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Abstract

Introduction: Compared to the global malaria incidence, disproportionate malaria morbidity and
mortality occur in communities in Sub-Saharan Africa (SSA). Use of long-lasting insecticide
treated nets (LLIN) and indoor residual spraying (IRS) have been fundamental in mitigation of
malaria and correlated ancillary outcomes. Other utilization of pyrethroids to prevent malaria exist
in the form of mosquito coils and sprays, however, their efficacy is unknown. The objective of this
study was to determine the socio-cultural and environmental characteristics influencing the
use/non-use of prevention of malaria tools (bednet and coils) in families with children 6 years of
age in southern, semi-rural Benin.

Methods: In a birth cohort in Allada, Benin, data collected from 432 mothers at offspring age six,
sought to ascertain information concerning: bednet, coil, spray and traditional medicine use, as
well as season (wet/dry), number of family members, dwelling type, family wealth and maternal
education and literacy. Descriptive statistics illuminated implementation of bednet and use of
other tools of malaria prevention. Binary logistic regressions were performed to test the
association between sociodemographic factors, family structure, environmental conditions, and
use of bednets and coils. Analyses were further stratified by season (wet/dry).

Results: Overall, 82.6% of respondents stated that their child used a bednet the night prior to
being surveyed with 100 having used coils (23.1%) and 30 having used sprays (6.9 %) and
frequency of use most commonly (26.9%) several times per week. Traditional medicines were
used by 87.7% of the population; highest frequency of use was annual (49.5%). Increased bednet
use was found with female offspring (OR = 2.15, [95% CI, 1.19 — 3.98]), paternal cohabitation
with child (OR = 6.28, [95% CI, 2.43 — 16.17]) and simultaneous use of traditional medicines [OR
= 2.54, [95% CI, 1.18 — 5.31]); decreased bednet use when there were 6 or more siblings (OR =
0.36, [95% CI, 0.14 — 0.96]) and when coils were used in the home (OR = 0.26, [95% CI, 0.14 —
0.48]). Use of coils was less likely in the presence of a bednet the night prior to the survey (OR =
0.31, [95% CI, 0.18 — 0.54]), and when there was a stove in the interior of the dwelling (OR =
0.48, [95% CI, 0.29 — 0.79]).

Discussion: Families in southern, semi-rural Benin with children aged six years old were
differentially influenced towards use of insecticide treated prevention of malaria tools based on

variable socio-cultural and habitation factors.

Vii



Introduction

1. Malaria infection in humans

1.1 The disease

Malaria is a vector born disease transmitted to human hosts through the bite of an infected female
Anopheles mosquito.) The Plasmodium parasite, a unicellular protozoan parasite and the
causative agent of malaria in humans, is transferred from the mosquito vector to the host.®
Plasmodium sporozoites, the motile and infective form of the malaria causing parasite, permeate
human liver cells where they then fragment to produce schizont that will ultimately release
thousands of merozoites into the human blood stream.® After leaving the liver, surface proteins
of the merozoite allow formation of a tight junction between the parasite and human red blood
cells (RBCs), allowing the parasite to enter.®) During the asexual reproductive stage in the red
blood cell the clinical symptoms of malaria present, including, but not limited to: fever, malaise,
anorexia, lassitude, dizziness, headache, backache, myalgias as well as nausea and vomiting.®
RBC infiltration, utilization of cell sources, and destruction of cell membranes during the
reproductive cycle of the Plasmodium parasite ultimately leads to lysis of RBCs which increases
occurrence of anemia, thrombocytopenia (low platelet count®) and leukopenia (low leukocyte

count!”) that may lead to more severe malarial disease and possible death.®

Studies have found that the Plasmodium species falciparum, vivax, and knowlesi are more likely
to cause severe malaria then other species of the parasite and disproportionately affect children
under five in stable endemic areas.® Severe malaria causes systemic symptoms with severe
exacerbation including: altered consciousness (frequently leading to coma), respiratory failure,
acute renal failure, jaundice and hepatic dysfunction, and severe anemia.® Each of the presenting
symptoms of severe malaria increase the likelihood of death with delayed or inadequate

treatment.

After infiltrating the human host, the parasite Plasmodium has the ability to adapt genetically when
encountering human immune responses and evolve and persist in their infectious nature.” The
genetic elasticity of the organism encourages resistance to therapeutic treatments including
antimalarial drugs and vaccines.? This attribute of the Plasmodium parasite makes it critically
important to implement the use of insecticide treated barriers as a key element in the prevention

of malaria in endemic areas.



1.2 Burden of malaria

According to the World Health Organization (WHO) world malaria report from 2021, global malaria
prevalence increased from 227 million in 2019 to more than 240 million in 2020.® A large portion
of this amount describes African populations where malaria remains the most common disease
and a leading cause of morbidity and mortality among all populations. 8 9 Vulnerable groups,
including pregnant woman and children under five years of age, are at increased risk of malaria.('”
It is estimated that during delivery, 25% of pregnant woman in sub-Saharan Africa will exhibit
presence of the plasmodium parasite in the placenta.'” With 25 million pregnant woman at risk
for malaria in SSA, the WHO estimates that the disease will lead to an annual death toll of 10,000
and 20,000 for mothers and their infants, respectively."” Studies have shown that surviving
neonates exposed to malaria in pregnancy (MiP) are likely to be affected by low birth weights and

a heightened risk of malaria during childhood."?

2. Global malaria prevention methods

2.1 Antimalarial drugs

The WHO Global Technical Strategy for Malaria (2016 — 2030) describes the importance of
prioritizing “universal access to quality-assured and appropriate vector control measures,
diagnostics and antimalarial medicines” in countries with persistently high rates of malaria
transmission in order to achieve the goal of malaria eradication.!"® As of February 2022, the WHO
strongly recommends intermittent preventive treatment: administration of antimalaria drugs for
pregnant woman (IPTp) during their second trimester and in infants (ITPi) following normal 1-
year-old vaccination schedules.'® Seasonal malaria chemoprevention (SMC) for children less
than 6 years of age has been newly recommended in the Sahel subregion of Africa, not including
Benin."® In regions deemed moderate to high areas of malaria transmission, the WHO strongly
recommends the RTS,S/AS01 malaria vaccine for children for prevention of P. falciparum strains

of malaria."®

2.2 Insecticides in the context of vector-borne control

The WHO strongly recommends populations in areas of ongoing malaria transmission to
implement either pyrethroid-only long-lasting insecticidal nets or indoor residual spraying.'® The
organization does not recommend the simultaneous use of the two means of control of malaria

vectors for fear that this will encourage overlooking deficiencies in the first method employed."®



All WHO anti-malaria recommendations are based on “high certainty of evidence” from available

and appropriate research studies and at the advice of independent experts on the topics.®

Prevention of malaria tools that utilize insecticides also come in the form of spatial/airborne
repellents (coils) and space sprays (sprays). WHO guidelines for malaria vector control
conditionally do not endorse the use of sprays due to “very low certainty of evidence” of their
efficacy."® Evidence supporting the efficacy of coils has been deemed deficient by the WHO and
they currently do not have any recommendations concerning the use of these tools.™® A 2017
study in a suburban village outside of Porto Novo, Benin aimed to compare efficacy of LLIN with
mosquito repellent coils in two varying dwelling structure. While both methods were found to be
efficacious in consideration of induced mosquito exophily and mortality, ITN proved to be more
efficacious. The findings of this study, although relevant, were highly dependent on structure type
and therefore not enough evidence exists to confirm the usefulness of coils in all situations.™ A
systematic review published in 2006, sought to answer the question: “do mosquito coils prevent
malaria?”("® Appraisal of 15 studies showed no evidence that use of coils aided study subjects in
preventing contraction of malaria. In conclusion, the reviewers state that more investigation is

required to determine if coils are beneficial or detrimental to human health.('®

The U.S. Environmental Protection Agency (EPA) defines pyrethroids as a class of synthetic
chemical compounds of pyrethrins, a botanical insecticide derivative of the chrysanthemum
flower.""® The use of pyrethroids and pyrethrins has become more common in agriculture and
health treatments mainly through pest control as they are proven to be less toxic to humans and
animals than previous methods using organophosphates.'® The World Health Organization
currently endorses the use of pyrethroids for individual protection against malaria and the Zika
virus."” According to research done in western Kenya in 2014, 40% of all the insecticides used

(18) As of 2020, pyrethroids were

for indoor residual spraying around the world were pyrethroids.
the only class of insecticides used in WHO endorsed mass distribution campaigns of ITNs

worldwide.(®

Pyrethroid treated barriers are effective tools against the spread of malaria as they interrupt the
trajectory of the mosquito vector prior to and upon contact with the chemical.®® Barriers
impregnated with pyrethroid chemicals work prior to contact with mosquito vectors by
discouraging the vector from coming into proximity with the barrier due to potent repelling

properties.?” Vectors that are able to resist the repellent properties are killed upon contact with



the barrier as the pyrethroids work to disrupt proper functioning of the insect nervous system.®"

These qualities of pyrethroids tools make them a successful intervention towards reduction of

mosquito populations that have the potential to spread malaria to vulnerable human populations.

2.3 Traditional medicine

Traditional medicines are also used in parts of Sub-Saharan Africa in order to prevent and
alleviate the malaria burden. Several systematic literature reviews conducted by the Research
Initiative on Tradition Antimalarial Methods (RITAM) found that in malaria endemic countries, 1/5™
of patients use traditional herbal remedies to combat the disease via more than 1200 plant species
from 160 biological families.® The RITAM explains that although traditional medicines are
generally more widely available and more affordable than pharmaceutical drugs in endemic
countries, their limitations are not fully understood.®? More research is needed to comprehend
the full risks and benefits of this method of malaria prevention and their potential place among

WHO recommended tools and therapies.

3. Malaria and prevention in Benin, Sub-Saharan Africa

3.1 Benin

Benin is a low-income country in Sub-Saharan Africa covering a land area of 112,622 kilometers
squared with almost 12 million inhabitants and a poverty rate of 45.9% in 2020 according to the
World Bank.* ?Y The country experiences two wet seasons annually from March to July and
September to November, with the remainder of months marking the dry season.® Annual wet
and dry season are more varying in southern portions of the country, with the wet season
generally taking place between April — July and October — November.®® French is the official
language and over half of the population speaks the local languages of Fon, Yoruba, Mina, Bariba
and Dendi.*® The Allada Plateau in southern Benin, locality of the mother-child prospective cohort
used in this thesis, is a semi-rural area known for agricultural commerce and proximity to the
capital, Porto-Novo, and the major port city of Cotonou.?* 2" The villages of Sékou and Attogon
constitute part of the Allada region and have population sizes of more than 6,500 and 4,000

people, respectively.®® These were the main villages of interest during data collection.

3.2 Malaria burden in Benin

Malaria transmission is seasonal and peak periods of transmission last over eight months in a

calendar year. Data from 2020 shows malaria incidence of 388 people per 1,000 at risk in the



country.®® As reported by the CDC, malaria infection was the leading cause of mortality in
children aged five years and younger in Benin in 2019.%% It has also been found that gross motor
skill development is stunted by MiP in populations of interest in Benin."” As a preventable and
treatable disease, the extensive consequences of malaria, especially in youth and vulnerable
populations, is alarming. Prevention of MiP and early childhood malarial infection is essential to

disease control and lowering of morbidity and mortality rates in all populations throughout SSA.

3.3 Current insecticide use methods in Benin

Insecticide treated barriers are a proven strategy in the diminution of the global malaria burden.®

Decreased malaria related morbidity and mortality is largely dependent on widespread use of

insecticide treated tools in endemic areas, including the southern region of Benin. Universal
coverage of insecticide treated tools throughout Benin is a potential solution to the challenges
that malaria presents in the country and possible eradication of the disease. In Benin, ITNs are
the main insecticide tools utilized for malaria prevention through regulation of vectors.®” The

quantity of bednets owned by Beninese households has improved over time (Figure 1).
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Figure 1. ITN mass distribution campaign in Benin 2020, by region and type of ITN dispensed.?®

The reason for the rise in bednet ownership between 2006 and 2018 can be attributed to the
implementation of a nationwide health program regarding LLIN. In Benin, nationwide health

surveys and long-lasting insecticide net mass distribution campaigns have been carried out



frequently during this period.®) Following the first national health survey in 2006, mass distribution
of LLIN took place in October 2007 and ownership of ITN increased from 25% of households
owning one or more ITN to 80% of "
households in 2011-12.%%) Another survey — A
took place in 2014, in which household
ownership of at least one ITN had
decreased by 5%.%® In September 2014
and again between August and October
2017, mass distribution LLIN campaigns
took place allowing achievement of the

highest recorded ITN ownership in Benin

with 92% of households owning one or

J

" ITNs distributed in Benin in 2020

) Standard — pyrethroid only
PBO (i.e. PermaNet 3.0)

Q Dual Al (IC2 and RG)

® Allada Region (approximate)

more ITN in 2017-18. During the same
years, 61% of households were found to
own at least one ITN for every 2 people in
the household — an increase from 7% at the
beginning of the national survey and mass
distribution periods.®® In 2020, Benin

employed a digitalized mass distribution

' 1C2 » Interceptor G2 (chlorfenapyr + alpha
cypermethrin
RG = Royal Guard (pyriproxyfen + alpha-

campaign of insecticide treated nets due to — " opemmthei)

the COVID-19 pandemic. There were

7,562,166 ITN’s distributed, leading to the f};j;;pﬁfff;%%d;qun campaign in Benin 2020, by region
prOteCtion of more than 94% of the Source: U.S. President’s Malaria Initiative, Benin 2022
population.®?  In this latest wave of

distribution, pyrethroid-only nets as well as the new generation nets, combining insecticide types,

were disseminated throughout Benin (Figure 2).%9)

4. Prior research, SSA

4.1 Prior research on ITN use

In 2021, map and metric statistics were compiled describing ITN coverage in 40 African countries
with the highest malaria burden. As one of the most universal tools for malaria prevention, more
than 450 million cases of malaria were avoided through use of bednets between 2000 and

2015.%% Current estimations for net coverage across these 40 coutries should near 364 million



(95% CI, 341 — 383 million) with use rates reaching near 87.1% (95% CI, 83.1% — 90.3%).¥
Peak coverage was reached in 2017, with net ownership near 360 million (95% CI, 345 — 376

million).®%

Research specific to factors influencing the usage of ITNs and characteristics contributing to the
non-use of nets has been conducted in SSA countries. In Ghana, it was found that 97% of
households reported ownership of ITNs, but only 65% of the study population reported using that
net the evening prior to the survey.®¥ This study found reasons associated with non-use of ITNs
to include family size of more than 10 members, living in a house with more than 10 rooms and
having screened windows in the home.®* In Cameroon, a country where free distribution of ITNs
has occurred since 2003, multistage sampling of 67 communities revealed only 47% of
respondents owned at least one bed net.®® Utilization of the nets was found to be almost 70%
with increased likelihood of use when the household was in an urban area and when a pregnant

woman lived in plank-louver housing compared to other housing types.®®

Previous studies largely focus their research on children under the age of 5. In Burkina Faso in
2006, a study of 360 households with children 5 years and younger, were followed for indication
of ITN use. All homes in the study possessed an ITN, but varying implementation was found for

children residing in the homes.®®

It was discovered that children were more likely to sleep under
a bednet during the rainy season than the dry season.®® Reasons for this were found to be
temperature related and due to sleep outdoors away from nets during the dry season.®® Another
study from 2007, conducted in rural Kenya, sought to determine coverage of ITNs in a population
of 3,700 children from 0 — 4 years old. Results showed that poorer children benefit more from
mass distribution campaigns and children in this economic class showed higher rates of coverage

from dissemination of nets.®”

4.2 Gaps in knowledge

Malarial disease studies in Benin have focused on pregnant woman and infants, signifying need
for understanding prevention of malaria tools use in other populations at risk for disease
contraction. There also remains a need for information concerning the use of other insecticide
treated tools (coils and sprays) and use of traditional medicines as methods of malaria prevention.
Further research with the intention to understand insecticide tool use patterns and method

preferences as they relate to the dynamic population of southern, semi-rural Benin is imperative.



It is important to reproduce and broaden prior research on use and non-use of prevention of

malaria tools in Benin where malaria remains a critical public health problem.

Aim of study

As evidenced by the widespread prevalence of malaria, which remains responsible for large
numbers of deaths in Benin, further research is required to understand preventive measures in
school age children. The ultimate goal of this thesis research was to determine factors leading to
use and non-use of bednets and coils for malaria prevention in families with six year old children
in Benin. Investigation also aimed to identify the specific populations, if any, that are more or less
likely to employ these methods. Discovering reasons limiting prevention tool coverage could lead
to developing specific and suitable guidance relating to vector control methods, ensuring

appropriate malaria control and subsequent prevention.

Hypothesis
Increased or decreased use of insecticide tools for malaria prevention (bednets and coils) at child
aged 6 in the Allada region of Benin is associated with socioeconomic status, family structure and

environmental characteristics.

Main objective
To describe varying means for prevention of malaria (bednets, coils and sprays as well as
traditional medicine) and precise which demographic and sociocultural characteristics in addition

to family structure and lifestyle are associated with the use of malarial preventive measures.

Methods

Study design

Data was collected in a prospective cohort seeking to describe various sociodemographic as well
as health and behavior trends of families in the Allada region, a semi-rural area, of Benin from
pre-birth through child age six. Varying times of investigation during the more than six year period
(Appendix 1) were focused on differing variables of interest and outcomes. The current study and
analysis were designed with an emphasis on the use of bednets and other prevention of malaria
tools used within the households included in the cohort at child age six years old. Information
which could be valuable to describing why or why not insecticide prevention tools were used was

highlighted at this period of exploration.



Data collection

MiPPAD & TOVI studies

MiPPAD, or Malaria in Pregnancy Preventive Alternative Drugs, randomized clinical trials marked
the initiation of the prospective cohort. Between the years 2009 and 2013, 1,052 pregnant woman
from the Allada region of Benin participated in the clinical trial seeking to describe IPTp and
consequences in mother and children from the second trimester of pregnancy through birth until
child age 12 months.®® Criteria for inclusion was based on residency in Allada with less than 28-
week gestational age at first antenatal visit and ability to deliver in approved local maternity wards.
Inclusion was also dependent on receiving signed informed consent from each participant. As the
children from the MiPPAD clinical trial approached age one, mothers were invited to continue in
the study through a cross-sectional survey: TOVI. The purpose of TOVI was to uncover possible
associations between occurrence of anemia during pregnancy and the potential outcomes of

neurological child development from birth to one year old.

EXPLORE

Following TOVI, mothers were again invited to participate in an extension study at child age six:
The Exposition au Plomb et au manganese et Risques pour L'Enfant (EXPLORE) between
August 2016 and September 2018. In this follow up study, researchers were seeking to describe
various sociodemographic and dwelling characteristics as well as health and behavior trends of

families with children aged 6 years old in the Allada region of Benin.

Out of 963 livebirths, 87 children died between birth and six years of age. 590 mothers were
interviewed by trained assessors (67% of eligible children). Questions related to coil use were
added after the start of the study and were available for 432 participants. Therefore, 432 mothers

were included in the final population used in the analysis of this project (Appendix 2).

Variables collected at six years of age

Among the extensive data recorded and registered from the EXPLORE questionnaire, the
following variables were considered the main exposures of interest at child age 6 and were
examined in additional assessment and investigation: 1) offspring gender, 2) maternal age at
survey, 3) marital status, 4) quantity of individuals in household, 5) father cohabitation with child,
and 6) stove and electricity in the home. Inquiries into insecticide tools for malaria prevention

(bednets, coils, indoor residual sprays, and traditional medications) were also part of the



EXPLORE questionnaire (Appendix 3). Factors potentially related to socioeconomic status were
probed, including: maternal education level, maternal literacy, village of residency, housing type,
family relocation since child was born, proximity to traffic, presence or absence of painted walls
as well as building material of walls and flooring (Appendix 4). Seasonal precipitation trends
(based on period when questionnaire was supplied) and year of survey was also recorded by the

research team.

Outcomes

Malarial preventive measures including ITN, coil, spray (Appendix 5), and traditional medicine

were described. Determinants of use were explored for bednet and coil use.

Statistical methods

Description of the population

Univariate analysis was conducted initially with all variables of interest listed above in order to
describe the data and detect any existing patterns. Missing data counts (Appendix 6) and
prevalence of each characteristic was also calculated. All exposures of interest were transformed
to categorical variables for further analysis (Appendix 7). Socioeconomic status was divided into

quartiles to describe and analyze the population by four economic levels.

Multiple correspondence analysis (MCA)

Multiple correspondence analysis (MCA) was used to summarize information regarding
socioeconomic status (SES) among the population of this study. This type of analysis allowed
determination of underlying commonalities between categorical variables as a means of avoiding
redundancy in chosen exposures of interest. Potential indicators of SES included in the MCA
were the following: maternal ability to read and write, maternal education level, marital status,
parental employment status, village of residency, dwelling type, family relocation, dwelling
proximity to traffic, painted interior walls and material of dwelling walls and floor. The included 432
observations were found to be random and representative of the entire population without clusters
(Appendix 8). The results of MCA computation showed that maternal education, maternal literacy,
family wealth score, maternal employment, flooring material, wall material and paint, number of
rooms in the home, village of residency, housing type and previous change of dwelling were
strongly correlated in the first dimension (Appendix 9,10). Wealthier families were described by

maternal literacy, high maternal education, residence in Attogon, maternal employment, 3 or more

10



rooms in homes with cement flooring and brick and painted walls. Associations were found
between less wealthy families and maternal illiteracy, low maternal education, residence in Sekou,
maternal unemployment and dwellings consisting of 2 or fewer rooms, non-cement flooring, and
non-brick and unpainted walls. These findings were used to generate an economic status
indicator variable which defined socioeconomic quartiles of the study population based on the
previously listed associations. The first quartile respresenting the least wealthy families in the
population, and the fourth quartile representing the wealthiest. The second and third quartiles

were defined by families with middle and upper-middle wealth, respectively.

Bivariate analysis

Preliminary associations between relevant exposures and outcomes of interest were analyzed

using Chi Square tests.

Logistic regression

Multivariate analysis was conducted using binary logistic regression. Variables with a p-value of
less than 0.20 during bivariate analyses were included in the full regression models. The SES
indicator variable generated from MCA results was also included in the full multivariate model
regardless of chi square results. Secondary models were built with variables associated with the
outcome at p < 0.05. The two regression models tested associations between significant
exposures of interest and the two outcomes: use of bednet the night prior to delivery of the

EXPLORE survey and use of insecticide treated coils in the interior of the household.

Stratification by precipitation season

In exploration of prior literature, seasonal data showed varying patterns of insecticide use based
on wet or dry conditions.®® This can be explained by mosquito density and temperate changes
caused by seasonal variation in rainfall.®*® Malaria is also more prevalent during the rainy season,
potentially causing changes in methods employed to prevent the disease during this period.
Therefore, because it was hypothesized that behaviors may vary according to the season
(dry/wet), analyses were further stratified according the season using conditional binary logistic

regressions.

11



Software statement
The statistical analysis was completed using R Core Team (2009 - 2021) version 1.4.1717. R: A
language and environment for statistical computing. R Foundation for Statistical Computing,

Vienna, Austria. UR: http://www.R-project.org/.

Ethical declaration

Approval and consent for use of all data analyzed in this thesis collected from the previously
mentioned studies is given by: Comité d'Ethique de La Recherche de I'SBA (Benin) and the
Comité Consultatif de Déontologie et d’Ethique of the Institut de Recherche pour le

Développement (France).

Results

Demographic, family & dwelling Characteristics

More than four hundred respondents were described during analysis (Table 1). Survey included
203 female (47.0%) and 229 male (53.0%) offspring with most mothers being older than 30 years
of age. The lowest quartile of the socioeconomic groups included 11.2% of the population. Many
families had between five and seven members (64.4%) with three to five siblings (52.4%) for the
offspring of interest. Interior stoves were found to exist in 172 homes (39.8%) and 141 were
equipped with electricity (32.6%). Respondents surveyed in the wet season constituted 52.8% of

the population.
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Table 1. Summarization of demographic characteristics of study population at
completion of EXPLORE

N =432
n (%)
Sociodemographic Characteristics
Gender (female) 203  (47.0%)
Maternal age at survey
Less than 22 years old 10  (02.3%)
22-25 53  (12.3%)
26 - 30 102 (23.7%)
31 years old and older 266 (61.7%)
Socioeconomic status
1st quartile 47  (11.2%)
2nd quartile 190 (45.2%)
3rd quartile 132 (31.4%)
4th quartile 51 (12.1%)
Family Structure Characteristics
Number of family members
Less than 5 people 97  (22.5%)
5 -7 people 278 (64.4%)
8 or more people 57 (13.2%)
Number of siblings
1or2 163  (39.4%)
3to5 217  (52.4%)
6 or more 34 (08.2%)
Dwelling Characteristics
Interior stove (yes) 172 (39.8%)
Electricity (yes) 141 (32.6%)
Temporal Characteristics
Precipitation season (wet) 228  (52.8%)

The types of prevention of malaria tools and frequency of use was summarized for the overall
population (Table 2). Over 80% of respondents had used an ITN the night prior to survey (more
people reported ITN use in general, but not the previous night). Coils had been used by 100
families (23.1%) and 30 (23.1%) had used sprays. Most families (26.9%) who had used
insecticides in the home previously, were using them at a frequency of 1-3 times per week. More
than three hundred mothers confirmed the use of tradition medicines, mainly used in the context

of malaria.
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Table 2 Description of bednet use and insecticide use at 6 year follow-up; missing
values are not included in the calculations

(% of Yes responses displayed)

N =432
n %

Bednet use previous night 357 (82.6%)
Coil use in household 100 (23.1%)
Spray use in household 30 (06.9%)
Frequency of insecticide use

Less than once per month 19 (16.0%)

1-3 times per month 26 (21.8%)

1-3 times per week 32 (26.9%)

4-6 times per week 22 (18.5%)

Daily 18  (15.1%)
Use of traditional medicines 377  (87.7%)

Daily 39 (10.5%)

Weekly 74 (20.0%)

Monthly 73 (19.7%)

Annually 183  (49.5%)

Bivariate analysis

Bivariate analysis tested the significant associations between offspring gender, maternal age at
survey, SES level, number of total family members and number of siblings, child cohabitation with
their father, presence of a stove in the interior of the home, use of other malaria prevention
methods, and season (wet/dry) according to the two outcomes: bednet use the night prior to

survey and insecticide use in the household (Table 3).
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Table 3 Distribution of sociodemographic and familial characteristics according to use of
various prevention of malaria tools at offspring age of 6 years (Allada, Benin); missing
values are not included in the calculations

Bednet use the night Insecticide coils used in
prior to survey the interior of household
n =357 (82.6 %) n =100 (23.1 %)
n N % p n N % p

Sociodemographic Charateristics

Offspring sex

Male 180 229 78.6% 59 229 25.8%
Female 177 203 87.2% 0.026 41 203 20.2% 0.210
Maternal age at survey
Less than 22 years 8 10 80.0% 3 10 30.0%
22 - 25 years old 43 53 81.1% 16 53 30.2%
26 - 30 years old 89 102 87.3% 0.602 18 102 17.6% 0.322
31 years or older 217 266 81.6% 62 266 23.3%
SES status
1st quartile 35 47 745% 7 47 14.9%
2nd quart.ile 160 190 84.2% 0278 46 190 24.2% 0569
3rd quartile 107 132 81.1% 32 132 24.2%
4th quartile 45 51 88.2% 12 51 23.5%
Family Structure Characteristics
Number of family members
Lessthan 5 people 84 97 86.6% 16 97 16.5%
5 -7 people 226 278 81.3% 0.494 74 278 26.6% | 0.071
8 or more people 47 57 82.5% 10 57 17.5%
Number of siblings
1or2 135 163 82.8% 41 163 25.2%
3to5 183 217 84.3% | 0.144 52 217 24.0% 0.237
6 or more 24 34 70.6% 4 34 11.8%
Paternal cohabitation
Yes 330 393 84.0% 0.009 90 393 22.9% 0794
No 22 34 64.7% 9 34  26.5%
Dwelling Characteristics
Interior stove
Yes 150 172 87.2% 0.056 26 172 151% 0,002
No 207 260 79.6% 74 260 28.5%
Electricity
Yes 121 141 85.8% 0281 38 141 27.0% 0237
No 236 291 81.1% 62 291 21.3%
Tools for Malaria Prevention
Bednet use previous night
Yes 67 357 18.8% 0.000
No 33 75 44.0%
Coil use in home
Yes 67 100 67.0% 0.000
No 290 332 87.3%
Use of traditional medicines
Yes 319 377 84.6% 0013 83 377 22.0% 0251
No 37 53 69.8% 16 53 30.2%
Temporal Characteristics
Season
Wet 202 228 88.6% 0.001 53 228 23.3% 1.000
Dry 155 204 76.0% 47 204 23.0%
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Significant associations were found between bednet use the night before EXPLORE and offspring
gender, number of siblings, paternal cohabitation with child, presence of stove in the interior of
the home, coil use in the home, use of traditional medicine, and season (wet/dry). Female
offspring were more likely to sleep under bednets than male offspring. Paternal cohabitation and
use of traditional medicine was associated with greater use of bednets. Bednet use was less likely

when there were high numbers of siblings, when coils were also used and during the dry season.

Significant associations were found between insecticide use in the home at child age six and
number of family members, presence of stove in the interior of the home, bednet use the night
prior to survey and year surveyed. Use of coils was more likely with households of 5-7 members,

no stove in the home and no use of bednet the night prior to survey.

Multivariate analysis

The first regression model tested associations between significant exposures of interest and the
use of bednet the night prior to delivery of the EXPLORE survey (Table 4).

Table 4 Binary logistic egression model on associations with bednet use the night prior
to survey according to variables of interest based on bivariate analysis results with
significant p-value > 0.20 (N=432)

Full Model Simplified Model
OR Cl p OR Cl p

Predictor
Female offspring 216 [1.20-3.99] 0.012 215 [1.19-3.98] 0.012
SES status

2nd quartile 2.80 [1.17-6.54] 0.018 2.88 [1.20-6.72] 0.015

3rd quartile 215 [0.88-5.15] 0.086 2.23 [0.92-5.32] 0.072

4th quartile 6.94 [1.89-30.92] 0.006 717 [1.95-31.89] 0.005
Number of siblings

3to5 1.08 [0.58-2.011 0.799 1.07 [0.57-1.98] 0.831

6 or more 0.36 [0.14-0.96] 0.037 0.36 [0.14-0.96] 0.036
Paternal cohabitation 6.13 [2.36- 15.88] <0.001 6.28 [2.43- 16.17] <0.001
Use of traditional medicine 2.45 [1.14-5.13] 0.019 254 [1.18-5.31] 0.014
Interior stove 1.30 [0.70-2.46] 0.411
Coil use in home 0.27 [0.15-0.50] <0.001 0.26 [0.14-0.48] <0.001
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In both the full and simplified models, use of bednet the night prior to being surveyed was strongly
associated with female offspring (OR = 2.15 [95% CI, 1.19 — 3.98]), being in the 2™ (OR = 2.88
[95% ClI, 1.20- 6.72]) or 4™ (OR = 7.17 [95% Cl, 1.95 — 31.89)) quartiles of the socioeconomic
class, having six or more siblings (OR = 0.36 [95% CI, 0.14 — 0.96]), paternal cohabitation with
child (OR =6.28 [95% CI, 2.43 — 16.17]), use of traditional medicine (OR = 2.45 [95% ClI, 1.18 —
5.31]) and coil use in the home (OR = 0.26 [95% CI, 0.14 — 0.48]) (Appendix 11).

The second regression model tested associations between significant exposures of interest and

the use of coils in the household at child aged 6 years old (Table 5).

Table 5 Binary logistic regression model on associations with coil use in the home according
to variables of interest based on bivariate analysis results with significant p-value > 0.20 (N=
432)

Full Model Simplified Model
OR Cl p OR Cl p

Predictor
SES status

2nd quartile 236 [1.01-6.25] 0.062

3rd quartile 238 [0.98-6.471 0.680

4th quartile 254 [089-7.79] 0.088
Number of family members

5 - 7 people 1.63 [0.88-3.201 0.134

8 or more people 1.08 [0.42-2.67] 0.868
Interior stove 0.47 [0.27-0.79] 0.005 0.48 [0.29-0.79] 0.005

Bednet use the previous night 0.30 [0.17-0.53] <0.001  0.31 [0.18-0.54] <0.001

In both the full and simplified models, use of insecticides in the household was strongly associated
with possession of a stove in the interior of the home (OR = 0.48 [95% CI, 0.29 — 0.79) and use
of bednet the night before the survey took place (OR, 0.31 [95% CI, 0.18 — 0.54]) (Appendix 12).

Seasonal stratification (Appendix 13)

Factors associated with malarial preventive measures varied slightly based on season of rainfall

and seasonal stratification of logistic regression models (wet/dry) was executed (Tables 6 and 7).
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Table 6. Conditional logistic regression on associations between ITN use the night prior to
survey according to exposures of interest based on bivariate analysis results with significant
p-value > 0.20, by precipitation season.

Dry Season Wet Season
n =204 n =228
OR Cl p OR Cl p

Predictor
Female offspring 216 [1.00-4.91] 0.056 268 [0.92-8.71] 0.082
SES status

2nd quartile 1.30 [0.40-3.93] 0.650 8.68 [1.79-44.16] 0.007

3rd quartile 1.81 [0.53-5.99] 0.335 234 [054-9.76] 0.241

4th quartile 239 [0.42-19.44] 0.356 30.97 [2.68 - 656.31] 0.013
Number of siblings

3to5 1.04 [0.46-229] 0.931 1.28 [0.40-4.06] 0.670

6 or more 1.09 [0.25-588] 0.914 0.14 [0.03-0.60] 0.009
Paternal cohabitation 295 [0.81-10.22] 0.090 37.51 [5.70 - 310.09] <0.001
Use of traditional medicine 4.04 [1.52-10.80] 0.005 1.06 [0.19-450] 0.941
Interior stove 1.85 [0.80-4.53] 0.162 0.96 [0.34-2.80] 0.945
Coil use in home 0.27 [0.12-0.60] 0.002 0.15 [0.04-0.44] 0.001

During the dry season use of traditional medicines was strongly associated with bednet use (OR
=4.04, [95% CI, 1.52 — 10.80]). During the wet season, use of bednet the night prior to delivery
of the EXPLORE questionnaire was strongly associated when the family was in the 2™ (OR =
8.68, [95% Cl, 1.79 — 44.16]) or 4™ (OR = 30.97, [95% ClI, 2.68 — 656.31]) socioeconomic quartile,
when there were six or more siblings (OR = 0.14, [95% CI, 0.03 — 0.60]) and when the father lived
with the child (OR = 37.51, [95% CI, 5.70 — 310.09]). Use of coils in the home was strongly
associated with bednet use regardless of precipitation season. (Dry: OR = 0.27, [95% CI, 0.12 —
0.60], Wet: OR = 0.15, [95% CI, 0.04 — 0.44]) (Appendix 14).
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Table 7 Conditional logistic regression on associations between coil use in the home according to
exposures of interest based on bivariate analysis results with significant p-value > 0.20, by precipitation

Dry Season Wet Season
n =204 n =228
OR Cl p OR Cl p

Predictor
SES status

2nd Quartile 1.24 [0.41 - 4.33] 0.714 5.67 [1.40 - 39.14] 0.033

3rd Quartile 1.26 [0.38 - 4.64] 0.710 4.63 [1.11-32.25] 0.062

4th Quartile 1.34 [0.27 - 6.44] 0.716 5.47 [1.12-41.60] 0.055
Number of family members

5 -7 people 2.46 [0.91 - 7.86] 0.095 1.31 [0.58 - 3.19] 0.528

8 or more people 2.82 [0.76 - 11.18] 0.125 0.37 [0.07 - 1.52] 0.197
Interior stove 0.66 [0.29 - 1.47] 0.323 0.39 [0.18 - 0.79] 0.011
Bednet use the previous night 0.32 [0.15 - 0.68] 0.003 0.18 [0.07 - 0.48] 0.001

During the wet season, there was a strong association between coil use and second
socioeconomic quartile (OR = 5.67, [95% CI, 1.11 — 32.25]) and when there was a stove present
in the interior of the home (OR = 0.19, [95% CI, 0.07 — 0.51]). Coil was strongly associated with
bednet use the night prior to survey regardless of precipitation season. (Dry: OR =0.32, [95% CI,
0.15-0.68], Wet: OR =0.18, [95% CI, 0.07 — 0.48]) (Appendix 15).

Discussion

Bednet use was found to be more likely for female offspring, with the father living in the home,
when the family implemented traditional medicine practices and in families in higher SES class
while use was less common with households of six or more siblings and when coils were used in
the home. Coils were less likely to be used among the study population if the family possessed a
stove inside the home and if an ITN was used the night prior to the survey. Bednet use was more
likely with herbal medicine use during the dry season. During the wet season, middle class

families (2"* SES class) were more likely to use coils.

Bednet coverage

Current estimations for bednet use rates reaching near 87.1% (95% Cl, 83.1% — 90.3%).%® Use
of bednets in this thesis was defined by use of a bednet the night prior to survey, which was
achieved by 82.6% of the population, slightly lower than the expected estimation of use in SSA.

In Burkina Faso in 2006, a study of 360 households with children 5 years and younger found all
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homes in the study possessed an ITN. % Ownership was not assessed independently of use in

this thesis, so the previous findings in similar populations in Burkina Faso cannot be confirmed.

Bednet use patterns

Use of bednets was hypothesized to be influenced by sociodemographic characteristics and
family structure. The lowest socioeconomic class was found to be using bednets the least. Lower
SES status was defined in part by lower education attainment and may explain lower bednet use
as knowledge concerning anti-malaria information and practices would be reinforced during more
years of education. Fathers living with children increased the use of bednets the night prior to
survey. Field experts explain that this is likely due to sociocultural values of the region that place
paternal authority in high respect. The experts explained that female offspring were also more
likely to follow instructions given to them to use the nets when compared to male offspring. Lower
usage rates of bednet with higher sibling numbers, can be explained by ownership trends.
National health surveys indicate that even currently, when ownership numbers are at their highest,
only 61% of homes had one ITN per every two family members. There is clearly success in
increased ITN coverage due to mass distribution campaigns in recent years, but improvements
can continue to be made. Higher bednet use in the occurrence of traditional medicine
consumption may result from increased health consciousness among users. Reduced bednet use
when coils were used in the home can be explained by redundancy. Families employing one

means of insecticide tool for malaria prevention may be less inclined to use a second method.

Coil use patterns

Results indicate that sociodemographic and environmental conditions influence use of coils as
discussed in the hypothesis. Families who possessed a stove in the home were less likely to use
coils. Field experts explain that this may be due to a desire to limit the amount of airborne smoke
produced when cooking on the stove and through burning of coils concurrently. As stated
previously, findings of decreased coil use in the presence of a bednet show that families are likely

to use one method of malaria prevention over the other.

Bednet and coil use

The relationship between decreased use of one malaria prevention tool in the presence of the

other has not been studies in detail in existing research. According to WHO 2022 malaria
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prevention guidelines, the use of two insecticide prevention tools simultaneously is not

recommended, perhaps offering an explanation to these findings.*¥

Precipitation season and use of malaria prevention tools

Variations in use of tools to prevent malaria between wet and dry season is recorded in a
multitude of prior research.® Stratification of logistic regression models generally maintained
the findings described above. However, during the dry season, bednet use was even more likely
with herbal medicine use during this period in the study population. Potential explanation of this
is that people employing traditional anti-malaria strategies are more concerned for their health
and therefore implement all methods for malaria prevention even during the dry season when
the perceived risk of malaria contraction is lower.®® Future qualitative studies could confirm this
hypothesis. Interior stove possession is significantly associated with coil use during the wet
season. During this season, stoves in the home are used more when outdoor cooking is not
possible, explaining the association found here. Wet season incidcated more coil use in middle
wealth families. Further investigation into socioeconomic class use pattern variations depending

on season is needed to understand this result.

Gender & prevention of malaria tools

Increased bednet use when the offspring was female was found. In another study in Liberia during
2016, men and older children were found to be less likely to sleep under bednets than woman
and children under the age of 5.4 A second study, comparing age and gender ITN usage trends
in 29 African countries, found that discrepencies between gender and age use was minimized
when ITN ownership was higher.“" This again reinforces the need for improvement in the already
successful ITN distribution campagins. Woman and children are often the targets of prevention of
malaria tool guidelines.“? which may lead to the gender gap in usage, notable from age 6 in this

these.

Family size & prevention of malaria tool use

Outside of ownership, several past studies indicated variations in bednet use based on the size
of the family unit. In 2021, a study in Ghana concluded that non-use of bednets was associated
with family size of more than 10 members.®* Studies conducted in surrounding countries
discovered trends indicative of use and non-use of bednets specifically relating to families with
young children. In 2011 in Equatorial Guinea, where ITN mass distribution has been implemented

in a similar fashion to Benin, one study found that bednet use was higher in households with fewer
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children under 5 years.“? In Nigeria in 2013, where bednet ownership was found to be 45.5% of
the population, ITN use declined when more than three other children under the age of 5 lived in
the home and when there was a total of 7 or more family members.“** The findings in this thesis
also showed varying degrees of bednet use depending on size of the family. Larger family units

(with more siblings) were found to use bednets less.

Socioeconomic status & prevention of malaria tool use

In Equatorial Guinea, one study from 2011 showed higher bednet use when the head of the
household had reached a high level of education.® A prior 2014 study in Cameroon found bednet
usage increased when the household was in an urban area and when a pregnant woman lived in
plank-louver housing compared to other housing types.®® The variables discussed in these
studies (education level, housing material) were combined to create a socioeconomic indicator
for the purposes of this thesis. Based on this indicator, there was significant association between
family economic status and the use of bednets. It was found that families outside of the lowest
wealth class were more likely to use bednets. Bivariate results indicate that in the EXPLORE
cohort, the families making up the lowest SES quartile were the least likely to use either bednets

or coils. Conversely, In Nigeria, a 2013 study reported higher use of bednets in poorer families.*%

Reasons for use of coils as a means of prevention of malaria through vector control and their

efficacy has not been studied in depth.

Antimalaria uses of traditional medicine

RITAM found that an average of 20% of people in SSA used traditional herbal remedies to avoid
malaria contraction.®® In the EXPLORE population, more than 80% of participants used

traditional medicine, much higher than the RITAM estimate.

Factors influencing self-treatment of malaria at home with herbs, known as traditional medicines,
was described by a study in Benin in 2020. Researchers in Cotonou, an urban region, found
5.34% of households used traditional medicine exclusively to prevent malaria, while in the rural

village of Lobogo, 4% used this method exclusively.“®

In Cotonou, 60.96% of the population
used both traditional and pharmaceutical medicines, and in Lobogo, a majority of participants
(89.22%) reported using both types.“® Use of traditional medications was associated with the age

of respondent, local traditional financial saving schemes, and low family socioeconomic status “*
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However, the study did not explore use of bednets or coils in conjunction with traditional
medications. The analysis performed in this thesis noted increased use of bednets when used in

conjunction with traditional medicines.

Novel results

When the father lived in the same home as the child, bednet use was found to increase.
Information from field experts indicates that these are likely trends that reflect cultural values of
the community and suggests more investigation is required to better comprehend these

inclinations.

Usefulness of Insecticide Tools for Malaria Prevention

The latest WHO guidelines for malaria prevention focus on use of pyrethroid treated bednets, with
recommended use at night (indoors or outdoors) aimed at avoidance of sun exposure that could
alter the insecticidal properties of the net.("¥ According to the CDC, long-lasting insecticide treated

nets remain efficacious for up to three years.“®

Insecticide Resistance in Malaria Vectors

Although pyrethroid treated tools have been an effective intervention in the ultimate goal of
malaria eradication, using pyrethroids as the sole chemical compound in large bednet distribution
campaigns globally has allowed increased vector resistance to the chemical."® In an effort to
reverse the developed resistance to the currently used chemical compounds, development of a
new generation of nets combining novel chemistries has been developed.'® New chemical
cocktails for the purpose of management of disease vectors will not necessarily be restricted to
LLIN™ These concoctions may be impregnated into the other insecticide treated tools, including

but not limited to coils and personal sprays.'®

Insecticide Use Dangers to Humans

The addition of pyrethroids and other chemical compounds used in the control of malaria vectors
may pose some threat to human health and safety and therefore their utilization and the results
of their use must be properly studied to ensure appropriate management. The benefits of
pyrethroids as a source of lowering the mosquito density in malaria endemic areas is
accompanied by inevitable risks to the humans utilizing impregnated tools. Exposure to

pyrethroids can cause an inundation of sodium particles into human nerve cells through voltage-
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gated sodium channels (VGSC).!"” VGSC, one type of family of sodium channels, are located
throughout the human body, allowing chemicals to have access to multiple cell types.“”) Influx of
sodium ions into cells results in permanent depolarization of cells leading to potential destabilized
functioning."” Pyrethroids are lipid soluble and therefore can enter the human body through
contact with the dermis and the digestive or respiratory systems.!"”) Speed of entry into human
cells is dependent on the absorptivity of the contact site.'” It has been found that pregnant woman
and children of young ages are at a higher risk of rapid absorption of pyrethroids into the body."”
Once inside the body, the chemical compound largely affects enzymes functioning in nerve and

(7

liver cells."”’ Careful use of pyrethroid treated tools for malaria prevention is required to prevent

the potential harms of exposure to pyrethroids in humans.

According to the WHO, pyrethroid treated bednets pose no threat to human health and bodily
function.“® When used within proper bounds, studies show that rare side effects of skin irritation,
headache, burning sensation of the eyes and nausea are possible but are negligible and
fleeting.“® It has even been argued that these symptoms may be a benefit by allowing early
indication of adverse pyrethroid exposure and early elimination of the object to minimize further

reaction®®, however studies in SSA are rare.

Though insecticide treated tools were used by the population in this theis, possible affects from
their implementation was not assessed. A study using mother-child cohort data at child age 6 in
France between 2002 and 2006, found that exposure to pyrethroids may negatively impact
neurodevelopment of children. Higher levels of pyrethroid metabolities in mother and child
urinalysis indicated an increased risk for internalizing and externilizaing difiiculties and abnormal

or borderline social behavior.®?

Strengths

Distinguishable from prior research, this study took both bednets and coils into consideration of
malaria prevention tools, which were found to have an inverse impact on the usage of the other.
Additonally, this study was strengthed through characterization of prevention of malaria
regardless of method used. Children age 6 years old are an under studied population concerning
malaria prevention, making this study unqiuely advantageous. Inclusion of a large number of

variables in the MCA indicating socioeconomic status also strengthened the analysis performed.
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Limitations

The study was limited by non-assessment of mosquito density causing lack of knowledge of
definitive exposure to mosquito vectors and the level of that exposure. Condition and placement
of prevention of malaria tools was also not assessed in this research. Bednets and coils may have
been in place but information concerning their confirmed and appropriate usage by respondents
remains unknown. Declaration of bednet and coil use was the only indicator of usage of prevention
of malaria tools by respondents but was unobserved by researchers in the field. Possible
overreporting of bednet use in order to prevent malaria is feasible due to the current WHO
guidelines in Benin instructing bednet use and making access to bednets possible for the local
population by means of mass distribution campaigns.*®2® Sprays could not be studied due to the

low number of participants using this means of malaria prevention.

Participants were asked about traditional medicine use and most of them reported using them for
malaria, usually in the form of an herbal tea. However, this variable may include traditional
medicine for other reasons, and/or for treatment of malaria and not only preventive measure.
Therefore, our results may overestimate the use of traditional medicine for malarial preventive

measures. Information on screened windows was not available.

Although aiding in full understanding of malarial preventive measures used by the population,
stratification of logistic regression models by season in which participants were surveyed is
marked by decreased power. Very large confidence intervals in the outcome of the conditional

logistic regression models denote lower precision of inferences drawn from their outputs.

Recommendations

Current WHO recommendations for prevention of malaria focus mainly on the use of long-lasting
insecticide nets and indoor residual spraying. LLIN have been the main prevention of malaria tool
used in Benin since the early 2000’s with the initiation of nationwide distribution campaigns.(®
Our findings that varying demographic, sociocultural and environmental elements influence
whether bednet and other prevention of malaria tools are used in southern, semi-rural Benin
confirms the necessity for expansion of the recommended malaria prevention tools following
future research understanding all anti-malaria methods. If coils are found to be inefficacious, or

even harmful, guidelines need to be updated to educate populations requiring this information.
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Future Research

Based on the findings in the thesis study, it is apparent that populations of southern, semi-rural
Benin use insecticide treated coils as a method of controlling mosquitoes, the most common
vector of malaria. The efficacy of this method has largely not been studied and is not currently
recommended by the WHO as an adequate means to prevent malaria through vector control.(®
Populations utilizing such methods may be exposed to chemical insecticides through these

%) Preliminary urinalysis of subjects within the study population (N = 15) signifies some

methods.
abnormal chemical levels in the presence of insecticide treated tools for malaria prevention.
Further research is indicated to better assess coils efficacy on the risk of malaria, and to study

exposure levels of pyrethroids among participants using coils.

Future studies would benefit from inclusion of mosquito density and conditions of bednets and
coils being used by respondents for prevention of malaria. More research is indicated in order to
have complete awareness of the potential risks and benefits other methods of malaria prevention.
The fulfillment of this need will enable populations afflicted by malaria to reach higher levels of

coverage against vectors causing perpetuation of the disease.

Conclusion

Families in southern, semi-rural Benin with children aged six years old were differentially
influenced towards use of insecticide treated prevention of malaria tools based on variable socio-
cultural and environmental factors. The diverse population of Benin and Sub-Saharan Africa
causes unique family and home conditions that require accessibility to and education concerning
equally diverse prevention of malaria tools. Future studies understanding appropriate usage of

prevention of malaria tools must also be considered.
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Appendix 1
Summarization of cohort population from MiPPAD through final study population.

Maternal Enrollment in MiPPAD

N = 1052 Deceased
n=35
LTFu
n=176
Consent Withdrawn
n=>59
Non-sln%eton
Inclusion in TOVI n=
(child aged 12 months)
N =752
LTFu or Death
n=162
Inclusion in EXPLORE
(child aged 6 years )
N =590
Insecticide use
unknown
n=158

Inclusion in final population
(child aged 6 years )

N =432
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Appendix 2

Descriptive flow chart of population selection from onset TOVI until current study analysis following the EXPLORE questionnaire.

. Changes made to master data set based on
752 children Followed UV examination of raw data:

with TOVI (child age 1yr Lt 4881: V711 -1
4065:v711 =2 SRR E n=6
l 4452:v711=1 4755: v711=1
162 LTFuor 4017:v711=1 . _
Q2LTFuc 4330: v711=1
l 4661:v711=1
f
Removed due to data entry or n=11I
. X ) questionnaire error: | -
590 children included in 4725, 4603, 4768, 4246, 4322, NO |
EXPLORE (child age 6yrs) miln e s S e !
I
I

Confirmed matchi
Respondent YES o mpﬂmm YES o ng
q,_,'m““m“"md viandexp V711 and v711a/bic
] ]
NO i S— NO i n=130 YES
J I
| Included in final study
Excluded from study — | population (N = 432)
population "
- n=1
Change based on observation in the
field by FBL:
5007:v711=2t0 1
vZ1la=1

v711d = Ix/day
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Appendix 3

Interview questions from EPXLORE questionnaire used to create study outcomes.

3a. Original questionnaire was given to participants in French.

Section 4. Aliementation de I'Enfant

Est-ce que votre enfant mange de la

41.A viande de bétes tuées par un fusil ?

{1-0ui,2-Non)|__

Section 6. La Maison

Votre enfant a-t-il dormi sous la

6.4 {1-0ui,2-Non) | _

moustiquaire la nuit derniere ?

Section 7. Environnement et Habitat

Avez-vous déja utilisé des insecticides a

[ lintérieur de votre maison? {1-0ui,2-Non)|_
7.11A Pulvérisation {1-0ui,2-Non)|__
7.11B Spirale {1-0ui,2-Non) | _
7.11C Autre |

3b. Translation in English is included for clarity of outcome creation for study purposes.

Section 4. Child's Food Habits

41A Has your c.:hlld eaten meat resulting from {1-Yes,2-No)|__|
hunting using a gun?
Section 6. The Home
6.4 D'Id your child sleep under a bednet last {1-Yes,2-No)| _|
night?
Section 7. Environment & Habit
711 Have you used insecticides in your home {1-Yes,2-No)| _|
before?
7.11A Space Spray {1-Yes,2-No)|__|
7.11B Coil {1-Yes, 2-No)| _|
7.11C Other | |
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Appendix 4

Descriptive summarization of population characteristics included for creation of socioeconomic indicator variable.

N =432
n (%)
Sociodemographic Characteristics
Maternal Education (High) 62  (14.4%)
Maternal Literacy (Yes) 113 (26.4%)
Family Structure Characteristics
Marital status
Single 18 (04.3%)
Monogamous 209  (49.4%)
Polygamous 192 (45.4%)
Number of Family Members
Less than 5 people 97 (22.5%)
5 -7 people 278 (64.4%)
8 or more people 57 (13.2%)
Number of Siblings
1or2 163  (39.4%)
3to5 217  (52.4%)
6 or more 34 (08.2%)
Paternal Cohabitation (Yes) 393  (92.0%)
Paternal Employment (Yes) 407  (95.1%)
Maternal Employment (Yes) 270  (63.5%)
Dwelling Characteristics
Village of Residency
Attogon 125 (28.9%)
Sekou 307  (70.6%)
Housing Type
Communal 326 (75.8%)
Individual 104  (24.2%)
Change of Dwelling (Yes) 87 (20.1%)
Proximal to Traffic (Yes) 354  (82.5%)
Floor Material
Cement 314 (72.7%)
Other 118  (27.3%)
Wall Material
Brick 188  (43.5%)
Other 244  (56.5%)
Painted Walls (Yes) 48 (11.4%)
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Appendix 5

Sub-population distribution describing respondents who have previously used insecticide sprays in the interior of the home.

N =30
n (%)
Sociodemographic Chacracteristics
Gender (female) 15 (50.0%)
Maternal age at survey
Less than 22 years old 0 (00.0%)
22-25 5 (17.2%)
26 - 30 10  (34.5%)
31 years old and older 14 (48.3%)
Maternal education (high) 12 (40.0%)
Maternal literacy (yes) 13 (46.4%)
Socioeconomic status
1st quartile 2 (07.1%)
2nd quartile 7 (25.0%)
3rd quartile 12 (42.9%)
4th quartile 7  (25.0%)
Family Structure Characteristics
Marital status
Single 1 (03.4%)
Monogamous 18  (62.1%)
Polygamous 10  (34.5%)
Number of family members
Less than 5 people 8 (26.7%)
5 -7 people 20 (66.7%)
8 or more people 2 (06.7%)
Number of siblings
1or2 10 (37.0%)
3to5 13 (48.1%)
6 or more 4  (14.8%)
Paternal cohabitation (yes) 26 (89.7%)
Paternal employment (yes) 29  (96.7%)
Maternal employment (yes) 18 (62.1%)
Dwelling Characteristics
Village of residency
Attogon 15 (50.0%)
Sekou 15 (50.0%)
Housing type
Communal 23 (76.6%)
Individual 7  (23.3%)
Proximal to traffic (yes) 22 (73.3%)
Interior stove (yes) 10 (33.3%)
Electricity (yes) 9  (30.0%)
Prevention of Malaria Tools
Bednet use the prior night 23 (76.7%)
Coil use in home 8 (26.7%)
Uses traditional medicine 28  (93.3%)
Temporal Characteristics
Precipitation season (wet) 17 (56.7%)
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Appendix 6

Missing values in exposures of interest.

N =432

n % of missing
Sociodemographic Charateristics
Offspring sex 0 0.0%
Maternal age at survey 1 0.2%
Maternal literacy 4 0.9%
Maternal education level 1 0.2%
SES status 12 2.8%
Family Structure Characteristics
Martial status 0 0.0%
Household size 0 0.0%
Number of siblings 18 4.2%
Paternal cohabitation 5 1.2%
Maternal employment 7 1.6%
Paternal employment 4 0.9%
Dwelling Characteristics
Village of residency 0 0.0%
Housing type 2 0.5%
Moved since child was born 0 0.0%
Number of rooms 0 0.0%
Proximity to traffic 3 0.7%
Wall material 0 0.0%
Floor material 0 0.0%
Painted interior walls 10 2.3%
Stove in the house 0 0.0%
Presence of electricity 0 0.0%
Prevention of Malaria Tools
Bednet use previous night 0 0.0%
Insecticide use 1 0.2%
Coil use in home 0 0.0%
Spray use 0 0.0%
Use of traditional medicine 2 0.5%
Temporal Characteristics
Precipitation season 0 0.0%
Year surveyed 0 0.0%
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Appendix 7
Dictionary of variable names used in R-studio scripts. Further appendix tables and figures will use these names instead of full
descriptive variable names as seen previously.

Descriptive Variable Name R-Studio Equivalent Levels
Sociodemographic Characteristics

Offspring sex gender Female, Male
Maternal age at survey age Less than 22 years old

22 - 25 years old
26 - 30 years old
31 years and older

Maternal iteracy literacy Yes, No
Maternal education level edmother High, Low
SES status SES Quartiles
Family Structure Characteristics
Martial status marriage Single

Monogomous

Polygamous
Household size size Less than 5 people

5 -7 people

8 or more people
Number of siblings siblings 1or2

3to5

8 or more
Paternal cohabitation lif Yes, No
Maternal employment momworks Yes, No
Paternal employment dadworks Yes, No
Dwelling Characteristics
Village of residency village Sekou

Attogon
Housing type housetype Individual

Communal
Moved since child was born moved Yes, No
Number of rooms rooms 1or2

3to5

6 or more
Proximity to traffic traffic Yes, No
Wall material wall Brick, Other
Floor material floor Cement, Other
Painted interior walls paint Yes, No
Stove in the house stove Yes, No
Presence of electricity electic Yes, No
Insecticide Specific Characteristics
Bednet use previous night itnp Yes, No
Insecticide use insect Yes, No
Coil use in the home coil Yes, No
Spray use spray Yes, No
Frequency of insecticide use freq Daily - Annually
Use of traditional medicine meds Yes, No
Frequency of medicine use fremed Daily - Annually
Temporal Characteristics
Year surveyed year Yes, No
Precipitation season season Wet, Dry
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Appendix 8

MCA individual plot. Representative cloud of all individuals included in MCA analysis compared to dimensions one and two. More
similar individuals are grouped more closely to each other; discriminant individuals are plotted further from each other. Plot
indicates that all people within the study are similar enough to each other to consider as one population without need for clustering.
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Appendix 9

MCA Variable data results. Ordered by highest contribution to dimension 1. Positive coordinates indicate association with higher
SES status, negative coordinates indicate the opposite. Information used to create new SES indicator variable for further use in
multivariate analysis. Variables with contributions less than 1.0 were not considered to be significant contributors to SES status.

Variable Level Coord Contrib Cos2 Count

edmother high 1.461 10.78 0.358 62
literacy literacy_yes 1.060 10.35 0.398 113
wealth High 1.010 8.73 0.328 105
floor floor_other -0.815 6.38 0.249 118
momworks momworks_no 0.708 6.33 0.280 155
wall wall_brick 0.640 6.28 0.316 188
village Attogon 0.780 6.20 0.248 125
wall wall_other -0.493 4.84 0.316 244
wealth Low -0.575 4.09 0.179 152
literacy literacy_no -0.388 3.85 0.404 315
momworks momworks_yes -0.417 3.83 0.290 270
paint paint 0.942 347 0.111 48
rooms 6+ 1.814 295 0.086 1
village Sekou -0.318 2.52 0.248 307
floor floor_cement 0.306 240 0.249 314
edmother low -0.249 1.86 0.362 369
wealth Mid-Low -0.540 1.80 0.062 76
moved moved 0.498 1.76 0.063 87
housetype individual 0.449 1.71 0.064 104
rooms 3-5 0.381 1.68 0.071 142
rooms <=2 -0.266 1.60 0.129 279



Appendix 10

Variable plot of MCA results. NA categories with less than contribution = 1.0 in dimension one did not influence results of SES
variable creation based on this dimension. Point labels only exist when contribution is greater than or equal to 2.0 in either
dimension 1 or dimension 2.
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Appendix 11

Odds ratio plot of results from logistic regression models comparing bednet use the night before the EXPLORE survey and
exposures of interest. Non-significant findings were removed between the full and simplified models. Interpretation: Use of bednet
the night prior to survey was more likely when (1) offspring gender was female, (2) the father lived in the same home as the child,
(3) with socioeconomic status in the 2" or 4™ quartile, (4) with simultaneous use of traditional medicines were used, and (5) when

a stove was present in the household. Bednet use the night prior to survey was less likely when (1) coils were used in the home, and
(2) the child had more than 6 siblings.

Full model Simplified model

coil yes coil —_— —_—
no coil

gender female $—.— $'—.—
male

lif yes lif —_— - —
no lif
med trad med —_— —_——
nontrad med

SES 2nd Q L o —_——
3rd Q
4th Q s 2 . 2
1stQ

siblings 3-5
6+
<=2

stove
no stove

-2 0 2 -2 0 2
log(OR)

® p=<005 © p>005
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Appendix 12

Odds ratio plot of results from logistic regression models comparing insecticide treated coil use in the home and exposures of
interest. Non-significant findings were removed between the full and simplified models. Interpretation: The likelihood of coil use
was lower when (1) bednet was used the night prior to survey, and (2) when a stove was present in the home.

Full model Simplified model
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Appendix 13

Description of population when stratified by season.

Table Distribution of sociodemographic and familial characteristics according to
season in which survey took place (Allada, Benin); (N=432)

Dry Season Wet Season
n =204 (47.2 %) n =228 (52.8 %)
n % n %
Sociodemographic Characteristics
Offspring sex
Male 110 (53.9%) 119 (52.2%)
Female 94 (46.1%) 109 (47.8%)
Maternal age at survey
Less than 22 years 9 (04.4%) 1 (40.0%)
22 - 25 years old 21 (10.3%) 32 (14.1%)
26 - 30 years old 51 (25.0%) 51 (22.5%)
31 years or older 123 (60.3%) 143 (63.0%)
SES Status
1st quartile 24 (12.2%) 23 (10.3%)
2nd quatile 93 (47.2%) 97 (43.5%)
3rd quartile 61 (31.0%) 71 (31.8%)
4th quartile 19 (09.6%) 32 (14.3%)
Family Structure Characteristics
Martial status
Single 4 (02.0%) 14 (06.3%)
Monogamous marriage 107 (53.5%) 102  (45.7%)
Polygamous marriage 86 (43.0%) 106  (47.5%)
Number of family members
Less than 5 people 49 (24.0%) 48 (21.1%)
5 -7 people 126 (61.8%) 152 (66.7%)
8 or more people 29 (14.2%) 28 (12.3%)
Number of siblings
1or2 76 (38.6%) 87  (40.1%)
3to5 106 (53.8%) 111 (51.2%)
6 or more 15 (07.6%) 19 (08.8%)
Paternal cohabitation
Yes 187 (92.1%) 206  (92.0%)
No 16 (07.9%) 18  (08.0%)
Dwelling Characteristics
Proximal to traffic
Yes 161 (79.7%) 193  (85.0%)
No 41 (20.3%) 34 (15.0%)
Interior stove
Yes 76 (37.3%) 96 (42.1%)
No 128 (62.7%) 132 (57.9%)
Electricity
Yes 61 (29.9%) 80 (35.1%)
No 143 (70.1%) 148  (64.9%)
Prevention of Malaria Tools
Bednet use previous night
Yes 155 (76.0%) 202 (88.6%)
No 49 (24.0%) 26 (11.4%)
Coil use in home
Yes 47 (23.0%) 53 (23.2%)
No 157 (77.0%) 175 (76.8%)
Use of traditional medicine
Yes 175 (86.6%) 202 (88.6%)
No 27 (13.4%) 26 (11.4%)
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Appendix 14

Odds ratio plots of conditional logistic regression describing exposures of interest with bednet use the night prior to survey by
precipitation season. Interpretation: bednet use was more likely in the wet season if the family was in the 2" or 4" socioeconomic
quartile and if the father lived in the home. Bednet use was less likely in the wet season with 6 or more siblings and when coils
were used in the home. These findings are consistent with unstratified results.
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Appendix 15

Odds ratio plots of conditional logistic regression describing exposures of interest with coil use in the interior of the home by
precipitation season. Interpretation: Coil use was more likely in the wet season if the family was in the 2" socioeconomic quartile.
Interior stove presence indicated lower likelihood of coil use. Coil use was less likely in the wet and dry season when bednet was
used the night prior to survey. These findings are consistent with multivariate results.
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Résumé
Caractéristiques sociodémographiques et familiales influencant sur I'utilisation et la non-
utilisation de moyens de prévention du paludisme (Benin, SSA)

Introduction : Le paludisme continue de sévir avec une mortalité plus élevée en Afrique subsaharienne.
Des moustiquaires imprégnées d'insecticide a longue durée d'action (MILD), des pulvérisations
intradomiciliaires, des spirales et des pulvérisations a base de pyréthrinoides sont utilisées dans la
prévention du paludisme. Les déterminants des l'utilisation de moustiquaires et des spirales sont mal
connus. Les objectifs de cette étude étaient de déterminer les caractéristiques socioculturelles et
environnementales influencgant I'utilisation des moustiquaires et des spirales pour prévenir le paludisme ()
dans des familles avec un enfant de 6 ans dans le sud du Bénin semi-rural.

M¢éthodes : Dans une cohorte mére-enfant dans le district d'Allada, au Bénin, la collecte de données était
basée sur les réponses a un questionnaire détaillé de 432 méres quand I'enfant avait 6 ans. Les
informations recherchées comprenaient : I'utilisation des moustiquaires, des spirales, de I'utilisation de
sprays dans la maison, la saison (humide/seéche), le nombre d’enfants dans le ménage, le type de
logement, le richesse de la famille ainsi que I'éducation de la mére. Une Analyse des Correspondances
Multiples (ACM) a permis de synthétiser le niveau de vie de la famille sous forme d’un indicateur global de
richesse. Une régression logistique binaire a été effectuée pour tester I'association entre I'utilisation de
moyens de prévention du paludisme (moustiquaire et spirales) et le niveau de vie, les facteurs
sociodémographiques et socio-culturelles, la structure familiale, et les conditions environnementales.
Résultats : 82,6 % des personnes interrogées ont déclaré que leur enfant avait utilisé une moustiquaire la
nuit précédant I'enquéte, 23.1% utilisé des spirales et 6.9% des sprays, la fréquence d'utilisation la plus
courante (26,9 %) étant plusieurs fois par semaine. Les médicaments traditionnels étaient utilisés par
87,7% de la population ; la fréquence d'utilisation la plus élevée était annuelle (49,5%). Une plus grande
utilisation de la moustiquaire a été trouvée avec les filles (OR = 2,15, [95% ClI, 1,19 - 3,98]), la cohabitation
paternelle avec I'enfant (OR = 6,28, [95% CI, 2,43 - 16,17]) et I'utilisation simultanée de médicaments
traditionnels [OR = 2. 54, [IC 95 %, 1,18 - 5,31]) ; diminution de I'utilisation des moustiquaires lorsqu'il y
avait 6 freres et sceurs ou plus (OR = 0,36, [IC 95 %, 0,14 - 0,96]) et lorsque des spirales étaient utilisés a
la maison (OR = 0,26, [IC 95 %, 0,14 - 0,48]). L'utilisation des spirales était associée a une utilisation plus
faible de moustiquaire la nuit précédent I'enquéte I'enquéte (OR = 0,31, [IC 95%, 0,18 - 0,54]), et quand il
y avait un poéle a l'intérieur du logement (OR = 0,48, [IC 95%, 0,29 - 0,79)).

Discussion : Les moustiquaires imprégnées sont largement utilisées dans les familles avec des enfants

de 6 ans dans le sud du Bénin semi-rural, ainsi que les spirales.
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