7
concentrations of H1 3 a 6 dnd thé ratio of 6 to soluble 16 receptor (SIL6R) in

ARDS patients were significantly associated with subsequent mortality (p$84)5)

Taken together, serum cytokines may be indicative of the presence of pneumonia,
particularly if elevated cytokines are present with other ALRI symptoms. Cytokine levels
can provide crucial information in resoudimited settings, in which access to healtlre

may be limited and advanced-site diagnostic approaches are unavailable. In addition,

cytokines may reflect overall disease prognosis and may indicate mortality risk.
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Inflammation and hypertensionnflammation affects cardiovascular health primarily
through mediating vasoconstriction and atherosclerotic processes associated with
hypertension. ROS, which can induce inflammatory mechanisms described previously,
may directly affect the integrity andrie of the vascular endothelium. Endothelium cell
(EC)derived vasodilators, such as nitric oxide (NO), prostacyclin (PGI2), and
vasoconstrictors, such as HT thromboxane and angiotensin Il (Angll) are typically
balanced to prevent excess vasodilatiomamoconstriction from occurring. Inflammation

can disturb this balance of EC function, more often favoring the production-dé&e:d
vasoconstrictor§48]. Increased production of Angll and cytokines such as CRP, which
may be induced by ROS, may in twgtimulate the production of more ROS. Excess ROS
can stimulate NADPH oxidases and NO synthase which can result in mitochondrial
dysfunction, further stimulating ROS production. This can ultimately induce pro
inflammatory transcription factors nuclear fackappa B (NFk B ) Nr f 249land AP
These transcription factors can then bind to DNA and upregulate targetflaromatory
cytokines such as H6, monocyte chemoattractant protein (MCPand TNFa [49,50]
Neoantigen forration in the blood induces-dells to release H17, which promotes the
entry of macrophages and other inflammatory cells into the bloodstream. While the
mechanism is itdefined, pranflammatory cells in the bloodstream can induce
vasoconstriction and ier and sodium retention, which can contribute to hypertension if

this process is not controll¢d9].

Cytokines can also inducesa@ular cell growth and migration.46and TNFa upr egul at

vascular endothelial growth factor (VEGF), while lLcan trigger abnormal proliferation
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of vascular smooth muscle cells (VSM@43]. This outlines another mechanism by which
ROS can induce vasculastiffening and vasoconstriction. While R@®luced
hypertension may be linked to multiple pathways, all pathways are linked to elevated CRP
levels. In theory, if CRfhduced inflammatory responses can be controlled, inflammation

mediated hypertension cée reduced.

Dutta et al. (2012) were principally interested in determining whether or not the pro
inflammatory cytokines CRP, TN& , -6lahd Il-8 were associated with both HAP
exposures and cardiovascular disef&®]. After assessing the relationship between
cookstove type and levels of tleesiarkers, 91.2% of women cooking with biomass had
serum CRP levels exceeding 3.0 mg/L, designated as thadfargtiue for cardiovascular

risk; meanwhile, among women cooking with LPG stoves, only 12.4% were considered
high risk. In addition, systolic bta pressure (SBP) and diastolic blood pressure (DBP)
were positively correlated with 6 and SBP was positively associated with CRP after
controlling for potential confounders. Meanwhile, a positive correlation was observed

between CRP levels and tachyaiaf43].

This study will incorporate lgective measures of exposure, such as personal HAP
exposure measurements, carboxyhemoglobin concentrations and arterial oxygen
saturation, to assess the effect of stove tyges cooking exposure on BMand the
relationship between PM and carbon monade exposures. Outcome measures, such as

selfreported child upper respiratory infection and IM@éntified ALRI cases, will be
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assessed relative to various stove types and cooking behaviors. The biomarker component

of this study is of interest and wile incorporated at a later date.
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Fig. 3.1. Continuum of accuracy and cost of different methods of household air
pollution assessment, adapted from the WHO Workshop for Indoor Air Pollution
and Household Energy Monitoring.[36]
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Chapter 4 7 Study Context, Preliminary Data and
Unifying Methods for Baseline CrossSectional Study

Study Site, Population and Household Characteristics

Western Province is located in western Rwanda, bordered by the Democratic Republic of
the Congo and Lake Kivu to the west, Burundi to the south, Southern Province (Rwanda)
to the east/southeast and Northern Province (Rwanda) to the east/northeasijFighee
province is divided into 7 districts: Karongi, Rutsiro, Rubavu, Nyabihu, Ngororero, Rusizi
and Nyamasheke. These 7 districts are further divided into 96 administrative sectors, which
in turn are divided into 538 cells and 3612 villag@sir study ppulation will focus on
households classified as the poorest 30% of the population, designated by the Rwandan

government ablbudehdevels 1 and 2, with children undBryears old.

Geographic distribution of populatioAccording to the 2012 Population Hging Census,
approximately 10.5 million people live in Rwanda, reflecting 25% population growth since
2002. Of this total population, 2.5 million reside in our study area, Western Province. The
population in each district ranges from about 296,000 in Myadhistrict to over 404,000

in Rusizi and Rubavu districf§1]. While Rusizi and Rubavu are the most populous, their
populations are disproportionately distributed to urban areas (Cyangugu in Rusizi District
and Gisenyi in Rubavu District) compared to other distriGisenyi and its surrounding
areas, in particular, weret drawn into our overall study population since households in

these areas use coal, rather than wood biomass, for caékguye 1.1b) Because their
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fuel source differs from those residing iora rural areas, they were not eligible to receive

the intervention stove, which is intended to use wood.

Education.Western Province has the highest percentage of men (17%) and women (26%)
who have never obtained any formal education; howeverigfe is largely influenced

by age. Across the country, for example, 79% of women age 65 and over have no education,
compared to 2% of girls between the ages of 10 and 14. We anticipate the same trend in
our study population: the older our respondents theeless likely they are to have had a

formal education.

Intervention information.Dur i ng Ph as e TubehoNezaibgrdamitheupaireds
intervention was distributed at distribution events held at cell offices, which typically
administer to 45 villages. The poinbf-usewater filter distributed was the Vestergaard
Frandsen LifeStraw Family 2(Figure 4.1) This filter is a poirdof-use microbial water
treatment system, ideal for household use in resdimitd settings. The intervention
consiss of a 20 micron filter, through which the water is initially poured. This water is then
filtered again through a 0.20 micron holldilver ultrafiltration membrane into a 5.5 liter
safe storage container. The filter is equipped with a plastic tap, wincim&ies the need

to open the storage contain€his system filters up to 18,000 liters of watteroughout its
lifetime, which can supply a family of five with clean drinking water for three to five years.

This system exceeds the World Health Organimatios

household water treatment technolodk].

highly protectiywv



34

The cookstove that will be disttb ut ed during this trial IS
concentrates the combustion process while channeling air flow to completely burn the
combustible fuel provide@Figure 4.2) The carbosrich fuel (typically wood) is placed in

a ceramic combustion chamiwthin steel housing, which is topped with a cast iron stove.
The stove includes a rack for placisigpall pieces ofirewood. The cookstoves and water
filtration units will be delivered together at no cost to participating households during
village meetngs.

Households receiving theookstove andilter were introduced tdaheir projected health
benefits and filteand cookstoveise and maintenance at the dellel distribution events.

A set of hired community health workers followed up with each reagivousehold within

48 hours of the distribution to distribute pictorial brochures and posters and to properly

train all household members on the proper use and maintenance of ttentil&ove

Preliminary Data from Pilot Phase and Phase |

In order to lay the foundation for a largeale intervention, DelAgua Health and the

Ministry of Health undertook a pilot project in Western Province starting in 2012.
Designated as “Phase 17, distribuBon and pranotwordant i o n
Lifestraw™ water f il t e-efficieneyncdok $ioves 200 1OM3™ | mp
households across 15 villages in 11 distrjblsin Western and Southern provinces. The
objective of this phase was to determine whether certain design criteria, in conjunction with

the cookstove and water filter intervention, could result in increased ugntakase of the

stoves and filters. The program design choices that DelAgua selected were 1) Free

distribution; 2) Behavior change communication through commuiityd household
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based activities; a n’dpubBcprivate RartperstiipobewerP e r f o r
DelAgua and the RwandaVinistry of Health, with performance incentivized by carbon

credit revenues.

The methods of the pilot phase of the study are described in detail by Barstow et al. (2014)
[5]. This phase utilized a convenience sample of 15randomly selected villages in 11
districts. It applied behavior change theory, pattdy the Diffusion of Innovation theory

[53] and the Health Belief Modgb4], to encourage uptake of the intervention and
engagement with community members, as descrimdiously. Ministry of Health
Environmental Health Officers (EHOs) conducted surveys in 325 households each month
to assess demographics, cooking practices and water treatment and collection practices.
Qualitative interviews were also performed at fogusup sessions jointly conducted by
CHWSs and EHOs which addressed the perceived adoption of the intervention within their
villages, problems with the filter and stove, effectiveness of household messaging and
barriers to exclusive use of the filter andvetoT he results of the pilot have been published
[5,6,55]and describe uptake, use and the environmental impacts of the stove and filter in

the home.

Uptake and UseReported and observed measures indicated that the filters and stoves were
largely embraced by most of the target population in the pilot phase. Adoption of the water
filter met or exceeded 90% on several metrics. 96.5% of households reported use, while
visud inspection of the water filters indicated that 9 out of 10 household water filters were

filled with water (the metric EHOs used to visually confirm filter use). 12.8% of
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households also reported using the water filter for reasons other than providng saf
drinking water, such as cooking, hand washing and washing digh&&eported pmary

use of the EcoZoom stove was around 90% as well; however, 71.5% of households
reported concurrent use of their traditional stove. About 21% of households were cooking
at the time of the followp visit, and of those, 63.7% were using the EcoZoom stove
21.9% were using a traditionalsBone fire, 11.4% were cooking using a different type of
stove, and 2.9% of households were cooking concurrently with the EcoZoom stove and a
traditional stove. As households were also counseled to cook outside, camtatigris

were also assessed. At the folloy visit, 37.3% ofUbudehel and 2 households surveyed
were cooking outdoors, 44.5% were cooking indoors, and 18.2% were cooking in a

separate kitchen detached from the main living structure.

Methods for assessy impact of intervention on household air and water qualitye
evaluation of the pilot occurred from September 2012 to April 2013. The purpose of the
evaluation was to assess uptake and use of the filter and stove and their impact on
environmental expases (drinking water quality and HAP); it also sought to provide
information that could assist in the design of a comprehensive health impact evaluation
that was envisioned for Phase 2. BMnd TTC reductions were also assessed. The study
was powered oneductions of PMs emissions rather than TTC counts since the former
required a larger sample size. Ultimately, 63 households from three rural villages were
required for each study arm to assess P&hd TTC reductions. These households were

drawn from louseholds included in the larger pilot study.
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During each of the five monthly visits, field enumerators collected water samples from the
primary drinking water container in sterile WhRhk bags (Nasco, Fort Atkinson, WI) for
microbiological assessment using membrane filtration. All water samplesphsered on

ice in the field and processed within 6 hours of collection. The membrane filtration
technique was performed on membrane lauryl sulphate medium (Oxoid Limited,
Basingstoke, Hampshire, UK) and samples were incubated using a DelAgua fieldancubat

(Robens Institute, University of Surrey, Guilford, Surrey, UK).

Unifying Methods for Dissertation Aims

Principal Components Analysis derive socioeconomic index for Aims 1 and 3 (Chapters

5 and 7)Our team collected data on a total of 17 socioespoand demographic variables

that were not direct exposures of interest. In order to create a summary socioeconomic
indicator, we performed a principal component analysis (PCA) to create an overall
socioeconomic index. The application of PCA methods tecrdie socioeconomic
indicators, as suggested Bymer & Pritchett (2001,)is problematic as it assumes a normal
distribution of all underlying variables. In addition, dichotomizing categdbrvariables

into binary dummy variables leads to loss of ordering inherent in all ordinal variables.
Generally, the FilmePritchett method for PCA leads to an underestimation of the reported
proportion of explained variance as the number of categone®dse, and greater
household misclassification generated SES index ultimately calculated from the factor
scoreg[57]. In order to apply PCA to our socioeconomic and demographic variables to

attain an SES index, wesedoriginal ordinal variables rather than binary dummy variables
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and input a polychoric correlation matrix between the variables into the PCA to account

for the ordinal and binary nature of asset, education and housing construction variables.

Variables were not candered for PCA if univariate analysis revealed a standard deviation
(Sb<1) and if the population was fairly hc

result, the following variables were removed from consideration of inclusion into the PCA:

“Owneroshitpel evi si on, ” “ownership of bicycl
“ownership of boat.” High collinearity was
“Household owns | and/plot not used for agr
Inths case, only the variable for “househol d

PCA since it had the highest standard error and thus would contribute more variability than

the other collinear variable.

The following variables were included in ounadysis: Household head education
(O=None; 1=Nursery; 2=Some primary;3=Completed primary;4=Some secondary;
5=Completed secondary), primary cook educatdNone;1=Nursery;2=Some primary;
3=Completed primary;4=Some secondary5=Completed secondaryhousehold has
electricity (1=yes, 0=no0), ownership of radio (1=yes, 0=no), ownership of mobile
telephone (1=ye€)=no), ownership of mattress (1=y&sno), ownership of agricultural
land (1=yesP=no), ownership of house (1=yd¥;no), cares/tends cows (1=y&s;no),

type of flooring materialsO= earth/sanadr animal dungl=Dbricks, 2=cementype of wall
materials Q= only wood planks,l1=wood planks and mu®=mud bricks not covered,

3=mud brickscovered with mud4=mud brickscovered with cement=real bricksnot
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covered, 6=real brickscovered with cement7/=woodcovered) and roof materials (,

O=plastic sheetsd=metal sheetg=clay tiles).

Principal Components Analysis derive socioeconomic index for Aim 2 (Chapter 6)

Water source and sanitation type variables are frequently included in principal components
analyseg58], but since these variables were primary exposures of interest, they were not
incorporated into the PCA for Aims 1 and 3. In addition, the PCA for Aims 1 and 3
incorporated roof type, which is an exposure of interest in Aim 2 given its effect on
ventilation. Therefore, the PCA was repeated for Aim 2 and included these water and
sanitation variables and excluded roof type. A totdl@®socioeconomic and demographic
varnableswere includedhat were not direct exposures of interest to either the baseline
study for the water filter or cookstove RCT. Additionally, information was gathered on
water supply and sanitation facility, which were primary exposures of interegfieor
baseline study of the water filters, butn@consolidated with the other socioeconomic and
demographic variables for this principal components analysis (PCA) to create an overall
socioeconomic indexLike the first PCAwe usedoriginal ordinal varables rather than
binary dummy variables and input a polychoric correlation matrix between the variables
into the PCA to account for the ordinal and binary nature of asset, education, housing
construction and water and sanitation variablesiables deenukas relevant to deriving

socioeconomic indices in developing countfts].

The following variables were included in our analysis: Household head education

(0O=None; 1=Nursery; 2=Some primary; 3=Completed primary; 4=Some secondary;,
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5=Completed secondary), primaigok education (O=None; 1=Nursery; 2=Some primary;
3=Completed primary; 4=Some secondary; 5=Completed secondary), household has
electricity (1=yes, 0=no0), ownership of radio (1=yes, 0=no0), ownership of mobile
telephone (1=yes, 0=no), ownership of matti(@ss/es, 0=no), ownership of agricultural

land (1=yes, 0=no), ownership of house (1=yes, 0=no), cares/tends cows (1=yes, 0=no),
type of flooring materials (0= earth/sand or animal dung, 1=bricks, 2=cement, type of wall
materials (O=only wood planks, 1=woog@lanks and mud, 2=mud bricksot covered,
3=mud brickscovered with mud, 4=mud briclkvered with cement, 5=real brickst
covered, 6=real bricksovered with cement, 7=woarbvered), water source (O=stream,
river, pond, lake or rainwater, 1=unprotettiug well or unprotected spring, 2=protected
dug well or protected spring, 3=public tap/standpipe or hand pump/borehole and 4=piped
water into dwelling, yard or plot) and toilet type (0=No toilet/bush, 1=pit latrine with or

without a slab, 2=ventilatedtdatrine and 3=composting toilet or pour/flush toilet).

Accounting for nomormality of continuous variablegnivariate analyses were performed

on all continuous exposure and outcome variables relevant to our analysis to assess
normality, including age,TTC counts PMe.s exposure (ug/f) and median fluorescence

intensity values (MFI) for all serological responses to enteric pathogenaater quality,

TTC counts designated “t oo rensoeedandassighed cour
the value of 30@FU/100mL, deemed the maximal countable v§hg3. All TTC counts

were adjusted to a standard sample volume of 100mL. After these adjustments, univariate
analysis of TTC counts revealedlashaped logihormal distribution, with bounded

outcomes at 0 and 300 CFU/100mL. Water quality was then stratified in accordance with
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WHO-designated risk profiles: 0 CFU/100 mL (conforms to WHO guidelinesf 1
CFU/100mL (low risk); 16100 CFU/100mL (irermediate risk); and 160000 CFU/mL

(high risk) [60]. In order to account for stratification and clustering of our survey data,
analyses usingeneralized estimating equations will be performed on marginal models of
this newly created ordinal respsm variable forwater quality. PMs exposure was
successfully logransformed and incorporated into linear regression analgseslogical
indicators were transformed with varying degrees of success, and these procedures are

described in detail in Chapter 7.

Sample wight construction.Since the intervention was randomized at a 3:1 ratio while
intervention and control villages were selected at a 1:1 ratio, control villages were
oversampled compared to intervention villages. Also, while an average of 9.2 households
wereselected per cluster, the number of households selected per cluster ranged from 2 to
11 households. To account for population proportional selection, stratification by treatment
arm and different selection probabilities within each cluster, we calcigaidg weights
for householdevel and childevel observations. For househééVel observations, we
used the following formula, wheragis probability of selection of any given clusien
treatment stratureand psj the probability of selection dfousehold within clusterl :

N OB @ ;N S (R

YR on ;0 —

Wherex is the number of clusters per stratumijs the size of clustarin stratums, nsjj is

the size of househoidn clusteri in stratums, PS is the probability of selection ang\e
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the sample weight attributed to househald clusteri within stratums. Since all children
under5 were enrolled in each household, similar sample weights were calculatedder chi
level data, scaled by 1.45 , the anticipated average number of childrerbum@esent in
every household that has at least one child ubdarWestern Province. This factor was
calculated using 2012 Rwandan Cengiid and 2010 Demographic Health Sunjéy]

datasets.



Fig. 4.1. The LifeStraw Family 2.1 water filter, used as the intervention filter in this study.

Fig. 4.2. The EcoZoom Dura, used as the intervention cookstove in this study.
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Chapter 5 - Predictors of diarrhea and coliform
contamination of drinking water; a cross-sectional
study in Western Province, Rwanda

Abstract

Diarrheal disease is one of the largest contributor to childhood morbidity and mortality in
SubSaharan AfricaA large proprtion of diarrhea attributable tmadequate access to
water and sanitationccurs on the continent. We leveraged the baseline phase of a large
clusterrandomized controlled trial of a poinf-use household water filter to characterize
household and emanmental exposures that are disproportionately associated with
diarrheal disease among children unBigrearsold in Western Province, Rwanda. Taylor
series linearization with robust variance estimation was used to account for the complex
survey design othis study.While WHO JMRdesignated improved water sources did not
appear to be significantly protective over surface water sources and unimproved water
sources, further disaggregation found thigied water and dug wells were significantly
more protectre than protected spring water sources, while standpipes, boretmaes
surface water posed significant excess risk. WHO-dldstgnated improved sanitatidid

not appear to be protectivieut further disaggregation into actual toilet types revealed that
composting toilets nearly doubled the risk of recent diarrhea. Both shared saritation
toilet area cleanliness (measured as observed fecal matter within 1 meter of the toilet)
increased seveday diarrhea prevalence by 54% (RR: 1.54, -2 11®) and 35%KR: 1.02

1.80), respectively. While water quality, measured by thermotolerant coliform counts in
drinking water samples taken from the household, was not associated with diarrhea, water

quality results varied greatly by various household water and sanitategories. Taken
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together, these results reveal lessons for implementers and future priorities for water and
sanitation researchers.

Introduction

Diarrheal disease accounts for approximately 3.6% of the total global disease [Ajirden

Out of 13 million annual deaths attributable to diarrheal disease gloljélRy,
approximately 502,000 and 280,000 deaths were associated with inadequate drinking water
and sanitation, respteely [63]. While SubSaharan Africa dg represents approximately

78 of the worl d’ s p o patiribiaable diarrheal diseasermdortabty a | |
occurs on the continent. While global diarrhea attributable #mlequate water and
sanitation has declined since 1990, it remains among the top contributors to childhood
mortality on the continerfl64]. The WHO Joint Monitoring Pr
global progress towards water and sanitation targets within the Millennium Development
Goals (MDGs) reveals that while 43% of people in-Salharan Africdnavegained access

to an “improved” drinking water source sin

acces$60]. Even the communitievel improved drinking water sources considered to be

I mproved, recently acquired by 1.aBle bi |l | i
contamination by fecal pathogeri65], resulting in a potential ovesstimation of
protection conferred by improved drinking water @s in low and middleincome

countries (LMICs) as described in the R@lobal Burden of Disease (GBD) stuf®}. A

systematic review of 34&vater quality studies bBain et al. (2014jevealed that in rural

areas throughout StBaharan Africa, 58% (95% CI: 0.4171) of piped water souss,

22% (0.150.31) of boreholes and 91% (0-8206) of unprotected groundwater sources

were contaminated with fecal indicator bacteria (FIB), defined as any detdetadukor
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thermotolerant coliforms (TTC) in drinking water samp|&S]; in addition, they found
that at least 52% of the general Ssdharan African population was exposed to fecally

contaminated drinking water.

Wolf et al.'s (2014¥ystematic review analyzed the health impact of various drinking water
and sanitation interventions, such as improved community level drinking water sources,
piped water, higher quality piped water, peaftuse (POU) blorine treatment, POU solar
treatment and POU water filtration with and without safe storage. Despite the continuing
risk presented by fecally contaminated drinking water sources, certain improvements in
drinking water treatment and sanitation, partidyl®OU water filters, high quality piped
water and sewer connections, were associated with substantial reductions in diarrheal
diseasd67]. POU water filters with safe water storage confethedmost protectiof68];

they were associated with a 45% reduction of diarrheal disease over exposure to untreated
unimproved water sources (RR=0.55, 95% CI: @38L) and a 38% reduction of diarrheal
disease over exposure to untreated improved water sources (RR=0.62, 95%-Q08)42
Notably, POU solar and chlorine treatments did not significantly reduce diarrhea, after

adjusting for bias from nehlinding [67].

Despite the fact that Rwanda is driving the most pronounced reduction of childhood
mortality of any other country in the world, lack of access to improved water sources
contributes substantially to diarrheal disease mortality in Rwanda and in the region as
whole[2,12]. Western Province, in particular, struggles with the lowest economic mobility

and highest diarrheal disease prevalence in the coliri#fyLeveraging this knowledge
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and the existing evidence wérious interventions, DelAgua Health initiated thBubeho
Nezaprogram to distribute POU water filters with safe storage containers and improved
cookstoves (as part of their goal to reduce childhood pneumonia) to 600,000 of the most
socioeconomically idadvantaged household€)udehelevels 1 and 2) throughout
Rwanda. The second phase of their work, which this baseline study references, will cover
100,000 of these households in Western Province as part of a-crsiemized controlled

trial of this pared intervention. This crossectional analysis of the baseline data will 1)
ascertain balance of potential confounders between intervention and control households
and 2) identify associations between household, socioeconomic and water, sanitation and
hygiene indicators and-@ay period and point prevalence of diarrhea in children under 5

yearsold.

Population of Western Province.

Education.Western Province has the highest percentage of men (17%) and women (26%)
who have never obtained any formal edigrain Rwanda however, this figure is largely
influenced by age. Across the country, for example, 79% of women age 65 and over have
no education, compared to 2% of girls between the ages of 10 and 14. We anticipate the
same trend in our study populatighe older our respondents are, the less likely they are

to have had a formal education.

Access to improved watérhe 2010 DHS indicates that 89.6% of households have access
to improved sources of water (piped water, public tap/standpipe, borehole tgutatag

well, protected spring, rainwater or bottled water) while another 7% have access to a
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unimproved source (unprotected dug well, unprotected spring, tanker truck/cart with drum
or surface water]12]. While this appears promising, research from Phase 1 of the
intervention indicated that among the 468 households our team assessed for total coliforms
across 19 districts in Rwanda, 27.8% of “Ii
water sources and 58.3% of stored water supplies exceeded the Rwanda Standard for
Potable Water[13]. 34.7% of households do not treat their water; among households that

do, boiling is the dominant method (58.5p02].

Access to improved sanitation rural areas, approximately 25% of households
countrywide use unimproved s#ation facilities, the majority of whiclare pit latrines
without a slalobpen pit. Another 57% in rural areas have access to an improved/not shared
pit latrine with a slalh12]. As these figures were calculated countiigle, we might expect

the proportion of households thanly have access to unimproved facilities to increase in
the lower wealth quintiles, although these data were not disaggregated by socioeconomic
status. In addition, only 10% of households have a place dedicated for handwashing, and
among those househaldonly 21% actually have soap and water for hand washing. This
figure decreases in Western Province, where only 4% of households have a designated
handwashing placfl2]. 77% of households in the lowest wealth quintile have no water,

soap or cleansing agent availafé].

Methods
Study site and household selectioWVestern Province is located in western Rwanda,

bordered by the Democratic Republic of the Congo and Lake Kivu to the west, Burundi to
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the south, Southern Province (Rwanda) to the east/southeast and Northern Province
(Rwandajto the east/northeast. The province is divided into 7 districts: Karongi, Rutsiro,
Rubavu, Nyabihu, Ngororero, Rusizi and Nyamasheke. These 7 districts are further divided

into 96 administrative sectors, which in turn are divided into 538 cells and 3&ijesi

The paired intervention was randomized by sector at a 3:1 ratio (72 intervention sectors
and 24 control sectors), and the intervention was distributed between September and
December 2014. Control villages are scheduled to receive the intervetaidimg in

March 2016, at the end of the follewp period of this study. Our study team selected 87
intervention and 87 control study villages at random using populptmportional
selection (PPS). Our sampling frame was the vilsgecific interventin distribution list

of theTubeho Nezar ogr am, which was derived from ¢t}
Ubudehelist. Households were considered eligible for the intervention if they fell into the
lowest socioeconomic tertile, designatedimidehelevels 1 and 2. In addition to this
socioeconomic requirement, households had to have at least one child underddyears
and have a primary cook 16 yeas or older to be eligible for selection into our study.
Households in highly urbanized areas,isas Gisenyi in Rubavu and Kamembe in Rusizi,
were excluded, as their use of coal over wood as cooking fuel precluded them from
receiving the woodburning cookstove distributed Byubeho Nezas part of this paired

intervention.

Within each of the 174 gty villages, all eligible households were visited in random order

and invited to participate in the baseline study and up to four fallpwounds of the study
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for up to 16 months. Eligible households were recruited from each village until either 10
housdolds were enrolled or the eligible population was exhausted. Informed consent for
the baseline study was obtained from the primary cook over of the household on behalf of
all household members, and the primary cooked served as the principal resportient for
survey and all subsequent visits throughout follgev If a new primary cook was identified
during subsequent visits, the consent procedure was repeated. Households were not
provided with any incentive to participate, and their receipt of Tabeho Nza

intervention was not contingent upon their participation.

Data collection.Participating households of the overall study were visited once during
baseline. Two households from each village were visited on three consecutive days as part
of an intensre household air pollution study, but the primary survey in these households
was conducted on the first day. Data on household demographics, primary cook and
household head education, water source, use and handling practices, sanitation
characteristics, hakwashing behaviors and other potential covariates were collected
during the baseline survey. All survey instruments were first written in English and then
underwent a double forwardnd backwardranslation process to obtain our final survey
instrumentsn Kinyarwanda. All surveys were piloted before use in our study, and pilot
participants and survey enumerators were asked to provide their feedback on the
comprehensibility of the questions asked. Survey items were a combination of enumerator
observatios and participant questions; they were predominantly binary or medtigliee,

although some opeended questions were asked where appropriate.
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During the household visits, enumerators asked primary cooks about currentdand 7

binary recall of diarrh@ for themselves and for each child under 5 yeldsin the

household, using the local word for the conditiompiswi Primary cooks were then asked

about 7day recall of diarrhea in each child und&eaccording to the WHO case definition

which is threeor more loose stools in any given-Bdur period. In addition, respondents

were asked to provide information on duration of each reported illness (in days; care
seeking behavior for each illness from a CHW or health center; and vaccines received, as
confirmed from a vaccination card administered by the Ministry of Health. If current
diarrhea in any child under 5 yearsl was reported, the child was assessed for 1)
dehydrati on, using the WHO’ s Il ntegrated N
criteria; 2) persistent diarrhea, defined as diarrhea lasting 14 days or more; and 3)
dysentery, defined as blood in the stool at any time during that particular diarrhea episode

[69]. Diarrhea with varying levels of dehydration was classified based on identification of

a child with sunken eyes, IMClriteria for either lethargy/unconsciousness or
restlessness/irritability, degree of thirs
is also diagnosed in the field using an IMCI index incorporating the presence or absence

of rapid breathing, cheshdrawing and stridof69]. All children with IMCI-classified
general danger signs were referred into cat
Regardless of the presence of diarrheal disease, miggler arm circumference (MUAC)
measurements were obtained to rapidly assessiondl status. Enumerators were trained

on the | MCI protocol specific to the Rwand
CHW trainers and pediatric clinic staff, the Rwandan Integrated Case Management of

Childhood llinesg70].
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In addition to point and period prevalence of diarrheal disease and respiratory disease, our
team collected water samples at each participating household in sterile plastic WhirlPak
bags (Nasco, Fort Atkinson, WI) containing one sodium thiosuifdlet to neutralize any
halogenbased disinfectants. Thermotolerant coliform (TTC) counts were obtained for each
sample daily by trained laboratory staff using membrane filtration procedures prescribed
for the OxfamDelAgua Incubator Kit (DelAgua, Wiltshr e , UK . Using the
pad dispenser, one membrane filter pad was placed on one metal petri dish for each water
sample. Approximately 1.75mL of membrane lauryl sulfate medium (Oxioid Limited,
Basingstoke, Hampshire, UK) was applied to fullyeogach pad. Once the water sample

was thoroughly mixed, the membrane filter was placed on the filter support of the filtration
apparatus with sterile tweezers-B00mL of sample water was poured from the sample
bag into the filtration funnel and vacuum#dough the filtration funnel using a hand

vacuum pump. Plates were incuba#td4°Cfor 16 hours prior to colony counting.

Population stratification and hierarchical selectiorbata were collected in a hierarchical
manner. The intervention was ultiret randomized by sector, and data were collected

within multiple intermediate levels of observation:

Cluster: Sectors, which were randomized at a 3:1 ratio. Sectors are government
administration areas; there are a total of 96 sectors in Western Priwatdie within 7

districts. Clustetevel effects are mostly relevant for follewp studies; cluster assignment
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is accounted for in this crosectional baseline assessment through the sample weights

assigned to households and individual children.

Village: There are 174 villages selected into this study, randomly selected using population
proportional selection at a 1:1 interventitmacontrol ratio. Village size will be considered

as it may contribute to transmission of respiratory and diarrheal disease

Household: 1582 households were ultimately enrolled across our study, for an average
village enrollment size of 9.15 households per village. Potentially relevant data for our
analysis at this level include indicators of socioeconomic status and seatégtion and

hygiene factors.

Individual: 2179 children were enrolled across our study, for an average of 1.38 children
under 5 yearsld enrolled per household. Children over 4 yeadsat baseline were only
enrolled if a younger child also lived ihg house to avoid having whole households age
out of the cohort throughout the anticipated 12 month follpwperiod. Outconmievel

data will be collected at this level, in addition to potential confounders such as age, gender
and immunization status. Ensg follow-up analyses will account for treatmédevel
effects; however, due to the cressctional nature of this baseline analysis, clustering will

be accounted for within the village and household levels.

Statistical analysisin order to establishhat the selected households in the intervention

and control study arms were balanced along potential confounders, descriptive statistics



54

were obtained for all demographic and socioeconomic factors and water, sanitation and
hygiene (WASH) indicators at tHeusehold level incorporating household weights using
SUDAAN (Research Triangle Institute, Research Triangle Park, NC USA).

Baseline prevalence otday reported diarrhea, current diarrhea and current diarrhea with
dehydration will be compared betweeneirviention and control groups as an additional
measure to ascertain balance between the two study arms at the primary outcome level. In
order to assess the magnitude of association between household, sociodemographic and
WASH factors and our primary diarrhe@utcomes, adjusted muléivel random effects
logistic regression models with robust standard errors to account for betilege
variation. All models will be run along with calculatpredictedmargins, or the predicted
response of all observationstinn each exposure levgl'1,72], in order to calculate risk

ratios. Given population weights to be applied to each child in this complex survey dataset,

the predctedmargin is given by:

~

00 1 0QIRKk~T 10 h

w h e =& is theith observation is in the sampled sopdpulation and O otherwisey; is

the sample weight, is the treatment group; epresents the values of the covariates and
B-hat is the sampleveighted estimator of the parameter vecfét]. As our study
households are clustered within villages, unconditional variance of PM(r) will be estimated
through Taylor linearization methods, allowing for unequal probability of selection of
households within each village and household samplitigreplacement. As all data are
clustercorrelated, analyses were performed with S2eélable SUDAAN Ver. 11.0.1

(Research Triangle Institute, Research Triangle Park, NC).
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Severday period prevalence of diarrheal diseaddodel selection procedures veer

applied using methods outlined by Hosmer, Lemeshow & Sturdivant (2[7B3)

Variables selected for model inclusion underwent prior bivariate analyses with our
outcome of interest,-day period prevalence of diarrheal disease. CMHsghiae tests

were performed and categorical variables were selected for initial inclusion into the

mul tivariate models if they were even mil c
Based on these procedures, the following variables were excluded drsideration:

water treatment (wu4), number of household members per sleeping room (pph), designated
handwashing location (hwl), water available for handwashing (hw3), number of
households sharing toilet (tf6), method of water treatment (wu5), frequenasatef

treatment (wu6), MMR (cv5) and rotavirus (cv6) vaccine.

Backwards selection was first performed on a full model specifying all potential covariates.
Each reduced model was independently assessed for confounding and intefaction.
confounding assement was then performed on all potential covariates, using the

following full models to compare each partial model against:
a€ Qoo I T—— 1 o T 0O f o0o1Q T ol
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Where pis the probability of a child having respondeletined diarrhea in the last 7 days,
p2 is the probability of a child having diarrhea fitting the WHO case definition in the last 7
days, tf2a=toilet type, wul=water source, tf4=feces on floor within 1M of toilet, tf5=shared
toilet, tf5a=location of toilet, SES=SES index (derived from PCA), cd3dgertd6=age
(in months), wu3rt=rountrip time to fetch water (in minutes), wu4=drinking water is
treated and hwl=designated handwashing location in household. Further results of the
individual confounding assessments for each exposure of interest amgbeldsin

Appendix1.2.

Next, unweighted multivariate logistic regression analyses were performed with stepwise
selection procedures in order to further refine the final model to be used to examine the
relationship of water and sanitation factors anarega diarrheal disease. At each stage of

the selection process, a covariate had to be significant at a significance level of 0.35; in
order for each covariate to be eligible for final model inclusion, a significance level of 0.30
was required. Based onetbe criteria, final model specification is described further in the
results section. Survey weights and robust standard errors were applied to the final model

to account for withirvillage clustering of diarrhea cases.

Water quality.Two model techniquesere considered to examine the association between

various water and sanitation indicators and water quality, measured by thermotolerant
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coliform counts: proportional odds and multinomial logit regression. Proportional odds
models will be fit with the SUBAN MULTILOG procedure with a cumulative logit link;
multinomial logit regression models will also be fit with the SUDAAN MULTILOG
procedure, but with a generalized logit link. For the proportional odds models, the
probability of worsening water quality iffher TTC counts) across levels of various
exposure variables will be modeled. In the event the proportional odds assumption is not
met, the multinomial logit model will be used to model the probability of a water quality
sample being in any of the lastéle WHO JMP exposure categories compared to the lowest
WHO JMP exposure category (TTC QFU/100mL). Regardless of the model chosen,
generalized estimating equations mefitihg techniques will be run under an independent

working assumption and a Zegebust variance estimator.

In order to assess the association between household, water and sanitation factors and water
quality, the dependent variable was an ordinal variable created to reflect WHO JMP risk
categories based off of the TTC counts obtaifrech the water samples in the study.
Backwards selection procedures were also used to determine the optimal model
specification for water qualityThe full model used for all reduced model comparisons

was.:
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Where g is the probability of any given water sample being at any \Wid€ned water
quality risk category and pph2 reflects the total number of household nep#resleeping

room in the house.

Data adjustments.In order to accurately reflect disease burden, selasn period
prevalence of diarrhea was adjusted i1 f a 1
child had diarrhea ie taepbaséeé Wasaysesttobde
child currently have diarrhea?” Child age
in months. Age in months was rounded up after 15 days, and all age values were checked
and altered if they did not reflect thidate of birth was not available for a child, then the
child's total age in months was checked ag
I f only a child’' s age in years was known,
multiplying thetotal age in years by 12 (e.g., if a child was reported as being 3oldars

then the age was recorded as 36 months). The total number of childrefb Uivitey in

the household was also checked against the total number of childrerburederded in

the survey, as enumerators should have entered in each childsugdarsold. If the

number of children initially reported to be living in the household did not match the number

of children actually entered in the survey, then the reported number ofechiiddes5

was changed to reflect the number of children recorded in the survey. Total number of
household members was also changed to reflect this change in the number of children

under5 currently living in the household.



59

The water source variabl@ul) contained three levels for which no cases of diarrheal

di sease were reported: “water source: pi pe
water into yard/plot” and *“water source: p
water source covate perfectly predicted diarrheal disease outcomes, they created model

convergence problems. For this reason, they were excluded from all multivariate analyses,

and the following |l evels were retained: *“P
“Pect ed spring,” “Rai nwater,hB” “Unprotect e
“pond/ |l ake” and “river/stream.”’

Ethical approval. The study protocol, survey instruments and informed consent was
reviewed and approved by the Emory University Institutional RevBoard (Ref #:
73615), the London School of Hygiene and Tropical Medicine Research Ethics Committee
(Ref # 7711), the Rwandan National Ethics Committee (Ref # 1497) and the National

Health Research Committee of Rwanda (Ref # NHRC/2014/PROT/0163).

Results

A total of 1582 households containing 2179 children under 5 yddraere enrolled
during the baseline survey. Among the children enrolled, 1077 (50.12%) were female and
1072 (49.88%) were male. 212 (9.73%) of children webenfonthsold, 270 (12.40%)

of children were 611 monthsold, 458 (21.03%) of children were -3 monthsold, 489
(22.45%) of children were 235 monthsold, 541 (24.84%) were 348 monthsold, and

208 (9.55%) were 480 monthsold. The mean and median age of the respondent, who
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was he primary cook of the household, was 32.7 and 31 yddysespectively, and ranged
from 16 to 91. While an average of %.¢hildren per household was recorded, an average
of 1.38 children per household were enrolled in the study. Selected baseliretaristics

for all howseholds, representing potential confounders, are present in Fablehich
reveat that the intervention and control arms were vbalanced at baseline on all
potential confounders. For the PCA used to derive the socioeconomi¢apgeoximately
27.06% of the total variance exhibited by education, asset and housing construction
variables was explained by th&drincipal component. Factor loading scores are presented

in Appendix 1.

Sevenday period and point prevalence of dreea, stratified by treatment arrare
presented in Tablg.2. Both period and point prevalence of diarrhea appeared to be higher
in the intervention arm (16.11%, 95%CI: 13.85.66) than in the control arm (13.46%,
95%Cl: 11.5115.68), although this diffence was not statistically significant (F=1.55,
p=0.22). Period and point prevalence of diarrhea also appeared to be higher in younger age
groups and in males. Out of the total 2179 children enrolled in the study, there were 320
children for whom diarrheavas reported in the last 7 days; therefore, the total weighted
period prevalence of diarrhea was 15.39% (95% CI. 137/%633). Eightytwo children had
caregivefreported diarrhea on the day of the survey, resulting in a total weighted point

prevalencef diarrheaof 3.91% (95% CI: 3.08.96%).

Tables 5.3a and5.3b indicate that -dlay diarrhea prevalence appears to be affected by

various household water and sanitation factafter fitting the model, 343 children were
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eliminated from the analysis if dateere missing for one of the covariates in the model.
Overall, out of 2179 children enrolled at baseline, 1836 were included in the multivariate
analyses outlined above. We make the assumption that the observations for these 343
children are missing at rdom, so all logistic regression analyses can be generalized to all
children under 5 yeasld in our study area. Out of the 174 clusters included in the analysis,
172 were used to fit the model, as 2 clusters did not have a child for whighissing
dataacross all covariates were available. The minimum cluster size was 1, while the
maximum cluster size was 22. Overall, 294 out of the 1836 children used to fit the model
had caregivereported diarrhea in the lastdays, while 275 children had caregiver
reported diarrhea in the lastdays that fit the WHO case definition. The 28 df Waid

test indicates that we can reject the null hypothesis that all regression coefficients except
for the intercept are equal to zero (F=3.901, p<0.001). Wa&sts of he main effects
indicate that water source, toilet type, age and the interaction between water source and
roundtrip time to water source are statistically significant (p<0.05). In addition, variables
for feces within 1M of toilet (F=3.05, df=1, p=0.082)cashared toilet (F=3.20, df=1,
p=0.076) approach significance. Children in households with the following characteristics
appear to have higher odds of having diarrhea in the last 7 days: household with a
composting toilet; water source=public tap or sfapd or pond/lake; use of a shared toilet

and low socioeconomic status'@nd 29 quintile groups). Age also appeared to be a major
predictor; the odds of diarrhea in the last 7 days were higher in the youngest age groups,

and tapered in a linear fashiby age.

1. Primary water source
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1.1. Responderdefined seveday prevalence of diarrhea

The weighted modeddjusted risk of tlay period prevalence dfiarrhea applying the

WHO case definitioms given by predicted margingrevalence Water sources were
categorized by WHO <criteria for “iI mprovec
significant disadvantage was conferred among children in households obtaining their
drinking water fromeither unimproved water sourceaRR=0.99, 95%CI: (072-1.36) or

surface water sources (aRR=1.25, 95%CI: {L.B8)compared to children in households

obtaining their drinking water from improved drinking water sou(@edble5.3a)

When further disaggregated into water source categories, the referenpe fgroall
analyses was protected spring, based on a combination of low diarrhea prevaiatee (
proportion3.42%, 95%CI: 11.235.98) and larger population representationi#24)
relative to other water source categories. Relative to householdsiogtideir water from

a protected spring, children in households obtaining their water from a public tap/standpipe
(aRR=1.62 95%CI: 118-2.22), a hand pump or borehole (aRR=2.20, 1358),rainwater
(aRR=3.90 95%CI:2.61-5.85 and a pond or lake (RR-A0, 95%CI1.22-3.60 had an
increased risk of reported diarrhea in the lagays Supplemental Tablg.3a)). Notably,

no diarrhea cases were reported among children irR&kouseholds obtaining their
drinking water from piped water into the dwellingp@ed water into the yard/plot or a
protected dugvell (Supplemental Tabl&.3a); becausdhese levels of the water source
variable fullyseparated cas#ata, maximum likelihood estimates could not be estimated

andprevalence ratioare not displayed.
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No significant relationship was observed for rotirig to and from water source, although

it did significantly modify the effect of water source type on seday prevalence of
diarrhea F=5.270, p<0.0001in unweighted modelswhile not significant, the maed
adjusted risk for diarrhea seemed to increase as +ymntiime to water source increased.

In addition, no significant relationship was observed between diarrhea and water quality,
measured by TTC counts in CFUs/100nak the risk of diarrhea appeatede the same

across all WHGEdefined water quality risk categories (Tadeba and5.5b).

1.2 Seveqday prevalence of diarrhea, adhering to WHO case definition for diarrhea

Similar to the results presented for respondbsiined seveiay prevalence of diarrhea,

no significant disadvantage was conferred among children in households accessing their
water from unimproved sourc€aRR=0.89, 95%CI. 0.62.27) or from surface wate
(aRR=1.40, 95%CI: 0.92.14) compared tdouseholds obtaining their water from

improved sources.

Despite this, further disaggregating improved and unimproved water sources into
individual water source types yielded varying resuRslative to househds obtaining

their water from a protected spring, children in households obtaining their water from a
public tap/standpipe wei®% more likely to have had respondeeported diarrhea fitting

the WHO case definition in the last 7 dagRR=174, 95%CI: 130-2.33. As opposed to
children with responderdefined diarrhea in the last 7 days, application of the WHO case
definition diminished the association previously observedetween 7day period

prevalence ofdiarrhea and obtaining water from a hand pummbole 6RR=1.40,
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95%Cl: 0.702.77). Additionally, collecting water from rainwater (RR=8,95%CI:2.42
5.25 and a pond or lakealRR=1.96, 95%CI: 1.03.78 presented significant increased

risk over collecting water from a protected spriBgpplementalable5.5b).

No significant relationship was observed for rodnd to and from water source and 7
day prevalence of WHd@efined diarrhea. Modeldjusted risk for diarrhea appeared to be
nearly identical betweehouseholds with >30 minute rowtdp time to fetch wateand
households with water close by (0 to 15 minute reuipdtime). In addition, there was no
significant association between water quality and Widined diarrhea in the last 7 days.
No apparent trend, significant or not, is preseneftiter roundtrip time to water source or

water quality (Tablé.3b).

1.3. Water source and water quality

In general, surface water (aRR=0.25. 95%CI: @@®8), unimproved water sources
(aRR=0.67, 95%CI: 0.43.03) and piped water (aRR=0.08, 95%CI: 80042) appeared
to be less likely than other improved water source®daoin compliance with WHO
standards <1 TTC CFU/100mL). In addition, surface water and unimproved water
appeared to be more likely to Hesignated as high risk (>100 CFU/100ncbmpared to
improved, norpiped water source@RR=2.00 95%CI: 145-2.76 aRR=140, 95%CI:

1.00-1.97, respectivly).

2. Toilet type and sanitation characteristics

2.1. Severay prevalence of diarrhea
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The Wald Ftest assessing the effect of toilet type eday prevalence of diarrhea was
significant (F=35.06, p<0.0001Joo few open defecation households were in our study
area to include in this analysidnimproved and shared improved forms of sanitation did
not appear to pose any substantial excess risk or benefit @.aa)e After disaggregating

by toilet type,children in households with composting toileeRR=1.9, 95%CI:1.13
3.23 andwith no toiletacces$aRR=3.54 95%CI:2.325.40 appeared have a greater risk
of havinghaddiarrhea in therevious7 days than children living in households withia
latrine with no slab. Living in a house with a ventilated pit latrorea pit latrine with a

slabpresented no significant risk or beneSupplemental Tablg.3a).

Toilet location (within house, within plot, within compound and outside of compound) was
not significantly associated with-day prevalence of diarrhea. Fecal matter withineter

of the toilet was also not associated with diarrfa&R=1.18, 95%CI: 0.8-1.51). Shared

toilet facilities was positively associated withd@dy prevalence of diarrheaRR=1.53,
95%Cl:1.122.09, although the number of households sharing a toilet did not appear to
affect diarrhea period prevalence. 92.7% of households that shared a toilet shared it with

only 1 or 2 other households, reflecting high population homogeneityi® factor.

2.2.Severday prevalence of diarrhea, adhering to WHO case definition for diarrhea
The Wald Ftest assessing the effect of toilet type eatay prevalence of diarrhea adhering
to the WHO case definition was gifjcant (F=92.10, df=5, p<001). The significant
associations between toilet type andag prevalence of diarrhea adhering to the WHO

definition were similar to those identified forday prevalence of diarrhea with the primary
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cook’ s o wrAmahgtheiWHD sanitation laddeategoriesno associations with
diarrhea were evident, and too few open defecation households were present to incorporate
into any analysegTable 5.3b). After disaggregating the sanitation variable into its
constituent sanitation typeshitdren living in households with composting toilets were
nearly twice as likely to have had diarrhea in the last 7 days as children living in households
with a pit latrine with no slab (RR=81, 95% CI:1.083.04). Out of the 35 children living

in households withnonshared composting toilets, 11 diarrhea cases were identified
(aRR=2.49, 95%CI: 1.48.17) however, among the 15 children living in households with
shared composting toilets, only one diarrhea case was identifiedg in a household

with a pit latrne with a slab or a ventilated pit latrine presented no significant risknefit

(Table5.3).

Toilet location was not significantly associated witlléy prevalence of WH@efined
diarrhea. Children living in households where fecal matter was olosestlan 1 meterof
the toilet were 8% more likely to have had diarrhea adhering to the WHO case definition
in the previous 7 days (RR=5,395%CI: 1.021.80). Shared toilet facilitiesvere also
significantly associated with diarrhea under the WHO cafiaitien (RR=154, 95%ClI.

1.132.10 (Table5.3h).

2.3. Toilet type and sanitation characteristics and water quality
Toilet type did not appear to be associated with water quBlitg. to stratification of the
outcome variable into four levels accorditmgprescribed WHO water quality standards,

strataspecific samples sizes were too low to disaggregate the sanitation variable into its
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component toilet types (Tab6). There was no significant association or trend between
toilet location and water quah Similarly, toilet area cleanliness (feces within 1M of
toilet) and sharing a toilet with one or more households did not appear to significantly
affect water qualityHouseholds with a designated handwashing stdtesha higher
proportion of water santgs in compliance with WHO standar@RfR=2.42, 95%CI: 1.47

3.99 (Table 5.6), and households with handwashing locations appeared to have fewer

water samples designated asl33)high risk” (a

3. Household characteristics

3.1. Seveitay prevalence of diarrhea.

While household crowding, measured by number of persons per sleeping room, did not
appear to be associated with diarrhea, households in the lowest socioeconomic tier had a
higher risk of diarrheaaRR=1.8, 95%CI: 12-2.22 compred to households in the
highest socioeconomic tier. Diarrhea prevalence mostly appeared to decrease as

socioeconomic status improv€bable 5.3a)

3.2. Seveiday prevalence of diarrhea, adhering to WHO case definition for diarrhea.
Similarly, household# the lowest socioeconomic tier appeared to have an elevated risk
of diarrhea fitting the WHO case definitioalRR=183, 95%CI: 1.272.65. Risk generally

tended to decrease as socioeconomic status imp(dabie 5.3b)

4. Child age

4.1. Seveitlay prevalence of diarrhea
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Compared to children who were -68 monthsold at baseline, children in younger age
groups had a higher risk of diarrhea. Children who weté éonthsold had the highest

risk (RR=363, 95%CI: 205-6.41) and gradually decreased as aggeased.

4.2. Seveqtlay prevalence of diarrhea, adhering to WHO case definition for diarrhea
Age-specific prevalence of diarrhea adhering to the WHO case definition fit a similar
pattern. Children who were-BlL monthsold at baseline had the highesk of diarrhea
compared to children who were -68 monthsold (RR=328, 95%CI: 174-6.17). After

that point, diarrhea prevalence gradually decreased as age increased.

5. Water quality and diarrhea.

Overall, 336 (25.74%, SE=1.77) of drinking water slapvere free of TTC while 484

(35. 89 %, SE=2.04) of water samples contain
risk?” by the WHO s Joi nt 52oAM basaimej theggwoPr o g r
treatment arms did not appear to substantially differ im$eof overall levels of water

contamination, as measured by TTC counts.

Discussion

This crosssectional analysis characterizes population characteristics from the baseline data
of the largest randomized controlled trials on pafitise water filters ahimproved
cookstoves to date. Populations assigned to both the intervention and control arms appeared

to be weltbalanced on all potential confounders at baseline. Sgagmrevalence of
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diarrhea appeared to be moderately higher in the intervention ¢t6upl%) than the
control group (13.46%) at baseline, which a difference that appears to be driven
principally by the youngest children amsthould be accounted for when assessing the
overall impact of the intervention pedistribution on diarrheal demse. Diarrhea
prevalence was higher in children under 12 months of age in the intervention group
(20.60%, 95%CI: 15.2@27.20) compared to the control group (13.91%, 95%CI. 10.07
18.91). This population alreadgnds to be disproportionately affected bgrdiea due to

high diarrhea prevalenddat coincides with th@ostweaningphase This relationship
between age and diarrhea prevalentehis study indicates that children in Western
Province Rwanda who aré to 5 monthld have a 2.50ld risk of diarhea (RR=253,
95%CIl:1.26:5.07) and that children ages 6 to 11 months have nearly quadruple the risk of
diarrhea (RR3.63 95%CI:2.056.41) compared to children in the oldest age group who
were 48 to 60 monthsld. This age distribution of diarrheairsline with other studies.

For exampleFawzy et al. (201)1 in a randomized controlled trial to assess the impact of
short vs. long duration of breastfeeding of children born to-pthgitive mothers in
Zambia, found that diarrhea prevalence markedly increased among children 6 to 15
monthsold and declined again among children 24 mowatlkdsand older. They also found

that children who had weaned had over twice the risk of diarrhea compared to children who
were still breastfeedin§r4]. In a systematic review, Fisch@/alker et al. (2012) also
found that diarrhea incidence peaked in childreriGnonthsold in SubSaharan Africa,

and they recommended exclusive breastfeeding through the first ésnoihtife and
continued breastfeeding through 24 months to alleviate this burden among children in this

age groud75]. Given that seveday prevalence of diarrheal disease surged shortly after
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thepredicted time that exclusive breastfeeding ends, as determined from the Rwanda 2010
DHS (Figure5.3), this surge in diarrheal disease risk in children who are 6 to 11 months
old in our studyis likely also attributed to high exposure to novel pathogens in the

immediate postveaning stage.

Water source characteristics

Obtaining drinking water from an “i mprove
diarrhea prevalence, although certain imprbweater sources appeared to be more
preventive than other§Vhile only 11 households out of the 1582 enrolled in the study
obtained water primarily from piped water into the home, yard or plot, no diarrhea cases
were reported in the previous 7 days amdmgyli4 children living in these households.
There were also no diarrhea cases among another 14 children living in 10 households that
obtained their drinking water from a protected dug welis does indicate a potential
substantial protective benefit of \iag piped water in close proximity to the horoe

access to a protected weNlotably, piped water in close proximity to the hoon@btaining

water from a protected wedlid not appear to be associated with water quality, measured
by TTC in CFU/100mL. Iterestingly, obtaining water primarily from a public tap or
standpipavasassociated with @4% and62% increase in reportaéspondentand WHO

defined sevemayperiod prevalence of diarrhg@spectivelyln addition, obtaining water

from a hand pump drorehole was associated with over-fl2l increase in WH@lefined

seven day period prevalence of diarrhea (aRR=2.20, 95%C311B® compared to
children in household collecting their water from a protected spVifingje the majority of

our populatiorives in rural villages and dispersed housitignay be important to adjust
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the data for household density, as standpipe construction is resaiertg@ve and may be
prioritized for more densely population ard@6]. Both standpipesand boreholesnay

either consolidate contamination from multiple househaldserve as a proxy measure

for some other risk factor, like household density its& both standpipes and boreholes
are consi der ed ‘tashyghe WHGRIVP critgr§d0],ghis degaaloes not
comport with previous synthesis of data on the association between water supply and
diarrhea(Clasenet al, 2009) which generally provides evidence of a protective benefit
conferred from these two source types. Additionally, water obtained from ghearmor
borehole appeared more likely to be free of fecal coliforms companedtey collected

from a protected spring, so diarrhea among children in these households could be largely
attributed to other environmental exposures or to inadequate water transportation or storage

prior to the survey day.

Surface water is consideredaru ni mp r o v e d '[60)aral ROchousehalds with &0
children collected their drinking water primarily from a pond or lake and 68 households
with 90 children collected their drinking water primarily from a stream or river. Collecting
water from a pond or lakeas associated with double the risk of respondefined and
WHO-defined diarrhea episodes, while no association was observed among children in
households collecting their water from a stream or river compared to children in households
obtaining their wadr from a protected spring. Households obtaining water from both
surface water categories were significantly less likely to have a water samptg tfig

WHO standard of TTC at <CFU/100mL and were significantly more likely to have a
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“hi gh r isasnblé of W& atenore than 100 CFU/100mL, indicating that the water

source was contributing significantly to drinking water contamination.

Roundtrip time to and from the water sourearied by the water source type itself
Generally, households obtainirtigeir water from an unprotected or a protected spring
appeared to be more likely to spend 16 or more minutes collecting water, while households
obtaining their water from a public tap or standpipe seemed more likely to vatidea

5 minute round trigo their water sourcéRR=0.87, 95%CI: 0.82.93) than households
obtaining their water from a protected springme to water source itself was not

significantly associated with respondeot WHO-defined 7day prevalence of diarrhea.

Respondent reportinof household drinking water treatment practices was not associated
with diarrhea and revealed no evidence of confounding. It is likely that current household
drinking water practices are either not effective or consistent enough to yield any
substantial reduction in diarrheal disease riskVhile the presence of a specific
handwashing location was not associated with diarrhea prevalence, households with a
handwashing location were significantly more likely to have a water sample free of TTC
contamination §RR=2.44, 95%CI: 1.43.98) and appeared to be about half as likely to
yield highly contaminated samples (aRR=0.51, 95%CI: -0.B3) compared to

households with no handwashing location.

Sanitation characteristics
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Children in households using shared sation facilities weré3% more likely to have had
respondentlefined diarrhea in the last 7 days &#6 more likely to have had WHO
defined diarrhea in the last 7 days, after controlling for water source, toilet location in
relation to the household andeaof the child As opposed to findings frorRuller et al.
(2014)[78], socioeconomic status appeared to neithedify nor confound this effect.

This association stood, regardless of the number of households sharing any given toilet,
household size and toilet type, which were considered as potential confounders in this
analysis but did not affect effect size estiegtThis comports with a synthesis of data on
shared sanitation and diarrhea in 51 countries, which demonstrated an anticipated 32%
increase in diarrhea in households that shared sanitation facilities in Rvoasdd off of

DHS datg[78]. This also aligns with a separate matalysis of 11 studies in 9 countries

that found that shrad sanitation resulted in a 44% increase in the odds of diarrhea
incidence, even though there was substantial study heterogén@jtyDespite these
associations, it does not appear that shared sanitation is linked to household drinking water
contamination, as shared sanitation is not associated with either ideal orskigater

quality.

Toilet area cleanliness, assessed by each enumerator as having observed fecal matter within
1 meter of the toilet, was not associated with respondksiined diarrhea, but was
associated with a536 increase in WHe@lefined diarrhea in the lasevendays. This
indicates that toilet area cleanliness may affect fecal contamination in the broader
environment or affect diarrhea risk by coming into contact with fecal matter itself. Toilet

area cleanliness was not associated with ideal origghwater quality.
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Compared to having a pit latrine with no slab, having a pit latrine with a slamatas
associated withespondentor WHO-definedsevenday periodprevalence of diarrhedn
addition,having a pit latrine with a slab was not associated with ideal orriggiwater
quality. Generally, this aligns with previous research indicating that the presence of a slab
in a pit latrine does not drive any meaningful difference in fecal indicatdeta levels

found in the household environmd80].

Composting toilets nearly doubled the risk of both respordedtWHOdefined diarrhea,
despite being consi der ed [GDnThére isngomsiolerabdlgd ” f or
geographic heterogeneity regarding the distribution aihmasting toilets and the
association between composting toilets and diarrhea. While only 50 households have
composting toilets in this study, 82% of households with composting toilets are in the three
northernmost districts of Western Province (RubavusiRutand Nyabihu), where the

volcanic soil may be too rocky to dig a deep pit for a latrine. A recent modeling exercise

found that upgrades to i mproved?” sanitat
sufficiently remove pollutants and pathogens fromaheironment, and that more efforts

need to be directed towards safe storage, movement and treatment ¢@I¢c8pecific

to northern Rwanda, knowledge of composting toilets is generally poor; after assessing
knowledge and proper use of household and community comgdstiats among local

authorities and community members, implementdra composting toilet intervention

found that fecal matter was often improperly transported and improperly disposed of in

open pits and that communities lacked designated compostasf8a{. Notably, only
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nonshared composting toilets posed excessive shlared composting toilets, like the
EcoSan toilets observed at the commuitetel, do appear to be protectiviene increased
risk associated with composting toilets in our study may not beuwt feom the toilets
themselves, but the improper disposal, transport and use of fecal nattér@ahousehotd

level.

The presence of a designated handwashing location in the home was not significantly
associated with diarrhea, nor was it identified@®nfounder in assessing the relationship
between toilet characteristics and diarrhea. Of the less than 3% of households that had a
designated handwashing location, about half had water designated for handwashing and
only about 14% had soap, indicatiigit handwashing was likely to unusual and infrequent

to influence incidence of diarrheal disease.

Water quality

There was no significant association between water quality, assigned to standard WHO
risk categories, and either respondemtWHO-defined 7#day prevalence of diarrhea. As
thermotolerant coliformenly weaklyco-occur with enteric pathogens, these results were
not unanticipatedasthey align with other observational study assessing the relationship
between coliform counts and diarrheal diseasesystematic review bysundry et al.
(2004)assessed 16 observational studies reldEingoliand TTC microbial indicators at

pointof-use to diarrbal disease in prechool children and determined that there was no
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significant relationship between these indicator bacteria and diarrheal disease. Intervention
studies addressing point-use drinking water illustrate that contaminated drinking water

is linked to diarrheal disea$67]; the fact that we found no association between drinking
water quality and diarrheal disease is likely due to the method of water quality
ascertainment than thevel of contamination itself, as fecal indicators are often too
variable and nonspecific to truly characterize exposudéesgasecausing pathogens at any
given time[84]. Furthermore, our study collected water samples on the survey day, but
disease was determined retrospectively; therefore, no temporal link can baiasde
between consumption of contaminated drinking water and diarrheal disease. Further
complicating this issue is that most households may have intermittently contaminated water
sampleg85]. In a study that prospectively assessed diarrhea 3 to 100 days after collecting
monthly drinking water samples, children living in households with consistently highly
contaminated water (>100 CF&f E. coli per mL) were significantly more likely to have
diarrhea; in fact, each if@ld increase irkE. coli concentration in drinking water resulted

in a 14% increase in diarrhea at the next JBH]. Together, these results indicate that
TTC counts themselves may not be particularly useful on an observational basis, and that
prospectiveE. coli indicator measurements may better medncidence of diarrheal

disease.

There were several limitations associated with this study. First and foremost, diarrheal
disease was ascertained by sestag recall by the respondent, lending the potential for
recall bias of our outcome measure. Ehexr some potential for misclassification bias of

water and sanitation characteristics, as categorization was based solely on each
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enumer ators’ observations and participants
of f of the Gover a2tbudeheListfso duwsiudyddad’ nst captlre
residents who were on the list but had moved away, or residents who had newly arrived in

the village but were not on the list. These residents may have differed along some
fundamental characteristics from outudy population, which may affect the
generalizability of these results. This limitation also resulted in differing cluster sizes
between villages, rather than the standard ten households per village we were originally
seeking for this study. Finally, gimethat TTC counts appeared to be associated with
various water and sanitation factors but not with diarrheal disease may indicate that a

temporal relationship is necessary to establish a link between TTC data and disease.

While diarrheal disease remaiose of the largest contributors to childhood mortality in
Rwanda, novel poirbf-use methods for household water treatment may contribute
substantially to ameliorating this problem. The results reported here suggest that before our
intervention was distrilted, the following factors were associated with diarrhea: 1)
drinking water from a public tap or standpipe, rainwater, borehole, pond/lake or
river/stream; 2) shared sanitation; 3) toilet area cleanliness; and 4) other sanitation
characteristics, such aemposting toilets and open defecation. While open defecation and
water samples taken from household drinking water obtained from boreholes were
associated with low TTC contamination and water samples taken from household drinking
water obtained from pondsakes, rivers and streams were associated with high TTC
contamination, water quality data obtained from the study were not associateddaith 7

prevalence of diarrhea. This study illustrates the characteristics of our RCT population as
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they were enrolle in the baseline round, and demonstrates that despite these identified
associations, our population was wedllanced across all potential confounders and

exposures at baseline between intervention and control arms.
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Appendix 5.1: Socioeconomic indicatos and principal components analysis.

Variables included in the PCA included two education variables (primary cook education
and household head education), seven asset variables (electricity access; possession of a
radio, mobile telephone, mattress, agtwal land and cows; ownership of the home) and
three housing construction variables (roof type, floor type, wall type). All
sociodemographic household factors are listed in T&ble The following variables were

not excluded from consideration in th€R due to low standard error (SD<1), high
population homogeneity (>95%) and collinearity: ownership of a television, bicycle,
motorcycle, boat and nesgricultural land. Other variables commonly included in PCAs

for the purpose of obtaining a socioeconomaex, such as sanitation infrastructure, water
source and household crowding, were not included since these were considered primary
exposures of interest.

Based off of the factor loading scores present in Table A2, a continuous variable for
socioeconomistatus was generated in the following manner:
SES=(pced*0.47078)+(hhed*0.46429)+(SD4*0.68138)+(SD5A*0.57888)+(SD7A*0.739
96)

+(SD8*0.77252)+(SD13*0.16014)+(SD14*0.05156)+(SD15*0.19110)+(floor*0.76075)
+(wall*0.38565)(roof*(0.14222))

This SES score was theplit into quintiles to provide a SES quintile index with which to

categorize our study households.
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Appendix 5.2: Interaction and confounding assessment
Interaction was assessed by fitting the full model with all potential confounders with all
potential interaction terms. The model was subject to backwards selection, where a variable
would have to be significant at a=0.3 in o
refit at each successive st epinordermodemaar i abl
in the model. All potential confounders and exposures remained in the model for the
confounding assessment, but potential interaction terms were eliminated.
After assessing potential interaction terms for the association between alloowaigates
and diarrhea reported in the previous week (ch2), only the term for the interaction between
water source (wul) and rowtdp time to water source (wu3rt) remained in the model
( %8.53, p=0.29).
After that, weighted logistic regression modeish robust standard errors to account for
clustering were fit for each exposure of interest. The full model was described as follows:
dé"(ﬁi’Qb‘lTp‘n—h i1 oM 1 o [ 01 1 ol

ol T YOYT o' T 0@ 1 0@io

T oa 1 p 1 V@U@ O -
Where tf2a=toilet type, wul=water source, tf4=feces on floor within 1M of toilet,
tf5=shared toilet, tf5a=location of toilet, SES=SES index, cd3=gender, cd6=age (in
months), wu3rt=roundkip time to fetch wateri§ minutes), wu4=drinking water is treated
and hwl=designated handwashing location in household.
Identical entry and retention criteria were used when assessing interaction in models fit to

examine the association of these exposures and diarrhea figilMgHID case definition in

the last 7 days (ch3). After performing backwards selection on all model covariates and
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potential interaction terms, no interacti o
model defined for all covariates and ch3 waodews:
& ¢ "qQo | T—p”h { o ow 1 0 1 of 1 ol
ol T YOYT B T 0@ T 0@ o
T oa 1 p -
Confounding was then assessed for all models. For each exposure of interest, the full model
was first fit and predicted marginal risk ratios obtained for each level of each exposure of
interest. Covariates were then removed one at a time and the mdideArparticular
covariate was permanently removed from the model if it did not appear to swdistanti
impact the risk ratio for all levels of a particular exposure; i.e., the ratio of risk ratios must
not have differed by more than 10%.
Confounding assessment
1.1. Toilet type and-day diarrhea.After confounding assessmesgsind tf5a cd3 hwl
and w4 were removed. This left a final model specified as:
& ¢ "QQo | i—p”h {1 owd 1 ol T 0@ o] GO
ol -
For examining sanitation ladder categories (saladdegjnd tf5 tf5a wu3rt cd3 hwl and
wu4 were removed, le@ang the final model:
& & Qo | T—p”h [ 1 i GaeQoRIne 1 bR [ o -

1.2. Toilet type and-day diarrhea fitting WHO case definitiomhe following variables

were removedtf5 tf5a cd3 hwl and wudlhis left the final model:
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dé“Q‘i’Qc‘)iT—pnh I oM 1 o | o1 1 YOUY

I O@ 1 od o -
For examining sanitation ladder categorté&stf5a wu3rt cd3 hwl and wu4 were removed.

aém‘noii—p”h o i@ eoQol op I HQ [ 610

I "YO'Y -
2.1. Feces within 1M of toilet andd&y diarrhea.The following variables were removed:
tf5 tf2a sesind wu3rt tf5a cd3 hwl and wi4is left the final model:

dé‘mnomp”—h i1 vep 1 ot 1 o@ -

2.2. Feces within 1M of toilet and-day diarrhea fitting WHO case definitio.he
following variables were removeti5 tf2a sesind wu3rt tf5a cd3 hwl and widis left
the final model:

aé"mno‘mp”—ﬁ T o 1 oot 1 hR -

3.1 Shared toilet and-@ay diarrhea.The following variables were removesesind wu3rt
tf2a tf4 cd3 hwl and wudlhis left the final model:

& € Qo | T—p”h T o 1ol T oW 1 OQ -
3.2. Shared toiletrad 7-day diarrhea fitting WHO case definitiofihe following variables
were removedsesind wu3rt tf2a tf4 cd3 hwl and wu4

& € "BQO | T—p”h [ Tem 1 O T oW [ bR -
4.1. Water source and-day diarrhea.The following varidles were removessind tf4

tf5a cd3 hwl and wudlhis left the final model:
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dé“(ﬁ‘inc‘)ii—pnh 1o 1 0 1 ol OB

I 0@ o0 -
To determine the association between drinking water ladder category (dwladder) and
diarrhea, the following equation was used, after dropp@sind tf5 tf4 tf5a wu3rt cd3 hwl
and wu4
& & QO | T_pnr‘] [ 1 Q0asQaRii dasoqebR -
4.2. Water source andday diarrhea fitting WHO case definitionhe following variables
were removedf5 tf5a cd3 hwl and wudrhis left the final model:

dé"cﬁnoii—pnr‘] 1T 0 1 o1 o 1 YOYI &R

I 0@ o0 -
To determine the association between drinking water ladder category and diarrhea
(adhering to WHO case definition), the following equation was used, after droygsimgl
tf5 tf4 tf5a wu3rt cd3 hwl and wu4
a € "BQo | T—pnﬁ I QOadQanii dadQaenp -
5.1. Round trip time to fetch water aned@y diarrhea.The following variables were
removed1f5 sesind tf4 tf5a cd3 hwl and wubhis left the final model:
aé"cﬁnoii—p”h [ 1 oo oW | OQ 1 0p -
5.2. Round trip time to fetch water aneddy diarrhea fitting WHO case definitiomhe

following variables were removetf2a sesind tf4 tf5a cd3 hwl wu#his left the final

model:
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dé“(ﬁi'Q(‘)iT—pnh [ 1 o@o T ol T bR T 0@ -

6.1. SES Index andday diarrhea.The following variables were remove® tf4 wu3rt
tf5a cd3 and hwliThis left the final model:

a € "QQo | T—pnh T 1 o T 0 1 YOI oQ -
6.2. SES Indeand #day diarrhea fitting WHO case definitiohe following variables

were removedt5 tf4 wu3rt tf5a cd3 and hwThis left the final model:

aEQQo 1 T— 1 1 o 1 0P T YOI o -



Table 5.1. Summary of householdlevel sociodemographic, water, sanitation and hygiene

factors.
Intervention Group Control Group Total
Variable [n (95%CI)] [n (95%CI)] [n (95%C)]
(n=789) (n=793) (n=1582)

Mean (95%CInpumber of
individuals per household

5.37 (5.095.64)

5.40 (5.175.63)

5.38 (5.175.59)

Mean (95%Cl) umber of children
<5 years of agper household

1.45 (1.361.54)

1.46 (1.381.53)

1.45 (1.391.52)

Number (% 95%0)] of female
heads of household

80(13.03, 9.3517.87)

71 (12.55, 8.74.7.61)

151 (12.909.9416.57)

Socioeconomic Index
Lowest

Second

Middle

Fourth

Highest

56 (16.90, 13.121.46)
61 (19.92, 16.024.50)
59 (18.11, 14.3@2.53)
69 (21.39, 17.425.97)
74 (23.67, 18.929.15)

66 (22.11, 17.028.17)
61 (20.71, 16.1:26.20)
59 (19.85, 15.525.02)
55 (19.98, 15.6@5.21)
47 (17.35, 12.2@4.09)

122 (18.21, 15.021.88)
122 (20.12, 16.923.76)
118 (18.54, 15.5@2.04)
124 (21.04, 17.824.66)
121 (22.09, 18.2426.48)

Primary water source
Piped water into dwelling
Piped water into yard/plot
Public tap/standpipe
Hand pump/borehole

Protected dug well/covered well

Unprotected dug well/covered well

Protected spring
Unprotected spring
Rainwater

Pond/lake

Stream/river

Roundtrip time to fetch water
0-5 minutes

6-15 minutes

16-30 minutes

More than 30 minutes
Household treats water
Method of water treatment
Boiling

Chlorination

Let stand and settle
Boiling and chlorination
Boiling andor filtering
Frequency of treatment
Everyday

2-6 times per week

4(0.46,0.141.51)
4(0.46, 0.141.51)

137 (16.81, 11.623.60
15 (2.24, 0.69.17)

9 (1.11, 0.363.37)

8 (1.36, 0.662.79)

443 (55.96, 48.483.23
126 (16.24, 12.021.58)
1(0.11, 0.0D.82)

10 (1.20, 0.62.30)

30 (3.73, 2.06.66)

66 (8.64, 6.5111.38)
221 (27.62, 23.931.65)
303 (39.47, 35.4413.66)
190 (24.26, 20.428.58)
156 (20.11, 16.524.23

103 (78.09, 63.687.89
19 (18.20, 9.083.25
1(1.00, 0.147.03)
3(2.71, 0.5711.87)

0

16 (9.80, 4.87.8.74)
90 (57.53, 49.1:5.86)

2(0.23, 0.08).92)
1(0.11, 0.0.82)

175 (21.76, 16.2@8.49
15 (1.72, 0.54.39)
1(0.16, 0.021.17)

10 (1.18, 0.62.26)

392 (49.94, 43.686.19
146 (18.07, 13.623.59
1(0.11, 0.0D.82)

10 (1.31, 0.62.63

38 (5.08, 3.18.10)

52 (6.82, 4.84.53)

189 (24.15, 20.328.42)
339 (42.63, 38.746.61)
207(26.39, 22.6230.55)
133 (16.64, 13.420.39

113 (88.05, 82.392.12
8 (5.64, 2.8210.99
1(1.02, 0.1%.59)
3(2.14, 0.7%.17)
3(2.14, 0.766.37)

11 (8.76, 4.526.28)
82 (61.75, 51.241.26)

6 (0.40, 0.141.11)
5(0.37, 0.121.11)

312 (18.14, 13.983.25)
30 (2.10, 0.8%.41)

10 (0.86, 0.22.47)

18 (1.31, 0.742.31)

835 (54.34, 48.669.96)
272 (16.73, 13.320.80)
2(0.11,0.02:0.53)

20 (1.23, 0.742.04)

68 (4.09, 2.6%.22)

118(8.15, 6.4710.23)
410 (26.69, 23.7:29.82)
642 (40.33, 37.143.55)
397 (24.84, 21.8@8.14)
289 (19.18, 16.322.31)

216 (80.7569.9288.32)
27 (14.85, 7.826.38)

2 (1.01, 0.2#4.61)

6 (2.56,0.758.37)
3(0.57, 0.181.76)

27 (9.56, 5.486.28)
172(58.67, 51.675.34)




Once per week

Rarely (less than once per week)

40 (26.36, 20.0%3.80)
10 (6.11, 3.13.1.60)

33 (24.66, 17.2B4.01)
7 (4.83, 2.499.47)

73 (25.96, 20.731.98)
17 (5.81, 3.39.92)

Drinking water for child is treated

Method of water treatment

Boiling
Chlorination
Let standand settle

Boiling and chlorination

24 (3.312.075.27)

20 (82.75, 59.1:94.09)
3 (11.68, 3.0886.04)

0

1(5.56, 0.751.52)

24 (3.15, 1.981.97)

18 (74.40, 53.388.05)
4 (15.93, 5.159.81)
1(3.98, 0.621.35)

0

48 (3.27, 2.281.69)

38 (80.54, 63.790.68)
7 (12.81, 4.889.70)
1(1.06, 0.157.11)

1 (4.09, 0.5624.43)

Sanitation

Pit latrine with slab

Pit latrine withno slab/open pit

Ventilated pit latrine
No toilet/bush
Composting toilet

Toilet area cleanliness

Fecal matter observed around

tnilat

No fecal matter

Toilet location (observed)

Inside house

Inside compound
Inside plot

Outside plot (neighbor)
Shared toilet

238 (33.23, 28.937.82)
454 (63.02, 57.767.96
13 (2.26, 1.02.73

5 (0.68, 0.291.61)

5 (0.68, 0.291.61)

326 (45.68, 40.960.47)
384 (54.3249.5359.04)

1(0.14, 0.021.01)

84 (12.06, 9.2415.65)
552(77.08, 72.451.13)
76 (10.73, 8.21.3.88)
205 (27.21, 22.882.12)

245 (33.90, 29.288.86
416 (58.80, 53.384.06
15 (1.98, 0.831.66)
3(0.48, 0.18.52)

30 (4.45, 2.38.13)

313 (44.72, 39.789.76)
392 (55.28, 50.240.22)

0
104 (15.04, 11.389.65)
512 (71.65, 66.496.31)
92 (13.31, 10.04.7.50)

206 (26.63, 22.1531.64)

483 (33.41, 30.087.00)
870 (61.89, 57.865.81)
28 (2.19, 1.2¢3.98)

8 (0.63, 0.361.29)

35 (1.69, 1.02.79)

639 (45.42, 41.79.18)
776 (54.58, 50.858.29)

1(0.10, 0.010.74)

188 (12.85, 10.485.68)

1064 (75.62, 72.02
792 anm\

168 (11.42, 9.323.92)
411 (27.0523.57:30.84)

Reported handwashing station

Able to show handwashing station
(out of those who reported

handwashing station)

Water available for handwashing
(out of households able to show

handwashing station)

No soap present for handwashing

19 (2.62, 1.54.349)

18 (95.61, 75.189.36)

10 (58.13, 31.980.40)

15 (90.41, 67.097.76)

24 (2.92, 1.921.41)

22 (92.11, 72.598.10)

12 (56.72, 34.246.74)

18 (78.60, 53.982.01)

43 (2.70, 1.88.94)

40 (94.5982.66:98.46)

22 (57.73, 37.595.60)

33(86.96, 71.084.77)

86



Table 5.2: Respondentdefined period- and point-prevalence of diarrheal disease by age and gender at baseline between treatment

arms

Age (months)
Gender

7-day period prevalence of diarrhea

Intervention Arm

Control Arm

Both arms

Intervention Arm

Control Arm

Point prevalence of diarrhea

Both arms

0-11

Male
Female
12-23
Male
Female
24-59
Male
Female
Total Male
Total Female
Total

46 (20.60, 15.2@7.20)
23 (21.38, 13.931.42)
23 (19.82, 12.929.14)
44 (19.87, 14.925.95)
22 (22.37, 15.081.88)
22 (17.96, 11.726.39)
77 (13.34, 10.666.57)
38 (12.77, 9.24.7.40)
39 (13.92, 10.148.78)
83 (16.48, 13.220.33)
84 (16.08, 12.96.9.78)
168 (16.11, 13.888.66)

36 (13.91, 10.028.91)
16 (11.58, 7.1418.31)
20 (16.61, 10.824.51)
42 (17.67, 13.223.22)
18(15.10, 9.5123.13)
24 (20.33, 13.828.78)
69 (10.80, 8.54.3.58)
43 (13.62, 10.118.10)
26 (7.96, 5.481.48)
77 (13.38, 10.746.52)
70 (12.50, 9.945.63)
152 (13.4611.51-15.68)

82 (18.72, 14.623.60)
39 (18.47, 12.925.72)
43 (18.9713.5225.97)
86 (19.29, 15.323.89)
40 (20.19, 14.627.18)
46 (18.53, 13.4@25.05)
146 (12.67, 10.515.12)
81 (12.99, 10.146.50)
65 (12.34, 9.435.97)
160 (15.62, 13.118.48)
154 (15.15, 12.717.97)
320 (15.39, 13.647.33)

18 (7.31, 4.68.1.30)
9 (7.43, 3.8113.98)
9 (7.19, 3.7613.34)
13 (5.27, 3.08.94)
8 (7.87, 3.9815.07)
5 (3.27, 1.377.59)
16 (2.74, 1.681.52)
9 (2.97, 1.55.72)
7 (2,51, 1.165.34)
26 (4.873.297.15)
21 (3.67, 2.3%.69)
48 (4.27, 3.26.66)

10(3.62, 1.937.24)
4 (2.64, 0.967.05)
6 (4.75, 2.1110.31)
11 (4.12, 2.307.24)
3 (1.92, 0.615.89)
8 (6.39, 3.2612.15)
12 (2.05, 1.18.71)
9 (3.10, 1.54.15)
3(0.99, 0.33.05)
16 (2.73, 1.621.56)
17 (2.97, 1.881.74)
34 (2.94, 2.081.18)

28 (6.27, 4.28.17)
13 (6.00, 3.3210.61)
15 (6.54, 3.79.1.05)
24 (4.96, 3.19.64)
11 (6.09, 3.24.1.17)
13 (4.02, 2.247.19)
28 (2.56, 1.68.87)
18(3.00, 1.785.02)
10 (2.10, 1.081.15)
42 (4.27, 3.06.94)
38 (3.49, 2.431.99)
82 (3.91, 3.081.96)

.8



Table 5.3a: Multivariate logistic regression model of the measure of association between water, sanitation and hygiene
factors with 7-day respondentdefined period prevalence of reported diarrhea in children undess.

Primary cook reported child diarrhea in lasi&ys fitting
Variable Unweighted Wt. crude Crude prevalence Wt. modeladjusted Adjusted  predicted
cases/population  prevalence (%) ratio (95% CI) predicted marginal marginal prevalence
(95%Cl) prevalence (%) (95%Cl) ratio (95%Cl)
Water sourceclassification Surface water 25/120 22.60 (15.2732.12) 1.42 (0.952.11) 20.27 (12.8430.49) 1.25 (0.791.98)
Unimproved 63/371 16.37 (12.2821.50) 1.03 (0.761.39) 15.98 (11.8221.23) 0.99 (0.721.36)
Improved 240/1564 15.94 (13.8718.26) REF 16.19(13.8918.78) REF
Roundtrip time to water 6-15 minutes  81/435 16.20 (12.241.12) 1.17 (0.682.02) 15.42 (11.440.47) 1.33 (0.742.38)
source
16-30 minutes  132/697 16.96 (13.680.83) 1.22 (0.722.09) 17.70 (14.121.85) 1.53 (0.872.67)
More than 30minutes  92/457 16.50 (12.9620.78) 1.19 (0.712.00) 19.14 (15.233.78) 1.65 (0.942.91)
0-5 minutes  21/127 13.86 (8.581.63) REF 11.59 (6.9118.80) REF
Sanitation classification Open 2/9 - - - -
defecation
Unimproved 166/1126 15.17 (12.7317.99) 0.93(0.71%1.22) 15.93 (13.5118.69) 0.92 (0.761.19)
Shared 46/232 21.29 (15.05829.22) 1.30 (0.871.94) 22.64 (16.4830.26) 1.30 (0.891.90)
Improved, not shared 85/483 16.36 (13.0720.28) REF 17.37 (13.921.45) REF
Toilet area cleanliness Fecal matter 140/824 17.48 (14.540.87) 1.16 (0.961.49) 18.69 (15.7622.03) 1.18 (0.931.51)
observed
around toilet
No fecal matter 156/1016 15.12 (12.5818.06) REF 15.79 (13.1918.79) REF
Shared toilet (all toilet types) Yes 95/518 20.87 (17.324.92) 1.41(1.101.82) 23.54 (18.3829.67) 1.53 (1.122.09)
No 224/1467 14.76 (12.5617.28) REF 15.38 (13.0917.99) REF
Socioeconomic quintiles Lowest 72/417 19.14 (14.9824.17) 1.38 (0.971.96) 21.49 (16.527.36) 1.58 (1.122.22)
Second 69/417 15.88(12.1020.57) 1.15 (0.781.68) 17.90 (13.8122.89) 1.32 (0.901.92)
Middle 74/413 18.58 (14.5623.41) 1.34 (0.911.98) 18.67 (14.6823.47) 1.37 (0.942.00)
Fourth 59/415 14.19 (10.5918.76) 1.02 (0.681.53) 15.30 (11.420.21) 1.12 (0.751.68)
Highest 54/396 13.87 (10.3418.35) REF 13.61 (10.1717.99) REF
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Table 5.3b: Multivariate logistic regression model of the measure of association between water, sanitation and hygiene
factors with 7-day WHO-defined period prevalence of reported diarrhea in children undets.

Primary cook reported child diarrhea in last 7 dagtsmf WHO case definition
Variable Unweighted Wit. crude Crude prevalence Wt. modeladjusted Adjusted  predicted
cases/population  prevalence (%) ratio (95% CI) predicted marginal marginal prevalence
(95%Cl) prevalence (%) (95%Cl) ratio (95%ClI)
Water source classification Surface water 24/123 20.86 (13.7980.28) 1.42 (0.93218) 20.53 (13.5729.83) 1.40 (0.912.14)
Unimproved 50/389 12.99 (9.2817.91) 0.89 (0.631.25) 13.03 (9.2218.11) 0.89 (0.621.27)
Improved 228/1658 14.65 (12.6616.89) REF 14.71(12.6517.04) REF
Roundtrip time to water 6-15 minutes  70/543 13.09 (10.1916.65) 0.79 (0.481.29) 12.68 (9.6916.42) 0.82 (0.511.30)
source
16-30 minutes  119/888 14.53 (11.6517.98) 0.88 (0.551.40) 15.45 (12.4119.07) 0.99 (0.631.58)
More than 30minutes  87/568 16.51 (12.840.97) 1.00 (0.611.64) 18.00 (14.142.63) 1.16 (0.721.87)
0-5 minutes  27/158 16.56 (10.6124.94) REF 15.54 (10.0723.20) REF
Sanitation classification Open 2/10 - - - -
defecation
Unimproved 157/1193 13.82 (11.6716.28) 0.97 (0.711.32) 14.39 (12.1916.90) 0.90 (0.661.24)
Shared 47/250 19.45 (13.587.08) 1.36 (0.872.14) 20.33 (13.9528.66) 1.27 (0.862.03)
Improved, not shared 74/507 14.26 (10.8418.55) REF 15.95 (12.120.70) REF
Toilet area cleanliness Fecalmatter 144/891 16.67 (13.680.16) 1.31 (0.981.76) 18.01 (14.9621.53) 1.35(1.021.80)
observed
around toilet
No fecal matter 132/1058 12.68 (10.3615.44) REF 13.34 (10.9316.18) REF
Shared toilet (all toilet types) Yes 83/556 17.11 (13.6221.26) 1.23(0.941.61) 21.43 (16.527.35) 1.54 (1.132.10)
No 213/1543 13.92 (11.8816.25) REF 13.96 (11.9516.24) REF
Socioeconomic quintiles Lowest 72/436 20.11 (15.924.99) 1.59 (1.132.24) 23.06 (18.128.89) 1.83 (1.272.65)
Second 61/431 14.06(10.5818.45) 1.11 (0.771.61) 15.76 (12.0220.38) 1.25(0.851.84)
Middle 64/438 14.90 (11.3619.30) 1.18 (0.821.70) 15.58 (11.9620.04) 1.24 (0.861.78)
Fourth  53/435 11.52 (8.4915.44) 0.91 (0.631.32) 12.41 (9.1016.71) 0.99 (0.671.45)
Highest 54/436 12.65 (9.6516.41) REF 12.58 (9.5116.47) REF
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Table 5.4: Multivariate logistic regression model of the measure of association between age group andag period

prevalence of respondentlefined and WHO-defined diarrhea in children under-5.

Primary cook reported child diarrhea in last 7 days

Primary cook reported child diarrhea in last 7 day,
fitting WHO case definition

Age Group

0-5 months
6-11 months
12-23 months
24-35months
36-47 months
48-60months

Wt. crude prevalence, % Predicted

(95% Cl)

15.82 (10.2823.61)
24.87 (18.7732.17)
20.57 (16.4425.41)
15.74 (12.2519.99)
12.89 (9.7916.79)
6.09 (3.4210.64)

prevalence, %
(95%Cl)

17.77 (11.446.55)
25.52 (19.3432.91)
20.49 (16.5625.08)
17.33 (13.4821.99)
13.60 (10.38L7.63)
7.04 (3.9412.27)

marginal Predicted marginal

prevalence ratio
(95%Cl)

2.53 (1.265.07)
3.63 (2.056.41)
2.91 (1.585.37)
2.46 (1.374.44)
1.93 (1.033.62)
REF

Wt. crude prevalence, %

(95%Cl)

12.90 (8.0420.07)
22.71 (17.229.24)
18.50 (14.7522.95)
13.72 (10.4707.77)
12.01 (9.0915.69)
6.38 (3.5211.29)

Predicted marginal Predicted marginal

prevalence, %
(95%Cl)

14.80 (9.2222.89)
22.21 (16.8128.74)
19.92 (16.0424.45)
14.71 (11.2419.07)
13.03 (9.8717.01)
6.77 (3.5712.48)

prevalence ratio
(95%Cl)

2.19 (1.034.65)
3.28 (1.746.17)
2.94 (1.485.83)
2.17 (1.174.03)
1.92 (0.953.88)
REF
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Table 5.5a: Multivariate logistic regression model of the measure of association between water quality

risk category and #day period prevalence of respondentlefined diarrhea in children under-5.

Water Quality

Primary cook reported child diarrhea in last 7 days

Wt. crude prevalence
% (95%ClI)

Crude prevalence ratig
(95%Cl)

Modeladjusted predicted
marginal prevalence % (+/
SE)

Adjusted predicted marginal
prevalence ratio (95%CI)

Low risk
(2-10 CFU/100mL)

15.46 (10.8221.59)

1.08 (0.681.73)

15.98(11.3022.11)

1.03 (0.651.64)

Intermediate risk
(11-100 CFU/100mL)

16.80 (13.0221.32)

1.18 (0.861.74)

18.05 (14.0422.95)

1.17 (0.791.71)

High risk
(1011000 CFU/100mL)

15.51 (12.3919.24)

1.09 (0.761.56)

16.37 (13.00.27)

1.06 (0.741.51)

WHO Standard
(0 CFU/100mL)

14.28 (10.6318.90)

REF

15.50 (11.6620.30)

REF

Table 5.5b: Multivariate logistic regression model of the measure of association between water quality
risk category and 7day period prevalence of WHOdefined diarrhea in children under-5, applying

the WHO case definition.

Water Quality

Child diarrhea in last 7 days, fiting WHO Case Definition

Wt. crude prevalence
% (95%ClI)

Crude prevalence ratig
(95%Cl)

Modeladjusted predicted
marginal prevalence % (+/
SE)

Adjusted predicted marginal
prevalence ratio (95%CI)

Low risk
(1-10 CFU/100mL)

13.39 (9.5718.43)

0.87 (0.571.34)

14.15 (10.1419.40)

0.80 (0.521.24)

Intermediate risk
(11-100 CFU/100mL)

13.89 (10.8617.68)

0.90 (0.631.30)

13.56 (10.3817.61)

0.77(0.531.12)

High risk
(1011000 CFU/100mL)

13.25 (10.5116.59)

0.86 (0.611.22)

14.23 (11.1818.02)

0.80 (0.551.17)

WHO Standard
(0 CFU/100mL)

15.38 (11.7319.92)

REF

17.69 (13.422.96)

REF
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Table 5.6: Multinomial logistic regression model with generalized logit link to assess the relationship between various water,
sanitation and demographic factors and water quality.

In compliance with WHO Standards (<IFU/100mL) High risk (>10@FU/100mL)

Variable Weighted crude Model-adjusted Modeladjusted predicted | Weighted crude Model-adjusted Model-adjusted
prevalence % (95%CI) predicted marginal marginal prevalence ratio | prevalence % (95%CI) predicted marginal predicted marginal
prevalence% (95%CI) (95%Cl) prevalence%95%Cl) prevalence ratio
(95%Cl)
Water Sourcé

Surface water
Unimproved water source
Other improved water source
RT time to water source
6-15 minutes

16-30 minutes

More than 30 minutes

0-5 minutes

Toilet type*

Unimproved facilities
Improved, shared
Improved, not shared
Toilet location

Inside Plot

Outside Plot

Inside Compound

Toilet area cleanliness
Fecal matter observed around toilet
No fecal matter

Shared toilet

Yes

No

Household treats water
Yes

No
Designatechandwashing location
Yes

No

Persons pesleeping room
3to5

6to8

1to2

Socioeconomic quintiles
Lowest

Second

Middle

Fourth

Highest

6.43 (2.3816.21)
23.46(14.0736.44)
29.13 (23.6%85.23)

21.32 (14.5130.19)
31.78 (24.2540.40)
26.25 (18.0636.48)
22.89 (13.3536.38)

26.98 (20.6734.38)
21.51 (12.9733.52)
21.01 (15.128.44)

23.75 (18.5629.86)
30.29 (18.2745.80)
28.14 (17.1742.53)

24.00 (18.0731.13)
25.79 (19.3€33.45)

36.32 (26.7247.16)
23.29 (18.4328.98)

28.93 (18.9141.54)
25.92 (20.8331.76)

40.96 (22.3662.56)
26.28 (21.4731.73)

25.58 (19.6732.55)
6.94 (1.5226.47)
27.60 (19.5137.47)

30.47 (20.1543.21)
30.68 (21.4811.72)
24.28 (16.6334.01)
24.89 (16.4135.87)
22.35 (14.9731.99)

6.63 (1.8221.34)
17.76 (11.825.84)
26.68 (20.8733.43)

17.83 (12.2425.22)
31.26 (23.7939.84)
25.55 (17.2836.05)
22.23 (12.0837.28)

27.14 (20.8834.45)
21.03 (12.6682.77)
22.02 (15.6430.12)

23.09 (17.6629.60)
15.94 (7.8529.68)
32.49 (19.5648.79)

22.41 (16.0230.41)
24.23 (17.9431.87)

29.76 (19.3042.88)
21.49 (16.3827.65)

20.99+£3.72
26.27+£2.11

55.22 (30.1477.90)
22.81 (18.0428.44)

26.06 (20.1433.00)
8.34 (1.7531.66)
27.86 (20.2687.09)

20.58 (11.7433.56)
28.18 (19.0839.51)
30.40 (20.7942.08)
19.84 (13.8427.62)
21.47 (14.6430.36)

0.25 (0.070.88)
0.67 (0.431.03)
REF

0.80 (0.411.58)
1.41 (0.752.65)
1.15 (0.592.24)
REF

1.23 (0.831.83)
0.96 (0.541.70)
REF

0.71 (0.441.15)
0.49 (0.221.12)
REF

0.93 (0.611.40)
REF

1.39 (0.862.23)
REF

0.98 (0.571.68)
REF

2.42 (1.473.98)
REF

0.94 (.651.34)
0.30 (0.071.39)
REF

0.96 (0.521.75)
1.31 (0.842.06)
1.42 (0.932.15)
0.92 (0.581.48)
REF

68.55 (52.6281.06)
43.95 (32.5156.07)
31.51 (26.0637.52)

37.10 (27.6847.61)
34.28 (27.8541.34)
35.77 (26.0746.81)
40.26 (25.3%7.16)

36.32 (30.0443.14)
37.72 (25.082.27)
39.61 (29.950.16)

38.27 (32.1644.77)
32.96 (22.4845.46)
33.63 (20.4649.95)

38.35 (30.7816.52)
35.97 (29.2043.35)

29.50 (22.0338.27)
38.00 (32.1344.25)

40.48 (28.9663.23)
34.20 (29.0839.77)

22.50 (10.7341.27)
35.68 (30.5541.16)

38.07 (31.2745.37)
66.87 (34.5888.51)
27.81 (20.4836.56)

29.75 (22.2438.55)
34.50 (24.5915.96)
36.86 (26.1749.03)
41.80 (32.3551.89)
35.21 (24.6847.40)

67.40 (49.79B1.17)
47.25 (35.0669.84)
33.71 (27.1740.93)

40.00 (30.245.22)
35.46 (28.8739.84)
36.15 (28.8747.63)
43.06 (27.8%69.72)

36.31 (30.0443.08)
43.24 (30.7256.68)
38.59 (28.619.61)

39.43(32.7346.57)
36.42 (23.6%1.39)
30.12(17.2547.14)

38.69 (30.4317.67)
37.63 (30.1045.82)

37.54 (26.7849.69)
38.20 (31.6245.24)

39.81+£5.09
34.74+£2.32

19.35 (6.9643.48)
38.31 (32.2314.78)

37.84 (31.0445.15)
61.82 (30.4485.70)
30.55 (23.0239.30)

36.67 (26.0448.82)
36.02 (25.528.05)
34.63 (23.7747.38)
46.82 (36.9656.93)
38.64 (26.9%1.76)

2.00 (1.452.76)
1.40 (1.001.97)
REF

0.93 (0.591.45)
0.82 (0.541.26)
0.84 (0.521.36)
REF

0.94 (0.681.30)
1.12 (0.781.61)
REF

1.31 (0.782.20)
1.21 (0.642.28)
REF

1.03 (0.771.37)
REF

0.98 (0.711.37)
REF

1.22 (0.961.65)
REF

0.51 (0.191.33)
REF

1.24 (0.961.70)
2.02(1.143.59)
REF

0.95(0.631.44)
0.93 (0.611.42)
0.90 (0.561.45)
1.21 (0.831.77)
REF

*Piped water on premises and opafecation categories not included due to low sample size.
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Unimproved drinking water

Improved drinking water

Unimproved water source
(Unprotected dug well,
unprotected spring)

Other improved drinking
water sources

(Public taps/standpipes,
boreholes, protected dug
wells,protected spring,
rainwater collection))

Improved
sanitation

Unimproved sanitation

Unimproved sanitation
facilities
(Pit latrines without slab)

Shared sanitation facilities
(Otherwise acceptable, but
shared between two or
more households)

Fig. 5.1. WHO JMP water and sanitation ladders dbtained from figures presented in the
WHO JMP 2015 Sanitation and Drinking Water Update [60]
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Supplemental Table 5.1: Relative proportions of levels of various sociodemographic

indicators, prior to aggregation through principal component analysis.

Variable

EZ + LS Group
(n=789)

Control Group
(n=793)

Total
(n=1582)

Education

Household Head

No formal education

Completed preschool, no primary
Someprimary

Completed primary, no secondary
[Some secondary

Completed secondary

Missing

Primary Cook

No formal education

Completed preschool, no primary
Some primary

[Completed primary, no secondary
[Some secondary

ICompleted secondary

Missing

5 (0.64, 0.271.51)
5 (0.61, 0.261.45)

368 (47.16, 42.851.48)
18 (2.35, 1.5¢8.66)

7 (0.88, 0.421.80)
3(0.37,0.121.14)

359 (48.00, 43.752.29)

3(0.37, 0.081.63)

5 (0.86, 0.322.36)

526 (65.66, 61.289.77)
13 (1.68, 0.92.82)

31 (3.96, 2.85.57)
4(0.50, 0.191.32)

207 (26.98, 22.781.62)

1 (0.12, 0.0.86)
4(0.48,0.181.27)

328 (42.46, 38.2@6.78)
27 (4.11, 2.6%.22)
7(0.84, 0.371.92)
4(0.48, 0.151.59)

383 (51.50, 47.385.60)

3(0.34, 0.08.48)

0

530 (66.17, 62.359.81)
18 (2.90, 1.681.94)

24 (3.11, 1.991.87)
4(0.59, 0.211.63)

214 (26.89, 23.480.69)

6 (0.50, 0.221.13)
9 (0.58, 0.28..17)

696 (45.91, 42.549.29)
45 (2.82, 2.08.87)

14 (0.87, 0.44..54)

7 (0.40, 0.170.94)

742 (48.93, 45.652.26)

6 (0.360.11-1.16)
5 (0.63, 0.22..73)

1056 (65.79, 62.468.98)
31 (201, 1.372.94)

55 (3.73, 2.84.95)

8 (0.52, 0.281.10)

421 (26.9523.71:30.46)

\Wealth classification

Ubudehe 1

Ubudehe 2

Ubudehe 3 and above
Interventioneligible, Ubudehe level
Household possessions

Own plot of lanenot for farming
Own agricultural land

Own house

Electricity

Radio

Television

Mobile telephone

Mattress

Bicycle

Motorcycle

Boat

Livestock

Household tends cows

Owns other livestock/poultry

120 (15.42, 12.219.30)
632 (81.19, 76.7484.95)
21 (3.00, 1.3%5.84)
3(0.39, 0.081.99)

725 (91.68, 88.693.97)
454 (56.49, 50.662.16)
711 (90.03, 86.892.50)
48 (5.80, 3.738.96)

264 (32.90, 29.686.34)
10 (1.36, 0.58.12)

338 (42.82, 38.787.00)
250 (31.68, 27.686.05)
18 (2.08, 1.18.64)

0

2(0.23, 0.08).92)

246 (31.02, 26.685.75)
402 (50.21, 48.1-55.30)

46 (5.73, 4.08.14))
722 (92.88, 89.994.98)
7(1.39, 0.493.86)

0

727 (91.41, 88.893.40)
448 (56.92, 51.362.29)
707 (88.94, 85.891.41)
48 (5.92, 3.84.01)

236 (29.91, 26.383.71)
5 (0.56, 0.241.33)

311 (39.38, 35.243.67)
221 (28.06, 23.433.20)
15 (1.88, 1.163.04)
1(0.11, 0.0.82)
2(0.23, 0.060.92)

246 (31.19, 25.285.63)
434 (54.80, 49.689.87)

166 (12.83, 10.415.73)
1354 (84.31, 80.987.15)
28 (2.56, 1.2%5.46)
3(0.29, 0.061.45)

1452 (91.6189.3593.42)
902 (56.60, 52.081.02)
1418 (89.74, 87.3681.72)
96(5.83, 4.138.18)

500 (32.10, 29.583.71)
15 (1.15, 0.5%.38)

649 (41.9038.7145.15)
471 (30.70, 27.484.16)
33 (2.03, 1.33.14)

1 (0.03, 0.08.22)
4(0.23, 0.08).68)

492 (30.79, 27.384.52)
836 (51.45, 47.465.41)

Building/construction of home
Type of flooring materials
Earth/sand

JAnimal dung

Cement

Bricks

\Wall materials

Wood planks only

\Wood planks and mud

Mud bricks, not covered with mud
Mud bricks covered with mud
Mud bricks covered with cement
Real/clay bricks, not covered
Real bricks, covered with cement
\Wood covered with cement

Roof materials

Metal sheets

Clay tiles

Plastic sheets

757 (95.97, 93.997.34)
0

21 (2.70, 1.724.22))

9 (1.09, 0.52.17)

1(0.11, 0.0D.82))

202 (25.29, 18.483.57)
122 (15.46, 12.299.27)
373 (47.03, 40.7:53.44))
69 (8.99, 6.52.2.26)
1(0.11, 0.0D.82)
3(0.34, 0.141.06)
3(0.46, 0.141.51)

313 (39.14, 30.788.22)
471 (60.2851.3268.61)
3(0.36, 0.121.10)

757 (95.51, 92.787.24)
1(0.11, 0.0D.82)

29 (3.632.096.24)
4(0.51, 0.191.36)

3(0.34, 0.11.06))
204(26.18,19.0634.81)
106 (13.94, 10.80.7.81)
403 (50.12, 43.257.02)
58 (7.02, 4.8710.02)
1(0.11, 0.02.82)
3(0.36,0.121.10)

6 (0.79, 0.22.10)

272 (35.68, 27.245.11)
517 (63.98, 54.602.39)
2 (0.23, 0.08).92)

1514 (95.84, 94.267.01)
1 (0.03, 0.08.22)

50 (2.95, 2.0%.19)

13 (0.93, 0.541.71)

4(0.18, 0.08).53)

406 (25.53, 20.081.89)
228 (15.05, 12.547.97)
776 (47.86, 42.852.90)
127 (8.46, 6.5110.91)
2(0.11, 0.0D.53)

6 (0.35, 0.15.83)

9 (0.55, 0.241.25)

585 (38.21, 31.685.29)
988 (61.28, 54.2B7.84)
5 (0.32, 0.12.83)
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Supplemental Table 5.2: Factor loading scores associated with each variable consolidated
in the principal components analysis.

Variable Coded as: Factor score
Primary cook education (pced) | nT'b2 F2NXI f SRdzOF A2y 2 NJ 52 0.47078
1=Nursery

2=Some primary
3=Completed primary
4=Some secondary
5=Completed secondary
Household heagducation nfb2 F2NXIE SRdzOF GA2y 2NJ 52 0.46429
(hhed) 1=Nursery

2=Some primary
3=Completed primary
4=Some secondary
5=Completed secondary

Electricity 0=No 0.68138
(sd4) 1=Yes
Radio 0=No 0.57888
(sd5a) 1=Yes
Mobile telephone 0=No 0.73996
(sd7a) 1=Yes
Mattress 0=No 0.77252
(sd8) 1=Yes
Owns agricultural land 0=No 0.16014
(sd13) 1=Yes
Owns home 0=No 0.05156
(sd14) 1=Yes
Tends cows 0=No 0.19110
(sd15) 1=Yes
Roof type O=Plastic sheets or Other -0.14222
(roof) 1=Metal sheets

2=Claytiles
Floor type 0=Mud/earth or Animal Dung or Other 0.76075
(floor) 1=Bricks

2=Cement
Wall type 0=Only wood planks or Other 0.38565
(wall) 1=Wood planks and mud

2=Mud bricksnot covered

3=Mud brickscovered with mud
4=Mud brickscovered with cement
5=Real bricksiot covered

6=Real bricksovered with cement
7=Wood covered with cement




Supplemental Table 5.3a: Association between -day respondentdefined diarrhea prevalence with
disaggregated water source and sanitatiomdicators, reflecting risk attributable to each water source and toilet

type.
Primary cook reported child diarrhea in last 7 days
Variable Unweighted Wit. crude Crude prevalence Wt. modeladjusted Adjusted  predicted
cases/population  prevalence (%) ratio (95% CI) predicted marginal marginal prevalence
(95%Cl) prevalence (%) (95%ClI) ratio (95%ClI)
Water source Piped water o8 - - - -
into dwelling

Piped water into yard/plot o6 - - - -
Public tap/standpipe 72/439 21.39 (16.886.77) 1.50 (1.131.99) 24.37 (19.2€80.41) 1.74 (1.362.33)
Hand pump/borehole 12/40 22.15(11.4638.48) 1.56 (0.822.94) 19.58 (9.7735.38) 1.40 (0.762.77)

Protected dug well/covered wel 0/14 - - - -

Unprotected dug well/covered wel 3/23 - - - -
Unprotected spring 47/366 16.84 (12.482.33) 1.18 (0.861.63) 15.71 (11.5720.99) 1.12 (0.861.57)

Rainwater 1/3 - - - -
Pond/lake 8/32 35.84 (19.5%6.22)  2.52 (1.444.41) 27.55 (13.7047.68) 1.96 (1.023.78)
Stream/river 16/91 18.17 (10.26B0.26) 1.28 (0.722.27) 16.21 (8.8927.72) 1.16 (0.632.11)

Protected spring 143/1148 14.24 (12.0616.73) REF 15.32+/1.38 REF
Toilettype  Pit latrine with 102/665 17.69 (14.481.46)  1.17 (0.891.52) 18.63 (15.322.46) 1.19 (0.921.53)
slab

Ventilated pit latrine 7/42  11.85(4.1029.73) 0.78 (0.282.16) 9.95 (3.2026.96) 0.64 (0.211.89)

No toilet/bush 2/10 - - - -
Composting toilet 12/50 32.56 (18.3150.99) 2.15 (1.263.66) 28.31 (16.3314.41) 1.81 (1.083.04)

Pit latrine with no slab/open pit 157/1193 15.17(12.7317.99) REF 15.67 (13.1918.51) REF
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Supplemental Table 5.3b: Association betweenday WHO-defined diarrhea prevalence with disaggregatec
water source and sanitation indicators, reflecting risk attributable to each water source and toilet type.

Primary cook reported child diarrhea in last 7 days fitting WHO case definition

Variable Unweighted Wt. crude Crude prevalence Wt. modeladjusted Adjusted predicted
cases/population prevalence (%) ratio (95% CI) predicted marginal marginal prevalence
(95%Cl) prevalence (%) (95%Cl) ratio (95%CI)
Water source Piped water o7 - - - -
into dwelling
Piped water into yard/plot 04 - - - -
Public tap/standpipe 79/343 17.91 (13.623.07) 1.33(0.971.83) 20.74 (15.996.46) 1.62 (1.182.22)
Handpump/borehole 12/28 29.96 (23.9836.72) 2.23(1.682.97) 28.11 (20.736.90) 2.20(1.523.18)
Protected dug well/covered wel 012 - - - -
Unprotected dug well/covered wel 4/18 - - - -
Unprotected spring 59/290 13.35(9.4618.63) 1.00 (0.691.43) 12.97 (9.1418.08) 1.01 (0.711.45)
Rainwater 172 - - - -
Pond/lake 8/22 32.31(18.3550.31) 2.41(1.464.13) 26.86 (15.5542.28) 2.10 (1.223.60)
Stream/river 17/73  16.69 (9.3727.97) 1.24 (0.692.23) 16.86 (9.7227.65) 1.32 (0.752.31)
Protectedspring 148/1076 13.42 (11.2315.98) REF 12.81 (10.7615.26) REF
Toilet type No toilet/bush 2/10 - - - -
Pit latrine with slabshared 28/158 18.43 (11.7€27.68) 1.33(0.832.16) 20.61 (13.3€80.53) 1.46 (0.922.32)
Ventilated pit latrine shared /11 - - - -
Composting toiletshared 1/15 - - - -
Pit latrine with slabnot shared 74/507 14.26 (10.8418.55) 1.03 (0.761.41) 15.61 (11.8520.29) 1.10 (0.811.51)
Ventilated pit latrine not shared 6/31 13.52(4.7432.95)  0.98 (0.362.67) 9.07 (1.8434.70) 0.64 (0.143.01)
Composting toiletnot shared 11/35 37.94 (19.7660.36) 2.75(1.564.84) 35.17 (19.8%4.34) 2.49 (1.484.17)
Pit latrine with no slab/open pit 157/1193 13.82 (11.6716.28) REF 14.15 (11.9816.65) REF

66
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Chapter 6 - Predictors of acute respiratory infection,
pneumonia and household air pollution a crosssectional
study in Western Province, Rwanda

Abstract

Acute lower respiratory infection (ALRI) is the largest contributor to childhood mortality

in SubSaharan Africa. Much of this excess mortality among children under 5glelars

is attributed to household air pollution caused by burning of biomass fuededking

and heating. This study sought to assess the association between various demographic
and household characteristics and cooking behaviors with ALRI and pensasahold

air pollution exposure, measured by-2dur meanfine particulate matter (Ph4)
concentrationThe link between Pk exposure and ALRI in this population was also
explored along with other potential ALRI comorbidities, including diarrhea and
malnutrition. We obtained househdkl/el data from primary cooks including relevant
demaraphic factors and exposures. Child health status was assessed througltageven
recall of specific disease outcomes, and fledded methods were used to identify current
cases of ALRI. Agespecific ALRI was highest among childrenl® monthsold
compaed to children over 48 montizdd (RR=4.78 95%CI:1.7213.28. Across all age
groups, females had a higher risk for ALRI than males (R&5; 95%ClI: 1.02.06). A

subset of the survey population also participated in-aoct8 personal HAP exposure
study. While stove type appeared to be associated with upper respiratory infection, only
socioeconomic status appeared to be associated with ALRI, with all fourdovmites
yielding a higher risk of ALRI than the highest SES quintile. Stove type, cooking area,
number of meals cooked per day, fuel type and kerosene usage differentially affected

personal4-hour mearPMz s concentratiorexposure among primary cooksdechildren.
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An interquartile increase in logarithmicaflsansformed24-hour PM2.5 concentration

yielded no significant increase in upper respiratory infections but did significantly
increase the risk of ALRI in young children (RR99, 95%CI: 1.0®.25. Adjusted

bivariate probit analysis yielded a significant association between diarrhea and ALRI
(p=0.1785, p=0.004) and an apparent i ncr e
c hi | d+0.6192, (=p.884). Together, this research presents the assodiatiwrsn

cooking factors and behaviors associated withp Pbkposure and the association of

ALRI with both PMb s exposure and other comorbidities.

Introduction

Acute lower respiratory infection (ALRI) is the leading cause of morbidity and mortality

amag children undeb years old in Suisaharan Africa, outhumbering the total number

of childhood deaths attributed kiV and tuberculosis combinef®2]. Despite progress

in decreasing global ALRa&ttributable morbidity between 1990 and 2Q¥8s, Barber,

Bell, et al., 2015) ALRI is still responsible for 4.6% of global disease burfigrand

4.3 million premature deaths each ygat]. Despite the disproportionate burden of ALRI

borne by children throughout St8aharan Afric§86], Rwanda has substantially reduced

the undes5 mortality rate between 208015 compared to thed19 0’ s , maki ng i
attractive country for further investment in interventions addressing child health and

mortality [88].

Globally, 41% of households representing 2.8 billion people rely mainly on solid fuels
for cooking[32]. A systematic review and meétanalysis performed bpherani et al.

(2008) revealed that the odds of pneumonia in children ubdemas 78% higher in
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children living in households with high hoebold air pollution (HAP)exposure
households vs. children living in low HAP exposure households; a similar association
was described byorresDosal et al. (2008)who further linked HAP exposure to
tuberculosis and low birth weighHousehold air pollution (HAP) due to inefficient
biomassburning cookstoves alongas associated with 81.1 millioglobal disability-
adjusted lifeyears DALYs) and 2.1 million deathén 2013 [89], making it the7™
leading risk factor for global burden of diseas®l the # leading risk factor for among

all causes for disease burden in Rwanday a&hild undernutrition, unsafe sex and unsafe
water[89]. Among the top nowommunicable contributors to global DALYs, HAP is

the only exposure that disproportaiely affects childrerf2]. HAP is the primary
contributor of respiratory disease in children under 5 and a leading cause of chronic
bronchits and chronic obstructive pulmonary disease (COPD) among w{Zrn
Further demonstrating this, Further exacerbating the health risks attributed to HAP
exposure, HAP has been associatati wiflammatory processes linked to cardiovascular
sequelagatherosclerosis and hypertensidi]. Given its enormous impact on child
health, HAP is thought to be one of the largest preventable causes of morbidity and

mortality in the world87].

In low- and middleincome countries (LMICs), HAP is predominantly produced from
burning solid biomass fuels. The majority of this activity is driven by cooking, although
lighting and heating can also result in the production of black carbon 48@k&Vhile

WHO guidelines recommend that household levels of HAP based on particulate
concentrations not exced@ug/nt for PM2.5(35 ug/nt for the current interim target)

and 50ug/mfor PM10, in households that burn biomésscooking[91], concentrations
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can exceed 10,000 ugmuring cooking or other period8]. In most settings, women
undertake the vast majority of cooking responsibilities, and children are often carried on
their backs or put to sleep nearby. As a reshfith women and children are
disproportionately exposed to several periods of intense cooking smoke exposure each

day[90].

In addition to the substantial health risks that HAP presents within the home, the
environmental impact of household biomass burning has become a target for global
carbon emissions reductiori®rty percenbf the global population burns biomass fuels

in the household92], and that proportionncreases to 90% in rural regions of Sub
Saharan Africd31]. Recognizing their gtential to reduce the contribution of biomass
fuel burning to global carbon emissions, improved cookstove interventions have become
an attractive mechanism to couple sustainable development with the potential for carbon

credit revenue, incentivized thrdughe UN Clean Development Mechanif9g].

However, previous evidence linking improved cookstove distribution to direct health
outcomes has been scdidf. Demonstrable reductions in ARI and ALRI prevalence
typically are not observed abo2d-hour mean Pls concentrations of 200 ugin
exposureresponse curvegEzzati & Kammen, 2002) therefore, large exposure
reductions are needed in affected households to hpressamed health impaf32,94]
Despite the fact that Rwanda is driving the most pronounced reduction of childhood
mortality in the world, smoke from bioresburning stoves contributes substantially to

ALRI-associated mortality in Rwanda and in the region as a WB6le These HAP
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exposures have been targeted as eams to reduce ALRI burden among children
throughout the country.

To address both the environmental and disease burden resulting from biomass burning in
Rwanda, DelAgua Health Rwanda (DelAgua), under the authority of the Ministry of
Health(MOH), Rwandaimplemented a pilot program in 2012 to provide high efficiency
biomass cookstoves to approximately 2200 householder in 15 villages in rural Rwanda.
The intervention also included advanced water filters that aimed at a substantial disease
burden associataslith unsafe drinking wate[5]. An evaluatiorof the pilot projectised

a parallehouseholerandomized controlled trial design of three rural villages in order to
assess uptake and use of the intervention and the impact of the intervention on air quality
near household cooking arefd]. Two-thirds (66.7%) of intervention households
identified the intervention stove as their main cooking stove, but only 23.3% of
intervention households reported that their main cooking area was outdoors. Overall, the
stoves were associated with a 48% redunabdid24h PM2.5 concentrations in the cooking

area (267 pg/rhvs. 509 pg/m, p = 0.005). The reduction was 37% for those cooking

indoors (p=0.08) and 73% for those cooking outdoors (p<0.001) (Rosa 2014).

Based on the initial result®elAgua andthe Rwawla MOH elected to scale up the
intervention to cover the poest third of the populatiorupudehel and 2) throughout
Western Province (Phase 2). The implementation plan called for delivery to 72 of the 96
sectors (groups of villages that also correspoitt watchment areas for primary care
clinics), with the balance to be covered approximately one year later. As the MOH and
DelAgua agreed to select the initial round randomly to ensure equity, we took advantage

of this natural experiment to conduct a set¢wel clustesrandomized controlled trial to
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assess the impact of the intervention on health outcomes using records maintained by the
clinics and dHWsI|I(tRC ") cl iAti ¢ he same ti me,
villages from each arm of the sectevel RCT for a nested villagevel RCT where we

could assess coverage, uptake (use), exposure and other measures of health outcomes
(reported, CHW recorded, instrumented and potential bbasdd biomarkers) (the

“vi HIeavgeel RCT” ) . -elohtlee vilagdievel RGThig teeasskss the impact

of the intervention and HAP anddal contamination of drinking watetthe main

exposures that the intervention aims to mitigate. A-stuldy is also designed to
investigate possible biomarkers of entennd aespiratory exposures and disease in an

effort to develop more objective criteria for assessing these health disorders and the

interventions designed to prevent them.

For the villagelevel RCT, we enrolled 1582 households with children <5 from 174 stud
villages, evenly distributed between intervention and control avifes.undertook a
comprehensivebaseline survey that includedextensive information from study
participants on demographics, water sources and management practices, cooking fuels

and cookimg practices.

This paper summarizes the results of the baseline study. In addition to exploring balance
between the intervention and study arms and describing the study population however,
we will explore associations between household and environnfactats and both ARI

and ALRI and HAP exposure and between HAP exposure and ALRI. We will also

explore ceoccurrence of diarrhea, malnutrition and ALRI.
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Methods

Setting

Western Province is located in western Rwanda, bordered by the Democratic Republic
of the Congo and Lake Kivu to the west, Burundi to the south, Southern Province
(Rwanda) to the east/southeast and Northern Province (Rwanda) to the east/northeast.
The province is divided into 7 districts: Karongi, Rutsiro, Rubavu, Nyabihu, Ngororero,
Rusizi and Nyamasheke. These 7 districts are further divided into 96 administrative
sectors, which in turn are divided into 538 cells and 3612 villages. Western Province has
the highest percentage of men (17%) and women (26%) who have never obtained any
formal education; however, this figure is largely influenced by age. Across the country,
for example, 79% of women age 65 and over have no education, compared to 2% of girls
between the ages of 10 and 14. We anticipate the same trend in our study population: the

older our respondents are, the less likely they are to have had a formal education.

Cooking habits and fuel sourcesAccording to the 201Memographic and Health
Survey DHS), 77% of households use wood as cooking fuel counime, with the 2

most comma cooking fuel being straw, shrubs or grass (12%); however, the proportion
of households that use wood for cooking fuel increases to 83.3% in rural areas, with
12.4% using straw, shrubs or grass and 3.0% using chdi@)aHouseholds that use

wood fuel for cooking spendn average, 50 minutes per day collecting wood. Most
households in Western Province report that they prefer wood to other sources because it
is relatively available (72%) and because it can be obtained without purchasing (17%)
[33]. The predominant difficulties reported by residents in Western Province with

gathering wood are that the activity is difficultthe rainy season (24%) and that cutting
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wood is difficult (21%). Other reported difficulties included the distance to retrieve
firewood, the weight during transport and the inaccessibility of the W&®jd In rural
areas, 28.9% of cooks report cooking inside the house, 52.2% report cooking in a separate

building, and 18.0% report cooking outside].

Selectionof StudyParticipants The RwandatOH and DelAgua developed a plan to

roll out the intervention to alUbudehel and 2 households in Western Province;

however, due to funding and logistical constraints, the roll out for the beginning of Phase

2 was only feasibléor 100,000 households. Our study team opted to take advantage of

this limitation to design a rigorous clust@mndomized controlled trial, in whichestors

were chosen as the unit of randomization since they comprise the catchment area for
health clinics The research team randomized the intervention at a 3:1 ratio to 72
sectorgconsisting othe 100,000 householdbe implementer sought to reach at the start

of this phasg the control arm, consisting of 24 sectors (about 40,000 households) will

receive the interventioafterthe end of the followup period of our study. In this main
“sedteorl” study, the i mpact of 't hleveli nt er ve
clinic data and community health worker (CHW) records. Nested within this overall
sectorlevel study is a more tdepth assessment of 1vilagesselected randomly using

popul ati on proporti onlevél subsetluedcyt”i)on s p(ltihte b
intervention in control arms. This involves air and water sampling together with more
extensive exposure and headtaitacollected from up to 10 households in each village.

Following enrollment and a baseline assessment from August through December 2014,

each pdicipating household and will undergo follewp visits on a quarterly basis

through March2016.
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Within the 87 intervention and 87 control villages selected into the study, the sampling
frame was the villagspecific intervention distribution list proved by thelTubeho Neza
progr am. This |l ist was deri veUdbudeheldstpn t he
which the country uses to identify households eligible for various goverrspensored
welfare programs. Households were considered eligible for thevemtigon if they fell

into the lowest socioeconomic tertile, designatetlasdehdevels 1 and 2. In addition

to this socioeconomic requirement, households had to have at least one child under 5
yearsold and have a primary cook 16 yeatd or older to b eligible for selection into

our study. Households in highly urbanized areas, such as Gisenyi in Rubavu and
Kamembe in Rusizi, were excluded, as their use of coal over wood as cooking fuel

precluded them from receiving the webdrning EcoZoom cookstove.

Within each of the 174 study villages, eligible households assigned a random number
from a random number generator and were visited in order of the random number. All
households we visited were invited to participate in the baseline study and up to four
follow-up rounds of the study for up to 16 months. Eligible households were recruited
from each village until either 10 households were enrolled or the eligible population was
exhausted. Informed consent for the baseline study was obtained from the poolary

of the household on behalf of all household members, and the primary cooked served as
the principal respondent for the survey and all subsequent visits throughoutdiplldiv

a new primary cook was identified during subsequent visits, the conseeidpre was
repeated. Households were not provided with any incentive to participate, and their

receipt of theTubeho Nezatervention was not contingent upon their participation.
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Population stratification and hierarchical selectionData were collectt in a
hierarchical manner. The intervention was ultimately randomized by sector, and data

were collected within multiple intermediate levels of observation:

Cluster: Sectors, which were randomized at a 3:1 ratio. Sectors are government
administration aras; there are a total of 96 sectors in Western Province that lie within 7
districts. Clustetevel effects are mostly relevant for follewp studies; cluster
assignment is accounted for in this cresstional baseline assessment through the
sample weightassigned to households and individual childaed through the use of

robust standard errors to account for intraclusterelation at the village level

Village: There are 174 villages selected into this study, randomly selected using
population propdional selection at a 1:1 interventiborcontrol ratio. Village size will

be considered as it may contribute to transmission of respiratory and diarrheal disease.

Household: 1582 households were ultimately enrolled across our study, for an average
village enrollment size of 9.15 households per village. Potentially reldeaiirs
associated with the outcomes of interfestour analysis at this level include indices

of socioeconomic status and water, sanitation and hygiene factors.

Individual: 2179 children were enrolled across our study, for an average of 1.38 children
under 5 yearsld enrolled per household. Children over 4 yeddsat baseline were only

enmplled if a younger child also lived in the house to avoid having whole households age
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out of the cohort throughout the anticipated 12 month fellpaperiod.In general, this
resulted in fewer children between 48 to 60 moiatlaisin our study compared tdher
age groupsOutcomelevel data will be collected at this level, in addition to potential

confounders such as age, gender and immunization status.

As ensuing followup analyses will account for treatmdavel effects;clustering was
accounted for ki at the level of intervention assignment and at the village IEgethe
purposes of variance estimation, our sample is separated into two strata (intervention and
control), with 87 village clusters serving as primary sampling units within each stratum
Sampling within each PSU is assumed to be with replacement, and each household serves
as a unit of analysis clustered within each PSIS-Callable SUDAAN (Research
Triangle Institute, Research Triangle Park, N&&js used for all logistic and linear
regression models, which included weights for each childiacatporated Taylor series

linearization andeger robust standard errors to accounb&iweercluster variance

Data collection.With the exception of households receiving more extensive pérsona
HAP monitoring, participating households of the overall study were visited once during
baseline. Data on household demographics, primary cook and household head education,
stove type, number of stoves, cooking frequency, cooking area characteristothend
potential covariates were collected during the baseline survey. All survey instruments
were first written in English and then underwent a double forwardi backward
translation process to obtain our final survey instruments in Kinyarwanda. Aéysurv

were piloted before use in our study, and pilot participants and survey enumerators were

asked to provide their feedback on the comprehensibility of the questions asked. Survey
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items were a combination of enumerator observations and participant gaggtiey
were predominantly binary or multiphoice, although some opemded questions

were asked where appropriate.

During the household visits, enumerators asked primary cooks about currentiand 7

binary recall of cough and difficulty breathingrfthemselves and for each child under 5

yearsold in the household. In addition, respondents were asked to provide information

on duration of each reported illness (in days; aeking behavior for each illness from

a CHW or health center; and vaccireseived, as confirmed from a vaccination card
administered by the Ministry of Health. If current cough in any child under 5-gédrs

was reported, the child was assessed for 1) chest indrawing, 2) rapid breathing and 3)
stridor wusing t Masagamendof Childhootd Engss @NCE) driteria

[69]. Rapid breathing was defined as =240 br ec
60 months old and =250 5toRabnthld. Eeumeratoisn ut e i
identified potential ALRI caseamong allenrolledchildren older tha 2 monthsold

during household visits based on a combination of these lower respiratory s¢68klae
(Figure6.1), using the IMCI manual used to train community health workers in Rwanda

by theMOH. All children with IMCI-classified general danger signs were referred into

care through on® f the wvillage’s designated CHWs.
diarrheal disease, middigpper arm circumference (MUAC) measurements were

obtained to identify cases of child malnutrition. Enumerators were trained on the IMCI

protocol specifictothe Rwanhan Mi ni stry of Health by the N

and pediatric clinic staff.
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Personal HAP exposure monitoring.

PM.s is a wellestablished marker of personal health risks from combustiated
emissions and has been linked to excess morladdymortality globally32,89] Carbon
monoxide (CO) is also a byproduct of the comharsfirocess, and measurements such

as carboxyhemoglobinn (COHb) and exhaled CO concentrations can be used as a proxy
for personal exposure to HAB2,91] This section dtails the methods used to ascertain

personal HAP exposure in our study population.

Filter processing and weighin@his filter weighing protocol followed standard methods

for particulate matter (PM) gravimetric analy$e5]. Prior to all field activities, one
37mm, 2uM polytetrafluoroethylene TPE) membrane filter with support ring (Pall Life
Sciences, Port Washington, NY) was measured on a microbalanceR@uwler) in a

hood that controlled for humidity (300%) and temperatar(2023°C) and limited air

flow. Before weighing, all filters were conditioned by placing them in their respective
petri dishes in a dessicator (BelArt Products, Wayne, NJ) with lithium chloride dessicant
for a minimum of 20 hours. After filter conditiomg, filters were removed from the
dessicator and passed across an electrostatic bar immediately before measurement. All
filter measurements were stabilized on the microbalance for a minimum of 15 seconds,
and all measurements were performed twice. Invkatdhat two measurements differed

by more than 5ug, a third measurement was taken. The mean of all measurements for any
given filter was used for this analysis. After the filters were deployed in the field, they
were returned to thesame laboratory for apostmeasurement following identical
procedures. Pl mass (ug) was calculated by subtracting thewegghted mass from

the postweighted mass.



113

HAP participant selection and seap. The first two households that appeared on the
randomly ordered housel list for each village were selected &hour personal HAP

exposure monitoring. Within each selected household, one child between 1.5 and 4 years

old and one main cook ag selectedfor this baselineassessmentThis age range for

children was selectesince children under 1.5 yeankl are typically too small to carry

the 1.4 kgbackpack containing HAP equipment, and children uddat baseline will

not age out of the undércohort over the one year follewmp period. Gravimetric Pk

exposures werebtained cumulatively over 48 hours through a wearable pump and filter
system. The pumps were set to operate one minute on, one minute off, for 48 hours to
acquire a cumulative4-hour mean PMs concentrationOur personal HAP monitoring
system consists of a programmable TuffPro™
light sensollogger (HoboWare, Inc.}o help assess complianaeith wearing the HAP

system a Harvard Personal Environmental Monitor (HPEM)BMyclone(Harvard

School of Public Health, Boston, MAJesigned for an optimal flow rate of 1.8 L/min,

the preweighed PFTE filter and rubber tubing connecting the HPEM to the air pump
(Figure6.1)[96]. The fl ow rate of the TuffPro™ air
1.89 L/minwith a Challenger Air Calibrator (BGI, Inc., WalthalhbA). The equipment

was carried in a satchel custanmade with locagitengefabric for women, and in a small,

colorful backpack for children (Figuré.2). These measurement devices have been
approved for and used successfully with adults, sedget chilren[97] and children

under 5 years of ag88], including in Rwanda during Phase 1 of this proj6tt
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Field enumerators started the pump and deployed the HAP aasthstép during a
household visit. The household cook and/or household head was provided with contact
information for the field worker and supervisor in the event of a pump malfunction so
that it could be repaired or replaced as quickly as possible rglers visited the HAP
households unannounced on Day 2 to assess compliance and then retrieved the equipment
48 hours after deployment on Day 3. The patrticipants were counseled to either wear the
pump constantly oto keep the pump within 1.5 metdrgoughout the entire 48our

period.

Physiological measurements in HARonitored householdsThe same households that
were selected for HAP also underwent an extensive panel of physiologic measurements
to assess blood pressure, carboxyhemoglobin (COHb) statens and @saturation

(SpQ). Blood pressure was assessed among main cooks in these households using a
blood pressure monitor with cuff (Omron Corp., Kyoto, Japan), and anthropometric
measurements were taken and a dietary survey was administeoatttb for body mass

index (BMI) and salt intake. Three blood pressure measurements were taken at each visit,
with two minutes at rest between each measurement. C@slba proxy for CO
exposureyas assessetwninvasiveljthrough two methods: pulse oximetwth a RAD-

57 instrument (Masimo, Inc., Irvine, CAhd exhaled CO through a MicroCO instrument
(CareFusion, Inc., San Diego, C®P]. The RAD57 yields pulse rate, Sp@nd COHb
concentrations in the blood while the MicroCO yields COHb in the blood and exhaled
concentrations of carbon monoxide (CO) in parts per million (p[@€). RAD-57
measurements are obtained by clipping the FAADsensor to either the middle or ring

finger of t h-eonmanthanddcEkhplediCO thguMicro@O is obtained
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by asking the participant to hold her breath for 20 seconds and then blow steadily into

the instrument mouthpiece.

Association of household environment and cooking factors and respiratory disease.
While all children under 5 yeardd who were enrolled in our study were included in all
analyses incorporating cough or cold in the last 7 days, childrear @mdonthsold were
excluded from ALRI analyses, since IMCI methods for identifying ALRI cases are not
valid in this age group. The univariate relationships for both child with cough or cold in
the last 7 days and child with current IM€lbssified ALRI were explored between 10
independent variables describing various household and cooking characteristics: number
of persons per sleeping room, stove type used by household (aggregate of all stoves
reported by household), number of stoves, main cooking aweaher of meals cooked

per day, fuel types (aggregate of all fuel types reported by household), use of kerosene
lamps, heating of household, roof type (tin vs. clay tile) and age of child. Pairwise
differences in fMay respiratory illness and current ALRere assessed at each level of
each covariate, unadjusted for other covariates, with the lowest prevalence level of each

covariate serving as a reference for that variable.

Unadjusted pairwise comparisons were then followed by multivariate logistic segres
analysis, using modeldjusted risk (predicted margingirevalencg to estimate
prevalence of respiratory disease and ALRI. Meajlistedorevalenceatios and 95%
confidence intevals were calculated fropredicted margingbrevalence Observations

that had a missing value for one or more independent variables included in the model

were not included in the analysis. All interaction terms were assessed for inclusion, and
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al | i nteraction terms significanltmodelt t he |
For pairwise comparisons among levels of variables included in the model, confounding
analyses were performed by removing the least significant variable and assessing the
effect of the variable removal on tgevalenceratio. Any variables whoseemoval
resulted in a =210% change in the &effect €
retained in the model. Final models for all pairwise comparisons are specified in

supplemental material

Correlation of concurrent ALRI and diarrhea episodes

In order to determine the likelihood of current ALRI within one week of reported
diarrhea, an unadjusted tetrachoric correlation coefficient was calculated alongside
estimates modeled by an adjusted bivariate probit model to assess the correlation between
thepoint prevalence of ALRI and-day prevalence of diarrhea, assuming a latent normal
variable. ldentical procedures were used to assess the correlation betdagn 7
prevalence of child with a cough or cold andak prevalence of diarrhea. ALRI/diarrhea

and ARI/diarrhea comorbidities were quantified by the correlation coefficient calculated
through both unadjusted and adjusted methods, withindicating a protective
relationship, 0 indicating no relationship (or concurrent cases are by chance alone) and 1
indicating perfect concurrenceGiven prior evidence that moderate and severe
malnutrition are linked to ALRI severityChisti, et al. 2009) we assessethe
relationship between middigoper arm circumference (MUAC) and both ALRI and ARI

in this population. Dect MUAC measurements were used in unadjusted models to
cal cul ate Pearson’'s correlation coefficien

did not converge, so a binomial MUAC outco
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and 1=MUAC>12.5 cm. These caffs have been established by the WHO and UNICEF

to indicate the presence of acute malnutrifio®i].

Association of household environment and cooking factors with gravimetrigs PM
measurements.

Initial univariate analyses oR4-hour mean PM2.5 concentration obtained from
gravimetric massevealed an exponential distribution for measurements obté&ioeed

both primary cooks and children. Data were therefore logarithmically transformed prior
to regression analyses and assessed for normality after transformation. The following
variables were examined relative neean 24hour PM,s concentration: stove pe,
number of stoves, main cooking area, number of meals household cooks per day, fuel
type, kerosene use, heating of household and roof type. For each level of each covariate,
unadjusted means, unadjusted In(means) and adjusted conditional mangneahs)

were calculated. Pairwise comparisons of conditional marginal In(means) were
performed between each level of each covariate and the reference level for that covariate
by fitting a weighted linear regression model wiidwylor series linearization antkger

robust standard errors to account for betwelester variance. In order to determine the
appropriate reference group for each covariate, the covariate level had to have the lowest
gravimetric In(mean) Pl mass and have a sample size that would adladifference

of 15% from the overall mean to be detected.

PM:z s data processing
We calculated 24hour mearPMzs concentration using standard EPA guidelif@s.

Filter volume is calculated using the following equati@n: 0 z 6z p 1 , where
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Qave=1.8L/min and t=1440 minutes (total elapsed pump run time). Filter mass is
calculated by subtracting the filter pneeight from the filter postveight and multiplied

by the unit conversion of ug to mg, ®l0using the following egation: 0

0 0 2z p m where Mis the final mass after deployment andi$/the preweight
mass. Finally, PM concentration is calculated with the following equatio:

0 7w . Based on the distribution a24-hour meanPM,s concentrationdata,
appropriate data transformations will be performed to transRivias concentratiomata

for primary cooks and children to a normally distributed variable for regression analyses.

Association PMs concentratiorwith COHb, exhaled CO, blood pressuand pulse
Carboxyhemoglobin (COHb) measurements in primary cooks and children were
obtained through both a RAB7 pulse oximeter (Masimo Corporation, Irvine, CA) and
through MicreCO breath CO monitors (CareFusion, San Diego, CA). Heart rate was
obtainedthrough pulse oximetry in both primary cooks and children and blood pressure
was obtained from primary cooks only. Univariate analyses were performed for all
continuous measurements, including COHb, exhaled CO (ppm), pulse, systolic blood
pressure (SBP)ral diastolic blood pressure (DBP). Appropriate data transformations
were performed to approximate a normal distribution prior to analyses. The relationships
between PM2.5 and all appropriately transformed COHb, exhaled CO, pulse, SBP and
DBP variables werét to linear regression models with Zeger robust standard errors to

account for betweenluster variance.

Association of gravimetric PM2.5 with child health outcomes, cough/cold and ALRI
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Unadjusted and adjusted logistic regression analyses will be performed to assess the
relationship between health outcomes of interest in children (cough or cold in the last 7
days and current IMGHentified ALRI). Generalized estimating equations will be
applied to interpret the regression coefficients of logarithmically transformegs PM
concentration. The interquartile range of P\hass was determined between the first
and third quartiles, and the proportional increase (q) was determined by dividing th

value of the third quartile by the value of the first quartile. Risk ratios were calculated
through a weighted robust Poisson model by the following equation: Q 8

which simplifiestoY'Y 1 s[102].

Ethical approval. The study protocol, survey instruments and informed consent was
reviewed and approved by the Emory University Institutional Review Board (Ref #:
73615), the London School of Hygiene and Tropical Medicine Research Ethics
Committee (Ref # 7711), the Rwandan National Ethics Committee (Ref # 1497) and the

National Health Research Committee of Rwanda (Ref # NHRC/2014/PROT/0163).

Results

Balance between study arms

A total of 1582 households with 2179 children were enrollédaroverall study between
September and December 201@f which 225 participated in the 48our HAP
monitoringandmore intensivehysiological assessmefritervention and control groups
were roughly equivalent on all cooking and stove use exposure indicators and potentially
confounding household characteristics and demographic factors, indicating that our

randomization procedure resulted in wedllanced stdy arms (Tabl&.1). The majority



120

of households only had a thrstne fire(s) (74.18, 95%CI: 70.58.49), with no other
stove types present, followed by households that onlyaktationary, buikin rondereza

stove (95%CI: 10.925.40). The remainin@2.81% of households either had no stove
(3.39%, 95%CI: 2.3A.84), aportable clayimbaburaonly (0.72%, 95%CI: 0.32.65)

or some combination of all three types of stoves. Most households used a designated
kitchen area to cook, with 36.09% (95%CI: 314t869) of households using a kitchen
area within the house and 39.76% (95%CI: 381829) using a kitchen room detached
from the house. The majority of households use wood only (44.70%, 95%CI:- 40.52
48.96) or straw, shrubs, grass or an agricultural c8d20, 95%CI: 27.9834.80) or

some combination of both fuel types (19.56%, 95%CI: 1:2Z@0). The remaining
4.45% of households either use charcoal only or some combination of wood, straw,
shrubs, grass or crop with charcoal (Tahlg. The mean age @l primary cooks (33.05
years, SD=10.67; intervention: 32.56, SD=10.27) and of all children (control mean: 27.82
months, SD=43.56; intervention: 27.11, SD=15.50) was similar between intervention and

control groups.

Prevalence of health conditions

Both ARI and IMClidentified ALRI prevalence peaked in children who wer&16
monthsold; in this age group, 486% (95%CI:35.7950.69 were classified as having
had a cough or cold in the previous 7 days, whé&8% (95% Cl:11.2421.20 were
classified asaving current ALRI by the IMCI criteria. Overaltday ARI prevalence
among all children was 30.66% (95%CI: 283%39) while overall IMClidentified
ALRI prevalence was 6.86% (95%CI: 5:87228). Among children in the oldest age

bracket (4860 months), ARI prevalence dropped off rapidl\8.26%,95%CI: 1.22
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8.40. Overall, females were significantly more likely to have both ARI (RR=1.32,
95%CI: 1.141.53) and ALRI (RR=1.4695%CI: 1.@-2.06), and this association

appeared to become more pronounced ashageased (Tablé.2).

Association of household and cooking characteristics Witlay prevalence aficute
respiratory infection

Multivariate analyses revealed that stove and fuel type were both associated with child
cough or cold in the last 7 days, eftadjusting for relevant confounding factors.
Compared to households that had no stove present, households with ndadfera
(RR=4.22, 95%CI: 1.1:16.07), a singleonderezastove (RR=2.70, 95%Cl. 1.2062)

and a single threstone fire (RR=2.91, 96Cl: 1.416.01) presented significant excess
risk for respiratory infection. Generally, increasing from one stove to two increased the
relative risk. Twaonderezastoves (RR=3.31, 95%CI: 1.44D.73), two threetone fires
(RR=3.75, 1.68.39), a thresstane fire withimbabura(RR=3.58, 95%CI: 1.48.96)

and a threestone fire withronderezg RR=2.85, 95%CI: 1.26.70) generally had higher

risk ratios than any of those stove types alone. Generally, too few households with two
imbaburastoves or three total stoves were available to infer the relative risk of ARI
indicated by 7day prevalence of child cough or coldfter adjusting for relevant
confounders, no significant excess or reduced risk was observed by fuel type, cooking
area, lkerosene lamp usage, heating behaviors, roof type ord&Zised socioeconomic
status. Additionally, no association was observed between respiratory infection and

number of persons per sleeping rofrable6.3).
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Association of household and cooking chageaistics with IMCtidentified acute lower
respiratory infection

Due to low overall ALRI prevalence, exposures to various stove types could not be
stratified by number of stoves in the household. Unadjusted analyses indicated an
increased risk of ALRI amanchildren living in households with two stoves compared

to no stoves (RR=3.75, 95%CI: 1:03.88) and where cooking areas were in the sitting
room (RR=2.45, 95%CI: 1.13.16) or outside the house (RR=1.75, 95%CI: BAM)
compared to children in housdtie where cooking activities occurred in a separate
detached kitcherhowever, adjusted analyses only indicated a significant association
between ALRI and PCAlerived socioeconomic index, with an increased risk associated

with the first four quintiles congred to the fifth (wealthiest) quinti{@able6.4).

Association of household and cooking characteristics with Sivass

Of the 226 households approached for enrollment into thbod8 PM s personal
exposure study, HAP equipment was ultimately depldge 225 primary cooks and 223
childrenin 56 intervention and 56 control villages, representing%4a? all primary
cooks and 10% of all the children included in this studq successful deployment was
designated for all deployments in which the pueimained running for at least 44 hours
of the full 48hour period (i.e., 22 of 24 total pump running time hours). HAP equipment
was deployed and retrieved successfully after 48 hours in 182 (80.9%) of primary cooks
but only 123 (55.2%) of children. Afteemoving observations for which less than 44
hours of monitoring were performe®M2.5 concentration obtained froboth the
primary cook and child filters was not normally distributed (primary cook:

skewness2.54 kurtosis7.80 ShapireWilk W= 0.701, p<0.®1; child: skewness=20,
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kurtosis=983, ShapireWilk W=0.679, p<0.001). After logarithmic transformation of
these two variables, the distributiamong childrerdid not differ significantly from a
normal distributior(ShapireWilk W=0.99, p=0.417skewnes=0.22, kurtosis=041) and

while statistical testing for concentration data from primary cooks significantly differed
from a normal distribution, skewness and kurtosis values indicated that a normal
distribution assumption was valiprimary cook: ShapirdVilk W=98, p=0015,
skewnessg.02, kurtosis=0.80). Therefore, only logarithmically transformed Pdtlata

were used in these analysédter exponentiating logransformed means, mean P
concentration among primary cooks was 95.45 8a/8.37 and 193.29 ugf/- 2.16

for children.

Among primary cookspersonal 2our meanPM:.s concentrationwas significantly

higher among those who cooked in the household sitting room vs a separate kitchen
(contrasted In(mean)=1.4686/46, p=0.002and among those who cooked more than 3
meals per day compared to a single meal (contrasted In(mean)=0.33+)p=0.028).
PMzswas significantly lower among those who lived in households that used kerosene
lamps to light the homecompared to those thegported no kerosene ugmontrasted
In(mean)=0.86++0.27, p=0.002). No associations were observed betweepns PM
exposure among primary cooks and stove type, number of stoves, fuel type or heating of

the househol{Table6.5).

Among children, unadjusteahalyses revealed that PMZ&ncentratiorwas lowest in
households that usedranderezastove; therefore, these households were used as the

reference group to determine the association betweers BXposure and stove type.
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Adjusted analyses revealed thahildren in households that had no stove (contrasted
In(mean)=0.88+0.35, p=0.014) or had ambaburaonly (contrasted In(mean)=1.27+/

0.53, p=0.018), a threstone fire only (contrasted In(mean)=0.60+18, p<0.001) or a
threestone fire with anmbalkura (contrasted In(mean)=3.368/74, p<0.001) all had
significantly elevated Pk exposure compared to children living in households with a
ronderezaonly; however, only 4 children in this HAP sstudy lived in households with

no stove and only 1 childzed in a household with both a threne fire andmbabura
Compared to children living in households with a separate kitchen designated as the main
cooking area, children living in households where cooking primarily occurred in the
household sitting aom appeared to have elevated JBMexposure (contrasted
In(mean)=0.61+0 . 34, p=0.073), although this relat
After examining child PMs exposures among children by fuel type used by the
household, households using dwal only appeared to have the lowest exposure
However,since only one child in this stgiudy lived in such a household, this was not
used as our reference group. Eigiwy children lived in households that used wood
only, and this group had the secodgvest unadjusted mean BMexposure among
children, so this group was used as the reference. Compared to households that used wood
only for fuel, households that used a combination of wood and charcoal had significantly
reduced PMs levels among chilém (contrasted In(meany=65+£0.46, p<0.001),
although only 2 children lived in households using these two fuel sources. Finally,
children living in households that heated their homes had elevated &losures
(contrasted In(mean)=0.526/19, p=0.01pand appeared to have elevated exposures in
households that used kerosene lamps for lighting (contrasted In(mean)=@.1,+/

p=0.078), although this association was no
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number of meals cooked per day did nmp@ar to affect child exposure to PMTable

6.5).

Association of PM2.5 exposure with cough or cold in the previous 7 days and ALRI
Unadjusted analys does not reveal any direct association betw2&hour PM s
exposure and either cough or cold in the previous 7 days or current ALRI. After adjusting
for child age, gender and socioeconomic status, an interquartile2&gjfeld increase

in log-transformed PIWls mass(representing an increase frar8.83ug/n? to 311.92
ug/m?) was not associated withday prevalence of cough or cold, iipled therisk of

ALRI in children @RR:2.99. 95%CI: 1.0®.25 (Table6.6).

Correlation of concurrent ALRI,-day prevalence of ARI;day prevalence of diarrhea

and malmtrition

Sevenday prevalence of diarrhea in the last 7 days that fit the WHO case definition was
significantly correlated with current IM@tlentified ALRI, both by unadjusted
tetrachot cor r el at i o nt/-@G0WapkOy0H1) and Hivariat® priiadalysis
adjusted for age, gender, stove typaend s oci oec on o mi+/.06, n d e x
p=0.004). Unadjusted bivariate logistic regression analysis indicated that 27% of the
variance in ALRI prevalence carebexplained by diarrhea (Tabk7). Similarly,
unadjusted tetrachoric correlation analysis between diarrhea in the previous 7 days and

cough or cold in the pr e w0006 p<0.00d)andsr wa s

adjusted bivari at e -0P#4,qk0.001)(Table®.V)yUnadsisted p =0 .

bivariate logistic regression analyses to explore the relationship betwtsndiarrhea

and ARI prevalence indicated that 33.07% of the variance in ARI prevalence can be

16
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explained by diarrhea. Strong, significant correlations were also toemceen middle

upper arm circumference (MUAC) as an indicator for malnutrition and ALRI and ARI.

An inverse correlation was found between MUAC measurementsAandR | -( p =
0.101+£0.05, p<0.001), but not between MUAGe as ur e me nt s0.083/d ARI (
0.004 p=0.449). When MUAC was dichotomized at the WHO threshold for malnutrition
classification (0=(MUAC <12.5 c¢cm); 1=( MUA(
adjusted for age, gender, stove type and socioeconomic index did not yield a significant
correlationbetween ALRI and ARI and the dichotomized indicator for MUAC (Table

6.7). Agespecific crude predicted marginal prevalence of reported cough or cold in the
previous 7 days, current ALRI, respondelefined diarrhea in the previous 7 days and
WHO-defined darrhea in the previous 7 days shows a roughly similar pattern across all
diseases, with prevalence peaking prior to one year of age for all conditions. Visually,
agespecific and age grougpecific prevalence of all four conditionsda@y prevalence

of cough/cold, current ALRI, ay prevalence of diarrhea fitting the WHO case
definition, and 7day prevalence of diarrhea defined by the respondent) is plotted i
Figure6.3. Prevalence of all four conditions peaks in children who &k# onths old

and wans after 2 years of age.

Discussion

Randomization of our intervention and control households resulted in reasonably well
balanced study arms across all exposures of interest and potential confounding factors.
Disease outcomes also appeared to be-badtirced, with the exception of ALRI
prevalence among2 montholds, for whom ALRI prevalence was 5.32% (95%Cl: 2.21

12.29) in the intervention arm vs 18.86% (95%CI: 1430628) in the control arm
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(p=0.013) Overall prevalence for cough or cold in the presiau days and IMGCI
identified ALRI had overlapping confidence intervals, indicating that disease prevalence
was similar between the two study arms. Both the prevalence of child cough or cold
(acute respiratory infection, ARI) in the previous 7 days andeatinMCl-identified

ALRI peaked in children who were-BL monthsold during the baseline assessment.
Overall, females were significantly more likely to have ARI or IM@ntified ALRI

than males, although this relationship was only defined by age grougRfiodue to
reduced study power contributed by low overall ALRI prevaleitese results align

with previous research that found an excess risk for ALRI among [§Bls The
prevalence ratio defining the excess risk for ARl among females generally increased by
age group, with females more than twice as likely to have had ARI inghimps 7 days

than males among children 468 monthsold (RR=2.08, 95%CI. 1.18.82) andno
significant elevated risk by gendamongyounger age groups. Among all age groups,
females werenearly50% more likely than males to have ALRI identified by theClM
method on the day of the survey (RR4G,.95%Cl: 1.3-2.06). In a separate HAP study

in the Gambia, researchers found that girls tended to be carried on their mothers backs at
older ages and for longer periods of time than boys, thereby exposing thaordo
lengthy HAP exposurefdl03]; if these results apply in Rwanda, this may explain the
higher pneumontattributable disease burden borne by girls in our populaliogether,

this indicates that while rislsihighest in the youngest age groups, excess risk presented
by gender is neutralized when children are younger when mothers will typically have
their children nearby or on their backs while cookirggardless of their gendéerhe
excess risk presented fgmale childrerin older age groupis consistent with the fact

thatthey are more likely to remain nearby or indoetsle cooking is occurring
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While excess risk for ARI-flay prevalence iagssociated witktove type and number, no
such association was observed for ALRI. Overall, ALRI prevalence was much lower than
ARI prevalence, and the relatively low number of ALRI cases precluded us from
stratifying stove type by number of stovB&latively bw ALRI prevalence also left our
study undespowered to detect a 25% difference from overall prevalence (6.86%) and
any level of each covariate. Only our P@Arived socioeconomic index was associated
with ALRI, and this is likely due to the natural quintiles tharevcalculated to create the
index; therefore, the population was equally distributed across all levels of this covariate.
With between 434138 children in each quintile, the study was adequately powered to
detect a difference in ALRI prevalence betweea finst four quintiles and the fifth
quintile, in which ALRI prevalence among children was 2.59% (95%CI-4.88).For
children in which ARI, indicated by cough or cold, occurred in the 7 days before the
survey, only ®ve type and stove numbeere assoiated with ARI. No association was
observed betweenday prevalence of ALRI andrimary cooking location, household
crowding (indicated by number of persons per sleeping room), number of meals cooker

per day, fuel type, kerosene usage, household heainfgypeor socioeconomic index.

Personal4-hour mearPM,.s concentration (ug/f was differentially associated with
various cooking, household and socioeconomic factsm®ng primary cooks and
children. Since only a subset of the overall population was enrolled in tHeod8
personal PMsexposure study, and full 4& 48hour measurements were only available
for about 81% and 55% of primary cooks and children, respectively, data en PM

concentratias by stove type could not be stratified by number of stoves. Additionally,



129

approximately 3.6% of households in this personal exposurstsdlg had unknown

stove types. Households that did not have an observed or reported stove did not
necessarily lack stove; however, because stove information was not available for these
households, these households were categorized together. LowestéiMentrations

were measured in primary cooks where no stove was observed or reported in the house,
which was used athe reference group for primary cooks; meanwhile, for children,
lowest PM s concentrationsvere measured in households witimderezastoves only.
Compared to primary cooks living in households with no reported or observed stove,
stove type did not appe#o be associated with PMexposure. In children, though, all
stove types (with the exception of households with both a-stoeee fire and eondereza

stove) were associated with significant increased £dbncentration Even children

living in housénolds with no observed or reported stove had higherseMposureshan
children living in households witlrondereza stoves, indicating the presence of
unreported stoves and/or high commuiltyel exposuresAnecdotally, children can
congregate aroundrénestone fires and even charcdmlrningimbaburastoves as they

are low to the ground and open on all sides. The fire pitrohderezastove is higher

off the ground, and thenderezastove itself is typically built against a wall, preventing
childrenfrom gathering around the fire; therefore, PMxposures among children may
have been lowest in households usimgderezastoves due to the physical characteristics

of the stove itself. These exposure data did not correspond directly with diseaseeoutco
data, agonderezastoves appeared to present an excess risk of ARI in chil@ires.
should not be surprising, as even if an apparent benefit appears to be conferred by one

traditional stove type over another, no stove type reduced emissions to wipeiata
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health benefit would be expectdiiO4]. Generally, the association between 22M

concentratiorand number of stoves in the household was statistically indistinguishable.

Mean 24hourPMz s concentrationvassignificantly higher in primary cooks who cooked

in the household sitting room compared to those who cooked in separate detached
kitchens, and this association was nearly significant among children (p=0.073). This
corresponds with the unadjusted anal§sithe association between ALRI and cooking
area, in which children had a nearly 208 risk of ALRI if the main cooking area was
designated as the sitting room; however, this association was not significant after
controlling for age, gender, socioecomo status, stove type and household crowding.
The sitting room is typically not wellentilated, and because the sitting room is the main
gathering room in the home, there is little reason to for both primary cooks and children
to leave the room while c&mg; therefore, we can intuitively reason that exposures may
be higher in this sulgroup. This comports with intervention priorities that have been
previously outlined, which emphasize the need to improve ventilation and change
cooking behaviors in addan to introducing lower emission stovgD5]. Curiously,
primary cooks who cooked outsidéthe house appeared to have higlgrosures that
approached significance (p=0.056). As ventilation should not be a concern in outdoor
spaces, behavioral factors may be responsible for this trend and should be explored more
fully. Primary cooks who cooked three or more meals per day had higher PM2.5 exposure
than primary cooks who cooked only one meal per day, with the daily longer duhtio

stove tending being the likely source of excess exposure.
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Fuel type did not seem to affect PhMconcentrationwith the exception of children in
households using both wood and charcoal for fuel. Compared to households that used
wood only for fuel,children in households using wood and charcoal had significantly
reduced exposures. Despite the fact that charcoal stoves, suchimbdbarastoves

used by our study population, are not necessarily clean, previous research has indicated
that charcoal aa effectively reduce Pl emissions prior to transitioning to more
advanced improved cookstove96]. While households that used charcoal only were
enrolled in our overall study, only one primargok and one child from the HAP
exposure suistudy lived in a household that only used charcoal for fuel; therefore, we

could not perform any statistical analysis for children in thisgrobip.

The use of kerosene lamps in the household appeared téicsigtty reduce PMls
concentrationin primary cooks while significantly increasing exposure in young
children. The reasons behitfis contrasting relationship an®t immediately clear and
indicates a need for more behavioral studies examining how, ameénvhy kerosene
lamps are used. Kerosene lamps are generally thought to deleteriously affect air quality
enough to confound or even negate the impact of improved biomass burnind&tpves
however, they are still considered cleaner than biomass burning sitreedeleterious
health consequences of kerosene use are due (yittaNO, benzene and toluene
emissiongMuller et al, 2003) the reductions in Pk observed in primary cooks may

be due to the use of kerosene in place of traditional stoves for nighttime heating and
lighting. While the relationship between kerosene usage anglsRBhcentrationin
children approached significance (p=0.078)s not immediately clear why kerosene

usage would increase BMexposuresHousehold heatinghrough use of traditional



132

stovesdid not affect exposure among primary cooks, but did significantly increase
exposure among children. This is likely due to more extended periods of biomass
burning,although the reason behind the selective effect on children should be explored
in more depth. Finally, children living in homes with tin rooves had significantly less
PM.s exposure than children living in households with clay tile rooves. Since clay tile
rooves generally tend to have better natural ventilation, it is difficult to determine why
tin rooves might be protective. Incompletepatchytin rooves and large seams between
the exterior walls and roof may explain ventilation characteristics unigouenes with

tin rooves, although this should be explored in more depth.

It is worth noting that although different levels of each covariate was associated with a
range of PMs concentrations, mean personal RMdoncentrations at each level of each
covai ate far exceeded the WHO' s Air Quality
maximum 24hour mean of 10 ug/fnabove which excess mortality can be expected
[91]. At 75 ug/ni over 24 hours, previous studies and retalyses indicate that a 5%
increase in shottierm mortality can be expected ab@&4-hour mean of 25 ug/fi108].

Only 3.3% of children and 20.3% of primary cooks in our study had measured personal
24-hour PMbs concentrations that met this 25 ud/threshold; meanwhile, 57.1% of
primary cooks and 87.0% of children had personal £ddncentrations exceeding this

75 ug/n? benchmark. Further demonstrating this link between £Mposure and ALR,

while adjusted analyses measuring the association betiR#®egexposure and ARI and
ALRI outcomes did not reveal a significant association betweers@h ARI, theydid

reveal a significant association betweenzBlxposure and ALRI, with an interquartile

increase in PMs concentrations doubling the odds AERI in young children. This
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aligns with the general consensus that the largest contributor to child mortality in

households with high HAP exposure is ALRI.

Our analyses addressed ALRI, ARI and diarrhea comorbidity in our study children.
Unadjusted corteat i on anal ysi s (p=0.21, p<0.001)
modeling (p=0.18, p=0.004) indicated a s ma
fitting the WHO case definition in the previous 7 days and current fidéitified ALRI,

indicating thathese two disease outcomes occurred together more than chance alone. A
weaker but still significantorrelationwas also observed forday diarrhea fitting the

WHO case definitonand-day prevalence of ARI (adjuste
p<0.001). Tlese findings align with those of previous studies in Nepal, South[@B&

and Ghan§l10], which have also found increasingly strong associations with increasing
disease severity. Wdsa analyzed the association of MUAC as an indicator of child
malnutrition with ALRI and ARI. For adjusted bivariate probit analysis, MUAC was

di chotomi zed i nto t wo categori es: mal nour
(MUAC>12.5 cm). No significant relatiaghip was observed, although the correlation

bet ween MUAC and ALRI a-p.ple2o @=0.084)dindisating n i f i c @
that the likelihood of ALRI may increase as MUAC decreases. A more significant
association was observed when applying MUAC as a moodis rather than binary

measure, indicating that MUAC may affect both ALRI and AR, regardless of whether a

child is classified as malnourished or not. This does align with a-ametlgsis of

previous studies linking mortality from pneumonia to malnanifiwhich indicated that

a significant increase in pneumosatributed mortality can be linked to malnutwiti

[100]. It is worth noting that while one disease (such as diarrhea) may increase the risk
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of respiratory infections, as disease comorbidities may be linked to a shared risk factors
or associations beten risk factors for individual diseag&40]; however, a longitudinal

study in Ghana assessing the relationship between cumulativedeloprevalence of
diarrhea and severe ALRI found that diarrhea directly contributes to 26% of ALRI cases
(Schmidtet al, 2009) A cohort study amongur population, in which children are
followed longitudinally and assessed for diarrhea and respiratory infections in a
prospectie study,would allow this relationship to beharacterizé using analyses that
incorporate temporality, allowingh@ore reliabé determirationthe association between

recentdiarrheamorbidy and ALRI[109].

Limitations

Pneumonia cases in this study were not radiographically confirmed and relied solely on
our field assessments. Despite lengthy training and piloting periods, enumerato
assessment of ALRI using IMCI methods is still fairly subjective. Due to logistical and
timing constraints, between 12 and 13 enumerators were working in the field during
working hours, so consistency between enumerators is difficult to verify. Whablppss
though, supervisors and managers watched the IMCI assessments, verified diagnoses and
identified opportunities for further training across enumerators. Overall, the relationship
between ALRI and Pl exposure described in this study is consistetit ather studies
performed in Susaharan Africa and throughout the wdidd], so while subjectivity is

a concern, we feel reasonably confidenthe conclusions of this study.



135

Conclusion

This baseline study establishes that both study arms arebalaliced on potential
measurable confounders and that both ARI and ALRI disease outcomes vary
significantly by age and gender. There was strong evidence linking stove type and
number toARI cases and P& concentration to ALRI in young children. The results of

this study may be generalizable to other settings, particularly poor rural settings where
households predominantly use wood fires for cooking and heating i8&hwdran Africa.

Our findings suggest that water and sanitation interventions that reduce diarrheal disease
may indirectly reduce ALRI prevalence, lending support to programs that couple water
and sanitation interventions with interventions targeting household air polllikerthe
program our research team is evaluating. Finally, this baseline study suggests that
interventions targeting stove type, fuel type and stove number may reduce overall PM

exposure and ARI and ALRI prevalence.



136

Supplemental Material: Interaction and Confounding Assessment
Appendix 6.2: Interaction and confounding assessment

Interaction was assessed by fitting the full model with all potential confounders with all
potential interaction terms. The model was subjestépwiseselection, where a variable

would have to be significant at a=0.3 in o
refit at each successive step, and variabl
in the model. All potential confounders amgposures remained in the model for the
confounding assessment, but potential interaction terms were elimilmézedction was

also assessed upon removing each variable from the model by assessing the effect of

variable removal on effect size estimates.

After assessing potential interaction terms for the association between all model
covariates andARI, no interaction terms appeared to be significant; however, after
assessing potential interaction terms for the association between all model covadates a

ALRI, the interaction between stove type and cooking location was significant.

After that, weighted logistic regression models with robust standard errors to account for
clustering were fit for each exposure of interest. The full nsoodet both disese
outcomes weras follows:

Cough or cold in the past 7 days:

-~ ~ s
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Wheresesi= PCA-derived socioeconommindex, numstovenumber of stoves ever used
by the household;d3=gender,cd6=age,pph2=number of persons per sleeping room,
roof2=roof type,stovetypall stove types used in househdigkltyp=all fuel types used
by household, hll=kerosene used to hg the home,hl3=household heats home,
numeals=number of meals prepared by household each dayhhdcooking location.
Identical entry and retention criteria were used when assessing interaction in models fit
to examine the association of these exposure\aRd identified through applying the
IMCI criteria. After performing backwards selection on all model covariates and
potential interaction termgshere was significant interaction between stove type and
cooking locationThe full modeldefined for all covariates and ALRMas as follows:

aed@oo | 1= 1| OAOE 101 0OTIOAAGT Ahg
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Where stsull= the interaction between stove type and cooking lodatafounding

was then assessed for all models. For each exposure of interest, the full modedtwas fir

fit and predicted marginal risk ratios obtained for each level of each exposure of interest.
Covariates were then removed one at a time and the mefiielAegarticular covariate

was permanently removed from the model if it did not appear to suladtaimtipact the

risk ratio for all levels of a particular exposure; i.e., the ratio of risk ratios must not have

differed by more than 10%.



138

Confounding assessment
1.1. Socioeconomic status andday prevalence of child cough or cold (ARAfter
confounding assessmemiimeals, fueltyp, roof2, sull, hl1, hi3, pph2 and numstove
were removedThe remaining covariates were significant and retained in the niduds|.
left a final model specified as:
o€ QO | |p”—n | | OAOGE Mo 1 AAgi 0Ol OAGUD
1.2.Household crowding, indicated by number of persons per sleeping roomsdayd 7
prevalence of child cough or cold (ARIJhe following variables were removed:
numeals, sull, sesi, fueltyp, stovetyp, hl3, hl1l and roof2 were remidvisdeft the final
model:

b} LAV 11/ \ I 7T h ~ ~ s
ae€ Qo | |—— f T 1 Ol
@ p n

OTtORAcr AApl PPEC

1.3. Stove types used by household ardhy prevalence of child cough or cold (ARI)
The following variables were removeaumeals, sull, sesi, hl3 and .Hhe following
showed evidence of confounding: fueltyp, roof2 and pph2, and remaining covariates

were significant in the final moderhis left the final model:

aé"sﬁnoii—p”h {1 100 00110RAcT AAel PDEG

T Ol T A 001 OGAOUABOAIT OUD
1.4. Number of ®oves ever used by household arday prevalence of child cough or
cold (ARI).The following variables were removedumeals, sesi, sull, hl1, hi3 and

roof2. The following variables showed evidence of confounding: pph2 and fueltyp. Stove

type significantly altered the nature of the relationship between stove number and AR,
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therefore, there appeared to be substantial interaction between stove type and stove
number. Ultimately, the model outlined in 2.1 was stratified by stove number to further
elucidate the effect of stove number on the effect sizes describing the association between
stove type and ARI.
1.5.Cooking location and-day prevalence of child cougin cold (ARI).The following
variables were removedumeals, sesi, stovetyp, hl3, hl1 and ppFtz following were
identified as confounders: fueltyp and roof2, and remaining covariates were significant
in the modelThis left the final model:

o ¢ Qo | |pr‘—rI [ 1 100 00110RAGT Ahgr OF T A&

1 AOAT GuedOpp-
1.6.Number of meals cooked in household daily &ty prevalence of child cough or
cold (ARI) The following variables were removesksi stovetyp fueltyp roof2 hi3 hll
pph2 sullThis left the fi
o€ WO | |p”—n [ 1 161 00I10KAGT AAg
I €6adQoa-H

1.7. Fuel types used by household ardhy prevalence of child cough or cold (ARI)
The following variables were removetlimeals, sesi, sull, hibof2, hl3 This left the
final model:

o ¢ Qo | |p”—n [ 1 161 00i10KAcr Ahgl PBPEC

I 001 OAOGUABOAT OUD
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1.8 Kerosene use by household ahday prevalence of child cough or cold (ARIhe
following variables were removedesi, stovetyp, roof2, numeals, hl3, fueltyp, pph2
This left the final model:

détmmiialﬁ i1 100 00I10KAcT Ahet OO0pop

1.9. Household heating and-day prevalence of child cough or cold (ARIIhe
following variables wergemoved:sesi, stovetyp, roof2, numeals, hll, fueltyp, pph2
This left the final model:

dékmmiigiﬁ i 1 1060 00110KAcT AAgl Elo

1.10 Roof type andr-day prevalence of child cough or cold (ARThe following
variables wee removednumeals, sesi, sull, stovetyp, fueltyp, hi3, pph2, Tiis left
the final model:

déTmmiialW i1 100 00I10ORAcT Aher O T Ac

2.1. Socioeconomic status andday prevalence of child cough or cold (ARAfter
confounding assessmemgof2, stsull, hl3, numeals and fueltere removedThe
remaining covariates were significant and retained in the modgd.left a final model
specified as:
déﬁmoiialﬁ i | OAOE AAcl AAgl PPEC

{ 001 OAGUBI p -
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2.2.Household crowding, indicated by number of persons per sleeping room, and current
ALRI. The following variables were removestsull, stovetyp, roof2, hi3, numeals and
hl1 were removedThis left the final model:

aéxmmiiglﬁ i 1 OAOE 100 00i0OAAcT Ahg

I PPEc¢t A£OAT GuedOpp-

2.3 Stove type and current ALRIhe following variables were removeadof2, hi3 and
hl1. This left the final model:
aétmmiiglﬁ i 1 OAOE 101 00i0AAcT Ahg
I DPPE¢gt OOT OAOUAROAI GUEB 6 aQmai
I OOpp io0pp -
2.4.Number of stoves ever used by household and current Ab&following variables
were removed: roof2, hi3 and fueltypl his left the final model:
EQap | iﬁ [ 1 OAOE 101 00I0AAGcT Ahg
I PPE¢] OO1T OADPUEBI or toaQudgi O0pp
1 iopp -
2.5. Primary cooking location and current ALRIhe following variables were removed:
roof2, hi3, numstove, numealsgeltyp, hl1l This left the final model:

dé“ﬂiniTpn—h i 1 OAOE AAol AAg! DDEC

I 001 OGAOGUBOpp i 0ppP -
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2.6. Number of meals cooked in household daily and current ALR¢ following
variables were removed: roof2, ppsByvetyp, hi3, stsull, cd6, hil and.nrBis left the
final model:
aéxmmiiglﬁ i 1 OAOE 100 00i0OAAcT Ahg
i A£OAT OWb O0pp-
2.7. Fuel types used by household and current ADRie following variables were
removedroof2,stsull, hi3 and numstovéhis left the final model:
& & BQO | ip”—h { | OAOE AAci AAgl PPEC
I O01 OAOUABOAT OIUEIT pt £06aQOai
I 00pp-
2.8 Kerosene use and current ALRIhe following variables were removed fraime
model: roof2, pph2, stovetyp, hi3 and numealss left the final model:
a € Qo | Tpn—h I 1 OAOE 1 0i OOT1OAAcT AAg
r AEOAI OIUEIT pt OOppl i 0pH -
2.9. Household heating and current ALRIhe following variablesvere removed from
the model: roof2, stsull, stovetyp, numeals andTiiis left the final model:
&€ BQO | i—p”h {1 OAOE 101 00I10KAcT AAg
I PPEc¢] AOAI QUEET of OOpp-
2.10. Roof type and current ALRhe following varables were removed from the model:

pph2, stsull, stovetyp, hl3, numeals, filiis left the final model:
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dé-ﬁmm_p”ﬁ I 1 OAOGE 161 O0IOKAcT AAg

Ol 1T A A£OAT OGlUPOOp p -



144

Table 6.1. Socioeconomic, demographic andtove characteristics and cooking behaviors of
households at baseline (h=1582)

Variable

Level Intervention Group
n (%, 95%Cl)

(n=789)

Control Group
n (%, 95%Cl)

(n=793)

Total
n (%, 95%Cl)

(n=1582)

Number of stoves
used by household

1 622(79.22, 75.482.52)
2 136 (17.13, 14.020.67)
3 7(0.83, 0.36L.92)

640 (80.72, 76.784.12)
110 (13.97, 11.327.13)
3(0.36, 0.121.10)

1262 (79.63, 76.73, 82.24)

246 (16.28, 13.918.96)
10 (0.70, 0.33.47)

Stove types used
by household

No stove 24 (2.82, 1.664.74)
Imbaburaonly 5 (0.60, 0.172.13)
Ronderezanly 105 (12.96, 10.386.10)
Threestone fire only 588 (75.16, 70.599.26)
Ronderez& imbabura 7 (0.81, 0.35L.83)
Three stone fire and@nbabura 19 (2.21, 1.191.06)
Three stone fire &ondereza 38 (5.09, 3.47.56)
All three types of stoves3 (0.36, 0.12..10)

40 (4.95, 3.29.42)
9 (1.05, 0.42.25)

106 (13.11, 10.416.30)
564 (71.53, 66.296.25)
7 (0.78, 0.38.76)

23 (2.76, 1.45.33)

43 (5.69, 3.9%.08)
1(0.12, 0.0D.82)

64 (3.39, 2.37.84)
14 (0.72, 0.321.65)

211 (13.00, 10.925.40)
1152 (74.18, 70.587.49)
14 (0.80, 0.421.52)

42 (2.36, 1.4B.76)

81 (5.25, 3.89.08)
4(0.29, 0.1.82)

Main cooking area

Inside housedesignated kitchen 276 (35.3629.9641.17)
Inside housebedroom 110 (13.55, 10.816.87)
Sitting room 34 (4.41, 3.0%6.29)
Entryway tohousehold 4 (0.49, 0.18L.29)
Outside house 42 (5.16, 3.3%.90)
Separate kitchen 322 (40.91, 35.396.66)

321 (39.83, 34.1:415.84)
120 (14.63, 11.698.17)
18 (2.09, 1.348.26)
1(0.12, 0.0D.82)

50 (7.31, 4.8610.98)
280 (35.78, 29.842.15)

597 (36.57,32.281.08)
230 (13.84, 11.646.39)
52 (3.78, 2.76.17)

5 (0.39, 0.16).96)

92 (5.74, 4.167.85)

602 (39.53, 35.1:44.06)

Locationwhere
primary stove is
used

Inside housedesignated kitchen 258 (34.71, 10.336.58)
Inside housébedroom 101 (13.14, 10.336.58)
Sitting room 35(4.87, 3.406.94)
Entryway to household4 (0.51, 0.191.35)
Outside house 41 (5.17, 3.34.91)
Separate kitchen309 (41.4635.97-47.17)

304 (39.85, 33.946.08)
115 (15.03, 11.918.71)
19 (2.33, 1.53.56)
1(0.12, 0.0.87)

49 (7.31, 4.78.1.08)
261 (35.10, 29.041.68)

562 (36.09, 31.7:30.69)
216 (13.65, 11.386.29)
54 (4.19, 3.06.70)

5 (0.41, 0.161.01)

90 (5.74, 4.167.87)

570 (39.76, 35.384.29)

Frequency of
primary stove use

More than once per day651 (85.56, 82.288.32)
Once per day 101 (12.88, 10.236.09)
2-6 times per week 8 (0.97, 0.48.04)
Once per week 2 (0.36, 0.08L.53)
Less than once per weel2 (0.24, 0.08).94)

643 (85.57, 82.368.28)
105 (13.6911.0016.91)
3(0.38,0.12..16)

0

3(0.36,0.121.11)

1294 (85.56, 83.087.76)
206 (13.10, 10.985.55)
11 (0.81, 0.441..59)

2 (0.26, 0.06L.12)

5 (0.27,0.100.72)

Number of meals
household cooks
per day

1 214 (27.54, 23.482.02)
2 500 (63.05, 58.567.37)
3 or more 75 (9.42, 6.83.3.96)

231 (28.94, 24.883.36)
507 (64.13, 59.988.11)
55 (6.944.799.95)

445 (27.91, 24.781.37)
1007 (63.34, 59.866.70)
130 (8.75, 6.722.16)

Fuel type

Charcoal only 7 (0.83, 0.28.72)

Straw, shrubs, grass or agricultural crc230 (29.14, 25.033.62)

Wood only 380(48.84, 43.4%4.22)

Straw, shrubs, grass, agricultural crop and charcg (0,35, 0.081.48)

Wood and charcoal26 (3.01, 1.75.13)

Straw, shrubs, grass, agricultural crop and wo143 (17.83, 14.3@1.93)

9 (1.05, 0.4%.25)

294 (37.11, 32.322.18)
264 (33.47, 28.0:89.41)
12 (1.15, 0.683.00)

23 (2.67, 1.561.54)

191 (24.25, 20.428.52)

16 (0.89, 0.382.08)
524 (31.29, 27.984.80)
644 (44.70, 40.528.96)
15 (0.64, 0.311.32)
49(2.92, 1.904.46)
334 (19.56, 16.7@2.70)

Kerosene lamps
used in house

Yes 121 (15.24, 12.009.15)

126 (16.32, 12.620.82)

247 (15.53, 12.918.57)

Household heats
home

Yes 94 (11.82, 9.0115.35)

121 (15.01, 11.699.08)

215 (12.68, 10.315.40)

Number of persons
per sleeping room

1-2 130 (27.00, 22.881.56)
3-4 318 (63.62, 58.868.18)
5-6 46 (9.01, 6.8111.84)
7-8 2(0.37, 0.04.45)

116 (23.75, 19.728.33)
345(69.19, 64.2773.71)
32 (6.11, 4.18.90)

5 (0.96, 0.42.26)

246 (26.13, 22.829.66)
663 (65.11, 61.368.68)
78 (8.24, 6.5010.39)

7 (053, 0.231.19)

Socioeconomic
Index

Lowest 165 (21.89, 17.926.48)
Second 146 (18.41, 15.681.48)
Middle 146 (18.15, 15.521.12)
Fourth 158 (19.95, 17.2@2.94)
Highest 174 (21.61, 18.225.40)

151 (19.4616.41-22.92)
171 (21.43, 18.524.64)
170 (21.35, 18.5@4.44)
159 (19.3716.4822.62)
142 (18.38, 15.2Q22.06)

316 (21.24, 18.184.67)
317 (19.22, 17.081.59)
316 (19.01, 16.921.31)
317 (19.79, 17.682.12)
316 (20.74, 18.123.65)




Table 6.2. Associations between prevalence of reported cough or cold in theevious 7 days and IMCHdentified ALRI with age and gender.

Reported prevalence of cough or cold in the previous 7 days, by intervention arm

Age and
gender group

Weighted
sample size

Intervention Arm
% (95%ClI)

39.42 (25.9%4.74)
28.13 (17.7041.60)

46.29 (32.3%0.80)
33.71(22.3547.33)

36.91 (27.4647.47)
30.27 (21.9140.18)

36.93 (27.3147.70)
28.39 (21.0437.11)

32.55 (25.3740.65)
22.46 (15.890.76)

Control Arm
% (95%ClI)

30.61 (18.7245.78)
32.69 (21.6846.02)

39.50 (29.8550.04)
43.69 (32.5%5.48)

38.29(29.5847.81)
24.14 (17.3082.62)

20.09 (13.6628.54)
22.39 (14.6732.63)

28.57 (20.79B7.86)
25.06 (17.9133.89)

Crude total, %
(95%Cl)

37.34 (26.4849.65)
29.37 (20.8839.59)

44.25 (34.054.99)
36.84 (27.9546.73)

37.25 (29.7245.46)
28.44 (22.0635.81)

32.37 (25.0440.67)
26.81(20.9033.69)

31.45 (25.7337.80)
23.13 (17.7629.54)

Crude
prevalence rati

95% CI

0.821.97
REF

0.841.73
REF

0.951.80
REF

0.851.72
REF

1.041.78
REF

Model-adjused
predicted marginal
%, (95%Cl)

Model-adjusted
predicted marginal
prevalence ratio

95% ClI

37.34 (26.4749.67) 1.27 0.821.97
29.38 (20.8339.67) REF REF
44.23 (33.9%4.99) 1.20 0.831.73
36.86 (27.9616.76) REF REF
37.20 (29.6645.43) 1.31 0.951.80
28.49 (22.0985.90) REF REF
32.40 (25.0240.75) 1.21 0.851.73
26.79 (20.8633.69) REF REF
31.43 (25.7687.80) 1.36 1.041.77
23.15 (17.829.53) REF REF

Female 4039 30.78 (19.8944.33)  23.53 (12.7539.34) 28.90 (20.0729.70) | 2.33 1.254.35 28.90 (20.0639.70) 2.08 1.143.82
Male 4087 14.00 (6.6327.19) 9.11 (3.4821.80) 12.42 (6.7921.65) REF REF 12.42 (6.7921.63) REF REF
Female 44622 36.59(31.8241.63)  30.10 (25.7€B4.90) 34.86 (31.1838.76) | 1.32 1.141.53 34.87 (31.1238.83) 1.32 1.141.54
Male 43524 26.56 (22.7530.75)  25.86 (21.8130.39) 26.40 (23.3929.65) | REF REF 26.35 (23.35829.58) REF REF
Total 88146 31.68 (28.3835.22)  27.95(24.6431.52) 30.66 (28.0633.39)

IMClidentified cases of ALRI
Age and Weighted Intervention Arm Control Arm Crude total, % Crude 95% ClI Model-adjusted Model-adjusted 95% ClI
gender group | sample size | % (95%Cl) % (95%Cl) (95%Cl) prevalence ratic predicted marginal, predicted marginal

%, (95%Cl) prevalence ratio

Female 46293 8.11 (5.9011.05) 9.01 (6.9712.06)| 8.34 (6.5410.59) | 1.55 1.062.26 | 9.41(7.5311.71) 1.46 1.032.06
Male 45194 5.19 (3.487.66) 5.74 (4.048.08) | 5.39 (4.067.23) REF REF 6.47 (4.968.40) REF REF
Total 91487 6.69(5.208.57) 7.33 (5.869.13) | 6.86 (5.678.28)

YIMCI procedures for identifying ALRI cases (detection of chest indrawing, rapid breathing and stridor) is valid onlyré@n aidér than 2 monthsid. Models assessing the effect of age on coughiagbdevious 7

days were adjusted for stove type, roof type, gender and number of people per sleeping room.
Models assessing the effect of gender on cough/cold in previous 7 days were adjusted for age and stove type.

arT



Table 6.3. Associations between childough or cold in the previous 7 days, as reported by the survey respondent, and household, demographic
and cooking factors.

Primary cook reported child cough or cold in last 7 days

Variable Levels Unweighted cases/ Wt. crude prevalence Crude prevalence ratio Wt. modeladjusted Predicted marginal
population % (95%1) (95%Cl) predicted marginal prevalence ratio
% (95%ClI) (95%Cl)
Number of persons per 35 190/688 28.85 (24.8433.22) 0.88 (0.731.06) 28.77 (24.6733.26) 0.89 (0.741.07)
sleeping room 6-8 2/5 38.81 (7.5583.13) 1.19 (0.344.15) 42.69 (9.4384.19) 1.32 (0.434.05)
1-2  390/1249 32.71 (29.1436.50) REF 32.42 (28.9436.10) REF
Stove type Imbaburaonly ~ 7/18 29.48 (11.8%56.45) 2.32(0.79%.80) 46.30 (9.1988.03) 4.22 (1.1116.07)
(1 stove) Ronderezanly  75/263 30.26 (24.2836.99) 2.38(1.234.60) 29.57 (23.4736.50) 2.70 (1.2%.62)
Threestone fire only  433/1438 31.76 (28.4€35.24) 2.50 (1.304.80) 31.88 (28.5635.39) 2.91 (1.416.01)
No stove 3/93 12.72(6.4323.63) REF 10.97 (5.11.92) REF
observed/reported
Stove typé Ronderezanly  4/16 33.59 (11.0267.39) 2.64 (0.848.27) 35.05 (12.0668.11) 3.31(1.0210.73)
(2 stoves) Threestone fire only  54/132 40.45 (31.4550.14) 3.18 (1.586.39) 39.70 (29.2751.16) 3.75(1.688.39)
Ronderezandimbabura  5/19 17.11 (6.0639.78) 1.35 (0.39%4.58) 20.61 (6.8048.03) 1.95(0.537.21)
Threestone fire andmbabura  23/62 34.41 (22.3048.95) 2.71 (1.274.58) 37.87 (22.6455.95) 3.58 (1.433.96)
Threestone fire andondereza  28/96 28.84 (20.2539.29) 2.27 (1.0%.77) 30.11 (20.1942.32) 2.85 (1.216.70)
No stove 3/93 12.72 (6.4323.63) REF 10.58 (4.7721.83) REF
observed/reported
Main cooking area Inside housekitchen  255/796 33.09 (28.4838.04) 1.12 (0.911.38) 33.13(28.4638.16) 1.14 (0.931.40)
Inside housébedroom  89/305 31.98 (25.7938.88) 1.09 (0.871.35) 32.06 (26.0838.70) 1.10 (0.891.37)
Sitting room  22/73 30.20 (19.0344.33) 1.02 (0.661.59) 29.60 (19.0342.98) 1.02 (0.671.55)
Outside house 47/144 30.93 (22.9940.17) 1.05 (0.771.42) 30.15 (22.7238.78) 1.04 (0.781.39)
Separate kitchen 229/824 29.49 (25.5333.78) REF 29.05 (25.1833.29) REF
Number of meals 2 409/1373 31.50 (28.3534.83) 1.03 (0.881.20) 31.28(28.1334.61) 1.03 (0.871.21)
household cooks per day 3 55/177 30.18 (22.1€39.64) 0.98 (0.761.38) 30.05 (22.2539.21) 0.99 (0.711.37)
1 180/604 30.70 (26.5835.19) REF 30.46 (26.2735.00) REF
Fuel type Charcoal only 9/23 33.08 (16.1655.90) 1.29 (0.513.30) 48.21(10.2488.37) 2.23 (0.687.90)
Straw, shrubs, grass or agricultural crc 210/718 29.23 (24.784.10) 1.14 (0.691.90) 30.12 (25.4135.29) 1.39 (0.732.68)
Wood only  243/852 31.79 (28.1635.66) 1.24 (0.752.07) 32.37 (28.6436.34) 1.50 (0.772.91)
Straw, shrubs, grass, agricultural crop and charc 9/23 43.53 (14.5377.76) 1.70 (0.584.98) 37.86 (9.5877.79) 1.75 (0.545.71)
Straw, shrubs, grass, agricultural crop and wo 150/469 33.11 (27.8838.80) 1.30 (0.792.14) 21.61 (10.9538.21) 1.46(0.752.82)
Wood and charcoal 23/69 25.56 (15.2839.52) REF 31.48 (26.3737.08) REF
Kerosene lamps used in Yes 109/347 30.16 (24.8336.10) 0.96 (0.781.19) 28.75 (23.6834.41) 0.92 (0.741.14)
home No 535/1807 31.34 (28.3834.50) REF 31.34(28.3734.48) REF
Household heats home Yes 87/301 28.71 (21.9636.57) 0.91 (0.761.18) 28.05 (21.4835.72) 0.89 (0.691.16)
No 557/1853 31.53 (28.7734.43) REF 31.39 (28.6634.27) REF
Roof type Tin/Metal Roof  249/846 29.81 (25.7734.19) 0.93(0.781.11) 29.56 (25.5333.94) 0.93 (0.781.10)
Clay roof 393/1296 32.08 (28.7135.66) REF 31.96 (28.6835.44) REF
Socioeconomic Index Lowest 127/430 29.90 (24.1936.30) 0.98 (0.731.30) 29.48 (23.7835.91) 0.95 (0.761.29)
Second 121/436 29.69(24.3135.70) 0.97 (0.731.28) 29.61 (24.1835.73) 0.96 (0.711.29)
Middle  143/434 32.83 (27.6638.51) 1.07 (0.831.39) 32.01 (26.9837.49) 1.04 (0.791.35)
Fourth  135/427 32.86 (27.2839.02) 1.07 (0.821.40) 33.62 (27.9339.84) 1.09 (0.831.43)
Highest 118/427 30.66 (24.798B7.23) REF 30.93 (24.6637.98) REF

The following were exposures were not included in this table due to limited sample size: stove types (three stove yykies afnerimbaburastoves) cooking area (entryway to household).

vt



Table 6.4. Associations between current IMClidentified ALRI (pneumonia) as diagnosed by enumerator and household, demographic and
cooking factors.

Current IMClidentified ALRI case
Variable Levels Unweighted cases/ Wt. crude Crude prevalence Wt. modetadjusted Predicted marginal
population prevalence (95%CI) ratio (95%CI) predicted marginal prevalence ratio
prevalence (95%Cl) (95%Cl)
Number of persons per 3-5 48/698 7.28 (5.379.80) 1.12 (0.731.70) 7.91 (5.9510.45) 1.01 (0.691.47)
sleeping room 1-2  86/1260 6.52 (4.928.60) REF 7.85 (6.159.97) REF
E;%Vsir% ‘?; used by Ronderezanly ~ 16/287 7.18 (4.1412.17) 2.71 (0.6910.64) 7.23 (3.7013.67) 4.33 (0.3947.91)
Threestone fire only  120/1586 7.02 (5.528.88) 2.65 (0.749.41) 7.92 (6.1210.21) 0.63 (0.075.84)
Three stone fire andnbabura  5/62 8.37 (4.0616.44) 3.15 (0.7513.27) 6.90 (1.2530.30) 0.60 (0.074.94)
Three stone fire &ndereza 10/104 9.63 (5.1517.30) 3.63(0.9014.73) 12.32 (4.6628.77) 1.07 (0.274.23)
No stove observed/reported 3/93 2.65 (0.758.96) REF 11.54 (1.6250.83) REF
Number of stoves in 1 122/1741 6.57 (5.268.18) 2.48 (0.768.80) 8.05 (5.9810.75) 3.45 (0.3434.94)
household 2 29/330 9.96(6.7614.42) 3.75(1.0213.88) 12.82 (7.5€21.07) 5.49 (0.5258.13)
0! 3/93 2.65 (0.758.96) REF 2.33 (19.9180.09) REF
Main cooking ared Inside housekitchen  61/805 7.19 (5.2€9.77) 1.24 (0.781.98) 6.13 (3.5810.30) 0.59 (0.152.25)
Insidehousebedroom  18/310 6.10 (3.4310.62) 1.05 (0.542.05) 5.94 (3.4610.19) 0.57 (0.171.90)
Sitting room  9/73 14.19 (7.0726.47) 2.45 (1.175.16) 14.29 (6.8127.57) 1.37 (044-4.24)
Outside house 14/145 10.15 (6.2216.14) 1.75 (1.023.01) 13.89(6.2528.07) 1.33 (0.752.38)
Separate kitchen 52/834 5.79 (4.187.96) REF 10.43 (4.183.72) REF
Number of meals 2 90/1390 6.29 (4.947.96) 0.76 (0.521.12) 7.28 (5.869.01) 0.82 (0.581.15)
household cooks per day 3 13/184 7.23 (4.0812.49) 0.88(0.451.71) 10.11 (5.8316.96) 1.13 (0.662.15)
1 51/605 8.24 (6.0911.06) REF 8.92 (6.7711.68)
Fuel typer Straw, shrubs, grass 0 61/721 7.91(5.7210.86) 1.84 (0.685.02) 8.96 (6.2912.60) 1.13 (0.225.77)
agricultural crop
Wood only  38/872 4.67(3.286.60) 1.09 (0.462.95) 6.25 (4.209.19) 0.78 (0.154.13)
Straw, shrubs, grass, agricultural crop and charc 3/23 13.79 (4.9133.15) 3.21 (0.7613.49) 15.76 (1.8265.34) 1.98 (0.478.35)
Straw, shrubs, grass, agricultural crop and wo 49/471 10.84 (7.8714.74) 2.52(0.926.95) 11.16 (7.8115.69) 1.40 (0.2%.71)
Wood and charcoal 3/69 4.29 (1.6210.88) REF 7.96 (1.7529.57) REF
Kerosene lamps used in Yes 22/350 4.67 (2.867.53) 0.64 (0.371.09) 5.99 (3.779.40) 0.72 (0.441.19)
home No  132/1829 7.31 (5.958.96) REF 8.29 (6.899.94) REF
Household heats home Yes 28/301 9.32 (5.7814.70) 1.42 (0.862.36) 9.84 (6.1715.34) 1.29 (0.772.14)
No 126/1878 6.56 (5.358.02) REF 7.66 (6.279.31) REF
Roof type Tin/Metal Roof  61/849 7.06(5.299.38) 1.04 (0.721.51) 8.02 (5.9310.76) 1.01 (0.651.56)
Clay roof 92/1317 6.80 (5.388.68) REF 7.97 (6.1610.25) REF
Socioeconomic Index Lowest 35/434 7.29 (4.7211.10) 2.82 (1.415.63) 8.52 (5.5512.85) 2.05 (1.093.84)
Second 33/438 7.95(5.4811.38) 3.07 (1.516.25) 8.24 (5.5612.04) 1.98 (1.033.82)
Middle  38/437 8.02 (5.46011.75) 3.10 (1.49.45) 8.98 (6.0013.22) 2.16 (1.134.18)
Fourth  35/434 8.11 (5.4311.94) 3.14 (1.516.51) 10.47 (7.0615.26) 2.52(1.314.82)
Highest  13/436 2.59 (1.424.68) REF 4.16 (2.526.79) REF

INo stoveobserved or reporte
2The following were exposures were not included in this table due to limited sample size: Number of persons per sle€id); rstove typeitbaburaonly, ronderezeandimbabura all three stove types); number of
stoves per household (three); main cooking area (entryway to household); fuel type (chyyoal o
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Table 6.5: PM2.5 concentration(u

m°®) by exposure level in primary cooks and children, where monitoring occurred for aleast 44 of 48 hours.

Personal PM2.5 concentration (ug/fhfor primary cooks Personal PM2.5 concentration (ug/fhfor children
Variable | n Crudegug/m3 Crude Adjusted Contrasted T-stat n Crude mean  Crude Adjusted Contrasted T-stat
(+/- SE) log(mean) log LS mean conditional (p-value) ug log(mean) log LS mean conditional (p-value)
(+/- SE) (+/-sB) marginal (+/- SE) (+/- SE) (+/- SE) marginal
means means
Stove type used by household
No stove | 8 79.84+1.40 4.38+-0.34 4.46+0.49 REF REF 4 311.06+/1.35 5.74+-0.30 5.56++0.38 0.88++0.35 2.49 (0.014)
Ronderezanly | 22 123.97+/1.38 4.82+/-0.32 4.87+-0.25 0.41++0.57 0.73 (0.468) 14  123.97+/1.13 4.82+-0.12 4.68+-0.16 REF REF
Threestone fire only | 130 87.36+£1.13 4.47+/0.12 4.41++0.12 -0.05+;0.53  -0.09 (0.931) | 88 223.63+/1.08 5.41++0.08 5.35++0.07 0.67+-0.18 3.72 (<0.001
Three stone fire &ondereza | 12 135.64+/1.40  4.91+-0.34 5.29++0.49 0.84+-0.51 1.65(0.102) | 11 165.67+1.17 5.11++0.16 5.58+,0.27 0.02+-0.59 0.03 (0.979)
Number of stoves
0 (No stove, stove unobserved or undescribe 8 79.84++1.40 4.38++0.34 4.32+-0.27 REF REF 4 311.06+/1.35 5.74+-0.30 5.18+/0.15 0.00++0.00 -
1 | 137 93.69+£1.13 4.54+/0.12 4.61++0.13 0.29++0.34 0.85 (0.398) 92 212.72+f1.08 5.36++0.08 5.38+-0.07 0.20++0.19 1.05 (0.297)
2 | 31 101.49+1.21 4.62+/-0.19 4.32++0.27 0.00++0.00 - 23 174.16+f1.15 5.16++0.14 5.18++0.15 REF REF
Main cooking area
Inside housedesignated kitchen room| 60 84.77+t1.19 4.44+/0.17 4.54+/0.32 0.18+/0.56 0.31(0.753) 40 230.44+f1.11 5.44+/0.11 5.07+-0.21 -0.38++0.37 -1.03(0.305)
Inside housebedroom | 27 108.85+£1.28  4.69+-0.25 4.71+-0.29  0.34+-0.49 0.70(0.485) 16 284.29+/1.22 5.65++0.20 5.33++0.31 -0.12+;0.45  -0.26(0.798)
Sitting room | 4 311.06+/1.34  5.74+/0.29 5.82++0.37 1.46+/0.46 3.18(0.002) 3 528.48+/1.68 6.27++0.52 6.05++0.26  0.61+-0.34 1.80(0.073)
Outside house| 13  125.21+/1.31  4.83+/0.27 5.08++0.38  0.72+/0.37 1.92(0.056) 5 188.67+£1.34 5.24+-0.29 5.72+-0.34 0.27+/0.33 0.82(0.412)
Separate kitchen| 71  90.92+/1.16 451++0.15 4.37+-0.28 REF REF 54 165.67+f1.12 5.11+/0.11 5.44+-0.18 REF REF
Number of meals householdooks per day
1| 50 84.77+f1.27 4.44+0.24 4.42+/0.24 REF REF 32 194.42+f1.17 5.27+/0.16 5.26+-0.14 REF REF
2 | 111 94.63+f1.15 455+/-0.14 4.52++0.12 0.10++0.29 0.35(0.726) 75 221.41+f1.11 5.40+0.10 5.33+-0.07 0.07+-0.17 0.41(0.683)
3ormore | 16 152.93+/1.27 5.03+-0.24 5.15+/-0.24 0.73+-0.33 2.22(0.028) 12 172.43+/1.25 5.15++0.22 5.56+/0.24  0.30+-0.27 1.12(0.27)
Fuel type
Straw, shrubs, grass or agricultural crq 57  97.51+£1.22 4.58+-0.20 4.61++0.18 0.08+/0.21 0.39(0.698) 40 252.14+f1.15 5.53+-0.14 5.50++0.11 0.20++0.15 1.32(0.189)
Wood only | 82  96.54+/1.14 457++0.13 4.53+/0.13 REF REF 57 179.47+/1.12 5.19+-0.11 5.30+-0.09 REF REF
Wood and charcoal| 5 336.97+/1.62  5.82++0.48 5.08+-0.37 0.56+-0.39 1.44(0.152) 2 188.67+f1.17 5.24+-0.16  3.65+-0.42 -1.65+/0.46  -3.61(<0.001
Straw, shrubs, grass, agricultural crop and wo| 31  78.26+(1.23 4.36+-0.21  4.48+-0.20 -0.05++0.23 -0.20(0.844) | 19 221.41+/1.16 5.40++0.15 5.26++0.17 -0.04++0.21 -0.18(0.858)
Kerosene lamps used in homg
Yes | 18 47.94+/1.26 3.87++0.23 3.79++0.24  -0.86++0.27 -3.24(0.002) 16 198.34+f1.23 5.29++0.21 5.55+/0.13 0.25+-0.14 1.77(0.078)
No | 159 103.54+/1.12 4.64+-0.11 4.65++0.10 REF REF 103 210.61+,1.08 5.35++0.08 5.30+-0.06 REF REF
Household heats home
Yes | 15 112.17+1.43 4.72+/-0.36  4.71++0.36  0.18++0.39 0.46(0.647) 12 395.44+/1.14 5.98++0.13 5.78+/0.17 0.51+-0.19 2.62(0.010)
No | 162 93.69+/1.12 4.54+/0.11 4.53+0.10 REF REF 107 190.57+f1.07 5.25+-0.07 5.28+-0.06 REF REF
Roof type
Tin | 63 97.51+/1.16 4.58+/0.15 4.52++0.19 -0.05+;0.28  -0.17(0.864) | 41 165.67+/1.12 5.11++0.11 5.52++0.08 -0.48+;0.17  -2.75(0.007)
Clay tile | 112 92.76+/1.14 453++0.13 4.57+-0.15 REF REF 78 239.85+/1.09 5.48+-0.09 5.04+-0.13 REF REF
INo observations for stove type “rondereza and i mbabsepatfateoki hghanta="Entryway to househol d”

or

2 The following were exposures were not included in this table due to limited samplgtsizetype imbaburaonly, threestone fire andmbabura all three stove types); number of stoves per household (three); main cooking area
(entryway to household); fuel type (charcoal orsiyaw/shrubs/grass/agricultural crop/chargoal

3Analyses accounted for sigitiint interaction between stove type and cooking location and were adjusted for stove type, fuel type, heating aneHaitingy boof type, cooking location, number of meals cooked per dapenum

of stoves in the household.

8T

cooki



149

Table 6.6: Association of logtransformed 24-hour meanpersonal child PMzsconcentrationwith upper

and lower respiratory tract infection. Adj usted analyses include child ageRelative risks account for
interquartile range (q) increase in logarithmically transformed PM: s concentration of q=2.63, based
on an increase in mean PMs concentration from 118.83 ug/mto 311.92 ug/m.

Disease outcome Crude

] S& i A pvalue RR () 95% ClI
Cough or cold in previous © 0.098 0.72 1.10 0.661.84
days
IMCHdentified ALRI 0.903 0.09 2.39 0.866.63

Adjusted

i S&aiA pvalue RR(Y 95% Cl
Cough or cold in previous © 0.153 0.60 1.01 0.961.07
days
IMClHidentified ALRI 1.133 0.06 2.99 1.009.25
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Table 6.7: Correlation between ALRI and diarrhea 7-day prevalence, obtained throughcrude
correlation analysis and adjustedbivariate probit regression modes.

Crude / NHzR ¢ Standard M-l 2v Bivariate probit, Standard t
R error (p-value) | R2dzati SR error (p-value)
Diarrhea and ALRI 0.2700 0.2146 0.0088 665.30 (<0.001) 0.1785 0.0617 2.89 (0.004)
ARl and ALRI 0.9993 0.8971 0.0040 14615.16 (<0.001) 0.9091 0.0278 32.66
(<0.001)
Diarrhea and ARl  0.3307 0.1885 0.0063 902.49 (<0.001) 0.1664 0.0436 3.81(<0.001)
MUAC and ALRI  0.9206 -0.1013° 0.0248 882.55(p<0.001) -0.1192 0.0689 -1.73 (0.084)
MUAC and AR 0.9234 -0.0026 0.0037 0.57 (0.449) -0.0715 0.0448 -1.60 (0.110)
1Adjusted models include the following covariatgender, age, stove type, fuel type and SES
Crude p measured as tetrachoric correlation coefficient (ALRI, ARI and di
SCrude p measured as Pearson’s correlation coef fi cincgelstestipaedwitGbimmiat i nuous, A

MUAC indicator (3 MUAC<12. 5, 1= MU A Qrohitanodel)did noBconveage with toatinuous MUAC indicator.
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Figure 6.1: IMCI criteria for diagnosing a child (2 months to 5 yearsold) with a cough with severe
pneumonia or pneumonia, adapted from the WHO/UNICEF IMCI Handbook (WHO & UNICEF,
2005).

Signs

Classify As

Identify Treatment

T

Any general danger
sign OR

Chest indrawing OR
Stridor in calm child

SEVERE PNEUMONIA O
VERY SEVERE DISEASE

Child referred tdhospital
and CHW notified.

Rapid breathing

PNEUMONIA

CHW notified

= =2 == =2

No signs of pneumonig

or very severe disease

NO PNEUMONIA: COUG

OR COLD
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Light sensor
HPEM — holds fitter for
gravimetric PM

Tube connecting HPEM to
pump

Casella TuffPro™ Air

Light sensor

Casella TuffPro™ Air

HPEM — holds fitter for
gravimetric PM

Figure 6.2: HAP equipment setup for the primary cook and child, showing the configuration of the
pump, HPEM with filter, tubes connecting the HPEM to the pump and light sensors. The subjects
pictured here are not actual study participants (photo credit: Laura Zambrano).
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Figure 6.3: a) Agespecific crude predicted marginal prevalence of child with reported cough or cold
in the previous 7 days, IMCFidentified ALRI, respondent-defined diarrhea in the previous 7 days
and diarrhea in the previous 7 days that fit the WHO case definition; b) Age growspecific crude
predicted marginal prevalence of child with reported cough or cold in the previous 7 days, IMCI

identified ALRI, respondent-defined diarrhea in the previous 7 days and diarriea in the previous 7
days that fit the WHO case definition.
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Table $%.1: Individual factor loading scores of each variable included in the first
principal component from the principal components analgis.

Variable Coded as: Factor score
Primary cook educatiol nT'b2 F2NXIf SRdzOFGA2Y 2N 52y Qi Y
0.45798
(pced) 1=Nursery
2=Some primary
3=Completed primary
4=Some secondary
5=Completed secondary
Household head education | nT'b2 F2NXIf SRdzOFGA2Yy 2N 52y Qi Y
_ 0.42990
(hhed) 1=Nursery
2=Some primary
3=Completed primary
4=Some secondary
5=Completed secondary
Electricity 0=No
(sd4) 1=Yes 0.68382
Radio 0=No
(sd5a) 1=Yes 0.57452
Mobile telephone 0=No
(sd7a) 1=Yes 0.72775
Mattress 0=No
(sd8) 1=Yes 0.76678
Owns agricultural land 0=No
(sd13) 1=Yes 0.16420
Owns home 0=No
(sd14) 1=Yes 0.04328
Tends cows 0=No
(sd15) 1=Yes 0.18644
Floor type O:ML_Jd/earth or Animal Dung or Other 0.76965
(floor) 1=Bricks
2=Cement
Wall type 0=Only wood planks or Other 041213
(wall) 1=Wood planks and mud '
2=Mud bricksnot covered
3=Mud brickscovered with mud
4=Mud brickscovered with cement
5=Real bricksot covered
6=Real bricksovered with cement
7=Wood covered with cement
Water source 0=Pond/lake/stream/river/rainwater 0.20991
(wul) 1=Unprotected dug well/unprotected spring '
2=Protected dug well/protected spring
3=Hand pump/borehole/public standpipe
4=Piped water into dwelling/piped water into yard/plot
Toilet type 0=Bush/no toilet 0.23667
(tf2a) 1=Pit latrine with slab/pit latrine with no slab/open pit '

2=Ventilated pit latrine
3=Composting toilet/flush toilet
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Supplementary tables: Additional health outcome tables

Table $5.2: Age-specific prevalence of current ARI,severe ALRI cases, respondereported child
with difficulty breathing, panting or wheezing in last 7 days and respondenteported child with
constant cough in the last 7 days, by intervention arm.

EZ + LS Arm
N, % (95%CI)

Crude total
N, % (95%ClI)

Control Arm
N, % (95%I

Age Group

Point prevalence of ARI

0-5 months
6-11 months
12-23 months
24-35 months
36-47 months
48-60 months
Total

30 (27.23, 18.8487.61)
40 (32.02, 23.322.18)
52 (24.4018.0632.10)
42 (16.90, 12.2@2.81)
53 (19.34, 14.924.61)
19(19.42, 12.189.57)
236 (22.12, 19.025.54)

28 (27.11, 19.087.02)
48 (30.56, 23.888.16)
46 (18.87, 14.1:24.76)
33 (12.73, 8.90.7.87)
47 (19.01, 13.625.88)
9 (8.78, 4.4016.76)

211 (19.02, 16.4@1.89)

58 (27.20, 20.485.20)
88 (31.58, 25.088.91)
98 (22.92, 18.0@8.71)
75 (15.82, 12.1:20.32)
100 (19.26, 15.6@3.45)
28 (16.36, 10.823.87)
447 (21.29, 18.923.88)

IMClFidentified cases of severe ALRI

2-5 months'
6-11 months
12-23 months
24-35 months
36-47 months
48-60 months
Total

4(4.19, 1.5710.71)
3(2.37, 0.727.50))
2(0.83, 0.213.22)
2(0.92, 0.213.97)
0

0

11 (1.00, 0.53..86)

4 (5.28, 1.9913.24)
5 (2.62, 1.0%.16)
1(0.39, 0.02.72)
4(1.37, 0.513.62)
0

0

14 (1.13, 0.64..86)

8 (4.47,2.12:9.16)
8 (2.44, 1.0%.61)
3(0.71, 0.222.36)
6 (1.03, 0.372.88)
0

0

25 (1.03, 0.68..64)

Respondenireported child with difficulty breathing, panting or wheezing

0-5 months
6-11 months
12-23 months
24-35 months
36-47 months
48-60 months
Total

12 (10.74, 6.1418.21)
11 (9.15, 4.88.6.51)
24 (10.51, 7.025.44)
15 (6.21, 3.64.0.27)
12 (3.872.136.92)

5 (4.73, 1.7812.26)
79 (7.19, 5.53.32)

10 (10.32, 5.24.9.16)
17 (9.74, 5.9415.68)
14 (6.49, 3.7710.96)
14 (5.71, 3.48.29)
19 (6.57, 4.09.0.39)
4 (3.36, 1.26B.45)

78 (6.85, 5.18.06)

22 (10.63, 6.78.6.35)
28 (9.33, 5.9214.40)
38 (9.43, 6.683.15)
29 (6.08, 4.09.09)
31 (4.57, 3.0%.85)

9 (4.34, 1.99.41)
157 (7.10, 5.78.72)

Respondentreported child with constant cough in last days

0-5 months
6-11 months
12-23 months
24-35months
36-47 months
48-60 months
Total

14 (12.81, 6.982.44)
22 (17.42, 11.026.32)
18 (9.85, 5.76.6.50)
23(9.43, 6.284.02)
24 (8.61, 5.3113.64)

6 (6.03, 2.6912.96)
107 (10.298.07-13.02)

9 (8.87, 4.7815.85)
16 (10.16, 6.315.82)
11 (4.68, 2.2®.68)
11 (4.42, 2.3B.11)
18 (6.47, 3.8610.81)
2 (1.92, 0.477.50)

67 (5.96, 4.43.98)

23(11.81, 7.11.8.97)
38 (15.20, 10.5@1.50)
29 (8.46, 5.28.3.37)
34 (8.14, 5.64.1.61)
42 (8.05, 5.42.1.80)

8 (4.85, 2.34.76)

174 (9.13, 7.431.16)
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Correlation between PM2.5 concentration and CO exposure and adult blood pressure
Unadjusted analyses examining the relationship betweers &\l COHb determined
through pulse oximetry amorgimary cooks revealed a weak but significant negative
correlation between PM concentration and %COHb R0 . 0 3-6.1,18, p=6.05).

After adjusting for heating and lighting behaviors and number of stoves in the household,
though, this association was tnsignificant. No other significant correlations were
present among primary cooks between personal PM2.5 exposure and exhaled CO (ppm),
pulse, %COHb (as determined through exhaled breath), pulse or blood pressure.
Similarly, among children, no significaobrrelation between PM2.5 exposure and pulse
oximetry-based %COHDb, exhaled breath %COHb, exhaled CO or pulse was detected.

Table $.3: Correlation between 48hour personal PM2.5 exposure and COHb, exhaled CO and
pulse among primary cooks and children ad blood pressure in adults.

Unadjusted Adjusted
Variable n R Coefficient p-value | n R Coefficient p-value
(95%Cl) (95%Cl)
Primary cooks
In(COHD), 13 | 0.036 | -0.118 0.05 139 | 0.065 | -0.097 0.10
RAD57 9 (-0.236- -0.0002) (-0.2120.018)
Pulsebpm 17 | 0.014 | 1.253 0.20 171 | 0.066 | 1.287 0.19
1 (-0.6733.178) (-0.6463.220)
In(exhaled CO, ppm) 16 | 0.006 | 0.047 0.38 164 | 0.051 | 0.044 0.40
Micro-CO 4 (-0.0580.152) (-0.0600.148)
In(COHD), 16 | 0.006 | 0.051 0.38 161 | 0.053 | 0.051 0.40
Micro-CO 3 (-0.0650.167) (-0.067:0.169)
In(median systolic blood 17 | 0.002 | 0.004 0.63 175 | 0.134 | 0.009 0.37
pressure, mmHg) 7 (-0.0140.022) (-0.011-0.029)
In(median diastolic bloo{ 17 | 0.000 | 0.001 0.93 175 | 0.029 | 0.002 0.86
pressure, mmHg) 7 (-0.0160.017) (-0.0150.018)
Children
In(COHDb), 84 | 0.000 | 0.022 0.88 84 0.112 | -0.081 0.58
RAD57 (-0.277-0.321) (-0.3690.207)
Pulse, bpm 10 | 0.000 | -0.338 0.86 106 | 0.079 | -0.862 0.66
6 (-4.2123.536) (-4.757-3.032)
In(exhaled CO, ppm) 74 | 0.002 | -0.053 0.76 74 0.110 | 0.012 0.95
Micro-CO (-0.3950.290_ (-0.3870.411)
In(COHDb), 74 | 0.002 | -0.061 0.78 74 0.126 | 0.082 0.72
Micro-CO (-0.4880.365) (-0.3460.540)
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Models included in in Table $.3:
Primgr\[ cool§ systolic blpo_pl pressure:
I Y60 1 1 11T CAI AIO@I1 pf @ | £¢0Gi 0£00Q

Primgry cool~< diastolic b!ood pressure:
| TO6UL ¥ I 11T CAI AIOBI pt @ T £€6ai 0606 Q

Primary cook carboxyhemoglobin, measured through pulse oximetry:
I ™D 0 T I 11 CAlI AIOGI1 pi @ T ¢€d6ai Qe v

Primarycook pulse: . o
WoairQ 1 11T CAI ACOOEVQFWNPP | E0aQOAI

I ¢oai 0€£01Qi 0ppP -

Primqry gogk exhaled CO (ppm):
] TO000 7 1 i'I'C;AI’ATOCC‘)éD'QCi[(b’r‘Qé'Qdc‘)‘LL)r‘]' op

I ¢6aQuaii opp -

Primary cook qarboxyhemoqlobin, measured through M@h
| 10 6 0 OwT I 11T CAI ACO O£ 0D QWO Qa o £ £€Q

I ipp I t6aQOiiopp -

Child carboxyhemoglobin, measured thgb pulse oximetry:
I Towd 0 1 I 1T CAIT AiICOoOeéVQIwiRgo 1 i pp

[ €06 QA ¢6ai 0 QioppP -

ChiIdP~uIse
A oaiM 1 11T CAT AICOD OV QFWRpp T "QOQAO N

I @ 1 i oppP -

Child exhaled CO (ppm)
w0001 1 11T CAI AIGOOE UV QFwAPpP T 1 €€Q

I @ T €¢o0ai o @opp -

Child carboxyheﬂmoqlobin, measured through Mi€O
I 1706 0 O ol (;AI' AIOD 0 ¢ U QF wROWN T "Bp

[ @o [ £6GioéedQd pp 1 i 0pP -
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Chapter 7 - Assessing seroconversion against
enteropathogens relative to reported diarrhea and the
receipt of a pointof-use water filter in Western
Province, Rwanda

Abstract

Diarrhea isa leading contributor to childhood morbidity and mortality in Stdtharan

Africa. Given the infeasibility of blinding most water, sanitation and hygiene (WASH)
interventions, diarrheal disease outcome measures in WASH intervention trials are
fraught with potential bias and misclassification. We usedptagorm of acluster
randomized controlled trial of a househdddsed drinking water filter in Western
Province, Rwanda to examine the application of enteric seroconversion as an alternative
andmor e objective outcome measure of current
<12 moldambngl582 study households were eligible for enrollment. All enrolled
children had their blood drawn through capillary blood draw at baseline and Gtat8an

after intervention distribution. Multiplex serologic assaysGaardia, Cryptosporidium
Entamoeba histolyticaSalmonella norovirus,Campylobacterenterotoxigenic. coli

and V. choleraewere performed. The water filter was associated witkigaificant
decrease ilCryptosporidiumseroconversionSerologic responses against bQtiardia

and Cryptosporidiumwere positively associated with reported diarrhea in the previous
seven dayChildren seroconverted agair@typtosporidiumat relatvely eary ages (<6
monthsold) while Giardia seroconversion typically occurred after 12 months.
Serological responses father antigens increased steadily after 6 months of age,
plateauing after 12 month&nteric seroconversion, particularly against protozoa and

norovirus, appears to be a suitable objective outcome measure for WASHuinatg
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children in this age group Serological reactions againdboth Giardia and
Cryptosporidiumantigensappear to be an appropriate indaraof recent diarrheal
disease, anderoconversion again§tryptosporidiummay be useful as an objective

indicator of the effectiveness of WASH interventions.

Introduction

Diarrheal disease is among the top contributors to global child morbidity and mortality
(Naghavi et al., 2015; Vos et al., 201pyincipally due to inadequate access to clean
water and sanitation. Young children agezimonths are particularly vulnerable, given

that diarrhea is associated with malnutrition and growth faltddiag], and that poor
nutritional status places young children at a high risk of death’ Nei | | .e't al
Household water treatment (HWT) interventions are more preventive against diarrhea
than interventions at the water source, and among HWT interventions, water filtration

appears to be the most consistent and efteftii4].

Reported drrheal disease is often used as the disease outcome in water, sanitation and
hygiene (WASH) intervention trials,in which caregivers and survey respondents are
asked by field enumerators about previous or current diarrhea among children in the
household.Such methods are subject to both recall and courtesy biases, are highly
subjective and are unable to distinguish specific causal pathogens of dikEsjse
Objective measures of exposures or disease are particularly impottaadisithat cannot

be blinded, which is a common methodological issue in environmental health
interventions (Clasen & Boisson, 2015)In addition, characterizing agpecific

cumulative exposures enteropathogensan enhance epidemiological surveillance and
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inform etiologyspecificinterventions and regionaklgpecific treatment methodologies

[116].

Stool assay®ffer opportunity for more objective assessment, but logistical constraints
related to the storage, transport and extensivevork involved can limit its utility in
resourcdimited settings[26]. Additionally, sensitivity of stool assays to capture
etiologic agents can be compromised by pathogens, such as protozoa, that are not
continuously shed117], and prevalence of current cases can vary widely by season.
Serological assays that quantify serological responses against vamieuspathogens

can provide a useful meare of cumulative exposuresdoteropathogena children and
supplements objective information to caregiveported diarrhedl9]. Microsphere

based multiplex imunoassay methods allow for simultaneous measurement of
antibodies against multiple antigens. Previously, this technology has been applied to
neglected tropical disease (NTD) surveillance, particularly in light of recent global
elimination targets that havbeen set for various NTO20]. In recent years, single
enzymelinked immunosorbent assays (ELISAs) and multiplex immunoassays have been
shown to effectively target antigenseasfteromthogengCrump et al., 2007; Moss et al.,
2011, 2014a; Priest et al., 2006; Priest et al., 2001, 2010; Steinberg et al, b200d¢
technique’s incorporation into interventi ol
that have incorporated thapproach have not included the full range of enteric antigens

that are now available.

Antibody responses to many enteric antigens are not constitutively expressed, allowing

researchers to infer some degree of temporality with regard to the timintecdtion.
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For protozoan infections, cypbsitive stools appear to -@mcur with serological
responses t&ntamoebandGiardia, with higher seroprevalence in children for whom
stool samples were collected within one week of serum collection versus twe areek
more [118]. This indicates that serological responses can be an indicator of recent
protozoan infections. Antibody responses in cryptosporidiosis patients are consistently
directed against 27 and 17kDa Cryptosporidium antigens (Cp27 and Cpl7,
respectively) and are known to have awi@ek halflife (Priest et al., 2001)This study

will examine the association between the intervention, a LifeStraw F&hil} point

of-use water filter, and seroconversion against various viral, bacterial and protozoan
enteropathogens among young ctelt as objective measures of exposure to diarrhea

causing agents.

Methods

Interventionln an effort b reduce the high prevalence of both diarrheal disease and acute

lower respiratory infection (ALRI), DelAgua Health, Inc. (DelAgua) distributed
EcoZoom Dura™ | mpr ov e d-of-usen Vdsteryaartirandsen a n d p
Lifestraw Famil y™ tatiod unies tovi@Or0eUbudehalaahde2r f i |
households, representing the poorest tertile of the population in Western Province. The
LifeStraw filter consists of 20 micron filter that water is passed through prior to being

filtered again through a 0.2 microollow-fiber ultrafiltration membrane into a 5.5L safe

storage container. This system can filter up to 18,000L of water, supplying a family of

five with clean drinking water for 3 to 5 years. This system exceeds the World Health
Organi zati onctsi Veh'i gshtlayn dparrodt ef or househol d v

(Clasen et aJ.2009)
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The twepronged clusterrandomized controlled trial designWe assessed the
effectiveness of the iatvention by conducting a randomized, controlled field trRilot
studies in Rwandaonbothhe Li feStraw™ water fihaveer and
been previously describg8,6], and conservative interpretations of these results were

used to design the overalRT in conjunction with governmentported disease
prevalencedata[12]. TheCRT' s desi gn and i mpl ementati on
detail elsewhere Nagel et al.,, 2016 (submittedd)Western Province is a rugged,
mountainous and mostly rural region and lies at elevations between 900M in its southern
plain up to 3000M in the volcaniothills of the north.The paired intervention was
randomized at a 3:1 ratio by administrative sector, which represented health clinic
catchment areas. Ultimately, DelAgua intended to readhalbehel and 2 households

in 72 sectors with the paired imtention, while 24 sectors are serving as controls until
completion of all survey activities in March 2016. Out of a total of ~3600 villages in the
province, 174 villages were randomly selected using population proportional selection,
divided evenly betweae intervention and control sectors. We anticipated enrolling a
maximum of 10 households with at least one child wddgearsold per village. We

ultimately enrolled 1582 total households with 2179 children. Data collection occurred
throughout Western Prowce, Rwanda with a baseline assessment that was performed

from late August through early December 2014. Three felipwounds were conducted

in the same households from February 2015 through March 2016.

Nested enteric serological studior this serocorersion substudy, ar enumerators

were instructed to enroll all 6 to 12 morald children they encountered in the RCT
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study households with the goal of reaching one 6 to 12 rrldtbhild per village. These

children had one blood sample drawn at basedind one approximately 6 to 9 months

later, during the "® round of RCT followup. Given the exploratory nature of this study

in this region, we conservatively estimated that 40% of children would seroconvert from
negative to positive fo€. parvumand norovirus antibody between baseline and follow

up in the absence of any intervention, based on verbal report and a previous trial in
Guatemald19]. If 87 children from each of our two study arms were enrolled in the
study, we would have 80% power at oao=0.05 t

40% vs. 22.5% in our intervention and control groups.

Before the blood draw, the skin around the area of thedldomw was sanitized with an

alcohol pad and allowed to dry. Between 3 to 6 small hanging drops (10uL each for a
totalof366 0 ulL) from either the child’ s heel us
Mi cr ot ai ner ™Dickasor, EBrankli( [Bkeg\tJ 9 n or from t he chi
middle fingerusinga 1.8mmAauge Mi cr ot ai ner ™ickihsanger | an
Franklin Lakes NJ), {I2pRunndihenbgselmeassedsmeentc hi | d°
all children in this sutstudy had their blood draweither byheelstickor by fingerstick

while all children during followup had their blood drawn through fingerstick. The

hanging drops of blood were colledte on TropBi o™ filter di sc:
Brookvale, NSW Australia) and kept in individual plastic resealable containers during

the fieldwork. Immediately upon return to the field offeszch daythe discs were placed

on a table and allowed to dry onéght. The following morning, they were individually

packaged in plastic resealable bags with dessicant, and were sent to the Rwanda National
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Reference Laboratory in Kigali, Rwanda for letggm storage a20°C with 7 days of

collection.

Nutritional statis was assessed in all children through midgliper arm circumference

(MUAC). MUAC has the same ability to predict shtetm mortality as weightor-

height z scores[18]. Children 659 monthsold are classified as being severely

mal nouri shed i f maUAM® uglils.hbe dcm,f avBUAC >11.5
normal if MUAC >12.5 based on WHO standajtia3]. Diarrhea was assessed by asking

the respondents to report diarrhea in all household children-Brideéhe previous week,

both by their own definition and then by the WHGoca def i ni ti on, defin

stools over a 24 hour period.

Laboratory methods

All laboratory analyses were performed at the Centers for Disease Control and Prevention
(CDC) Infectious Disease Laboratories in Atlanta, Gétal IgG/IgG4 responses against
relevantnteropathogenser e quanti fied using a multiple
Austin, TX) microspheréased immunoassay on the Luminex XMAP platform (Luminex
Corp, Austin, TX). Antibodies to the following antigens we@eened through this
assayToxoplasma gondsurface antigen 2 gene (SAGZJjardia spp.variantspecific
protein3 (VSK3); Giardia spp.variantspecific proteirb (VSF); Salmonellagroup B
lipopolysaccharide, extracted by -[@-Cholamidopropyl) dimdtylammonio]
propanesulfonic acid (LRB CHAPS);Salmonellagroup D, extracted by CHAPS (LPS

D CHAPS); Envelope proteins for three norovirus strains (Norwalk, Sydney and St.

Cloud); Campylobactep39 antigen,Campylobactepl8 antigen; Enterotoxigenie.
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coi (ETEC) head abi | e t oxi n (Byptespofdium parvun§0E acxdiB ) ;
ribosomal protein P2 (CpP2)Cryptosporidium parvum 17-kDa protein (Cpl7);
Cryptosporidiumparvum23-kDa protein (Cp3) ; Cholera toxin B sub

Entamoeba histolytic&al/GalNAc lectin heavy chain subunit (LecA).

Bead couplingProcedures describing the coupling process of antigens to microspheres

have been described in detail elsewh26:124] The carboxyl groups on each bead were
esterified and then reacted with the primary amine groups of each antigen to bind the
antigens to the microspheres through a covalent amide bond. 120 ug of each antigen was
coupled with 12.5 X 1Dbeads. Iraddition to the antigens of interest, a control coupling

with glutathioneS-transferase (GST) was performed to be used as a background control.
Beads were quantified by a hemocytometer and stored at 4pGosphatéduffered

saline PBS with 1.0% bovineserum albumin (BSA), 0.05% Tween 20 and 0.02%

sodium azide (Na}.

Serum preparatiorAn E. coli extract solution was first prepared and GST production

induced to bind excess at@iST antibodies in serum, which may lead to high background

signals. 500 mLof recombinant pGEX4T2/HB101 cells were cultured and GST
producti on wa s i nduced by addi-D-b 0. 5mlL
thiogalactopyranoside (IPTG) at an OD reading of ~0.7 absorbance units. The solution

was incubated for-2 hours at 37°C at 225 RPM. @Geivere pelleted, harvested and
resuspended with 10mL cold PBS. Thecoli extract was added to an extraction buffer

with final concentrations ofl0OmM ethylenediaminetetraacetic acid (EDTA), 1mM

phenylmethanesulfonyl fluoride (PMSF) protease inhibitor, 1rNMthylmaleimide
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(NEM) and 0.10% Na®l TheE. coli cells were pelleted again and ultimately diluted to
a stock concentration of 0.3ug/mL in PBSsed dilution buffer, consisting of 0.50%
poly(vinyl alcohol) (PVA),0.80% poly(vinyl pyrrolidone) (PVP), 0%0casein, 0.30%
Tween20 and 0.02% NaiN PVA and PVP were added to reduce background while not
affecting specificity[19]. The elution process loosely followed a foenl described
elsewhere for antibody elution from DB$25]. Elution buffer was made with 0.05%
Tween20 and 0.05% Naiin PBS. DBSS were removed frofB0°C and brought to

room temperature. DBS were considered com
was filled, indicating that approximately 10uL of serunswa the spot. 200uL of elution
buffer was aliquoted into microfuge tubes and each spot was eluted in the elution buffer

for a minimum of 18 hours at 4°C. The following day, 50uL of eluted serum was

aliquoted into 450uL of elution buffer, for a final serditution of 1:400.

Multiplex bead assayrrior to performing the assay, stocks of assay buffer were prepared

consisting of 0.50% bovine serum albumin (BSA), 0.02% NaN3 and 0.05% of Tween

20 in 1L of PBS. All samples were run in duplicate with 7 conalgach 9évell plate

consisting of a PVA/PVP/casein dilution buffer blank, 2 negative controls, 1 internal

control and 3 positive controls. For each control serum/antigen pairing, % coefficient of
variation (%CV) was calculatedf CV values for 3 or moref any control/antigen

pairing on any plate exceeded 15%, the run was deemed unacceptable. Aliquots of
individual bead suspensions were placed into 5mL of assay buffer per run in a volume
sufficient to have 2500 beads of each classification in each melaapped in foil to
protect the microbeads from phowelofiidr-eachi ng

bottom assay plate (Millipore) were pneet with 100uL of PBS/0.05% Twe&tD
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(TwPBS), which was removed with vacuum filtration. After vortexing, 50tbead
suspension was added to each well and assay buffer was removed through vacuum
filtration. Wells were washed twice with TwWPBS, and TwPBS was removed through
vacuum filtration after each wash. Serum dilutions were centrifuged at 16,000 x g for 10
minutes and 140 uL of each serum sample wereapgeioted into a Vbottom 96well

plate. 50uL of each serum sample was then aliquoted into its respective well on the filter
bottom plate containing the pediquoted beads. The plate was covered and placed on a
shaker for 1.5 hours at room temperature under aluminum foil at 700 rpm. After the
incubation, the serum dilutions were removed through vacuum filtration and each well
was washed with 100uL TwPBS, again using vacuum filtration. Secondary antibody
stock sdution was created by aliquoting 10uL of biotinylated mouse-faumnan 1gG
(Southern Biotech) and 8uL of biotinylated mouse-antnan IgG (Southern Biotech)

in 5mL of assay buffer for a final mass of 50ng of IgG and 40ng of pg&well. The

plate was overed, placed under aluminum foil and incubated at room temperature at 700
rpm for 45 minutes. After the incubation, buffer was removed from the wells through
vacuum filtration and washed 3 times with TwPBS as before. 25uL of streptavidin
phycoerythrin (3\PE) (Molecular Probes) was added to 5SmL of assay buffer for a final
mass of 250ng of SAPE per well, and 50uL of this SAPE solution was added to each
well. The plate was again covered, placed under aluminum foil and incubated at room
temperature at 700 rpfar 30 minutes. After the incubation, the plate was again washed
3 times with TwPBS through vacuum filtration. To remove unbound antibody and to
reduce background, 50uL of assay buffer was added to each well and the plate was
incubated under aluminum fak room temperature at 700 rpm for another 30 minutes.

After this final incubation, the plate was washed one time with TwPBS through vacuum
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filtration. 100uL of PBS at pH 7.2 was added to each well, covered and shaken for 30
seconds. Immediately afterwatdhe plate was acquired on the Luminex machine using

BioPlex software at 100 beads per classification.

Cut-off values.Antibodies were quantified by median fluorescence intensity, and total

antibody response was characterized by the difference betivedviFl of the sample

and the negative control, or the background (§). Cutoff values for this procedure

have only been established f@oxoplasmaSAG2, Giardia spp. VSP3 and VSP5,
Cryptosporidiumspp. Cpl7Cp23and Cp2, andE. histolyticaLecA. To establish the

cut-off value forToxoplasm&AG2 antigen, a 2.5 to 20 IU/mL standard curve was used

to determine MFI values relative to known SAG2 antibody concentrations. THodf cut

MFI value from this standard curve for SAG2 antibody was 31t (fAriest et al., 2015
(unpublished data)}or the twdGiardia VSPs, 81 adults known to be seronegative were
used and the highest 5% of values were dropped. Then, the remaining antibody responses
were used to establish a aft at the mean plus 3 SD. &ltutoff values for VSP3 and

VSP5 were 358 and 233, respectivéBriest et al., 2015 (unpublished datajpr
CryptosporidiumCpP2, Cpl7 andCp23 cutoff values were based on a receiver
operating characteristic (ROC) curve based on Western blot datacFopl7 an€p23

ROC curves, sera were obtained from the same 81 U.S. adults that were used for to obtain
the VSP cubff values. For Cpl7, 44 adults were blot positive and 37 were blot negative;
for Cp23 60 were blot positive and 21 were blot negatf@ CpP2, ROC curves were
based off of sera obtained from 26 children in Haiti, among whom 15 were blot positive
and 11 were blot negative. The @it values for CpP2, Cpl7 ar@p23were 89, 259

and 662, respectivelyPriest et al., 2015 (unpublishedtalg. Notably, despite the
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relatively low cutoff MFI value for CpP2, the ROC curve indicated that thisaffipoint

had 100% specificity and 100% sensitivity for this sample of Haitian chilgfeest et

al., 2015 (unpublished datapinally, for LecA,65 American adults with no history of

foreign travel were used. The highest three responses were eliminated anebthevast

established as the mean + 3SD. Thedftivalue for LecA was 302, which exhibited

100% sensitivity from ameabiasis patie(ioss et al., 2014)To establish cubffs for

positive values for the seroconversion analysis of the remaining antigens, the distribution

of MFI valuesfor each antigen was analyzed using available data. MFI values for ETEC

LT B subluwholebet ardn  subunit were bimodally
skewed, so a cuiff was established at the mean to avoid misclassification of seropositive
children. Median MFI values were used as theatftifor norovirus envelope proteins,

and Campylobacterpl8 and p39 antigens, with the understanding that some
misclassification may occur immediately around the median. Due to uniform apparent
negative values bew the 9" percentile forSalmonellaGroup B & D LPS, the MFI

value atthe0percent il e was used to enhanke spec,|
choleraet oxi n B subunit, n o r GampyiohastepE8ravde390 pe pr «
and SalmonellaGroup B & D LPS, resultsvere interpreted as the likelihood of a

serological response above these assignedftutilues, which are arbitrary relative to

the established and tested-ofit MFI values for Cpl17Cp23 CpP2, LecA, VSP3 and

VSP5 antibodies.

Imputation methods.To compensate for loss of children to follaw, multiple

imputation methodsvereused to impute missinipllow-up seroprevalence data for all

children who were enrolled in the study at baseline. The multiple imputation procedure
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applied predictors of diarrhea identified during the baseline assessment (exclusive
breastfeeding, water source, toilet type, socioeconomic status, feces on or around the
toilet, shared toilet, gender and age) and all serological responses to adequately project
co-occurring serological responses. An arbitrary, rather than monotone, missing pattern
is anticipated, so missing valuegre imputed using a fully conditional specification
(FCS) method that applies separate conditional distributions for each missingevaria
(Yuan, 2014) Imputed binary variables for serological responses were calculated based
on predictors of MFI using multivariate linear regression. Covariates associated with
seropr ev &0.35wereincluded imthe FCS imputatimodels for serological
responses against each enteric pathogen. Data were imputed to create 25 total imputed
dataset$§l127]. After modeling, parameter estimatesrecombined from the 25 imputed
datasets to generate valid statistical inferences about the associations undgfustody

2000) All analysesvererun with bothobserved samples and imputed datad analysis

model covariateswvere derived directly from the models usedrfthe regression

imputationg129].

Statistical analysig-or all antibodies assessed in this study, the serological responses as

measured by MFI were not normally distributed. Goodinédg tests were performed

on all logtransformed values for normal, lognormal, Weibull, gamma, beta and
exponential distributions. If leyansformed variables fit a normal distribution, they were
subject to parametric analyses. All variables that could notrébesformed to fit a
common statistical distribution were only analyzed for serological response relative to

their cutoff values.
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Prevalence of seroconversions agaimsteropathogens this study were calculated
using available paired data, and prevale of serological responses against
enteropathogenwsere calculated using both available and imputed data. The change in
log-transformed MFI between baseline and folowp ( Ad) wds compared between
intervention and control groups using a pairéest with Zeger robustariance estimator

[130] where parametric analyses were possible. Nbgl data for each antigen were
dichotomized above and below their respectiveatiipoints at baseline arfdllow-up.

Binary seroprevalence estimates were calculated among children in households
randomized to interwvdion households and compared to children in control households
using log binomial models. These models were run for bbdervedand imputed data

to assess bias resulting from missing dag¥]. For the seroconversion analyses using
complete observations only, a child was considered to have seroconvertest agai
particular antigen if their MFbg values at baseline were below theaffitbout above the

cut-off at follow-up. Seroconversion prevalence was compared with tloglerved and
imputed data between intervention and control groups using log binomiakisad
calculate the relative risk of both seroprevalence and seroconversion against any specific
antigen among children in the intervention vs. control arm. For these analyses, log
binomial models were favored over robust Poisson models alilogial malels
generally result in less bias and lower standard €jt8dd. Both unadjusted and adjusted
analses were performed for available and imputed datasets, and adjusted analyses
accounted for child age at baseline and the time elapsed between baseline angpfollow
We assessedonfounding by other demographic, water and sanitation factors, even
though ve would expect reasonable balance between study arms on household and

environmental factors collected at baselidaribrano et al., 2016, data not published
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Dichotomized MHbg values representing seroprevalence of antibody responses against
each antign were assessed relative to diarrhea prevalence among all children, with data
combined between baseline and follap. Survey respondents were asked to recall
whether the child had experienced diarrbsgperthe WHO case definition within the
previous 7days. The relative risk for diarrheal disease in the previous 7 days in
seropositive vs. seronegative children was compared for each antigen of interest using
log binomial models accounting for repeated child measurements between baseline and
follow-up. Uradjusted and adjusted analyses were performed for both available and

imputed datasets.

Age-specific MFkbg values for antibody against each antigen were calculated and
plotted alongside sevesay diarrhea prevalenc€ollow-up values for children in the
intervention arm were omitted to properly representsqgpeific seroprevalence against
each antigen in the absence of the water filter interventionsAgee ¢ i f -bgvalueMF |
reflecting the change in serologic response between baseline and-tipllavae
calculated for both intervention and control arms. All analyses were performed using
SAS V9 (SAS Institute, Cary, NC USA) and SAS8llable SUDAAN V11.0.1 (RTI

International, Research Triangle Park, NC USA).

Ethical approvalThe study protocol, survemstruments blood draw procedures and

informed consent were reviewed and approved by the Emory University Institutional
Review Board (Ref # 73615), the London School of Hygiene and Tropical Medicine

Research Ethics Committee (Ref # 7711), the Rwandaonmdttthics Committee (Ref
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# 1497) and the National Health Research Committee of Rwanda (Ref #
NHRC/2014/PROT/0163)The transfer of blood samples was governed by a Material
Transfer Agreement between Emory University and the Rwanda Biomedical Center,
exeated September 2015he analysis protocol arahd transfer of samples from Emory
University to the CDC wasleared by the Institutional Review Board of the Centers for

Disease Control and Prevention (CDC/NCEZID #110415JP).

Results

Samples analyzedOut of the 251 children who met our age eligibility criteria for
enrollment in this seroconversion sstudy, 189 children who were 6 to 12 monthd

at baseline were ultimately enrolled. Children were not enrolled if their caregiver did not
consent to the bbd draw (17.13%), the child was not at home during the baseline
assessment (5.58%) or if the child was too ill to participate (0.80%). Of these 189
children, 19.05% were lost to folloup due to refusals (3.17%), unsuccessful draws
(0.53%), unavailabilityof the child (10.58%) or child illness (4.76%). Among the 189
children enrolled at baseline, samples were deemed insuffiCigmbts were less than
approximately 90% filledn 36.51% of collected samples in the laboratory. As a result
of this and loss fostudy subjects at followp, only 97 paired baseline and follaye
samples were available for the seroconversion analysis, with 34 (35.05%) and 68
(64.95%) of paired samples drawn from children in intervention and control households,
respectively. Forhe overall seroprevalence study not incorporating seroconversion
between baseline and follewp, 120 samples were available for analysis from children
at baseline and 152 were available from children at fellpwAmong the 120 samples

drawn at baseline,24(35.00%) and 78 (65.00%) were available from intervention and
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control households, respectively. Among the 152 samples drawn during-igilo@2
(40.79%) and 90 (59.21%) of samples were drawn from children in intervention and

control households (Supplental Tables 7.1 and7.2).

Parametric serological analyseMFI-bg values for all norovirus antigengyxoplasma
SAG2,SalmonelldlPS-B and LPSD, all Cryptosporidiumantigens an€€ampylobacter

pl8 were successfully leigansformed to fit a normal distution (Supplemental Table
7.3). There was no apparent or statistical difference in meskaologic responses

me as ur ed -bg yetwhdviiRtérventionand control groups when examining
serological responses against antigens for norovirus (St. Cloaith)st®almonella
CampylobacterGiardia, E. histolytica enterotoxigeni&. coliandV. choleraeNo child
appeared to produce any serological respons€ryptosporidiumCpP2 peptide or
ToxoplasmaSAG2 throughout the course of the study; therefore, thaigens were
dropped from subsequent analyses. Children inrttegventiongroup did have median

A M FHg values that were roughly equivalent to that for children in the control group for
the Norwalk strain of norovirus and 23.0% of that of childremnédontrol group for the
Sydney strain of norovirus, but these results were not significant (p=0.483) {THble
Responses again€ryptosporidiumCpl7 were appeared to be reduced for children in
theinterventiongr o u p ( me-dge4y)ncompadvide Ito theontrol group (median

A M Fhg=260), although these results were not significant (p=0.212). Median responses
against CryptosporidiumCp23 and CryptosporidiumCpP2 appeared to be roughly

equivalent between the two intervention arms. Median responses &mmgylobacter

p39,Giardia VSP3,Giardia VSP5,E. histolyticaLe c A, ETEC | abil e toxi

cholera toxin B subunit could not be di

I

I €
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therefore, responses to these antigens were only examined using bimariables

derived from threshold cwdffs.

Serological responses by adgéown cutoff values for seropositivity are available for
Giardia VSP3 and VSP5 antigen€ryptosporidiumCpl7 andCp23antigens, andE.
histolytica LecA antigen; therefore, agpecific serological responses against these
antigens were considered in terms of seroprevalence. Antigens of specific pathogens
were aggregated so seroprevalence (as a proxy for cumulative exposure) could be
considered for edcpathogen. At followup, only observations from children in control
households were used in order to provide a true seroprevalence measure in this
population without any interference from the intervention. SeroprevalenGeaadia

and E. histolyticarespnses remained low through the first year of li€@ardia
seroprevalence increased sharply after 12 months and remained elevated through 24
months, although antibody responses appear to decrease after 24 (hmutes1) E.
histolyticaresponses remaidemarkedly low throughout the study period, with a slight
increase in seroprevalence after 18 months of age. Children appear to be exposed to
Cryptosporidiumat younger ages, as approximately 20% of childr&ngonthsold at
baseline were seropositive.kiei Giardia, Cryptosporidiumseroprevalence increased
markedly after 12 months, and antibody production remained elevated among children

12-24 months throughout the study period (Figure 1).

Cutoff values for seropositivity are not known for the remairpaghogens; therefore,
reactivity against these antigens was assessed directly through median fluorescence

intensity with background subtracted (Mbg) (Table7.1). Age specific median MFI
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bg values were obtained, and log(MFI) of antibodies against edlcbgen were plotted
against age groug-igure 2) Generally, antibody reactivity against all antigens increased
with age. Antibody responses for Sydney and St. Cloud norovirus increased steadily
throughout the study period after 9 months of age. Antilvedgonses against Norwalk
decreased initially after 9 months but then increased steadily, peaking at 21 months.
Children were reactive against bot®ampylobacterstrains at baseline, but their
responses appeared to increase markedly after 12 months dfraipedy responses
against the EtxB and CtxB increased sharply after 9 months, peaking at 12 months and
remaining elevated through 24 months. Responsgaltnonelld PS-B and LPSD were

low among all children of all ages, with reactivity only appearangdcur in children at

24 months.

Impact ofinterventionon serologic response&nalyses were performed using both
imputed (Tableg .2a and7.2b) and completease data (Supplemental Tablk4a and

7.4b) to calculate relative risks of both seropreveéeat followup and seroconversion
between baseline and follewp for all enteric antigens in this studdtior to assessing

the relative risks of serological response and seroconversion between intervention and
control groups, tetrachoric correlation doaénts were calculated to determine whether
follow-up serological data could be analyzed in isolation from the baseline serological
data. Baseline and followp measures for seroprevalence were significantly correlated
for Giardia VSP3 and VSP5 antigen§ryptosporidiumCpl7, envelope proteins for
Norwalk, Sydney and St. Cloud strains of norovir@Ggmpylobacterpl8 and p39
anti gens,-subumitta@V. tholerfef oxi n B subuni t75.Suppl er

Correlation between baseline and folloyw meaares indicates the potential for residual



177

expression of antibody spanning both study rounds. Because of this, we opted to measure
both 1) raw seroprevalence against all antigens at falijpvand 2) seroconversion,

measured as seroprevalence at follgmanong children who were negative at baseline.

Relative risk estimates were comparable for imputedodsdrved datélables7.2a and
7.2b;7.4a andr 4b). At follow-up, seroprevalence and seroconversion estimates against
Giardia VSP3 and VSP5 antigens apped to be elevated among childremitervention
households, although these associations were not significaR8 seroconversion aRR:
1.35, 95%Cl: 0.8&.07; VSP5 seroconversion aRR: 1.46, 95%CIl: 223)
Seroprevalence and seroconversion agafstptosporidium Cpl7 was markedly
reduced by 30% among children in the intervention group (seroprevalence aRR: 0.70,
95%CIl: 0.540.91; seroconversion aRR: 0.72, 95%CI: 01520). Seroprevalence and
seroconversion againSryptosporidiuntCp23appeared to beeduced in the intervention
group, although these relationships were not statistically significant. Given the opposing
interventionattributable effects oiardia and Cryptosporidiuminfection, the models
examining the impact of the intervention Gardia seroprevalence were stratified by
Cryptosporidiumseroprevalencat follow-up in order to assess potential interaction
between the two pathogend/hen CryptosporidiumCpl7 serological response was
present, the filter generally did not affésiardia VSP3 (aRR: 1.15, 95%CI: 0.6893)

or VSP5 (aRR: 1.19, 95%CI: 0..2002) seroprevalence at follewp; however, when
Cpl7 serological response was abs#rg, data suggested thsgroprevalence against
Giardia VSP3 and VSP®ay nearlydouble among childrein households assigned to

the intervention group (8P3 aRR: 1.73, 95%CI: 0.7275 VSP5 aRR: 2.01, 95%Cl:

0.844.83), although these results were not statistically significant given the relatively
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few number of children who were seronegative for Cplibldw-up. These results,
along with relative sample sizes for each stratum, are presented in mTabldo
significant effect on seroprevalence or seroconversion was noted against the Norwalk,
Sydney or St. Cloud strains of norovirus, although a modea#teit norsignificant,
reduction was noted for the Sydney strain (aRR=0.85, 95%CI:-1008). The
intervention did not significantly affect seroprevalence or cameersionof antibody
responses againit histolyticaLecA antigenCampylobactep18 aml p39 antigens and

the LT B subuVicholesraeof ETEC and

Association between seroprevalence agamseropathogenand diarrhea.

Sevenday prevalence of diarrheal disease nearly doubled in children with positive
serological responses againgiardia VSP3 (aRR: 1.92, 95%CI: 1.3825).
Additionally, children appeared to be at higher risk for diarrheal dissa®dow-up if
they were seropositive agairtardia VSP5 (aRR: 1.78, 95%CI: 0.9842), although
this relationship was not statistically sificant. Diarrhea prevalence was also
significantly associated with seropositivity agai@syptosporidiumCpl7 (aRR: 1.97,
95%CI: 1.113.51) but not withCryptosporidiumCp23. A nearly 90% reduction in
diarrhea prevalence was associated with serologesponse td&SalmonellaD LPS
CHAPS (aRR: 0.12, 95%CI: 0.d294). Serological responses agai@simpylobacter
p1l8 and p39E. histolyticaLecA, any norovirus envelope protein, EtxB and CtxB were

not associated with diarrhea prevale(iEable7.4).

Assocation between nutritional status and diarrhea and seroprevalence
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While there was no significant association between diarrhea and nutritional status at
either baseline or followp, 25.0% of children in this stgiudy who were designated as
malnourished abaselinewere reported to havead diarrhea in the previous week,

compared to 16.9% of children witmmal MUAC measurements (p=0)22

As only one child at followup in this sukpopulation had MUAC < 11.5cm, analyses
examining the relationship betweseroprevalence and malnutrition were performed

only on the baseline data. There was no association between moderate (MUAC= 11.6

12.5 c¢cm) or severe (MUAC < 11.5 c¢cm) ma |

relationship between reaction @ryptosporidiumCp23 and MUAC & 12.5cm) did
appear to approach significance, particularly after adjusting for age (aRR: 2.73, 95%CI:
0.91-:8.20, p=0.074), but this association was not observed for serological responses
againstCryptosporidiumCpl17. Overall, among the dtifen at baseline who expressed
antibody toCp23 43.8% appeared to be at | east

12.5 cm).

Discussion

While parametric analyses did not indicate any meaningful differences in antibody
responses to the antigens in our study between intervention and control groups,
differences were noticed after MFI values were dichotomized along their designated cut
off points. Decreased seroprevalence and seroconversion &gaipsisporidiuntCpl?

was noted throughanalyses ofboth imputed andobserved data Conversely,
seroconversion again§iardia VSP3 andVSP5 andSalmonellaLPS-D appearede

higherin children livingin intervention households.

nu
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There is also an aget unexplored possibility obiological interactions betweethe
enteropathogens included in these analyse$ection with one pathogen may either
exacerbate or attenuate the risk of infection with asrofhathogen132]. Such an
interaction may be exemplified by the opposing effects that the intervention had on
Giardia armd Cryptosporidium seroconversion. Among children seropositive for
Cryptosporidium the filter does not affedBiardia seroprevalence; however, among
children seronegative faCryptosporidium the filtermay be associated with increased
Giardia seroconversin. Given thaCryptosporidiunmseroconversion generally occurred
at earlier ages thaGiardia seroconversion (Figure 1), it is realistic to assume that
Cryptosporidiuminfections preceded mossiardia infections in this study among
children who were seropiive for both. Given that the intervention significantly reduced
seroprevalence and seroconversion agéingttosporidiumany possible attenuation of
Giardia infection by a prior Cryptosporidiuminfection through some biological
mechanism, such as immemodulation, may also be lower in the intervention group.
The direct biological relationship betweéiardia and Cryptosporidium if one is
presenthas not been explored-depth and should be defined. This study indicates that
more holistic approaches ay need to be practiced when assessing the joint
epidemiologic and pathogenic associations between organismsnfecton scenarios.
Overall, though,tte fact that the filter appears to significantly decréasgptosporidium
seroconversion between baseline and follgwin our study is encouraginig the Global
Enteric Multicenter Study (GEMS), stepbsitiveCryptosporidiumnfection in children

with moderateto-severe diarrhea who were-23 monthsold (the same age ranges
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children at followup in this study) nearly tripled the risk of death betwdesir

enrollment and followup period$133]. enteropathogens

Serological responses to bothiardia and Cryptosporidiumwere associated with
diarrheal disease in the previous 7 days, lending further support to the potential utility of
using serological assaygs an objective methotb evaluate the health impact of
household water treatment interventidd®] and to supplement seléported health
outcome datar his initially appears to contradict results by Kotloff et al., which detected
Giardia more frequently in stool samples of controls than diarrhegschowever,
Giardia oocysts are present only intermittently in st@olmpromising sensitivitj134].
Additionally, the use of culture and P&fRsed methds for Giardia detection are only
useful to identify current and active episodes, and serological studies may be useful in
not only detecting active giardiasis cases but in linking previaiasdia infection to

other longterm health outcomes, such as #titgal enteropathji 35].

Too few serological responses agaiSstimonellaantigens were present for further
analysis, and&almonellaseroconversion generally only occurred among the very oldest
children in this suistudy population (Figure 2). Incidence of diarrheal diseaselurehi
throughout Sufsaharan Africa generally peaks betweehl@nonths of age and wanes
after 24 monthg75], which was demonstrated in this population of children in the
baseline phse of this studyZambrano et al., 2016, data not publihéatom the age
specific serological response data, it appears that children are not becoming infected with
Salmonelladuring this crucial age window when they are at highest risk for diarrheal

disease.
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Notably, neither ETECY. cholerag Campylobacteror norovirus were associated with
diarrheal disease, which is likely due to the short duration of disease relative to the
duration of antibody response. This may indicate a need for longitudinal fopow
shorter intervals in a similar population dfilclren to record diarrheal disease closer to
the time of infection, given that these pathogens tend to lead tetshoracute cases of
diarrhea. Diarrheal disease attributed to protozoa, particulaagdia species, can lead

to persistent infection anduodenal inflammatior{136], which may explain why
associations between serological evidence of previaigction is associated with one

week prevalence of diarrhea.

There weresomelimitations in the design of this study that may affect the interpretation
of these resultdt is rare for household water treatment interventions to be blinded in
RCTs forpractical purposes, and this lack of blinding can lead to substantial reporting
bias i n which usage of the intervention
are exaggerateld 37]. If serological assays are applied as objective measures of enteric
infection, it is possible that when implemented correctly, they may provide a more
accurate depiction of health status than reliance ofresatirted diatheal disease alone
[19,137} however, diarrheal disease outcomes may have been affected by reporting and
courtesy bias in this studyAnother notal# source of potential bias is imperfect
intervention uptake. Among children in intervention households, 23.6% were reported to
have consumed unfiltered water in the previous 24 hdbirgen the already limited
sample size among children in intervention $ehwolds, stratifying on exclusive

consumption of filtered water would have substantially compromised study plowter
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exposure to unfiltered water among children in intervention households could have the

effect of biasing our results towards the null.

From a laboratory analysis perspective, firm-offt points for seropositivity were not
available for EtxB, CtxB,Campylobacterp18/p39, SalmonellaLPS or norovirus
antigens. Among the antigens for which -ofit values were not available, parametric
analyseswere possible on leggansformed MFbg values for norovirus (Norwalk,
Sydney and St. Cloud envelop8glmonellaLlPS B and D CHAPS an@ampylobacter

pl18. After examining the distribution of MiBig values for each antigen lacking a known
cut-off point, rehtively arbitrary cubff points were made at the median, mean df 90
percentile, as appropriate, and made in favor of sensitivity rather than specificity. As a
result, some children who were seronegative were likely misclassified as seropositive for

thee antigens, thereby biasing results towards the null. For these antigens, the terms

seropreval ence” and seroconversion” shou
these set cudff points, as values above the -t cannot be confirmed as truly
ser@ositive. To further enhance this analysis and analyses of future studies, definitive
cut-off points should be established by applying known seropositive or seronegative sera

to an ROC curve analysis for each antiffe38]. It is worth noting that the antigens for

which cutoff points were previously established yielded significant and informative

results in this study, both for theissociation with the water filter intervention and with

diarrheal disease.

Other issues lie with the availability of antigens for this assay. The EtxB and CtxB

extracted for this analysis are homologous, thereby limiting our ability to independently
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attribute serological response to either ETECVorcholerae EtxB is generally more
immunostimulatory than CtxB, which appears to be consistent with results from our
study [139]; however, due to croseactivity between the two homologues,
seroprevalence against either of thve pathogens cannot be definitively characterized.

A systematic way of differentiating between the serological response to both pathogens
is likely not possible; therefore, interpretations at this time should be made with regard
to exposure to the toxiiiself rather than the causal pathogens. Rotavirus is typically
vitally important to consider as a cause of diarrhea in children under two-oldars
rotavirusattributable incidence of moderai@severe diarrhea among children in this
age group far outmed that of other pathogens in the GEMS stjdd\0]. It should be

noted, though, that among children eligible for enrollment in this study at baseline, only
4.1% of children had not initiated their course of rotavirus vaccines, while 81.0% of
children lad received all three doses of rotavirus vaccine, as confirmed by examining the
vaccination cards of all children enrolled in the RCT. If bbaded rotavirus
immunoassay methods are developed and incorporated into multiplex enteric pathogen
protocols, thaarget antigens should be exclusive of the viral glycoproteins targeted by

the vaccine.

Given the large proportion of baseline samples deemed insufficient in the laboratory,
multiple imputation was necessary to increase study power while makingtedilstical
inferences. Twentjive imputed datasets were created in order to synthesize parameter
estimates of generalized estimating equation (GEE) modeling of all datasets to a single
risk estimate. Generally, analysis models should be based closelymidels used to

complete the imputation to limit the possibility of introducing bias; however, this limited
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the degree to which extraneous household and environmental factors could be considered
for confounding. Additionally, the relatively sample singurn yielded low seropositive
counts, limiting the number of potential confounders that could be included in the
imputation and analysis models. As a result, other environmental sources of infection

were not considered in this study, either as potertiafounders or exposures of interest.

Finally, we cannot make temporal inferences regarding the timing of infection with
respect to either diarrheal disease or receipt of the intervention; however, inferences for
timing of seroconversion with regard thet intervention are generally better, as
households typically received the intervention within a couple of weeks of the initial
baseline visit. Longitudinal follovap with shorted followup rounds could have
provided the opportunity to capture diarrheadedise closer to the time of infection,
which may have provided richer data regarding pathogens that are associated with acute
episodes of diarrhea, such as norovirus &ainpylobacter Frequent longitudinal
collection may also provide a more thorough assest of agepecific prevalence of

individual pathogens.

Conclusion

This study suggests that serological testing of pathsgeunific antibodies can provide

both measures of WASH intervention effectiveness and markers of diarrheal disease. The
potentialfor betweerpathogen interactions is present; as the water filter significantly
reduced Cryptosporidium seroprevalence, it appeared to concurrently increase
seroprevalence again&tiardia antigens. Diarrheal disease appeared to be associated

with protozoa pathogens only. Acute infections caused by other pathogens on the panel
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may cause diarrhea, but this association may not be detected using these methods without
frequent sampling intervals. Longitudinal intervention studies involving larger
populations ad repeated sampling would provide richer data that would enable further
assessment of the utility of these serological approaches to evaluating household water

treatment interventions.
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Table 7.1. Comparison ofmedian MFI values with background subtracted (MFl-bg), and the change in

MFl-b g ( gb)Frdm baseline to fdlow-up compared between children in intervention (LFS) and
control households with a paired #test
Overall LFS Control
Antigen Median  (rangg | Median (range) Median (range) Median (range) i t (p-value)
(MFbg) n a ey n a ey n a ey estimate
Norovirus strain | 119 (1¢27964) | 6 (24337 27959) 5 (-24337¢ 27959) 7 (-23185¢ 27168) 0.426 0.74 (0.459)
Norwalk
Norovirus strain | 220(-1¢ 4734) 123 (2143 4579) 42 (686¢4435) 183 (2143¢ 4579) 0.360 -0.70 (0.483)
Sydney
Norovirus strain | 22 (9¢4380) 12 (678¢ 1645) 17 (678¢ 1645) 9 (-370¢ 583) 0.446 1.13 (0.260)
St. Cloud
Toxoplasma 4 (-5 27848) 1(-38¢ 107) 1 (-38¢ 107) 1(-37¢62) 0.344 1.70 (0.091)
SAG2
Salmonella 5 (-2.¢6600) 1 (-58¢ 6599) 4 (-58¢ 6599) 0 (-33¢ 4668) 0.336 1.29 (0.200)
LPSB
Salmonella 4 (-3¢2121) 0 (-34-2118) 1 (-19¢ 706) 0 (-34¢2118) 0.374 1.56 (0.121)
LPSD
Cryptosporidium| 9 (2¢ 91) 1(67¢57) 1(-67¢25) 1(31¢57) 0.089 0.43 (0.670)
CpP2(100)
Cryptosporidium | 118 (3¢ 28866) 130 (28547¢ 28071) 47 (995¢ 28071) 260 (28547¢ 27611) -0.768 -1.25(0.212)
Cp17
Cryptosporidium | 113 (3¢ 28862) 142 (25072¢ 27732) | 142(-1122¢27732) 145 (25072¢ 27712) | 0.159 0.26 (0.796)
Cp23
Campylobacter | 293 (6¢ 27691) 57 (24604¢ 25095) 276 (24571¢ 25095) 16 (-24604¢ 24157) 0.736 1.23 (0.222)
pl8
Campylobacter | 77 (4¢29051) 14 (25283 26722) 17 (24923¢ 25615) 14 (25283¢ 26722) NA NA
p39
Giardia 7 (-3¢ 26343) 3 (-15915¢ 24408) 5 (24 24281) 2 (-15915¢ 24408) NA NA
VSP3
Giardia 6 (-3 26680) 2 (-22895¢ 25624) 3 (-20293¢ 24608) 2 (-22895¢ 25624) NA NA
VSP5
E. histolytica 7 (5¢28833) -1 (1176¢ 28818) 0(-137¢ 28818) -2 (1176¢ 22769) NA NA
LecA
ETEC 23847 (9% 29837) | 5279 (28941¢ 29797) | 9025 (28941¢ 29797) | 2844 (2817929446) NA NA
EtxB
Cholera 3381 (6G 28565) | 5423 (24902¢ 28539) | 8395 (23549¢ 27674) | 3829 (24902¢ 28539) | NA NA
CtxB

Mean fluorescence intensity values can range from 1 to 32766 without background subtracted, but MFI values with badkgsosuadtracted (MFbg)

can be negativ27].
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Table 7.2a: Crude and adjusted risk ratios comparing Round 2 seroprevalence among children in the
intervention and control groups who were 612 monthsold at enroliment, Western Province, Rwanda
June-September 2015. These data incorporate imputed values for samples deemediffisient at the
time of analysis. Adjusted analyses account for age and time between study rounds.

Antigert Cutoff Method to Intervention (n=75) Control (n=114) Crude RR Adjusted RR

(MFkbg)  Establish CuOff  Crude Seroprevalence Crude Seroprevalence (95%ClIp-value) (95%Cl, fvalue)
Giardia
VSP3 358 Mean + 3SD 31.2 (0.4160) 37.8 (0.3319) 1.25(0.831.89, 0.275) 1.27 (0.851.90, 0.248)
VSP5 233 Mean + 3SD 30.8 (0.4101) 35.0 (0.3070) 1.34 (0.872.04,0.179) 1.36 (0.831.89, 0.275)
Cryptosporidium
Cpl17 259 ROC 38.2 (0.5093) 81.8 (0.7175) 0.71 (0.540.92, 0.011) 0.70 (0.540.91, 0.007)
Cp23 662 ROC 36.0 (0.4805) 66.4 (0.5821) 0.82 (0.601.13, 0.228) 0.84 (0.621.16, 0.289)
E. histolytica
LecA 302 Mean + 3SD 7.3 (0.0971) 8.6 (0.0758) 1.28 (0.483.45, 0.624) 1.16 (0.462.93, 0.760)
Salmonella
LPSB 38 90" percentile 19.2 (0.2565) 23.4 (0.2049) 1.25 (0.762.23, 0.449) 1.28 (0.712.28, 0.413)
LPSD 13 90 percentile 17.9 (0.2379) 13.7 (0.1200) 1.98 (0.993.97,0.053) 2.12 (1.054.29, 0.037)
Norovirus
Norwalk 84 Median 45.7 (0.6091) 75.0 (0.6579) 0.93 (0.731.18, 0.530) 0.92 (0.731.17, 0.515)
Sydney 156 Median 45.2 (0.6021) 83.2 (0.7302) 0.82 (0.651.04, 0.107)  0.85 (0.671.09, 0.210)
St. Cloud 19 Median 45.0 (0.6000) 68.0 (0.5965) 1.01 (0.791.28, 0.962) 1.02 (0.811.29, 0.851)
Campylobacter
p18 276 Median 53.1 (0.7077) 73.7 (0.6467) 1.09 (0.881.37,0.423) 1.07 (0.871.33, 0.516)
p39 74 Median 54.6 (0.7280) 79.3 (0.6954) 1.05 (0.861.27,0.645)  1.04 (0.861.25, 0.713)
EnterotoxigenicE. coli
EtxB 15474 Mean 63.4 (0.8448) 91.1 (0.7989) 1.06 (0.921.22, 0.447) 1.01 (0.881.17, 0.863)
V. cholerae
CtxB 9882 Mean 49.8 (0.6640) 74.8 (0.6558) 1.01 (0.861.28, 0.918) 0.98 (0.791.21,0.863)

INo children were seropositive fdioxoplasmaSAG2 or CryptosporidiumCpP2 antibody at baseline or follawp; therefore, these
analyses are not included.

Table 7.2b: Crude and adjusted risk ratios of imputed data comparing Round 2 seroprevalence among
children in the intervention and control groups who were 612 monthsold and seronegative at

enrollment.

Antigert Cutoff Method to Intervention Control Crude RR Adjusted RR

(MFkbg)  Establish CuOff ~ Seroconversion n (%) Seroconversion n (%) (95%ClI, alue) (95%Cl, fvalue)
Giardia
VSP3 358 Mean + 3SD 30.2/73.9 (0.4080) 32.7/107.1 (0.3056)  1.34 (0.872.05, 0.184) 1.35 (0.882.07, 0.168)
VSP5 233 Mean +3SD 29.7/73.7 (0.4026) 30.1/107.3 (0.2804)  1.44 (0.922.26, 0.114) 1.46 (0.9%2.29, 0.101)
Cryptosporidium
Cpl7 259 ROC 30.2/59.9 (0.5033) 63.2/92.6 (0.6828) 0.74 (0.531.02, 0.067)  0.72 (0.521.00, 0.050)
Cp23 662 ROC 31.2/68.4 (0.4553) 54.4/95.2 (0.5708) 0.80 (0.561.14, 0.210)  0.81 (0.581.14, 0.235)
E. histolytica
LecA 302 Mean + 3SD 6.3/74.0 (0.0849) 8.6/113.0 (0.0765) 1.11 (0.393.13,0.848)  0.95 (0.471.92, 0.890)
Salmonella
LPSB 38 90" percentile 18.2/73.0 (0.2499)  23.4/114.0 (0.2049) 1.22(0.672.19, 0.514)  1.23 (0.682.23, 0.488)
LPSD 13 90 percentile 15.8/69.0 (0.2290) 13.7/110.0 (0.1244)  1.84 (0.963.78,0.096)  2.02 (0.974.22, 0.060)
Norovirus
Norwalk 84 Median 23.9/42.8 (0.5585) 36.7/63.3 (0.5803) 0.96 (0.651.41, 0.844)  0.95 (0.641.41, 0.810)
Sydney 156 Median 22.4/43.4 (0.5157) 40.5/63.5 (0.6373) 0.81 (0.541.20, 0.286)  0.86 (0.581.29, 0.475)
St. Cloud 19 Median 35.0/63.0 (0.5556) 47.0/83.0 (0.5663) 0.98 (0.731.31,0.897)  0.98 (0.741.30,0.883)
Campylobacter
p18 276 Median 31.4/48.64 (0.6464)  39.8/66.8 (0.5955) 1.08 (0.771.53, 0.643) 1.04 (0.711.52, 0.856)
p39 74 Median 35.3/51.2 (0.6898)  48.6/74.2 (0.6552) 1.05 (0.791.40, 0.718)  1.08 (0.771.53, 0.643)
EnterotoxigenicE. coli
EtxB 15474 Mean 42.0/52.0 (0.8078) 63.4/85.3 (0.7487) 1.08 (0.881.32, 0.461) 1.02 (0.851.22, 0.859)
V. cholerae
CtxB 9882 Mean 35.8/59.2 (0.6043) 57.9/95.4 (0.6069) 1.00 (0.741.34,0.977)  0.97 (0.731.28, 0.807)
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Table 7.3: Association betweenseroconversion against Giardia VSP3 and VSP5 antigens and

intervention status, stratified by CryptosporidiumCp17 serological response.

Antigert | Intervention Control Crude RR Adjusted RR
Seroconversion n (%) Seroconversion n (%) (95%Clp-value) (95%Cl, jvalue)
CryptosporidiunCpl7 | VSP3 15.4/38.4 (0.4017) 29.7/81.7 (0.3634) 1.10 (0.651.87, 0.711) 1.15(0.681.93, 0.711)
response present VSP5 15.7/38.4 (0.4079) 29.1/81.7 (0.3565) 1.15 (0.681.94, 0.615) 1.19 (0.762.02,0.525)
CryptosporidiunCpl7 | VSP3 15.4/36.6 (0.4212) 7.9/32.3 (0.2438) 1.74 (0.863.79, 0.165) 1.73 (0.793.75, 0.168)
response absent VSP5 15.4/36.6 (0.4223) 6.8/32.3 (0.2116) 2.01 (0.844.83, 0.119)

2.01 (0.844.83, 0.117)




Table 7.4: Associationbetween serologial response ad sevenday diarrhea prevalence All adjusted

models are adjusted for age and socioeconomic status.

Diarrhea prevalece

Antigen Serologic
response
present
(%)

Giardia

VSP3 17/73 (0.2329)

VSP5 16/71 (0.2254)

Cryptosporidium

Cpl7 31/142 (0.2183)

Cp23 23/118 (0.1949)

E. histolytica

LecA 4/15 (0.2667)

Salmonella

LPSB 3/38 (0.0789)

LPSD 1/37 (0.0270)

Norovirus

Norwalk 30/167 (0.1796)

Sydney 30/168 (0.1786)

St. Cloud 33/177 (0.1864)

Campylobacter

p18 31/167 (0.1856)

p39 33/164 (0.2012)

EnterotoxigenicE. coli

EtxB 34/177 (0.1921)
V. cholerae
CtxB 28/139 (0.2014)

Serologic
response
absent
(%)

36/222 (0.1622)
37/224 (0.1652)

22/153 (0.1438)
30/177 (0.1695)

49/280 (0.1750)

50/257 (0.1946)
52/258 (0.2016)

23/128 (0.1797)
23/127 (0.1811)
20/121 (0.1653)

22/128(0.1719)
20/131 (0.1527)

19/118 (0.1610)

25/156 (0.1603)

Unadjusted RR
(95% Cl, yalue)

1.44 (0.852.44, 0.179)
1.36 (0.792.34, 0.258)

1.52 (0.942.47, 0.091)
1.15 (0.691.90, 0.586)

1.52 (0.653.59, 0.335)

0.41 (0.141.21, 0.105)
0.13 (0.020.94, 0.043)

1.00 (0.591.69,0.999)
0.99 (0.661.61, 0.955)
1.13 (0.691.83, 0.627)

1.08 (0.631.84, 0.777)
1.32 (0.732.38, 0.353)

1.19 (0.682.09, 0.537)

1.26 (0.732.17, 0.410)

Adjusted RR
(95%Cl, alue)

1.56 (0.832.94, 0.168)
1.46 (0.772.76, 0.246)

1.78 (1.023.12, 0.044)
1.20 (0.692.11, 0.518)

1.30 (0.562.99, 0.539)

0.44 (0.151.29, 0.136)
0.14 (0.020.92, 0.041)

1.03 (0.611.74, 0.908)
1.08 (0.641.83, 0.771)
1.20 (0.731.99, 0.474)

1.04 (0.591.83, 0.895)
1.32 (0.752.32, 0.330)

1.39 (0.643.04, 0.402)

1.34 (0.682.66, 0.399)

Adjusted for age and socioeconomic status
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Figure 7.1. Age-specific prevalence of serological responses by age group among children 6 to 24
months-old against Giardia spp. VSP3 and VSP&antigens, Cryptosporidiumspp. Cpl7 and Cp23
antigens andE. histolyticaLecA antigen, based off of known MFI cutoff values.
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Figure 7.2. Age-specific median MFI values reflecting antibody responses against norovirus envelope
proteins (Norwalk, St. Cloud and Sydney strains)SalmonellaLPS B and D groups,Campylobactep18
and p39, EtxB and CtxB.
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Supplemenal Table 7.1: Categorization of enroliment and sample loss issues at baseline.
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Study Arm Total number | Blood draw not | Caregiver Child not at | Child too sick | Total samples
of children successful refused home for blood collected
approached draw

Intervention | 111 1 (0.90%) 24 (21.62%) 10 (9.01%) 1 (0.90%) 75 (67.5%)

Control 140 2 (1.43%) 19 (13.57%) 4 (2.86%) 1(0.71%) 114 (81.43%)

Total 251 3 (1.20%) 43 (17.13%) 13 (5.58%) 2(0.80) 189 (75.30%)

Assessment of Sample Acceptability for Laboratory Analysis

(among samples collected)

N Sample Insufficient Samples available for analysis
Intervention 75 33 (44.00%) 42 (56.00)
Control 114 36 (31.58%) 78 (68.42%)
Total 189 69 (36.51%) 120 (63.49)

Supplemental Table7.2: Categorization of enroliment and sample loss issues at Round 2.

Study Arm Total number | Blood draw Caregiver Child not at | Child too sick | Total samples
of children not successful | refused home for blood collected
approached draw

Intervention | 75 0 1(1.33%) 8 (10.67%) | 4 (5.33%) 62 (82.67%)

Control 114 1 (0.88%) 5 (4.39%) 12 (10.53%) | 5 (4.39%) 91 (79.82%)

Total 189 1 (0.53%) 6 (3.17%) 20 (10.58%) | 9 (4.76%) 153 (80.95%)

Assessment of Sample Acceptability for Laboratory Analysis

(among samples collected)

N Sample Insufficient Samples available for analysis
Intervention 62 0 62 (100.00%)
Control 91 1 (1.10%) 90 (98.90%)
Total 153 1 (0.65%) 152 (99.35%)
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Supplemental Table 7.3: Goodnessof-fit tests and distribution characteristics of all logtransformed
antibody-specific median fluorescence intensity values, centered on log(MFI)=8.5.

Antigen GOF test Statistic Distribution | Characteristics Further transformation needed?
(p-value)
Norovirus strain | Kolmogorov | D=0.057 | Normal Mean=10.16, SD=3.45 No
Norwalk Smirnov (0.134)
Norovirus strain Kolmogorov | D=0.058 | Gamma Scale=sigma (0.566); | Q-Q plotindicates that distribution
Sydney Smirnov (0.123) Shape=alpha (19.07) | approximates normal
Mean=10.79, SD=2.47
Norovirus strain Kolmogorov | D=0.037 Normal Mean=10.32, SD=1.96 No
St. Cloud Smirnov (>0.150)
Toxoplasma SAG] Kolmogorov | D=0.060 | Normal Mean=9.09. SD=1.15 | No
Smirnov (0.091)
Salmonella LPS B| Kolmogorov | D=0.062 | Gamma Scale=sigma (0.296); | Q-Q plot indicates that distribution
CHAPS Smirnov (0.078) Shape=alpha (32.07) | approximates normal
Mean=9.50, SD=1.68
Salmonella LPS D| Cramervon | W?=0.110 | Lognormal | Scale=zeta (2.188); No
CHAPS Mises (0.180) Shape=sigma (0.125)
Mean=8.99, SD=1.13
CpP2(100) Kolmogorov | D=0.066 | ~Normal Mean=8.74, SD=0.75 | No
peptide Smirnov (0.044)
Cpl7 Kolmogorov | D=0.060 | Normal Mean=11.18. SD=3.02| No
Smirnov (0.092)
Cp23 Cramervon | W?=0.115 | Weibull Scale=sigmél2.561); | No
Mises (0.067) Shape=C (4.20)
Mean=11.42, SD=3.06|
Campylobacter Kolmogorov | D=0.035 | Normal Mean=10.31, SD=2.70 No
pl8 Smirnov (>0.150)
Giardia VSP3 Native and logransformed values do not yield a known distribution. Nmrametric analysis required.
Giardia VSP5
ETEC labile TX

Beta subunit

Cholera TX Beta
subunit

Campylobacter
p39

E. histolytica LecA




Supplemental Table7.4a: Completecase analysis of crude and adjusted risk ratios comparing Round
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2 seroprevalence among children in thatervention (LFS) and control groups who were 612 months

old at enroliment. These data incorporate available values only; samples deemed insufficient at the

time of analysis were not included.

Antigen Cutoff
(MFHbg)

Giardia

VSP3 358

VSP5 233

Cryptosporidium

Cpl7 259

Cp23 662

E. histolytica

LecA 302

Salmonella

LPSB 38

LPSD 13

Norovirus

Norwalk 84

Sydney 156

St. Cloud 19

Campylobacter

p18 276

p39 74

EnterotoxigenicE. coli

EtxB 15474

V. cholerae

CtxB 9882

Method to
Establish CuOff

Mean + 3SD
Mean + 3SD

ROC
ROC

Mean + 3SD

90" percentile
90" percentile

Median
Median
Median

Median
Median

Mean

Mean

Intervention (n=62)

Crude
Seroprevalence

26 (0.4194)
26 (0.4194)

32 (0.5161)
30 (0.4839)

6 (0.0968)

15 (0.2419)
15 (0.2419)

39 (0.6290)
37 (0.5968)
45 (0.7258)

44 (0.7097)
45(0.7258)

53 (0.8548)

42 (0.6774)

Control (n=90)
Crude
Seroprevalence

30 (0.3333)
28 (0.3111)

64 (0.7111)
53 (0.5889)

7(0.0778)

17 (0.1889)
11 (0.1222)

60 (0.6667)
66 (0.7333)
68 (0.7556)

59 (0.6556)
63 (0.7000)

72 (0.8)

59 (0.6556)

Crude RR
(95%Cl, yvalue)

1.26 (0.831.90, 0.277)
1.35 (0.882.06, 0.168)

0.72 (0.550.95, 0.021)
0.81 (0.601.11, 0.193)

1.24 (0.423.70, 0.695)

1.32 (0.762.46, 0.390)
1.91 (0.943.88, 0.072)

0.94 (0.741.20, 0.634)
0.78 (0.611.00,0.052)
0.97 (0.761.25, 0.830)

1.08 (0.871.35, 0.477)
1.02 (0.831.26, 0.825)

1.06 (0.921.23, 0.415)

1.02(0.811.28, 0.890)

Adjusted RR
(95%Cl, fvalue)

1.29 (0.861.94, 0.222)
1.38 (0.912.11, 0.132)

0.70 (0.530.92, 0.010)
0.80(0.591.08, 0.142)

0.93 (0.293.04, 0.906)

1.39 (0.752.60, 0.298)
1.96 (0.963.96, 0.063)

0.95 (0.751.20, 0.681)
0.89 (0.741.07, 0.207)
0.98 (0.771.25, 0.884)

1.07 (0.861.34, 0.557)
1.02 (0.841.23, 0.868)

1.01 (0.861.20, 0.874)

0.98 (0.861.20, 0.873)

Supplemental Table7.4b: Complete-case analysis of crude and adjusted risk ratios comparing Round

2 seroprevalence among children in the intervention (LFS) and control groups who werel®2 months
old and seronegative at enrollment.

Antigert Cutoff
(MFtbg)
Giardia
VSP3 358
VSP5 233
Cryptosporidium
Cp17 259
Cp23 662
E. histolytica
LecA 302
Salmonella
LPSB 38
LPSD 13
Norovirus
Norwalk 84
Sydney 156
St. Cloud 19
Campylobacter
pis 276
p39 74
EnterotoxigenicE. coli
EtxB 15474
V. cholerae
CtxB 9882

Method to
Estabish CutOff

Mean + 3SD
Mean + 3SD

ROC
ROC

Mean + 3SD

90" percentile
90h percentile

Median
Median
Median

Median
Median

Mean

Mean

Intervention
Crude
Seroprevalence

11/33 (0.3333)
11/33 (0.3333)

15/27 (0.5556)
14/32 (0.4375)

4/33 (0.1212)

9/32 (0.2813)
8/29 (0.2759)

9/21 (0.4286)
7122 (0.3182)
15/30 (0.5000)

15/26 (0.5769)
16/26 (0.6154)

18/24 (0.7500)

15/28 (0.5357)

Control
Crude
Seroprevalence

15/59 (0.2542)
14/59 (0.2373)

34/53 (0.6415)
29/52 (0.5577)

5/62 (0.0806)

13/63 (0.2063)
8/59 (0.1356)

20/35 (0.5714)
23/38 (0.6053)
27147 (0.5745)

21/36 (0.5833)
28/42 (0.6667)

31/45 (0.6889)

29/52 (0.5577)

Crude RR (95%Cl - | Adjusted RR (95%Cl;

value)
1.31 (0.682.51, 0.415)
1.40 (0.722.73, 0.316)

0.85 (0.571.26, 0.422)
0.77(0.481.21, 0.257)

1.50 (0.435.22, 0.52)

1.41 (0.662.98, 0.373)
1.97 (0.824.70, 0.129)

0.75 (0.421.33, 0.324)
0.53 (0.281.02, 0.058)
0.84 (0.531.31, 0.436)

0.98(0.641.51, 0.930)
0.90 (0.641.32, 0.592)

1.08 (0.791.46, 0.640)

0.94 (0.621.43, 0.764)

value)
1.31 (0.682.51, 0.415)
1.40 (0.722.73, 0.318)

0.81 (0.531.23, 0.304)
0.80 (0.511.25, 0.320)

0.94 (0.224.10, 0.936)

1.49 (0.763.16, 0.303)
1.99 (0.834.77, 0.123)

0.77 (0.451.31, 0.341)
0.71 (0.461.25, 0.237)
0.83 (0.531.29, 0.403)

0.94 (0.591.50, 0.810)
0.93 (0.561.54, 0.787)

1.03 (0.641.65,0.896)

0.94 (0.631.42, 0.779)

INo children were seropositive fdioxoplasma&SAG2 orCryptosporidiumCpP2 antibody at baseline or follewp; therefore, these analyses are not

included.

2Due to lack of model convergence, RR calculated through Poisson rather than log binomial model.
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Supplemental Table 7.5: Baseline and Round 2 follomup antigen-specific seroprevalence using
available acceptable DBS samples (n=120) and tetrachoric correlation coefficienf9 énd likelihood
ratio(LR) G?test to assess the correlation of baseline and Round 2 follayp seroprevalence estimates.

Antigen Baseline Followup SK [ W (pvalue)
seroprevalene seroprevalence

VSP3 7 (5:83%) 56 (36.84%) 0.9869+/0 12.00 (0.001)
VSP5 7 (5:83%) 54 (35.53%) 0.9880+/0 12.36 (<0.001)
Cp17 23 (19.17%) 96 (63.16%) 0.4561+/0.1774 | 5.25 (0.022)
cp27 16 (13.33%) 83 (54.61%) 0.3600+/0.1880 | 3.19 (0.074)
LecA 2 (1.67%) 13 (8.55%) 0.5254+/0.3146 | 2.06 (0.151)

B LPS cHaps | 2 (1.67%) 32 (21.05%) 0.2971+/0.3494 | 0.66 (0.415)

D LPS CHAPs | 10 (8:33%) 26 (17.11%) 0.0734+/0.2519 | 0.09 (0.771)
Norwalk 50 (41.67%) 99 (65.13%) 0.5154+/0.1348 | 10.63 (0.001)
Sydney 46 (38.33%) 103 (67.76%) 0.7618+/0.0988 | 24.28 (<0.001)
St. Cloud 43 (35.83%) 113 (59.79%) 0.2445+/0.1243 | 3.63 (0.057)
Cpis 43 (35.83%) 103 (67.76%) 0.4860+/0.1449 | 8.51 (0.004)
Cp3o 36 (30.00%) 108 (71.05%) 0.4815+/0.1575 | 7.14 (0.008)
9c9/ [ 31 (25.83%) 125 (82.24%) 0.6147+/0.1590 | 9.65 (0.002)

| K2t SNI

20 (16.67%)

101 (66.45%)

0.9856+/0

17.85 (0.001)




Supplemental Table7.6: Polychoric correlation coefficients and associatetl i ke | i h &
tests to assess correlation between serological responses against all pathogens on the pan

Variable  With Variable” SE [ w2 . p-value |Variable With Variable SE [ w2 p-value
Norwalk  Sydney 0.46435 0.06841 35.9865<.0001 |VSP3 Camp. Cp18 0.30857 0.08846 10.9869 0.0009
Norwalk ~ St.Cloud  0.55789 0.06308 53.2631 <.0001 |VSP3 Camp. Cp39 0.36384 0.08659 15.2749 <.0001
Norwalk  VSP3 0.11037 0.09336 1.3796 0.2402 |VSP3 E. histo. LecAP 0.36733 0.13225 6.7561 0.0093
Norwalk  VSP5 0.07282 0.09140 0.6313 0.4269 |VSP5 Cpl17 0.35218 0.08358 15.5698 <.0001
Norwalk  Cp17 0.18940 0.07956 5.4617 0.0194 |VSP5 Cp23 0.36288 0.08395 16.2969 <.0001
Norwalk  Cp23 0.21231 0.08095 6.5609 0.0104 |VSP5 SALM. B LPS 0.217280.10920 3.8003 0.0512
Norwalk ~ SALM. B.PS 0.15608 0.10281 2.2471 0.1339 [VSP5 Salm. D LPSP -0.042950.12142 0.1249 0.7238
Norwalk  Salm. D LPSI0.10119 0.10610 0.8999 0.3428 [VSP5 ETEC 0.45067 0.08050 24.8512 <.0001
Norwalk ETEC 0.27814 0.07667 12.1359 0.0005 |VSP5 V. cholerae 0.32557 0.08476 13.2060 0.0003
Norwalk V. cholerae 0.19690 0.07935 5.9157 0.0150 [VSP5 Camp. Cp18 0.307000.08620 11.4639 0.0007
Norwalk ~ Camp. Cp18 0.19379 0.07881 5.8182 0.0159 [VSP5 Camp. Cp39 0.379340.08356 17.5825 <.0001
Norwalk ~ Camp. Cp39 0.23208 0.07793 8.3891 0.0038 [VSP5 E. histo. LecAP 0.45467 0.12183 11.2157 0.0008
Norwalk  E. histo. LecA0.23175 0.13705 2.7187 0.0992 (Cpl7 Cp23 0.74296 0.04736 105.9978 <.0001
Sydney  St.Cloud  0.52907 0.06535 46.7495<.0001 |Cpl7 SALM. B LPS 0.299500.09746 8.6159 0.0033
Sydney  VSP3 0.20137 0.09224 4.5642 0.0326 |Cpl7 Salm. D LPSP 0.173400.10428 2.6864 0.1012
Sydney  VSP5 0.24885 0.08873 7.3615 0.0067 |Cpl7 ETEC 0.52155 0.06567 45.5163 <.0001
Sydney  Cpl7 0.28599 0.07716 12.5947 0.0004 |Cpl7 V. cholerae 0.47127 0.06854 36.6426 <.0001
Sydney  Cp23 0.29137 0.07897 12.4274 0.0004 |Cpl7 Camp. Cp18 0.418030.07131 28.2530 <.0001
Sydney  SALM. B LP<£0.12445 0.10369 1.4173 0.2338 |Cpl7 Camp. Cp39 0.495520.06711 40.8357 <.0001
Sydney  Salm. D LPSI0.06997 0.10669 0.4278 0.5131 |Cpl7 E. histo. LecAP 0.23177 0.13380 2.8497 0.0914
Sydney ETEC 0.33704 0.07468 18.0374 <.0001 |Cp23 SALM. B LPS 0.167880.10338 2.5705 0.1089
Sydney  V.cholerae 0.22599 0.07887 7.7828 0.0053 |Cp23 Salm. D LPSP 0.049030.10883 0.2026 0.6526
Sydney = Camp.Cpl8 0.09201 0.08067 1.2899 0.2561 |Cp23 ETEC 0.51141 0.06835 40.9663 <.0001
Sydney  Camp. Cp39 0.17914 0.07936 4.9311 0.0264 |Cp23 V. cholerae 0.318150.07756 15.1289 0.0001
Sydney  E. histo. LecA0.13487 0.13912 0.9241 0.3364 |Cp23 Camp. Cpl18 0.381810.07494 22.1000 <.0001
St. Cloud VSP3 0.34524 0.08604 14.2033 0.0002 |Cp23 Camp. Cp39 0.40616 0.07396 25.0749 <.0001
St. Cloud VSP5 0.20550 0.08906 5.1070 0.0238 |Cp23 E. histo. LecAP 0.12978 0.13869 0.8622 0.3531
St. Cloud Cpl7 0.33560 0.07535 17.5944 <0001 |SALM. B LPS Salm.D LPSP 0.58091 0.09022 28.0675 <.0001
St. Cloud Cp23 0.42043 0.07293 27.3326 <.0001 |SALM. B LPS ETEC 0.44774 0.09383 18.2748 <.0001
St. Cloud SALM. B LP<£0.24490 0.09960 5.6962 0.0170 [SALM. B LPS V. cholerae 0.450350.08959 20.1834 <.0001
St. Cloud Salm. D LPSI0.41417 0.09407 16.1048 <.0001 [SALM. B LPS Camp. Cp18 0.142780.10279 1.8891 0.1693
St. Cloud ETEC 0.38387 0.07335 23.2776 <.0001 |SALM. B LPS Camp. Cp39 0.39503 0.09558 14.4286 0.0001
St. Cloud V. cholerae 0.32854 0.07560 16.8389 <.0001 [SALM. B LPS E. histo. LecAP 0.19263 0.15954 1.4064 0.2357
St. Cloud Camp. Cp18 0.29147 0.07672 13.1906 0.0003 [Salm. D LPSPETEC 0.184750.10530 2.9709 0.0848
St. Cloud Camp. Cp39 0.30796 0.07625 14.7398 0.0001 |[Salm. D LPSPV.cholerae 0.236930.10232 5.0712 0.0243
St. Cloud E. histo. LecA0.30438 0.13068 4.9533 0.0260 [Salm.D LPSPCamp.Cpl18 0.051020.10627 0.2298 0.6316
VSP3 VSP5 0.97968 0.00968 241.102(<.0001 |Salm. D LPSPCamp.Cp39 0.101190.10610 0.8999 0.3428
VSP3 Cp17 0.38298 0.08419 17.6760 <.0001 |Salm. D LPSPE. histo. LecAP 0.22002 0.15985 1.8080 0.1787
VSP3 Cp23 0.37827 0.08513 16.9967 <.0001 |ETEC V. cholerae 0.85023 0.03365 160.3988 <.0001
VSP3 SALM. B LP£0.18891 0.11292 2.7162 0.0993 |[ETEC Camp. Cp18 0.36906 0.07314 21.9547 <.0001
VSP3 Salm. D LPSI0.05188 0.12153 0.1819 0.6697 |ETEC Camp. Cp39 0.57903 0.06080 59.5838 <.0001
VSP3 ETEC 0.47081 0.08184 25.6590 <.0001 |ETEC E. histo. LecAP 0.46432 0.13298 10.0340 0.0015
VSP3 V. cholerae 0.30821 0.08764 11.2091 0.0008 |V.cholerae Camp.Cpl8 0.29717 0.07639 13.7776 0.0002
Camp. Cp1Camp. Cp39 0.78105 0.04151 130.375:<.0001 |[V.cholerae Camp.Cp39 0.44054 0.07022 31.5721 <.0001
Camp. Cp1E. histo. LecA0.10616 0.13824 0.5835 0.4450 |V.cholerae E.histo. LecAP 0.29512 0.13125 4.6433 0.0312
Camp. Cp3E. histo. Lec”0.30726 0.13547 4.7083 0.0300

197
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Supplemental Table7.7: Adjusted models used to calculate 1) the association between intervention
status and Round 2 seroprevalence (SP) againsiny particular antigen. All adjusted models
measuring the association between seroprevalence (across both rounds) and diarrheal disease were
adjusted by age and socioeconomic status and are not depicted in this table.

Adjusted logbinomial modelsexamining effect of intervention status on Round 2 seroprevalence

Outcome Variables Included in Adjusted model

Cpl7 RSP Intervention arm, shared sanitation, age and breastfeeding status at baseline

Cp23 RSP Intervention arm, shared sanitation, watsource, breastfeeding status at baseline

VR2SP3 REP Intervention arm, gender

VR2SP5 REBP Intervention arm, gender

Norwalk R2SP Intervention arm, shared sanitation

Sydney RBP Intervention arm, toilet area cleanliness

St. Cloud R3P Intervention arm, shared sanitation

LecA RSP Intervention arm, age

LPSB R2SP Intervention arm, shared sanitation

LPSD R2SP Intervention arm, socioeconomic status and age

Cpl8 RSP Intervention arm, gender, water source, shared sanitation

Cp39R2SP Intervention arm, age, toilet area cleanliness, water source and socioeconomic status

EtxB RSP Intervention arm, breastfeeding status at baseline, water source, toilet area cleanliness, socioecq
status and age

CtxB RSP Intervention arm, beastfeeding status at baseline, age and gender
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Chapter 87 Conclusion

The first two aims of this dissertation, covered in Chapters 5 and 6, utilized the cross
sectional data collected during the baseline phase of this etas@omizedcontrolled

trial in Western Province, RwandBhe first study sought to characterize the associations
between various household water and sanitation factors, water quality and reported one
week prevalence of diarrhea among children under 5 y#dr3 he gcond study aimed

to describe the associations between various stove characteristics and cooking behaviors,
household air pollution and upper and lower acute respiratory infections among children
under 5 year®sld. The third aim sought to examine the u$eserological assays for
enteropathogen exposuae an objective disease marker to supplement diarrheal disease
outcome data. Antibody responses against various pathogens were assessed relative to 1)
intervention arm classification at baseline and the rs@¢cound of followup and 2)

reported childhood diarrhea in the previous seven days.

For the first two aims, a multagelogistic regressiomodeling approach was used to
characterize the associations between various water, sanitation and hygierseaiadto
cooking factors with diarrheal disease and respiratory infection, respectively.
Administrative sectors were randomized at a 3:1 ratio into intervention and control
groups, and villages were selected at a 1:1 ratio using population proportion@bselec
Within villages, up to 10 households were selected, and all children under ®igears
each household were enrolled in the stullyis multi-stageapproach accounted for
clustering at the village and the household level usingaylor series ling&ation

approach with a betweanuster varianceestimator[141]. Given that this modeling
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procedure typically yields odds ratios, whiafe inappropriate for common outcomes,
modeladjusted predicted marginal emeek prevalence estimates of diarrhea or ALRI,

as appropriate, were estimated in order to calculate prevalence7atit] Generally,
logistic regression with predicted margins is preferred for complex survey data analysis.
Logistic regression avoids model convergence issues common withinogial and
modified Poisson modeland prevents variance overestimation issues presented by
Robust Poisson method$31]. For the third aimanalyses were performed on both
observations for which complete data were availableoésdrvations witikompleteand
imputed dataMultiple imputation was performed account fobaseline and follovup
sample loss in order to provide valid statistioéérences of modeled parameter estimates
[126]. Missing values were imputed using fully conditional specification metfcy

using variables that were loosely associated with the variable for which values were being
imputed (p<0.4). This procedure yielded 25 imputed datasets, which were condensed
usingPROC MIANALYZE to yield valid parameter estimates. All subsequardlyst

model covariates were assessed for confounding using the imputation model as the full
model, and the results of imputed analyses were comparednatyses using observed
data onlyto assess bias. Relative risks of seroconversion with regardetantion
status, and the relative risk of seropositivity with regard to reported diarrheal disease,
were estimated through log binomial modeliSgurvey methods, such as those applied
for the first two aims, wre not applied for this study, given the diragerage cluster size

for this substudy (1.49 children per village) and the complexities of accounting for

stratification, clustering and weighting during the imputation procedure [13t.
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The first analysis found that sanitation status significantkycaéid diarrhea prevalence.
Toilet-area cleanliness, indicated by the presence of feces around the toilet, and shared
toilet facilities were significant risk factors for diarrhea after controlling for water source
type, household proximity to waterigoestoilet type, age, gender, household crowding

and socioeconomic statukhis study lends further evidence to the body of literature that
suggests that shared sanitation increases the risk of diarrheal {if8a8f Composting

toilets nearly doubled the risk of diarrhea, which may be due to inadequate waste
management practic§®2]. The majority of this diarrheal burden was actually attributed

to households with neshared vs. shared composting tmleGven the substantial
investment that installation of composting toilets requires, stakeholders should be made
aware of the continuing importancesaiitation awareness, outreach and trainivigile

only nine households practiced open defecation,pfastice appeared to substantially
increasediarrhearisk, even while it was associated with low fecal contamination of
water. Specific water sourcdypesalso appear to significantly affect diarrheal disease
and arealso associated with poor drinking watjuality Surface water sources appear to
elevate riskwhi | e “ i mproved?” water sources, such
boreholes significantly increased the risk of disease. Fallpwanalyses should
incorporate census data or an urbanization im@dare ascribing excess risk to the water
sources themselveas these water sources may merely be a proxy for household density.
Notably, piped water sources and both protected and unprotected dug wells appeared to

be highly protective.

While the secondtudy found that only socioeconomic status was associated with ALRI,

several factors appeared to be associated with personaléXpbsure. Among children,
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ronderezastoves appeared to be significantly protective, which may be due to their
configuration. Ronderezastoves are generally stationary, higher off the ground and
attached to a wall, and children may not gather around these stoves as they do with three
stone fires. Cooking within the sitting room led to significantly more exposure compared
to cooking in a separate kitchen for both primary cooks and children, which supports the

i mpl ementer’s messaging that cooking shoul
Wood and charcoal use was significantly protective among children compared to wood
useonly. Kerosene lamp usage is associated with lower exposure among primary cooks

but higher exposure among children, indicating a need to explore what behavioral factors

are linked to both kerosene lamp usage and f&MposureAn interquartile increase in

PMz 5 exposure in this populatiomearly triples the risk of ALRIwhich aligns with a

recent RCT that elucidated the expostggponse relationship between personal carbon
monoxide exposures linked to biomass burning and ABR]L Diarrhea is significantly

correlated with both ALRI and cough or cold, and ALRI prevalence is inversely
correlated with MUAC. This aligns with previous research that has that ALRI incidence

increases among children with recent diarrheal disgdddg4 and that both diarrhea and

MUAC are associated with ALRLO9].

Results from the third study indicated that the water filter intervention significantly
decreased seroconversion aga@istptosporidiumand by extension, protected children
from Cryptosporidiumnfection. Conemporaneously, however, thata suggested that
the water filter may increaseGiardia seroconversion. Further stratification of this
association by the presemmeabsencef a serological response agai@syptosporidium

indicated that the risk dbiardia seroconversiomight beexacerbated in the absence of
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a serological response agair@Gtyptosporidium The potential biological interaction
between these two enteric protozoa should be explored in more depth, as
Cryptosporidiumpathogenesis may affect hdsictors that mediate susceptibility to
giardiasis such as structural and cellular characteristics of the intestinal epitj&Hidin

which may affecGiardia trophozoite attachmenimmunomodulation may also play a

role in susceptibility to giardiasis through actiea of innate and humoral immune
response$145,146] While this explanation is purely hypothetical at this point, other
interactions between protozoa have been descfil8#] and researchers are beginning

to examine the roles of the intestinal microbiome, innate immunity andphossite
interactions inGiardia susceptibility[147,148] Giardia and Cryptosporidiumpoint
seroprevalence are both positively associated with sgagnperiod prevalence of
diarrhea, indicating that serological responses against these protozoa can be a useful
objectve measure to supplement sedported diarrhea outcomes. The relationships
between serological responses against the other enteropathogens in this study and
intervention status and diarrhea can be bolstered by defining firraffcpbints for
seropositiity. Given that diarrhea attributed to protozoa is experienced more chronically
relative to diarrhea attributed to viral and bacterial causes, the association between
serological responses to other enteropathogens in this study should be further explored
with longitudinal analyses incorporating shorter follaw intervals. Future longitudinal
analyses can also characterize the timingsadrdia seroconversion with regard to
Cryptosporidiumexposure, which is vital in considering potential biological intesas

between these two protozoa.
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Strengths of this overall study include tleze of the study population and
representativeness of the source population. The deerrandomization approach
appeared effective at balancing intervention and contnwisaalong all measured
potential confounders, which will ease interpretation of the results of the ov&all C
Random selection of villages and households yieldeicldemographic characteristics

in our study population thatignedclosely with data codicted from larger representative
surveys, such as the 2010 Rwandan Demographic and Health §12}end the 2012
Population and Housing Censy(s1,61] Paired with the fact that the statistical
approaches used in the cregxtional studies of the first two aims accounted for
differential probabilities of selection and villagevel clustering, the results from these
studies can be extrapolated and generalized to the whole population of Western Province.
Household characteristics, such as toilet type, stove type, stove number aimd) cook
location, were directly observed by our enumerators. Water sources were ascertained
during the survey using pictures presented to the respondents. Objective exposure and
disease metrics, such as personal PM2.5 exposure monitoring, COHba@PRlood
pressure measurement, and serological markemesiousenteropathogen infection
bolstered the otherwise subjective methods used in household surveys, which are subject
to recall and courtesy biase$he multiple imputation procedures used for the

serocmversion study indicated that little bias was contributed by the missing data points

These studies were limited by a couple of important factors. Household selection was
based off of the Rwdbndetsdist. Gvenvthatrthe steyliegas 2 0 1 2
in 2014, these lists did not include people who had recently moved into the village since

the list was released, who may differ in important but unmeasured ways from those who
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had resided in the village for a longer peraddime. These lists also included households
that had since moved out of our study villages, which reduced the total number of truly
eligible households available for selection into our study. Together, these issues resulted
in varying cluster sizes, asewwere not able to enroll our target of 10 households per
village. Temporally linking disease outcomes with exposures was problematic
throughout the survey. Water quality, measured by TTC counts, was not associated with
diarrhea, which may be due to thetfthat water quality was ascertained after reported
diarrhea cases began. While ALRI was associated withsRMposure, ALRI was
ascertained on the first survey day while 2Mxposure was measured over the ensuing

48 hours; therefore, an assumptiorcohtinuous exposure was made for the purpose of
analyzing these results. Longitudinal sampling for serological data may help directly
ascertain when seroconversions against specific pathogens are occurring and to develop
hypotheses related to interactidiretween pathogens. Serological studies to develop firm
MFI cut-off points for antibody reactions against all pathogens in this study will be
necessary to further explore the impact of this water filter intervention more broadly on

enteric pathogen serocargion.

Overall, this dissertation outlines household risk factors for both diarrheal disease and
pneumonia in young children. Some of the results were surprising and may warrant
secondary analyseto confirm. For example, standpipes and boreholes, where
installed to enable community access to improved water sources, appear to significantly
increase diarrheal disease relative to protected springs. Urbanization and household
density should be incorporated to further characterize this relationdbipshared

householdevel mmposting toilets, intended to improve both houseltmld| sanitation,
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are also associated with increased diarrheal disease, which may indicate issues with
householdevel waste management and hygiene. Given the highly proteetiget of

piped water and dug wells, these interventishsuld be favored to improve water
sourcesDangerous levels of PM exposure were observed broadly across all exposure
categories. While this crosectional study was conducted before the intdrorrwas
distributed, this study prevents evidence in favor of reducing concurrent stove use and of
moving household cooking activities away from primary living areBmally,
seroconversion againsbiardia and Cryptosporidiumantigensmay be differentialy
affected by the water filter intervention, and both serological responses appear to be
associated with reported diarrheal disease. Further refinementaff paints for other
antigens will allow associations to be explorétiis dissertation supportbe use of
serological markers to objectively ascertboth exposure and disease. The findings of
this dissertation should assist organizations working on water, sanitation and household
air pollution research and identified associations and potentghttions to be further

explored by researchers.



207

References

1. Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al.
Disability-adjusted life years (DALYS) for 291 diseases and injuried.iregions,
19902010:A systematic analysis for the Global Burden of Disease Study 2010. Lancet
[Internet]. 2012;380:219223. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23245608

2. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adamhani H, etl. A
comparative risk assessment of burden of disease and injury attributable to 67 risk
factors and risk factor clusters in 21 regions, 32000: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet [Internet]. 2012;380:802Available
from: http://www.ncbi.nlm.nih.gov/pubmed/23245609

3. WHO. Air Quality Guidelines: Global Update, 2005. Geneva, Switzerland; 2005.

4. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, et al. Global and
regional mortality from 235 cause$death for 20 age groups in 1990 and 2010: A
systematic analysis for the Global Burden of Disease Study 2010. Lancet [Internet].
2012;380:2095128. Available from:
http://www.embase.com/search/results?subaction=viewrecord&from=export&id=L366
291525

5. Bastow CK, Ngabo F, Rosa G, Majorin F, Boisson S, Clasen T, et al. Designing and
Piloting a Program to Provide Water Filters and Improved Cookstoves in Rwanda.
2014;9:312.

6. Rosa G, Majorin F, Boisson S, Barstow C, Johnson M, Kirby M, et al. Assessing the
impact of water filters and improved cook stoves on drinking water quality and
household air pollution: a randomised controlled trial in Rwanda. PLoS One [Internet].
2014;9:€91011. Available from:

http://www.pubmedcentral.nih.gov/articlerender.fcgi?ard@48730&tool=pmcentrez



208

&rendertype=abstract

7. Martin WJ, Glass RI, Araj H, Balbus J, Collins FS, Curtis S, et al. Household air
pollution in low- and middleincome countries: health risks and research priorities.
PLoS Med. [Internet]. 2013;10:1001455. Aable from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3672215&tool=pmcentrez

&rendertype=abstract

8. Rylance J, Gordon SB, Naeher LP, Patel A, Balmes JR, Adetona O, et al. Household
air pollution: a call for studies into biomarkers of exjr@sand predictors of respiratory
disease. Am. J. Physiol. Lung Cell. Mol. Physiol. [Internet]. 2013;30445.71

Available from: http://www.ncbi.nlm.nih.gov/pubmed/23457186

9. MAL-ED Network Investigators. The MAED Study: A Multinational and
Multidisciplinary Approach to Understand the Relationship Between Enteric
Pathogens, Malnutrition, Gut Physiology, Physical Growth, Cognitive Development,
and Immune Responses in Infants and Children Up to 2 Years of. Clin. Infect. Dis.
[Internet]. 2014;59 Suppl 4:S39206. Available from:
http://www.ncbi.nim.nih.gov/pubmed/25305287

10. Black RE, Allen LH, Bhutta Z a, Caulfield LE, de Onis M, Ezzati M, et al. Maternal
and child undernutrition: global and regional exposures and health consequences.
Lancet [Internet]. 208];371:24360. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18207566

11. Guerrant RL, DeBoer MD, Moore SR, Scharf RJ, Lima A a M. The impoverished
gut--a triple burden of diarrhoea, stunting and chronic disease. Nat. Rev. Gastroenterol.
Hepatol. [Irternet]. Nature Publishing Group; 2013;10:220Available from:
http://www.ncbi.nlm.nih.gov/pubmed/23229327

12. National Institute of Statistics Rwanda. 2010 Demographic and Health Survey,
Rwanda. 2010.



209

13. “Rwanda Bur eau of— Sechicatobra IC8 53.060.20Pot abl e
Rwanda; 2011.

14. Bartram J, Pedley S. MICROBIOLOGICAL ANALYSES. In: Bertram J, Ballance
R, editors. Water Qual. Monit. A Pract. Guid. to Des. Implement. Freshw. Qual. Stud.
Monit. Program. United Nations Environment Progranand the World Health

Organization; 1996.

15. WHO. Guidelines for DrinkingVater Quality. Fourth Edi. Geneva, Switzerland:
Gutenberg; 2011.

16. WHO. Integrated Management of Childhood lliness. Geneva, Switzerland; 2005.

17. Berkley J, Mwangi |, Griffiths K, Mithwani S, English M, Newton C. Assessment
of Severe Malnutrition Among Hospitalized Children in Rural Kenya. 2014;2947591

18. Rasmussen J, Andersen a, Fisker a B, Ravn H, Sodemann M, Rodrigues a, et al.
Mid-upperarm-circumference and midpperarm circumference-gcore: the best

predictor of mortality? Eur. J. Clin. Nutr. [Internet]. Nature Publishing Group;
2012;66:9981003. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22805497

19. Crump J a, Mendoza CEriest JW, Glass RI, Monroe SS, Dauphin L a, et al.
Comparing serologic response against enteric pathogens with reported diarrhea to
assess the impact of improved household drinking water quality. Am. J. Trop. Med.
Hyg. [Internet]. 2007;77:13@}1. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/17620645

20. Lammie PJ, Moss DM, Brook Goodhew E, Hamlin K, Krolewiecki A, West SK, et
al. Development of a new platform for neglected tropical disease surveillance. Int. J.
Parasitol. [Internet]. Australian Sety for Parasitology Inc.; 2012;42:7S800.

Available from: http://www.ncbi.nlm.nih.gov/pubmed/22846784



210

21. Brussow H, Sidoti J, Link H, Hoang Y, Barclay D, Dirren H, et al.-8gecific
prevalence of antibody to enterotoxigenic Escherichia coli in Ecisadand German
children. J. Infect. Dis. 1990;162:97A

22. Ungar B, Gilman R, Lanata C, Petf®zhael. Seroepidemiology of Cryptosporidium

infection in two Latin American populations. J. Infect. Dis. 1988;157%651

23. Vitral C, Yoshida C, Lemos E, ikera C, Gaspar A. Agspecific prevalence of
antibodies to hepatitis A in children and adolescents from Rio de Janeiro, Brazil, 1978
and 1995: relationship of prevalence to environmental factors. Mem. Inst. Oswaldo
Cruz [Internet]. 1998;93:5. Availablefrom: http://dx.doi.org/10.1590/S0074
02761998000100001

24. Khanna B, Cutler A, Israel N, Perry M, Lastovica A, Fields P, et al. Use caution
with serologic testing for Helicobacter pylori infection in children. J. Infect. Dis.
1998;178:4665.

25. Lindkvig P, Asrat D, Nilsson I. Age at acquisition of Helicobacter pylori infection:

comparison of a high and a low prevalence country. Scand J Infect Dis. 1996:28:181

26. Steinberg EB, Mendoza CE, Glass R, Arana B, Lopez MB, Mejia M, et al.
PREVALENCEOFINECTI ON WI TH WATERBORNE PATHOGENS
SEROEPIDEMIOLOGIC STUDY IN CHILDREN 6-36 MONTHS OLD IN SAN

JUAN SACATEPEQUEZ , GUATEMALA. 2004;70:83.

27. Moss DM, Priest JW, Hamlin K, Derado G, Herbein J, Petri W a, et al.
Longitudinal evaluation of enteric pa#oa in haitian children by stool exam and
multiplex serologic assay. Am. J.oy. Med. Hyg. [Internet]. 20180:653-60.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/24591430

28. Priest JW, Moss DM, Visvesvara GS, Jones CC, Li A, {Beaaton JL. Mitiplex
assay detection of immunoglobulin G antibodies that recognize Giardia intestinalis and



211

Cryptosporidium parvum antigens. Clin. Vaccine Immunol. [Internet]. 2010;17:1695
707. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?art@z2096&tool=pmcentrez

&rendertype=abstract

29. Moss DM, Priest JW, Hamlin K, Derado G, Herbein J, Petri W a, et al.
Longitudinal evaluation of enteric protozoa in Haitian children by stool exam and
multiplex serologic assay. Am. J. Trop. Med. Hyg. [Intefr2@14;90:65360.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/24591430

30. TorresDosal A, PéreMaldonado IN, JassBPineda Y, Martinez Salinas RI,
AlegriaTorres J a, DiaBarriga F. Indoor air pollution in a Mexican indigenous
community: evaluatin of risk reduction program using biomarkers of exposure and
effect. Sci. Total Environ. [Internet]. 2008;390:382 Available from:
http://www.ncbi.nlm.nih.gov/pubmed/18036639

31. Dherani M, Pope D, Mascararenhas M, Smith KR, Weber M, Bruce N. Indoor air
pollution from unprocessed solid fuel use and pneumonia risk in children aged under
five years: a systematic review and matalysis. Bull. World Health Organ. [Internet].
2008;86:3908. Available from: http://www.who.int/bulletin/volumes/86/5/07
044529pdf

32. Smith KR, Bruce N, Balakrishnan K, Ad&ohani H, Balmes J, Chafe Z, et al.
Millions dead: how do we know and what does it mean? Methods used in the
comparative risk assessment of household air pollution. Annu. Rev. Public Health
[Internet]. 201435:185-206. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24641558

33. European Union Energy Initiative. Biomass Energy Strategy (BEST), Rwanda.
Brussels, Belgium; 2009. Report No.: Project Number 01.24807&4.

34. Puumalainen T, Quiambao B, AlejLadesma E, Lupisan S, Heiskar€asma



212

T, Ruutu P, et al. Clinical case review: a method to improve identification of true
clinical and radiographic pneumonia in children meeting the World Health
Organization definition for pneumonia. BMC Infect. Dimtgrnet]. 2008;8:95.

Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2492864&tool=pmcentrez

&rendertype=abstract

35. Guarnieri MJ, Diaz J V, Basu C, Diaz A, Pope D, Smith KR, et al. Effects of
woodsmoke exposure on airway inflantioa in rural guatemalan women. PLoS One
[Internet]. 2014;9:e88455. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3953023&tool=pmcentrez

&rendertype=abstract

36. WHO. Workshop Resources: Indoor Air Pollution and Household Energy
Monitoring. Geneva Switzerland; 2005.

37. Pennise D, Smith K, Naumoff K. Indoor Air Pollution Measurement Options.

Berkeley, California;

38. WHO. Pollution levels and personal exposure. Eval. Househ. energy Heal. Interv. A
Cat. methods. Geneva, Switzerth 2009. p. 1.822.

39. Risom L, Moller P, Loft S. Oxidative stres&luced DNA damage by particulate air
pollution. Mutat. Res. 2005;592:1137.

40. Valavanidis a, Fiotakis K, Bakeas E, Vlahogianni T. Electron paramagnetic
resonance study of the gensva of reactive oxygen species catalysed by transition
metals and quinoid redox cycling by inhalable ambient particulate matter. Redox Rep.
[Internet]. 2005;10:3%1. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15829110

41. Riddick DS, Lee C, Ram§, Chinje EC, Cowen RL, Williams KJ, et al. CANCER



213

CHEMOTHERAPY AND DRUG METABOLISM. 2005;33:10836.

42. Banerjee A, Mondal NK, Das D, Ray MR. Neutrophilic inflammatory response and
oxidative stress in premenopausal women chronically exposed to iaid@ailution

from biomass burning. Inflammation [Internet]. 2012;35:6883. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21769440

43. Dutta A, Ray MR, Banerjee A. Systemic inflammatory changes and increased
oxidative stress in rural Indian women &ow with biomass fuels. Toxicol. Appl.
Pharmacol. [Internet]. Elsevier Inc.; 2012;261:2653. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/22521606

44. Park WY, Goodman RB, Steinberg KP, Ruzinski JT, li FR, Park DR, et al.

Cytokine Balance in the Ings of Patients with Acute Respiratory Distress Syndrome.

45. Schitte H, Lohmeyer J, Rosseau S, Ziegler S, Siebert C, Kielisch H, et al.
Bronchoalveolar and systemic cytokine profiles in patients with ARDS, severe
pneumonia and cardiogenic pulmonary oedeBEur. Respir. J. [Internet]. 1996 [cited
2014 Nov 2];9:185867. Available from: http://erj.ersjournals.com/content/9/9/1858

46. Sack U, Scheibe R, Wotzel M, Hammerschmidt S, Kuhn H, Emmrich F, et al.
Multiplex analysis of cytokines in exhaled breatindensate. Cytometry. A [Internet].
2006 [cited 2014 Jan 23];69:1:6®2. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/16496377

47. Kellum JA, Kong L, Fink MP, Weissfeld LA, Yealy DM, Pinksky MR, et al.
Understanding the Inflammatory Cytokine Respangeéneumonia and Sepsis. Arch
Intern Med. 2007;167:16563.

48. Sprague AH, Khalil R a. Inflammatory cytokines in vascular dysfunction and
vascular disease. Biochem. Pharmacol. [Internet]. 2009;7&23%vailable from:
http://www.pubmedcentral.nih.gauticlerender.fcgi?artid=2730638&tool=pmcentrez



214

&rendertype=abstract

49. Harrison DG, Guzik TJ, Lob HE, Madhur MS, Marvar PJ, Thabet R, et al.
Inflammation , Immunity , and Hypertension. 2011;38Q.

50. Li J, LiJ, He J, Nan J, Guo Y, Xiong C. Atorvastddecreases-Reactive Protein
Induced Inflammatory Response in Pulmonary Artery Smooth Muscle Cells by
Inhibiting Nuclear Factek B Pat hwa-4. 2010; 28: 8

51. NISR. 2012 Population and Housing Census, National Institute of Statistical
Research, Rwanda.

52. Barstow CK, Ngabo F, Rosa G, Majorin F, Boisson S, Clasen T, et al. Designing
and piloting a largescale project to provide water filters and improved cookstoves in
Rwanda. Data not Publ. 2013;

53. Rogers E. Diffusion of Innovations. 5th Editio. N¥ark, New York: Free Press;
2003.

54. Becker M. The Health Belief Model and Personal Health Behavior. Health Educ.
Monogr. 1974,;2:324473.

55. Thomas E, Barstow CK, Rosa G, Majorin F, Clasen T. Use of Remotely Reporting
Electronic Sensors for Assessidge of Water Filters and Cookstoves in Rwanda.
Environ. Sci. Technol. 2013;47:136€0.

56. Filmer D, Pritchett LH. Estimating wealth effects without expenditure data
tears: An application to educational enroliment in states of India. Demography.
2001,38:115-32.

57. Kol eni kov S. The Use of Di screte Dat a

Applications to Socioeconomic Indices. 2004,



215

58. Vyas S, Kumaranayake L. Constructing segonomic status indices: how to use
principal components analysis. HéaRolicy Plan. [Internet]. 2006 [cited 2015 Jun
16];21:45968. Available from: http://www.ncbi.nlm.nih.gov/pubmed/17030551

59. U.S. Environmental Protection Agency. Water by Membrane Filtration Using
Modified membranelhermotolerant Escherichia coli AgaMpdified mTEC ). 2009.

60. WHO JMP & UNICEF. Progress on Sanitation and Drinking Water: 2015 Update
and MDG Assessment. 2015.

61. National Institute of Statistics Rwanda. Fourth Population and Housing Census,
Rwanda, 2012: Characteristics of househalus housing. 2012.

62. Naghavi M, Wang H, Lozano R, Davis A, Liang X, Zhou M, et al. Global, regional,
and national ageex specific atlcause and causpecific mortality for 240 causes of
death, 199€2013: A systematic analysis for the Global BurdeDiskease Study 2013.
Lancet [Internet]. Elsevier Ltd; 2015;385: /4. Available from:
http://dx.doi.org/10.1016/S0148736(14)61682

63. PrusdJstin A, Bartram J, Clasen T, Colford JM, Cumming O, Curtis V, et al.
Burden of disease from inadequate watanjtation and hygiene in lovand middle
income settings: a retrospective analysis of data from 145 countries. Trop. Med. Int.
Health [Internet]. 2014;19:89205. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/24779548

64. Clasen T, Pruddstun A, Matlers CD, Cumming O, Cairncross S, Colford JM.
Estimating the impact of unsafe water, sanitation and hygiene on the global burden of
disease: evolving and alternative methods. Trop. Med. Int. Health [Internet].
2014;19:88493. Available from: http://www.nchnlm.nih.gov/pubmed/24909205

65. Onda K, LoBuglio J, Bartram J. Global access to safe water: accounting for water
quality and the resulting impact on MDG progress. Int. J. Environ. Res. Public Health



216

[Internet]. 2012 [cited 2015 Sep 20];9:88@. Availablefrom:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3367284&tool=pmcentrez

&rendertype=abstract

66. Bain R, Cronk R, Hossain R, Bonjour S, Onda K, Wright J, et al. Global assessment
of exposure to faecal contamination through drinking watezdas a systematic

review. Trop. MedInt. Health [Internet]. 201419:91727. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4255778&tool=pmcentrez

&rendertype=abstract

67. Wolf J, Prias#Jstiin A, Cumming O, Bartram J, BonjourGairncross S, et al.
Assessing the impact of drinking water and sanitation on diarrhoeal disease amtbw
middle-income settings: systematic review and rregression. Trop. Mednt. Health
[Internet]. 201419:92842. Available from:
http://www.ncbinlm.nih.gov/pubmed/24811732

68. Clasen T, Boisson S. Assessing the Health Impact of Water Quality Interventions in
Low-Income Settings: Concerns Associated with Blinded Trials and the Need for
Objective Outcomes. Environ. Health Perspect. [Internet]. 2&l&ijable from:
http://ehp.niehs.nih.gov/150532

69. WHO & UNICEF. Handbook: Integrated Management of Childhood Iliness. 2005.

70. Rwandan Ministry of Health. Integrated Community Case Management of
Childhood lliness, Ministry of Health, Rwanda: Traines Gui d e . 2014.

71. Graubard BI, Korn EL. Predictive Margins with Survey Data. 1999;55%52

72. Bieler GS, Brown GG, Williams RL, Brogan DJ. Estimating madklisted risks,
risk differences, and risk ratios from complex survey data. Am. J. Epiddntetnet].
2010;171:61823. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20133516



217

73. Hosmer DW, Lemeshow S, Sturdivant R. MeBeilding Strategies and Methods
for Logistic Regression. 2013;

74. Fawzy A, Arpadi S, Kankasa C, Sinkala M, Mwiya Mg@lDM, et al. Early

weaning increases diarrhea morbidity and mortality among uninfected children born to
HIV -infected mothers in Zambia. J. Infect. Dis. [Internet]. 2011;203:3222

Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?a8d69726&tool=pmcentrez

&rendertype=abstract

75. Fischer Walker CL, Perin J, Aryee MJ, BosBmto C, Black RE. Diarrhea
incidence in lowand middleincome countries in 1990 and 2010: a systematic review.
BMC Public Health [Internet]. BioMed Central Ltd12;12:220. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3323412&tool=pmcentrez

&rendertype=abstract

76. Baber RM. MODELING SITE SUITABILITY FOR COMMUNITY WATER
ACCESS POINTS IN THE MAYANGE SECTOR OF RWANDA. Redlands, CA,;
2009.

77. Clasen T, Roberts |, Rabie T, Schmidt W, Cairncross S. Interventions to improve

water quality for preventing diarrhoea ( Review ). Cochrane Collab. 2009;

78. Fuller J a, Clasen T, Heijnen M, Eisenberg JNS. Shared sanitation and the
prevalence of dighea in young children: evidence from 51 countries, 22011. Am.

J. Trop. Med. Hyg. [Internet]. 2014;91:1/&8. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4080558&tool=pmcentrez

&rendertype=abstract

79. Heijnen M, Cumming (Peletz R, Chan GKS, Brown J, Baker K, et al. Shared
sanitation versus individual household latrines: A systematic review of health
outcomes. PLoS One. 2014;9.



218

80. Pickering AJ, Julian TR, Marks SJ, Mattioli MC, Boehm AB, Schwab KJ, et al.
Fecal contamiation and diarrheal pathogens on surfaces and in soils among Tanzanian
households with and without improved sanitation. Environ. Sci. Technol. [Internet].
2012;46:573643. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22545817

81. Fuhrmeister ER, Sclalb KJ, Julian TR. Estimates of Nitrogen, Phosphorus,
Biochemical Oxygen Demand, and Fecal Coliforms Entering the Environment Due to
Inadequate Sanitation Treatment Technologies in 108 Low and Middle Income
Countries. Environ. Sci. Technol. [Internet]. 204%11604-11. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/26320879

82. Mukasine B, Country PK, Context HC, Policy W, National T, lii E, et al. ECOSAN

in Rwanda: A baseline study to identify challenges and opportunities. 2014.

83. Gundry S, Wright,JConroy R. A systematic review of the health outcomes related
to household water quality in developing countries. 20a31

84. Levy K. Does Poor Water Quality Cause Diarrheal Disease? Am. J. Trop. Med.
Hyg. [Internet]. 2015;93:89®00. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/26438028

85. Luby SP, Halder AK, Huda TM, Unicomb L, Islam MS, Arnold BF, et al.
Microbiological Contamination of Drinking Water Associated with Subsequent Child
Diarrhea. Am. J. Trop. Med. Hyg. [Internet]. 2015;93:904 Available from:
http://www.ncbi.nlm.nih.gov/pubmed/26438031

86. Vos T, Barber RM, Bell B, et al. Global, regional, and national incidence,
prevalence, and years lived with disability for 301 acute and chronic diseases and
injuries in 188 countries, 1992013: a systematic analysis for the Global Burden of
Disease Study 2013. Lancet [Internet]. 2015;386:392003. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S0140673615606924



219

87. Rosenthal J. The real challenge for cookstoves and healthevidence.
Ecohealth [Internet]. Springer US; 2015;12&. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/25691140

88. You D, Hug L, Ejdemyr S, Idele P, Hogan D, Mathers C, et al. Global, regional,
and national levels and trends in un8anortalitybetween 1990 and 2015, with
scenariebased projections to 2030: A systematic analysis by the urAgemcy

Group for Child Mortality Estimation. Lancet [Internet]. World Health Organization.
Published by Elsevier Ltd/Inc/BV. All rights reserved.; 2015;2275-86. Available
from: http://dx.doi.org/10.1016/S014¥ 36(15)0012€68

89. Forouzanfar MH, Alexander L, Anderson HR, Bachman VF, Biryukov S, Brauer

M, et al. Global, regional, and national comparative risk assessment of 79 behavioural,
environmental and occupational, and metabolic risks or clusters of risks in 188
countries 19902013: A systematic analysis for the Global Burden of Disease Study
2013. Lancet. 2015;386:228323.

90. Gordon SB, Bruce NG, Grigg J, Hibberd PL, Kurmi OP, Hubert Lam K, et al.
Respiratory risks from household air pollution in low and middle incomuatcies.
Lancet Respir. Med. Comm. 2014;2:858.

91. WHO. WHO Guidelines for Indoor Air Quality: Household Fuel Combustion.
Geneva, Switzerland; 2014.

92. Freeman OE, Zerriffi H. How You Count Carbon Matters: Implications of Differing
Cookstove Carbo@redit Methodologies for Climate and Development Cobene fi ts.
Environ. Sci. Technol. 2014;48:141120.

93. Ezzati M, Kammen DM, Ezzati M, Kammen DM. The Health Impacts of Exposure

to and Data Needs The Health Impacts of Exposure to Indoor Air PollationSolid

Fuels in Developing Countries : Knowl edge

Perspect. 2002;110:10558.



220

94. Smith KR, McCracken JP, Weber MW, Hubbard A, Jenny A, Thompson LM, et al.
Effect of reduction in household air pollution ohildhood pneumonia in Guatemala
(RESPIRE): a randomised controlled trial. Lancet [Internet]. Elsevier Ltd; 2011,
378:171#26. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22078686

95. RTI International. Standard Operating Procedure for ParticulatieMPM)
Gravimetric Analysis. 2008.

96. Arku RE, Dionisio KL, Hughes AF, Vallarino J, Spengler JD, Castro MC, et al.
Personal particulate matter exposures and locations of students in four neighborhoods
in Accra, Ghana. J. Expo. Sci. Environ. Epidemjimiternet]. Nature Publishing

Group; 2014;25:554%66.

97. Baumgartner J, Zhang Y, Schauer JJ, Ezzati M, Patz J a, Bautista LE. Household air
pollution and children’”s blood p2essure.
Available from: http://www.ncbnlm.nih.gov/pubmed/22659548

98. Dionisio K, Howie S, Dominici F, Fornace K, Spengler J, Adegbola R, et al.
Household concentrations and exposures of children to particulate matter from biomass
fuels in The Gambia. Environ. Sci. Technol. 2012;46:32Y9

99. Lam N, Nicas M, RuiMercado I, Thompson LM, Romero C, Smith KR. Non
invasive measurement of carbon monoxide burden in Guatemalan children and adults
following woodfired temazcal (sauAdath) use. J. Environ. Monit. [Internet].
2011;13:217281. Availalde from: http://www.ncbi.nlm.nih.gov/pubmed/21687856

100. Chisti MJ, Tebruegge M, La Vincente S, Graham SM, Duke T. Pneumonia in
severely malnourished children in developing countri@srtality risk, aetiology and
validity of WHO clinical signs: a systeatic review. Trop. Med. Int. Health [Internet].
2009;14:117389. Available from: http://www.ncbi.nlm.nih.gov/pubmed/19772545

101. WHO, UNICEF. WHO child growth standards and the identification of severe



221

acute malnutrition in infants and children. 2009.

102. BarreraGo me z  J Basagana X. Suppl ement al Ma t
transformed variables : i nt-@oprezandX.i on and

Basaga n. Epidemiology. 2015;26:eX6

103. Armstrong JR, Campbell H. Indoor air pollution expesand lower respiratory

infections in young Gambian children. Int. J. Epidemiol. 1991;26:@24

104. Clark ML, Peel JL, Burch JB, Nelson TL, Robinson MM, Conway S, et al. Impact
of improved cookstoves on indoor air pollution and adverse health effaotsga
Honduran women. Int. J. Environ. Health Res. [Internet]. 2009;1968 Available

from: http://www.ncbi.nlm.nih.gov/pubmed/19626518

105. Fullerton DG, Bruce N, Gordon SB. Indoor air pollution from biomass fuel smoke
is a major health concern in thewloping world. Trans. R. Soc. Trop. Med. Hyg.
2008;102:84351.

106. Ezzati M, Mbinda BM, Kammen DM. Comparison of Emissions and Residential
Exposure from Traditional and Improved Cookstoves in Kenya. Environ. Sci. Technol.
2000;34:57883.

107. Muller E Diab RD, Binedell M, Hounsome R. Health risk assessment of kerosene
usage in an informal settlement in Durban, South Africa. Atmos. Environ.
2003;37:201522.

108. WHO. WHO Air Quality Guidelines for Particulate Matter, Ozone, Nitrogen
Dioxide and SulfuDioxide. 2006.

109. Walker CLF, Perin J, Katz J, Tielsch JM, Black RE. Diarrhea as a risk factor for
acute lower respiratory tract infections among young children in low income settings. J.
Glob. Health [Internet]. 2013:010402. Available from:



222

http:/Mww.pubmedcentral.nih.gov/articlerender.fcgi?artid=3700029&tool=pmcentrez
&rendertype=abstract

110. Fenn B, Morris SS, Black RE. Comorbidity in childhood in northern Ghana:
magnitude, associated factors, and impact on mortality. Int. J. Epidemiol. [Iiiternet
2005 [cited 2016 Jan 20];34:36K. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/15764695

111. Schmidt WP, Cairncross S, Barreto ML, Clasen T, Genser B. Recent diarrhoeal
illness and risk of lower respiratory infections in children under the@t§e/ears. Int.
J. Epidemiol. 2009;38:7662.

112. Weisz A, Meuli G, Thakwalakwa C, Trehan |, Maleta K, Manary M. The duration
of diarrhea and fever is associated with growth faltering in rural Malawian children
aged 618 months. Nutr. J. [Internet]. 20;10:25. Available from:
http://www.nutritionj.com/content/10/1/25

113. O’ Nei | | S M, Fitzgerald A, Briend A,
predicted by nutritional status and recent weight. J. Nutr. 2012;14%520

114. Clasen T, Alexander K, Singl®, Boisson S, Peletz R, Chang H, et al.

Interventions to improve water quality for preventing diarrhoea ( Revi@@1s

115. Schmidt WP, Arnold BF, Boisson S, Genser B, Luby SP, Barreto ML, et al.
Epidemiological methods in diarrhoea studfgsupdae. Int. J. Epidemiol. [Internet].
Schmidt, W-P., Department for Disease Control, Faculty of Infectious and Tropical
Diseases, London School of Hygiene and Tropical Medicine, London WC1E 7HT,
United Kingdom; 2011;40:167#82. Available from:
http://www.embae.com/search/results?subaction=viewrecord&from=export&id=L363
091548

116. Fujii Y, Kaneko S, Nzou SM, Mwau M, Njenga SM, Tanigawa C, et al.



223

Serological surveillance development for tropical infectious diseases using
simultaneous microsphebmsed multiplexassays and finite mixture models. PLoS
Negl. Trop. Dis. [Internet]. 2014 [cited 2014 Oct 22];8:e3040. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4117437&tool=pmcentrez

&rendertype=abstract

117. Hanson KL, Cartwright CP. Uséan enzyme immunoassay does not eliminate

the need to analyze multiple stool specimens for sensitive detection of Giardia lamblia.
J. Clin. Microbiol. [Internet]. 2001;39:4#Z. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid-B&tool=pmcentrez&re

ndertype=abstract

118. Moss DM, Priest JW, Boyd A, Weinkopff T, Kucerova Z, Beach MJ, et al.
Multiplex bead assay for serum samples from children in Haiti enrolled in a drug study
for the treatment of lymphatic filariasis. Am. J. Triyped. Hyg. [Internet]. 2011,
85:229-37. Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3144818&tool=pmcentrez

&rendertype=abstract

119. Priest JW, Bern C, Xiao L, Roberts JM, Kwon JP, Lescano AG, et al. Longitudinal
analysis of Crptosporidium speciespecific immunoglobulin G antibody responses in
peruvian children. Clin. Vaccine Immunol. [Internet]. Priest, J.W., Malil Staf3,F

Atlanta, GA 30341, United States; 2006;13:22B. Available from:
http://www.embase.com/search/resustd?action=viewrecord&from=export&id=L434
37868

120. Priest JW, Li A, Khan M, Michael J, Lammie PJ, Ong CS, et al. Enzyme
Immunoassay Detection of Antigepecific Immunoglobulin G Antibodies in
Longitudinal Serum Samples from Patients with Cryptosporidiosis Enzyme
Immunoassay Detection of Antige&8pecfic Immunoglobulin G Antibodies in
Longitudinal Serum Samples from. Clin. Diagn. Lab. Immunol. 2001;823.5



224

121. Clasen T, Naranjo J, Frauchiger D, Gerba C. Laboratory assessment of a gravity
fed ultrafiltration water treatment device designed for hbakkuse in lowincome
settings. Am. J. Trop. Med. Hyg. 2009;80:829.

122. WHO. WHO guidelines on drawing bl ood
Heal. Organ. 2010:4105.

123. WHO & UNICEF. WHO child growth standards and the identification of sever
acute malnutrition in infants and children. A Jt. Statement by World Heal. Organ.
United Nations Child. Fund. 2009.

124. Moss DM, Montgomery JM, Newland S V, Priest JW, Lammie PJ. Detection of
cryptosporidium antibodies in sera and oral fluids usingiplek bead assay. J.
Parasitol. 2004;90:39404.

125. Corran PH, Cook J, Lynch C, Leendertse H, Manjurano A, Griffin J, et al. Dried
blood spots as a source of amialarial antibodies for epidemiological studies. Malar. J.
[Internet]. 2008;7:195. Availale from: http://www.malariajournal.com/content/7/1/195

126. Yuan Y. Sensitivity Analysis in Multiple Imputation for Missing Data. SAS Inst.
Inc. 2014;%12.

127. Spratt M, Carpenter J, Sterne JAC, Carlin JB, Heron J, Henderson J, et al.
Strategies for mtiple imputation in longitudinal studies. Am. J. Epidemiol.
2010;172:47887.

128. Yuan YC. Multiple imputation for missing data: concepts and new developments.
Inst. Tech. Rep. Rockville, MD; 2000.

129. Schafer J. Analysis of Incomplete Multivariate D&taw York, New York:
Chapman & Hall/CRC; 1997.



225

130. Zeger S, Liang ¥. Longitudinal data analysis for discrete and continuous
outcomes. Biometrics. 1986;42:£2D.

131. Petersen MR, Deddens J a. A comparison of two methods for estimating
prevalenceaatios. BMC Med. Res. Methodol. [Internet]. 2008 [cited 2015 Jun 16];8:9.
Available from:
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2292207 &tool=pmcentrez
&rendertype=abstract

132. Cox FE. Concomitant infections, parasites and immune respdParasitology
[Internet]. 2001;122 Suppl:S238. Available from:
http://www.journals.cambridge.org/abstract S00311820000188880://www.ncbi.nl
m.nih.gov/pubmed/11442193

133. Kotloff KL, Nataro JP, Blackwelder WC, Nasrin D, Farag TH, Panchalingam S, et
al. Burden and aetiology of diarrhoeal disease in infants and young children in
developing countries (the Global Enteric Multicenter Study, GEMS): A prospective,
casecontrol study. Lancet. 2013;382:262.

134. Barnard RJ, Jackson GJ. Giardia and Gaarsli Biology, Pathogenesis, and
Epidemiology. In: Erlandsen SL, Meyer EA, editors. Boston, MA: Springer US; 1984.
p. 365-78. Available from: http://dx.doi.org/10.1007/918489905949 21

135. PlattaMills J a, McCormick BJJ, Kosek M, Pan WK, Checkley Maupt ER.
Methods of Analysis of Enteropathogen Infection in the MADR Cohort Study. Clin.
Infect. Dis. [Internet]. 2014 [cited 2014 Nov 4];59 Suppl 4:SBRvailable from:
http://www.ncbi.nlm.nih.gov/pubmed/25305292

136. Hanevik K, Hausken T, Morken MiStrand EA, Morch K, Coll P, et al. Persisting
symptoms and duodenal inflammation related to Giardia duodenalis infection. J. Infect.
2007;55:52430.



226

137. Clasen T, Boisson S. Assessing the Health Impact of Water Quality Interventions
in Low-Income Settigs: Concerns Associated with Blinded Trials and the Need for

Objective Outcomes. Environ. Health Perspect. 2015;

138. Barfod K. Estimation of Optimal Cutoff for ELISA Assays using Latent Class
Methods and ROC Analysis. Proc. 11th Int. Symp. Vet. Epidefaon. [Internet].

2006. Available from: www.sciquest.org.nz

139. Millar DG, Hirst TR, Snider DP. Escherichia coli Heabile Enterotoxin B
Subunit Is a More Potent Mucosal Adjuvant than Its Closely Related Homologue, the B
Subunit of Cholera Toxin. letct. Immun. 2001;69:34482.

140. Kotloff KL, Blackwelder WC, Nasrin D, Nataro JP, Farag TH, Van A, et al. The

Global Enteric Multicenter Study ( GEMS ) of Diarrheal Disease in Infants and Young

Chil dren in Devel oping Co uMethodsafthe CaseEpi de mi
Control Study. 2012;55.

141. Williams RL. A Note on Robust Variance Estimation for Clu€terrelated Data.
Biometrics [Internet]. 2000;56:646. Available from: http://dx.doi.org/10.1111/j.0006
341X.2000.00645.x

142. van Buuren SMultiple imputation of discrete and continuous data by fully
conditional specification. Stat. Methods Med. Res. 2007;1642.9

143. Fay R. Valid inferences from imputed survey data. Proc. Sect. Surv. Res.
[Internet]. 1993;4-8.

144. Bouzid M, Hunter R, Chalmers RM, Tyler KM. Cryptosporidium pathogenicity
and virulence. Clin. Microbiol. Rev. 2013;26:114!..

145. Faubert G. Immune response to Giardia duodenalis.NMiknobiol. Rev.
2000;13:3554.



227

146. Heyworth MF. Immunology of Giardia and Cryptosporidium Infections. J. Infect.
Dis. 1992;166:46572.

147. Keselman A. Host and parasite factors contributing to variation in immunity and

pathology in giardiasis. Georgetown University; 2014.

148. Malorey JG. Giardia lamblia, the Intestinal Microbiome, and Innate Immunity: A
Study of the HosParasite Relationship during G. lamblia Infection. Georgetown
University; 2015.



228

EMORY Institutional Review Board

UNIVERSITY

TO: Thomas Clasen, JD, PhD
Principal Investigator
Envir & Occup Health

DATE: April 21, 2014 (Correction to add Note)

RE:  Expedited Approval
IRBO0O0T3615

Evaluation Phase 2: Assessing the health impact of advanced water filtration and improved
cookstoves in Western Province, Rwanda: A cluster-randomized controlled tnial

Thank you for submitting a new application for this protocol. This research is eligible for expedited
review under 45 CFE 46.110 and/or 21 CFE. 56.110 because 1t poses nunimal nisk and fits the regulatory
categories F4. F5 and F7 as set forth in the Federal Register. The Emory IRB reviewed it by expedited
process on 4/20/2014 and granted approval effective from 4/20/2014 through 4/19/2015. Thereafter,
continmation of human subjects research activities requires the submission of a renewal application,
which must be reviewed and approved by the IRB prior to the expiration date noted above. Please note
carefully the following items with respect to this approval:

Study Protocol and Tools modified 3/18/2014
Personal Contact Forms Phase 2 for Control Households, for Intervention Households and for
Spillover Effects, all modified 3/16/2014

+  Phase 2 Consent/ Information Sheets for Control Households, Intervention Households and
Spillover Effects, all modified 3/16/2014

+  Subpart D: Title 45 CFR 46.404/50.51. One parent's permission is required for participating
minor children

* A waiver of consent is granted for Part 1 of the study only that uses administrative outcome

data to assess overall effectiveness of the intervention.

Information on previous study- Phase I design

Information on previous study- RCT Phase I

Information on previous study (sensors and compliance)

NOTE: Emory IRB approval is contingent on full approval by the Rwanda National Ethics

Commuittee.

- & & @

Any reportable events (e.g., unanticipated problems involving risk to subjects or others, noncompliance,
breaches of confidentiality, HIPAA violations, protocol deviations) must be reported to the IRB
according to our Policies & Procedures at www.irb.emory.edu. immediately. promptly, or

periodically. Be sure fo check the reporting gumidance and contact us if you have questions. Terms and
conditions of sponsors, if any, also apply to reporting.

Before implementing any change to this protocol (including but not limited to sample size, informed



229

consent, study design), you must submit an amendment request and secure IRB approval.

In future correspondence about this matter, please refer to the IRB file ID. name of the Principal
Investigator, and study title. Thank you

Regina Drake. M.Div. CIP
Senior Research Protocol Analyst
Thiz lettsr has been digitally signed

CC: Zambrano Laura Envir & Occup Health
Emory Unrversity
1589 Clifton Road, 5th Floor - Atlanta, Georgia 30322
Tel: 404.712.072 - Fa: 404.727.1358 - Email: ib+@emory.edn - Web:

An equal opportunity, qffrmative action university



230

& E M O RY Institutional Review Board
X

UNIVERSITY

TO: Thomas Clasen, JD, PhD.
Principal Investigator
Environmental & Occupational Health

DATE: Apnl 20, 2015

RE: Continuing Review Expedited Approval
CR1_IRB00073615

IRB0O0073615
Evaluation Phase 2: Assessing the health impact of advanced water filtration and improved
cookstoves in Western Province, Rwanda: A cluster-randomized controlled trial

Thank you for submitting a renewal application for this protocol. The Emory IRB reviewed 1t by the
expedited process on 4/14/2015, per 45 CFR 46.110, the Federal Register expeditable categories (4),
(5) and (7), and/or 21 CFR 56.110. Thus reapproval 1s effective

from 4/14/2015 through 4/13/2016. Thereafter, continuation of human subjects research activities
requires the submission of another renewal application, which must be reviewed and approved by the
IRB prior to the expiration date noted above. Please note carefully the following ifems with respect to
this reapproval:

« Study Protocol and Tools, 5/28/2014

+ Consent Form, Phase 2, 07/13/2014

+ Phase 2 Control Consent Form, English + Kinyarwanda, 3/6/2014 uploaded 3/16/2014
« Phase 2 Spillover Consent Form, English + Kinyarwanda, 3/6/2014 uploaded 3/16/2014

Any reportable events (e.g., unanticipated problems involving risk to subjects or others,
noncompliance, breaches of confidentiality, HIPA A violations, protocol deviations) must be reported to
the IRB according to our Policies & Procedures at www.irb.emory.edu, immediately, promptly, or

periodically. Be sure to check the reporfing puidance and contact vs 1f you have questions. Terms and
conditions of sponsors, if any, also apply to reporting.

Before implementing any change to this protocol (including but not limited to sample size, informed
consent, and study design), you must submit an amendment request and secure IRB approval.



231

In future correspondence about this matter, please refer to the IRB file ID, name of the Principal
Investigator, and study title. Thank you.

Sincerely,

Regina Drake, M Div, CIP

Senior Research Protocol Analyst
This lester has been digitally signed

CcC: Zambrano Laura Envir & occup Health

Emory Unrversity
1599 Clifton Foad, 5th Floor - Aflanta Gearga 30322
Tel: 404.712.0720 - Fane: 404.727.1358 - Email: irb@emory edu - Web: oo b emorv.edun/
An squal opportunity, qffirmative action university




232

London School of Hygiene & Tropical Medicine LONDON
Weppel Street, London WC1E 7HT SCHOOL of
United Kingdom HYGIENE
Switchboard: +44 {0)20 7636 B636 S&TROPICAL

wwwi lshtm.ac.uk MFDTC TNF

Observational ! Interventions Research Ethics Committee

Dr. Thomas Clasen
DC/ITD
LSHTM

28 April 2014
Dear Dr. Clasen,

Submission Title: ASSESSING THE HEALTH IMPACT OF ADVANCED WATER FILTERS AND IMPROVED COOKSTOVES IN WESTERN PROVINCE, RWANDA: A CLUSTER-
RANDOMIZED CONTROLLED TRIAL

LSHTM Ethics Ref: 7711

Thank you for your response of 22 April 2014, responding to the Interventions Committee’s request for further information on the above research and submitting revised
documentation.

The further information has been considered on behalf of the Committee by the Chair.

Confirmation of ethical opinion

On behalf of the Committes, [ am pleased to confirm a favourable ethical opinion for the sbove research on the basis described in the application form, protecol and supporting
documentation as revised, subject to the conditions specified below.

Conditions of the favourable opinion
Approval is dependent on local ethical approval for the amendment having been received, where relevant.
Approved documents

The final list of doruments reviewed and approved by the Committee is as follows:

Document File Name Date Version
Type

Protocol / Phase? protocol (REVISED with tracked changes) Combine.pdf 22042014 22 April
Propozal 2014
Information INFORMATION SHEET FOR CONTROL PARTICIPANTS IN RWANDA RCT(T. Clasen 10 100372014 10 March
Sheet March 2014).docx 2014
After ethical review

Any subsequent changes to the application must be submitted to the Committee via an Amendment form on the ethics online applications website, The Principal Investigator is
reminded that all studies are also required to netify the ethics committee of any serious adverse events which eccur during the project via an Adverse Event form on the ethics online
applications website, An annual report form is required on the anniversary of the approval of the study and should be submitted during the ifetime of the study on the ethics online
applications website, At the end of the study, please notify the committee ¥ia an End of Study form on the ethics enline applications website. Ethics online applications website link:

hitp:/ leslshtm.acuk

Yours sincerely,
l-t
] ¥y o

Professor John DH Porter
Chair

ethics@lshtm.acuk
hitp:/ ferwawlshtmuaenk fethics/

Improving health worldwide

Page 1of 1
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REPUBLIC OF RWANDA/REPUBLIQUE DU RWANDA

NATIONAL ETHICS COMMITTEE / COMITE NATIONAL D'ETHIQUE

Telephone: (250) 2 55 10 78 84 Ministry of Health
E-mail: info@rnecrwanda.org

P.0. Box. 84
Web site: www.rnecrwanda.org

Kigali, Rwanda.

FWA Assurance No. 00001973
IRB 00001497 of IORG0001100

May 02, 2014
No. 102/RNEC/2014
Dr. Thomas Clasen
Principal Investigator

Your Project title: “ASSESSING THE HEALTH IMPACT OF ADVANCED WATER FILTERS
AND IMPROVED COOKSTOVES IN WESTERN PROVINCE, RWANDA: A CLUSTER-
RANDOMIZED CONTROLLED TRIAL" has been evaluated by the Rwanda National Ethics
committee.

Involved in the decision
No ( Reason)
Name Institute Yes | Absent Withdrawn from
the proceeding
Dr.Jean-Baptiste MAZARATI | Biomedical Services | X
(BIOS)
Prof, Eugéne RUTEMBESA National University of | X
Rwanda
Dr.Laetitia NYIRAZINYOYE | National University of | X
Rwanda(school of public
Health)
Prof.Alexandre National University of | X
LYAMBABAJE Rwanda
Ms.Frangoise UWINGABIYE | Lawyer at Musanze X
Dr. Egide KAYITARE National University of | X
Rwanda
Sr.Domitilla Kabgayi Nursing and | X
MUKANTABANA Midwife school
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o=
Mr. David K. TUMUSIIME Kigali Health institute X
Dr. Lisine TUYISENGE Kigali Teaching Hospital X
Dr. Claude MUVUNY]I Biomedical Services | X

t (BIOS) B

After reviewing your protocol expedited review procedure of 22 March 2014 during the
where quorum was met, and revisions made on the advice of the RNEC submitted on 30
April 2014, Approval has been granted to your study.

Please note that approval of the protocol and consent form is valid for 12 months.
You are responsible for fulfilling the following requirements:

1. Changes, amendments, and addenda to the protocol or consent form must be
submitted to the committee for review and approval, prior to activation of the
changes.

2. Only approved consent forms are to be used in the enrollment of participants

3. All consent forms signed by subjects should be retained on file. The RNEC may
conduct audits of all study records, and consent documentation may be part of such
audits.

4. A continuing review application must be submitted to the RNEC in a timely fashion
and before expiry of this approval.

5. Failure to submit a continuing review application will result in termination of the
study.

6. Ftrenal Ethics committee once the study is finished.

Date of Approval: May 02, 2014
Expiration date: May 01, 2015

- Hon. Minister of Health.
- The Permanent Secretary, Ministry of Health.
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REPUBLIC OF RWANDA/REPUBLIQUE DU RWANDA
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NATIONAL ETHICS COMMITTEE / (iélViITE NATIONAL D’ETHIQUE
Telephone: (250) 2 55 10 78 84

E-mail: info@rnecrwanda.org

Web site: www.rnecrwanda.org

FWA Assurance No. 00001973
IRB 00001497 of IORG0001100

Ministry of Health
P.O. Box. 84
Kigali, Rwanda.

Thomas F. Clasen
Principal Investigator

August 11, 2014
No. 222/RNEC/2014

Your Project title “Amendment: Evaluation of DelAgua/ filter stove project in Rwanda-

Phase2” has been evaluated by the Rwanda National Ethics committee.

Involved in the decision

No ( Reason)

Name Institute Yes | Absent Withdrawn from
the proceeding
Dr.Jean-Baptiste MAZARATI | Biomedical Services | X
(BIOS)
Prof. Eugene RUTEMBESA University of Rwanda X
Dr.Laetitia NYIRAZINYOYE | University of | X
Rwanda(school of public
Health)
Prof.Alexandre University of Rwanda X
LYAMBABAJE
Ms.Frangoise UWINGABIYE | Lawyer at Musanze X
Dr. Egide KAYITARE University of Rwanda X
Sr.Domitilla Kabgayi Nursing and | X
MUKANTABANA Midwife school
Mr. David K. TUMUSIIME Kigali Health institute X
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Dr. Lisine TUYISENGE Kigali Teaching Hospital
Dr. Claude MUVUNY]I Biomedical Services | X
(BIOS)

After reviewing amendments to your protocol during the RNEC meeting of July 12, 2014
where quorum was met, and revisions made on the advice of the RNEC submitted on 05

August 2014, Continuation of Approval has been granted to your study.

You are responsible for fulfilling the following requirements:

1. Changes, amendments, and addenda to the protocol or consent form must be
submitted to the committee for review and approval, prior to activation of the

changes.

2. Only approved consent forms are to be used in the enrollment of participants

3. All consent forms signed by subjects should be retained on file. The RNEC may
conduct audits of all study records, and consent documentation may be part of such

audits.

4. A continuing review application must be submitted to the RNEC in a timely fashion

and before expiry of this approval.

5. Failure to submit a continuing review application will result in termination of the

study.

6. Notify the Rwanda National Ethics committee once the study is finished.

Sincerely,

) .
Oy )
Dr. Jean- Baptiste MAZARATI =53 K105

Chairperson, Rwanda National Ethics Committee.

C.C
- Hon. Minister of Health.
- The Permanent Secretary, Ministry of Health
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Republic of Rwanda

% RWANDA
BIOMEDICAL
€ (INTRR

A Healthy Prople. A Wealthy Natioa P
P.O. Box 84 KIGALI

National Health Research Committee
Ref: NHRC/2014/PROT/0163

To: Dr. Fidel Ngabo
Principal Investigator

Scientific Review Approval Notice

Dear Dr. Fidel Ngabo,

With reference to your request for approval of the Research Protocol entitled; << EVALUATION PHASE 2:

ASSESSING THE HEALTH IMPACT OF ADVANCED WATER FILTERS AND IMPROVED COOKSTOVES IN
WESTERN PROVINCE, RWANDA: A CLUSTER-RANDOMIZED CONTROLLED TRIAL>>, We are pleased o inform
you that, following a thorough review and critical analysis of your proposal (Ref: NHRC/2014/PROT/0163 dated
08/May/2014), your Research Protocol has been approved by National Health Research Committee,

However,

1) Changes amendments on approach and methodology must be submitted to the NHRC for review and
approval to validate the changes.

2) A submission of quarterly progress report is mandatory

3) Submission to NHRC of final results before publication is mandatory

4) Failure to fulfill the above requirements will result in termination of study

Once again National Health Research Committee appreciates your interest in research and requests you to submit this
proposal to the National Ethics Committee or IRB and then share a copy of the approval lefter.

Your final approval reference number is NHRC/2014/PROT/0163

Yours Sincerely,
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MATERIAL TRANSFER AGREEMENT
The PROVIDER (identified below) and the RECIPIENT (identified below) hereby agree to
abide by all terms and conditions of the Uniform Biological Material Transfer Agreement
(“UBMTA™) published by the National Institutes of Health on March 8, 1995, attached as
Appendix A hereto and incorporated by reference herein. To the extent supplies are available,
the PROVIDER SCIENTIST (identified below) shall forward the material to the RECIPIENT

SCIENTIST (identified below) upon full-execution of this Agreement. This Agreement is
effective upon the date of last signature by the PROVIDER and RECIPIENT below.

Please fill in all of the blank lines below:

1. PROVIDER: Osganization providing the ORIGINAL MATERIAL:

Orgaunization; Rwanda Biomedical Cenfer/National Reference Laboratory
Address: Kigali, Rwanda
MTA Contact Name: Dr. Emil Ivan

MTA Contact Email Address: emil.ivank{@gmail.com

2. RECIPIENT: Organization receiving the ORIGINAL MATERIAL:

Organization: Emory University
Address: 1599 Clifton Road NE, 4™ Floor, Atlanta, GA USA 30322
MTA Contact Name: Raisekhar Guddneppanavar

MTA Contact Email Address: mta@emory.edu

3. ORIGINAL MATERIAL (Enter description):

The material consists dried blood spots collected in connection with the biomarker and seroconversion sub-studics in
connection with the field study led by the London School of Hygiene & Tropical Medicine fo assess the impact of
water filter and cook stoves in Western Province, Rwanda (RNEC approval no. 102, 14 May 2014). The samples
consist of Whatman 903@® dried blood spot “cards” and TropBio® dried blood spot filter paper “discs.” Each card or
disc Is spotted with one to six drops of blood, approximately 20-80 uL. each. All samples collected in connection
with the study are inclnded in this authorization, This is estimated to include up to 1600 samples.

4, Please describe the intended research to be conducted using the ORIGINAL MATERIAL:

The “cards” will be subject to multiplex analysis of various AP exposure targets and biomarkers of acute lower
respiratory infection (ALRI) and cardiovascular disease (CVIY), as part of the “biomarker study.” The “discs” will
be subject to multiplex analysis of serological responses to various enteric pathogens and vaceines, as part of the

“serogunversion study.”

5. Termination date for this Iinplementing Letter (optional): Not applicable

6. Transmittal Fee to reimburse the PROVIDER for preparation and distribution costs
{optional). Amount:

7. Selected Additional Terms attached as Appendix B hereto and incorporated by reference
herein [ ] do / [ ] do not apply to this Agreement. If such Additional Terms apply,
PROVIDER. and RECIPIENT hereby agree to abide by such Additional Terms. In the event
of conflict between such Additional Terms and other texms and conditions of this Agreement,

such Additional Terms shall prevail.
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Agreed and Accepted:

PROVIDER:

Authorized Official Signature:
Signature Date:
Name:
Title:
RECIPIENT:

Authorized Official Signature:
Signature Date:
Name:
Title:
Read and Acknowledged:
PROVIDER SCIENTIST

Signature:

Signature Date:
Name:

By signing above, PROVIDER SCIENTIST understands that

AL RES
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J. Cale Lennon, 111

Director, Licensing, Emory Office of Technology Transfer
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the material transferred pursuant to this

agreement may be controlled under United States Export Controls regulations. PROVIDER SCIENTIST
hereby certifies that to the best of PROVIDER SCIENTIST’s knowledge, PROVIDER SCIENTIST will

not export or re-export the materia
any type of weapons proliferation acti

I: i) to prohibited end-users or to embargoed destinations; ii) for use in
ivities, or iii) with knowledge that a violation of such regulations is

about to occur (any questions regarding United States Export Controls regulations can be directed to the
Office of Research Compliance at orc@emory.edu).

RECIPIENT SCIENTIST

Signature:

Signature Date:
Name:
Email Address:

Mailing Address for Materials:

8 September 2015
Dr, Thomas F. Clasen
thomas.f.clasen@emory.edu

1518 Clifton Road CNR 2" Floor

Atlanta, GA USA 30322
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0.1375B Centers for Disease Control and Prevention
~ D Agreement to Prohibit CDC from Receiving
Identifying Key

Tais sgrecment allows & non-CDC party that holds coded privete information or human

rare-saLTnien- rEereet  biglegical speciment to releass the information or spec’mens to 3 receiving CDC
investigator without CDC's becoming engaged in resesreh involving human subjects. For
hasic instructians an usmg this fern, see the nex: page.

Scope of agreement
A 0on-CDC party holds 2 key s-nabl.r.g linkage of ideatifying information to private information or specimens, and
this key will not be released to the signing CDC investigator while the identiziable humans are ajive.

The releasing noa-CDC party atieats that this rekease and te purposes of the planned reseasch do not sontradict the
rereas of congent under whick the infonmation or specimens were collested, whesher that consent was documented or
not decursented. It the recerving CDC investigasor leams the identity of coe or more liviag individuals or, for
previoasly urfoneseen reasons, comes 10 belleve that it ls Impormns to identify the individuitl(s), then his projest
might becoms resezrch involving human subjects, and additional procedures must be follzwsed to determine if the
pcsivity requires IR2 approwval under criteria st 45 CFR 46.111.

Brief desenipion of informanon or specimens, such as protocol title(s) and reference numder(s)

EVALUATION PHASE 7: ASSESSING THE HEALTH IMPAC!T OF ADVANCED WATER FILTERS AND
IMPROVED COOKSTON v’ES TN WESTERN PROVINCE, RWANDA: A CLUSTER-RANDOMIZED

CONTROLLED TRIAL / SEROCONVERSION SUB-STUDY

Additonal comments

Signatuges

%gnatory Receving CDC invuog;mr .
“/MM" /”A- 'AI‘N_/ /5(:. - 2':/..7._
Dare Swm = Daug"
Jdﬂ"'«;v o ot RN |
Frinted name @‘/"vi lf)m Printed name 1633 Chften Ka A ':-/':'.\-L." L
" (aidress)  457% gf.f;rf’ E (addes)  A¥lawre G 3 32329
{woice) {fax) 1 ice (fax) (2o 7IT- ATE

emaly e LAsia©  Ewmeey EbY (=m

Secondary nan.CNC signatory {(optional)

_l]} -}’-)’l!’57 &.. cx{c, \"A.J"’

D se Zﬂm;nﬂ'u:! Q )L i / ?/MJ

Sigralure Dats Signature
— 7&7%:.{ §€6’C’L-_
Prmted name Printed name
AT, DR, EP 1 SCa/ & PreviED) / He)
Tille Title b

CCC Fom 0.13758 Fageicd2
Vawion 7.0 2003-11-20




