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Abstract

Objectives: This study analyzed the effect of the number of mosquito nets that are owned by households, dwelling characteristics
and maternal demographic characteristics on malaria infections. Material and Methods: The 2011 Demographic and Health
Survey (DHS) data for children under 5 years of age were used. The children were subjected to haemoglobin test and rapid di-
agnostic test (RDT) to ascertain the presence of malaria parasites. Data were analyzed using probit regression method. Results:
It was found that 2.43% and 8.68% of the children were living in houses that were prone to landslide and flooding, respectively.
Also, 19.93%, 17.08% and 16.26% of the children lived in houses without windows, with broken windows, and with a hole in the
roof, respectively. Only 5.59% and 23.96% of the children lived in houses with window and door nets, respectively. Mosquito
nets were owned by 64.03% of the households, where Adamawa Region had the lowest coverage (52.23%). Reasons for not
owning mosquito nets by all the households included: lack of financial means (25.17%), using something else (1.80%) and not
having many mosquitoes in the vicinity (5.53%). In the probit regression, variables that significantly reduced malaria infections
among the children (p < 0.05) included: the number of mosquito nets, urban residence, improved toilet, ownership of a radio,
residence in flood-prone area, mother’s secondary education, mother’s tertiary education and residence in areas with not many
mosquitoes, while infections increased along with the household size, residence in areas prone to landslide, severe anaemia,
moderate anaemia, mild anaemia and age of the children. Conclusions: Ownership of mosquito nets and dwelling character-
istics are critical factors influencing infections with malaria. There is a need to ensure compliance with its use since there are
disparities between access and actual usage. Also, addressing malaria problem in Cameroon should consider regional disparity
in malaria incidence rates and more engagement of the media, among others, for appropriate sensitization.
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NFLUENGE MALARIA

INTRODUCTION

Malaria is caused by infection from protozoan of the ge-
nius Plasmodium, which is transmitted through mosquito
bites. The disease constitutes a serious health hazard in
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many tropical countries due to favorability of the climate
for mosquito breeding [1,2]. Some statistics have shown
that 300-500 million cases of malaria are reported annu-
ally, with more than 1 million deaths [3]. More than 90%
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of malaria cases and 75% of associated deaths occur in
Sub-Saharan Africa (SSA) [3,4]. Some estimates indicate
that 207 million cases of malaria and 627 000 deaths were
reported in 2012 [5]. These statistics represent only a slight
reduction from 219 million malaria episodes and 660 000
deaths estimated for 2010 [6]. Also, 14 countries account-
ed for 80% of malaria deaths and about 80% of the esti-
mated cases occurred in 17 countries. In Africa, malaria
was ranked by the World Bank and World Health Orga-
nization (WHO) as the leading cause of lost disability ad-
justed life years (DALYs) with the total estimated annual
loss of 35 million future life years [7].

In Cameroon, malaria is responsible for 30-35% of total
annual death cases. It also accounts for 35% of childhood
mortality and 40-45% of the reported cases of morbid-
ity [8]. It has been estimated that about 41% of total
Cameroon’s population records at least one malaria epi-
sode annually, although pregnant women and children
under the age of 5 are usually more vulnerable [8]. This
implies that about 8.2 million people suffer from malar-
ia attacks each year [9]. Another estimate indicates that
malaria is the principal cause of morbidity in Cameroon,
accounting for about 35-40% of deaths of hospitalized
patients, 50% of illness and morbidity in the children
under 5 years of age, about 40% of the under-5 children
mortality and 40-45% of medical consultations [10].
Access to insecticide-treated net (ITN) is one of the ma-
jor ways of preventing transmission of malaria parasites
through mosquito bites within a population setting. At
a household level, various cultural, ethnic, behavioral and
demographic factors influence acceptability of ITNs for
use [11-17]. Some studies have demonstrated effective-
ness of ITNs in combating malaria-related morbidity
and mortality [18-21]. Others have found the efficacy of
ITNs in reducing malaria-related morbidity though with
a varying degree of effectiveness [11,22-24]. Non-conti-
nuity in the use of ITN is also an important issue [25]. It
has been noted that the size of a household and the size
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of a house are critical issues of concern [12,13]. These can
be explained by the fact that households with small rooms
often complain of high room temperature at night which
prevents sleeping under mosquito nets. Also, in a large
family, there is very low likelihood that everybody will
sleep under a mosquito net.

Characteristics of the place of dwelling can influence
breeding of mosquitoes and exposure of household mem-
bers to their bites. For instance, poorly maintained drain-
age, bushy environment, stagnant water and dirty envi-
ronment are breeding grounds for mosquitoes [7]. Also,
malaria can disproportionately affect rural and urban chil-
dren for several reasons. Specifically speaking, unplanned
urbanization which results in poor housing, inadequate
sanitation and poorly managed drainage systems is a ma-
jor facilitator of malaria due to rapid multiplication of
mosquito population [26].

Higher but insignificant interaction between the preva-
lence of malaria parasites among some school children
and residential characteristics have been reported for
Southwest Cameroon [27]. Another study in Douala and
Yaoundé cities of Cameroon [9] has found that meth-
ods adopted for preventing malaria included: ensuring
environmental sanitation (76.1%), sleeping under bed
nets (69%), using insecticide spray/coils (12.3%) and ad-
equate netting of doors or windows (1.9%). These findings
are highly different from what has been found in a study in
India [28] where 94% of the respondents used at least one
pesticide to control mosquitoes.

Moreover, Kimbi [27] has reported that effectiveness
of ITN could have been compromised by difficulty in find-
ing chemicals needed for retreatment (47%), outdated
available bed nets and financial difficulties in purchasing
other (24.5%) as well as restless sensation due to excessive
heat when sleeping under a bed net (5%). Some of these
reasons were raised in another study [27], where it has
been found that children that were sleeping under ITNs
had higher prevalence of malaria parasites in Southwest
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Cameroon. The findings raised the question of whether
ownership of mosquito nets implies usage and the fact that
even if used, household members can be exposed to mos-
quito bites elsewhere.

Another study in Cameroon [29] has found that malaria
burden was disproportionately borne by women of very
low socio-economic status including the unemployed,
those that are unable to afford modern housing facilities,
and those living in the neighborhood with high concentra-
tion of the poor. This implies that children and individu-
als with malaria infection would most likely be anaemic.
In Cameroon, similar result have been reported [27,29].
Furthermore, rural children more frequently than those
from urban areas may not have access to adequate nutri-
tion due to prevailing poverty. However, malaria infec-
tions can have more serious consequences among children
with clinical and sub-clinical malnutrition [7]. This results
from the low disease resistance of malnourished children.
Research has shown that in many cases, iron deficiency
among children is positively correlated with malaria infec-
tions, while malaria parasite density and plasma iron con-
centrations are negatively correlated [30,31]. Some studies
have, therefore, emphasized adequate nutrition as pana-
cea for the disease infection among children [32].
Similarly, there may be a significant interaction between
a mother’s education and family wealth. These variables
interact with malaria infection in different ways because
an educated mother may be able to secure a better job,
have better income and live in cleaner environment with
basic social amenities. Exposure to malaria parasites of
children that live in such area may be less than that of chil-
dren whose mothers are illiterate and who live in a poorly
developed area [33].

The age of the child is another factor that can influence
malaria infection. As children grow older, their immune
system builds up for adequate resistance against various
diseases. However, vulnerability to malaria may generally
increase as the child grows older due to the tendency of

not sleeping under mosquito nets. In a study that was con-
ducted among school children in Southwest Cameroon,
the highest prevalence of malaria has been found among
children in the youngest age group (< 6 years) [27]. Using
the most recent Demographic and Health Survey (DHS)
data, this study determined the effect of ITN usage, fea-
tures of the households’ dwelling and maternal socio-eco-
nomic characteristics on the infection with malaria para-
sites among children under the age of 5 in Cameroon.

MATERIAL AND METHODS

Study area

Cameroon has a land area of 475 400 km?, and it is ad-
ministratively divided into 10 provinces: Adamawa (Ada-
moua), Centre/Yaounde, East (Est), Far North (Extreme
Nord), Littoral/Douala, North (Nord), North West (Nord
Quest), West (Quest), South (Sud), and South West (Sud
Quest). There are 4 distinct vegetation and topographi-
cal landforms in the country: the southern region’s low
coastal plain with equatorial rainforests and swamp lands;
savannah plateau in the centre, which is also referred to as
the Adamaoua Plateau; the mountainous west, and south-
western region with forest cover extending to Mount Cam-
eroon or Mount Fako, as well as a sub-arid savannah in
the north. The country has a tropical climate, varying from
the humid equatorial region in the south to the dry Sahel
savanna in the north. Households in the Sahel savannah
have a wet season (April and September) with an aver-
age annual rainfall of 1000-1750 mm, while the southern
equatorial region has 2 wet and 2 dry seasons with each
having peaks of wet and dry and average annual precipi-
tation of 4030 mm. The coastal regions have an average
annual rainfall of about 4060 mm [33,34].

Data and sampling methods

The 2011 standard DHS data for Cameroon covered na-
tionally representative households after questionnaires
were satisfactorily pre-tested. The detailed procedures

[JOMEH 2015;28(3)

481



482

ORIGINAL PAPER AS. OVEKALE

for training enumerators and data collection had been
provided [35]. The samples were collected using 2-stage
stratified sampling and households were selected propor-
tionally to the size with an adequate coverage of 10 ad-
ministrative regions and the 2 major cities of Yaounde and
Douala. It is, therefore, important to note that the results
for the Centre and Littoral Regions excluded the samples
from Yaounde and Douala. The 1st stage of the sampling
involved selection of primary Enumeration Areas (EAs)
based on the list for the 3rd General Census of Population
and Housing Census (PHC) in 2005.

In total, 580 EAs were selected comprising 289 from
the rural areas and 291 from the urban ones. Definition
of rural area was based on having population density of
less than 20 000. Most of these places normally lack ba-
sic social services like electricity, good road networks and
portable water. Households in each of the EAs formed
the sampling unit for the 2nd stage, whereby systematic
sampling with equal selection probability was used. Out of
the selected EAs, 578 were sampled. However, out of the
target population of 15 050 households, 14 354 were iden-
tified and 14 214 were successfully interviewed. Similarly,
within the selected 14 214 households 15 852 eligible wom-
en (aged 15-49 years) were found, of who 15 426 were suc-
cessfully interviewed.

All the women and children were subjected to haemoglobin
test in order to determine the prevalence of anaemia. Also,
all the children 6-59 months old (6623 in number) were eli-
gible and subjected to malaria test. The protocols for con-
ducting these tests were approved by the National Informed
Consent Form Ethics of Cameroon and the Ethics Commit-
tee (Institutional Review Board) Committee International.
Enumerators were adequately trained to perform haemo-
globin and malaria tests after obtaining consent from the
parents. The HemoCue system was used to perform hae-
moglobin test, while malaria rapid diagnostic test (RDT)
was used to ascertain the presence of malaria parasites in
the blood samples collected by thumb pricking.
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Model specification

Econometric modelling of being tested positive to malaria par-
asites can be addressed with probit model since the responses
can be categorized into 2 groups (positive or negative). Deal-
ing with such a model requires the use of maximum likelihood
estimates (MLE) in the estimation of the parameters, because
ordinary least square (OLS) would produce biased and inef-
ficient parameters. In this instance, it had been submitted that
probit modelling is based on latent model expressed as [36]:

P(y, =1]x)=(y; >0]x) (1)
where:
X — explanatory variables,
y, - infection with malaria (yes = 1, 0 otherwise),

y, - estimated latent form of y,

=P(x+¢ >0[x) (2)
where:

x| - latent independent variable,

€ — erTor term,

=P(e, > x| x) 3)
where:

p - estimated parameters,
=1-F(xp) )

The error terms are normally distributed and indepen-
dent, therefore:

P(yi:1|x)=1—¢(—%j,czl )
where:
¢ — probability distribution function,

because of symmetry assumption:

=1- d{— X—pﬁj = ¢(x}p) (6)
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The marginal effect measures the effect of a unit change
in an independent variable on the probability P(Y = 1|X
= x) given that all the other variables are held constant.
This is computed as:

SP(Yizllxi)_SE(Yilxi)_ /

S o(x/p)p (7)
where:
d — partial differentiation,

¢ - functional specification.

In the estimation of the model, the independent vari-
ables that were included are as follows: the number
of mosquito nets, household size, Adamawa Region
(ves = 1, 0 otherwise), Centre Region (yes = 1, 0 other-
wise), Douala City (yes = 1, 0 otherwise), East Region
(ves = 1, 0 otherwise), Far North Region (yes = 1, 0 oth-
erwise), Littoral Region (yes = 1, 0 otherwise), North
Region (yes = 1, 0 otherwise), North West Region
(ves = 1, 0 otherwise), West Region (yes = 1, 0 oth-
erwise), South Region (yes = 1, 0 otherwise), South
West Region (yes = 1, 0 otherwise), urban residence
(ves = 1, 0 otherwise), improved water (yes = 1, 0 other-
wise), improved toilet (yes = 1, 0 otherwise), electricity
(ves = 1, 0 otherwise), radio (yes = 1, 0 otherwise) and
television (yes = 1, 0 otherwise).

Other included variables were: gender of a household
head (male = 1, 0 otherwise), age of the head, shared
toilet (yes = 1, 0 otherwise), dwelling in a land slide
area (yes = 1, 0 otherwise), dwelling in a flood area
(ves = 1,0 otherwise), dwelling in a riverside (yes = 1,0 oth-
erwise), dwelling in a steep hill (yes = 1, 0 otherwise),
dwelling near a refuse depot (yes = 1, 0 otherwise),
dwelling near industrial pollution (yes = 1, 0 other-
wise), no window (yes = 1, 0 otherwise), broken window
(ves = 1, 0 otherwise), hole in the roof (yes = 1, 0 other-
wise), incomplete roof (yes = 1, 0 otherwise), window nets
(ves = 1, 0 otherwise), door nets (yes = 1, 0 otherwise),

no net due to the lack of means (yes = 1, 0 otherwise),
mosquito net is not necessary (yes = 1, 0 otherwise), us-
ing something else (yes = 1, 0 otherwise), not many mos-
quitoes (yes = 1, 0 otherwise), child sex (male = 1, 0 oth-
erwise), mother alive, father alive (yes = 1, 0 otherwise),
mother with primary education (yes = 1, 0 otherwise),
mother with secondary education (yes = 1, ( otherwise),
mother with tertiary education (yes = 1, 0 otherwise), age
in months, severe anaemia (yes = 1, 0 otherwise), mod-
erate anaemia (yes = 1, 0 otherwise) and mild anaemia
(ves = 1, 0 otherwise).

RESULTS

Demographic characteristics

of children and their parents

The results of descriptive statistics of some socio-econom-
ic variables of the children and their parents are presented
in Table 1. It reveals that an average household size for the
whole sample was 8.14 persons. Also, the computed mean
household size for the rural areas (8.43) was significantly
higher than that for the urban areas (7.72) (F = 42.45,
p < 0.01). The average age of the household heads in the
combined data set was 44.78 years, and there was a signifi-
cant difference in average ages of household heads across
the regions (F = 21.41, p < 0.01). Across the country’s
economic sector, household heads in the rural areas had
significantly higher average age (45.77 years) than those in
the urban ones (43.36 years) (F = 47.65, p < 0.01).

The average age of all the children was 2.29 years and
there was a significant difference in the ages of children
across the regions (F = 2.954, p < 0.01). The children
from the rural areas were also slightly older with an aver-
age age of 2.32 years than their urban counterparts with
an average age of 2.24 years. However, these average ages
showed no significant difference (F = 2.24, p > 0.10).
Table 1 further shows the percentage distribution of
demographic characteristics of the children’s house-
holds’ heads and their mothers. In the rural and urban
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Table 1. Descriptive statistics of the parents’ and children’s demographic characteristics

Respondents
Socio-economic characteristics rural urban total
(N'=3907) (N =2716) (N'=6623)

Household size (M) [persons] 8.43 172 8.14
Age (M) [years]

household head 45.77 43.36 4478

child 2.32 2.24 2.29
Male [%]

head 83.18 78.98 81.46

child 49.01 49.01 49.01
Alive parent [%]

mother 98.87 98.93 98.90

father 96.72 97.46 97.03
Mother’s education [%]

none 52.29 35.16 45.27

primary 34.76 26.33 31.30

secondary 1241 34.20 21.35

tertiary 0.54 431 2.08
M - mean.

areas, 83.18% and 78.98% of the household heads re-
spectively, were male. The table also reveals that in
the rural and urban areas, male children accounted
for 49.01% of all the children. Also, majority of mothers
and fathers of the children were alive although the per-
centages of fathers alive were lower than mothers alive
across the rural/urban areas.

Dwelling characteristics, access to mosquito nets

and the incidence of malaria

Table 2 shows physical characteristics of the houses where
the children were living and access of their parents to
basic housing facilities. It reveals that in the rural and
urban areas, 2.43% of the children were each living in
areas prone to landslides. Children from the rural areas
that resided in a riverside constituted 7.32% compared
to 6.41% for the urban children. A higher proportion
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of children from the rural areas (8.98%) lived on steep
hills in comparison with 7.62% for the urban children. In
the rural areas, 0.87% of the children lived in areas with
industrial pollution, while this proportion for the urban
area was 1.29%.

The extent of deprivation in some critical housing attri-
butes was reported by some households. The implications
of such deprivation for malaria prevention can be judged
from inability to prevent entrance of mosquitoes into the
house. Specifically speaking, some children resided in
houses with no windows. A higher proportion of the rural
children (27.39%) lived in houses without windows when
compared to the urban children (9.2%). Also, some of the
windows in dwellings where the children resided were re-
ported to have been broken in the rural and urban areas
with 16.53% and 17.86%, respectively. A higher propor-
tion of children from the rural areas (18.45%) reported
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Table 2. Features of the children’s dwellings and ownership of mosquito nets

Respondents
Variable [%]
rural urban total
Dwelling characteristic
land slide areas 243 243 243
flood areas 729 10.68 8.68
riversides 732 6.41 6.95
steep hills 8.98 7.62 8.43
near refuse depots 0.67 272 1.51
industrial pollution 0.87 1.29 1.04
no window 27.39 9.20 19.93
window broken 16.53 17.86 17.08
hole in the roof 18.45 13.11 16.26
incomplete roof 3.89 2.03 3.13
window nets 3.10 9.17 5.59
door nets 17.15 33.76 23.96
improved water 48.58 88.59 64.99
improved toilet 1.25 15.98 7.29
electricity 20.14 85.27 46.85
Mosquito net ownership

has mosquito nets 63.40 64.95 64.03
all children slept under mosquito nets 19.04 29.05 23.15
positive malaria test 40.54 23.12 33.40
severe anaemia 218 0.99 1.69
moderate anaemia 28.67 23.49 26.54
mild anaemia 21.81 23.16 22.36
no net due to the lack of means 28.38 20.54 2517
no net because it is not necessary 0.95 2.87 1.74
the use of something else 1.10 2.80 1.80
not many mosquitoes 4.27 733 553

holes in the roofs and this can be compared with 13.11%
in the case of the urban children.

Also, some houses where the children lived had incom-
plete roofs. Specifically, the rural areas had higher percent-
age of the houses having incomplete roofs with 3.89% as
against 2.03% for the urban areas. Presence of improved
water was reported by 64.99% of the total of respondents.

In the rural areas, 48.58% had access to improved water
sources, as against 88.58% in the urban areas. Access to
improved sanitation signifies reduction in the rate of ex-
posure to disease causing pathogens and avoidance of
providing veritable breeding grounds for mosquitoes.
Access to improved toilet was reported by 7.29% of
the total of respondents, while 1.25% and 15.98% were
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in the rural and urban areas, respectively. Similar re-
sults were found with respect to the access to electric-
ity with 85.27% reported cases of access in the urban
areas and only 20.14% in the rural areas.

Table 2 shows access to mosquito nets in relation to the
incidence of malaria and severity of anaemia among the
children. The percentages of rural children whose house-
holds had mosquito nets were 63.4 and 64.95 in the rural
and urban areas, respectively. However, the proportion
of the urban households that indicated that all the chil-
dren slept under mosquito nets was 29.05%, while for
the rural households it was 19.04%. Also, in the course
of the survey, all the children were subjected to malaria
test. The result showed that 40.54% of the children from
rural areas were tested positive to malaria in comparison
with 23.12% in the urban areas. All the children were
also subjected to heamoglobin test. Higher proportions
of the rural children were severely anemic and moder-
ately anemic with 2.18% and 28.67%, respectively as
against 0.99% and 23.49% for the urban children.

Table 2 further shows the reasons that were given by the
children’s parents for not owning mosquito nets across the
regions and sectors in Cameroon. In the rural and urban
areas, 28.38% and 20.54% of the children’s households
could not afford to buy mosquito nets due to the lack of
the necessary financial means. Also, in the rural and urban
areas, 0.95% and 2.87% of the households respectively
hinted that mosquito nets were not necessary. Compared
with the urban areas, a lower percentage of children’s
households from the rural areas (1.1%) submitted that
they were using other alternatives to address malaria.

Correlates of malaria infection

Table 3 presents the results of probit regression which was
based on the factors influencing child’s infections with
malaria. The results show that the model fitted the data
very well as shown by statistical significance of the Pear-
son’s Chi* (6935.21, p < 0.01). The marginal coefficient
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of the number of mosquito nets parameter is statistically
significant (p < 0.01) and shows that if the number of
mosquito nets increased by 1, probability of being infected
with malaria was reduced by 0.0319. The parameters of
household gender and age did not show statistical sig-
nificance (p > 0.10). Household size marginal parameter
is statistically significant (p < 0.01) and it implies that
if a household size increased by 1 person, probability of
child being infected with malaria increased by 0.0064.
Across the regions, households from Adamawa Region
had a marginal parameter that is statistically signifi-
cant (p < 0.01). This implies that compared with the chil-
dren from Yaoundé, which is the base group, residence
in Adamawa Region increased the probability of being
infected with malaria by 0.1955. Similar results were ob-
tained in the parameters of East Region (0.1572), South
Region (0.1625) and South West Region (0.1283), which
are all statistically significant (p < 0.01). All the param-
eters estimated for the regions in the north (Far North,
North and North West) are with a negative sign, al-
though only those of Far North and North West Regions
showed statistical significance at p < 0.05 and p < 0.01,
respectively.

Residence in an urban center parameter is with a negative
sign and statistically significant (p < 0.01). It implies that
the probability of being infected with malaria was reduced
by 0.0851 among the children that were residents of urban
areas when compared with those that were residents of the
rural areas. The variables that captured housing facilities
with marginal parameters showing statistical significance
are: access to improved water (p < 0.10) and access to
an improved toilet (p < 0.01). The results show that com-
pared with those without access, the children with access
to improved water had their probability of being infected
with malaria reduced by 0.0277. Also, compared to those
without access, the children from households with ac-
cess to an improved toilet had their probability of having
malaria infection decreased by 0.1208. The relationship



Table 3. Probit regression results of factors influencing a child’s infection with malaria

Malaria positive result

Number of mosquito nets

Household size
Region
Adamawa
Centre
Douala City
East
Far North
Littoral
North Region
North West
West
South
South West
Urban residence
Improved water
Improved toilet
Has electricity
Has radio
Has television
Household head
gender
age
Shared toilet
Area
land slide
flood area
riverside
steep hill
Refuse depot
Industrial pollution
No window
Window broken
Hole in the roof

Incomplete roof

Standard probit Marginal effect
coefficients z statistics coefficients z statistics
—0.0915%*** -4.76 —0.03198*** -4.76

0.0183%*** 3.88 0.0064*** 3.88
0.5189%** 4.78 0.1955%** 4.59
0.7520%** 6.93 (.2873%** 6.82
-0.0570 -0.49 -0.0196 -0.50
0.4197*** 3.73 0.1572%** 3.57
—0.2289** -2.07 -0.0762** -2.18
0.1565 1.35 0.0564 131
-0.0932 —0.84 -0.0319 —0.86
—0.4845%** -4.26 —0.1493%** -4.98
-0.1439 -1.30 -0.0486 -1.35
0.4328%* 3.82 0.1625%** 3.65
0.3454%** 3.04 0.1283%** 2.90
—0.2472%** -4.94 -0.08518** -5.02
-0.0788* -1.95 -0.0277* -1.94
—0.3832%** -4.14 —0.1208%** -4.70
-0.0870 -1.53 -0.0303 -1.53
—0.1435%** -3.83 —0.0503%*** -3.81
-0.0742 -1.40 -0.0258 -1.40
-0.0526 -1.09 -0.0185 -1.08
-0.0007 -0.49 -0.0002 -0.49
0.0160 0.35 0.0056 0.35
0.2806%* 2.53 0.1037%* 242
—0.2734%** -3.86 —0.0892%** -4.17
0.0506 0.74 0.0179 0.73
—0.2472%** -3.60 —0.0813%*** -3.86
—0.3128** -1.96 —0.0995** -2.19
0.1290 0.70 0.0464 0.68
0.1331%** 2.70 0.0473%** 2.65
0.0963* 1.95 0.0341* 1.92
-0.0553 -1.12 -0.0191 -1.13
0.1268 1.25 0.0455 1.22
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Table 3. Probit regression results of factors influencing a child’s infection with malaria — cont.

. » Standard probit Marginal effect
Malaria positive result X - . -
coefficients z statistics coefficients z statistics
Nets
window 0.1280 1.53 0.0459 1.49
door 0.1544 % 332 0.0549%+* 3.26
none due to the lack of means -0.0389 -0.76 -0.0135 -0.76
none due to the fact it is not necessary 0.1068 0.74 0.0382 0.72
Using something else -0.1196 -0.88 -0.0404 -0.92
Not many mosquitoes —0.3645%** -4.17 —0.1151%*** -4.72
Child sex -0.0038 -0.11 -0.0013 -0.11
Alive parent
mother -0.1277 -0.77 -0.0459 -0.75
father -0.0434 -0.43 -0.0153 -0.43
Mother’s education
primary -0.0327 -0.73 -0.0114 -0.73
secondary —0.1458*** -2.59 —0.0497%** -2.66
tertiary -0.3098* -1.89 -0.0988** -2.10
Age [in months] 0.0158%** 14.21 0.0055%** 14.27
Anemia
severe 1.3197%** 9.88 0.4876*** 12.35
moderate 0.8250%** 17.61 0.3046%*** 17.54
mild 0.3333%** 6.88 0.1210%** 6.69
Constant —0.9471%** -4.15 - -
Observations [n] 6623
Likelihood Ratio Chi? (48) 1420.28%**
Pseudo-R? 0.1683
Log likelihood -3508.4904
Pearson’s Chi? (6 525) 6 935.21%**

Chi?- Chi-square test; R?- pseudo coefficient of determination in probit analysis.

Significant: *** at 1%; ** at 5%; * at 10%.

between access to improved water and malaria can be very
complex. Access to a radio parameter is statistically signifi-
cant (p < 0.01). This implies that compared with the lack
of a radio, the radio presence reduced the probability of
having malaria infection by 0.0505.

Some variables were included to capture physical loca-
tion of the children’s dwellings. The results show that the
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parameter of resident in areas with landslides suscep-
tibility is statistically significant (p < 0.05). This implies
that compared to other children, those living in land slide
prone areas have their probability of having malaria infec-
tion higher by 0.1037. The parameter that was estimated
for residents in flood prone areas is statistically signifi-
cant (p < 0.01). It also implies that the children that were
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residents in flood prone areas had their probability of hav-
ing malaria reduced by 0.0892.

Also, a steep hill variable has a parameter that is statis-
tically significant (p < 0.01). This shows that holding all
other factors constant, the probability of having malaria
by the children living in houses located on steep hills is
reduced by 0.0813. However, also the parameter of liv-
ing near a refuse depot variable is statistically signifi-
cant (p < 0.05). It shows that children living near a refuse
depot had the probability of contacting malaria reduced
by 0.0995. This may reflect adequate maintenance of such
a domestic waste depot.

The parameter of no window variable is also statistically
significant (p < 0.01). It implies that holding all other
variables constant, the children living in the houses with-
out windows had their probability of contacting malaria
increased by 0.0473. The parameter of having a door net
variable is statistically significant too (p < 0.01). It implies
that if other variables are held constant, children living in
the houses with door nets had their probability of being
malaria positive increased by 0.0549.

Out of all the variables that were included to capture rea-
sons for not having mosquito nets, the parameter of not
many mosquitoes in the neighborhood is a statistically
significant one (p < 0.01). This shows that if other vari-
ables are held constant, the children living in houses where
there were fewer mosquitoes had their probability of be-
ing tested positive to malaria reduced by 0.1151.

The parameters of mothers having secondary education
and tertiary education are with a negative sign and statisti-
cally at p < 0.01 and p < 0.05, respectively. These results
show that compared with the children born to mothers that
lacked formal education and holding all other variables
constant, those children whose mothers had secondary and
tertiary education had their probability of being tested posi-
tive to malaria reduced by 0.0497 and 0.0988, respectively.
The parameter of a child’s age is statistically signifi-
cant (p < 0.01). This implies that holding other variables

constant, if the age of children increased by 1 month, the
probability of being tested to malaria increased by 0.0055.
Also, those children with reported anemia were those with
higher probability of being tested positive to malaria. The
parameters of severe anemia and moderate anemia are
with a positive sign and statistically significant (p < 0.01).
When compared with those without anemia and holding
all other parameters constant, the children with severe
anemia had their probability of being tested positive to
malaria increased by 0.4876. The results also show that
compared with the children with no symptoms of anemia
and holding all other variables constant, the children with
a reported moderate anemia had their probability of being
tested positive to malaria increased by 0.3046. Similarly,
compared with the children with no symptoms of anemia
and holding all other variables constant, the children with
a reported mild anemia had their probability of being test-
ed positive to malaria increased by 0.1210.

DISCUSSION

In analyzing correlates of malaria infection, often little
emphasis is placed on the characteristics of the dwellings,
which are invariably related to socio-economic character-
istics of the households [37]. In addition, because of their
direct interaction with children, the role of the mothers in
forestalling child morbidity is notably recognized in litera-
ture with emphasis on, among others, education, income
and access to information [38].

Maternal socio-economic status and the incidence

of malaria in the children under 5 years of age

The results showed higher fertility among the rural wom-
en. Similar finding has been reported in literature [39].
This finding can be directly associated with the prevalence
of polygamy among rural households in order to meet the
family’s increasing need of labour on- and off-farm. The
results also pointed at majority of the household heads be-
ing in their most productive age. This can be explained
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by the obvious cultural and religious differences that can
influence marriage and family affairs in Cameroon. It was
also found that the rural residents were on average slight-
ly older. Similar finding has been reported and this may
have resulted from the tendency of rural urban migration
among able bodied youths either for seeking job opportu-
nities or furthering their educational pursuits. However,
once migrated, the majority never returned to villages
because they mandatorily sought means of livelihoods in
urban areas [40].

There was dominance of household headship by males
across the economic sectors although a similar finding
had been reported earlier [40]. This presupposed the role
of culture and religious issues in fashioning gender role
in families. Households” headship role by a woman often
takes place when the husband is dead or has migrated to
the cities in search of better economic fortunes. The fact
that more of the children’s mothers were alive can be ex-
plained by men’s involvement in numerous ventures as
the bread winners of the house. Such economic hustling
exposes them to several health hazards, sometimes result-
ing in an untimely death. This may as well explain why the
percentage of fathers that were alive was lower than that
of mothers across all the regions and rural/urban areas.
Those children whose mothers had secondary and tertiary
education had their probability of being tested positive to
malaria reduced. Maternal education ensures being able
to understand and appreciate the use of several methods
to control malaria. It may as well be linked to households’
wealth, which in turn may ensure good housing condi-
tion [9,27]. However, as children grow older, the tendency
of sleeping under mosquito nets reduces at all times. This
can often result in exposure to mosquito bites and ma-
laria [27]. Anemia of whatever degree was also associated
with malaria. Similar findings had been reported earlier [7].
Access to media information through possessing a radio
reduced probability of malaria infection. Proper commu-
nication facilitates is a positive behavior change, which
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automatically reduces infection rate of a disease. This
is critical for malaria transmission, given that radio pro-
grammes have assisted policy makers to identify critical
channels for net utilization and compliance with safe prac-
tices in order to avoid being bitten by mosquitoes. In Cam-
eroon, the impact of “KO Palu” which means “Knock Out
Malaria” campaign was investigated and found to posi-
tively influence compliance with mosquito net usage and
reduction of malaria episodes [9,41,42].

Dwelling characteristics and the incidence of malaria
The results of the study showed deficiency in dwelling
characteristics with some houses built in landslide- and
flood-prone areas. Incidences of landslides and flood-
ing are directly associated with recent changes in climate
across some African countries [39], especially in some cas-
es where houses are built very close to a riverside. Malaria
and several water borne diseases are common health haz-
ards associated with landslide and flood disasters [43,44].
In case of flooding and landslides, displaced households
have to seek refuge in places where mosquito bites cannot
be perfectly curtailed [45,46]. This subjects them to higher
vulnerability.

The results also indicated that a higher proportion of ur-
ban children (10.68%) was living in houses built in areas
that were prone to flood. This is an indication of pecu-
liar housing problems that are associated with population
growth in some urban cities. The problem of sanitation in
some urban centers similarly portends chaotic situations
in respect of transmission of malaria parasites [47,48].
Additionally, the study found that some children were re-
siding in houses without windows, with broken windows,
without screening nets and with incomplete roofs. The ru-
ral children suffered from higher deprivation than their
urban counterparts. Such a deprivation is also a reflection
of economic destitution that often many rural households
face. The implication of living in houses with such a fea-
ture is that mosquitoes will be able to freely enter the
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house and the likelihood of biting residents is very high.
Depending on the location of houses and whether house-
hold members stay outside at night, ability to provide ba-
sic facilities to prevent entrance of mosquitoes into the
dwelling is a major step towards addressing the problem
of malaria [49,50].

Similarly, in line with expected protection from mosquito
bites due to availability of adequate housing, the presence
of holes in the roof affected the children residing in them
in such a way that they were exposed to more mosquito
bites. In some cases, the fact that houses are not adequate-
ly ceiled from the outside makes it possible for mosquitoes
to enter the house. However, the presence of window and
door nets was reported by some households. Due to their
better affluence, the urban households had more coverage
of screening nets than their rural counterparts. However,
effectiveness of such nets can be hampered if they are
damaged or not properly fitted [46,47].

Another dimension of housing characteristics, which was
considered in this paper, was access to improved water
and sanitation. A water source was considered improved
if it was from a borehole, protected spring, protected well
and rainfall [49]. Unimproved sources of water can serve
as media for contacting other diseases that can weaken the
immune system, making it susceptible to malaria. When
a source of water is not protected, it can also serve as
breeding ground for mosquitoes. It has been found that
when households have access to improved water, the in-
cidence of malaria reduces [50]. The results also showed
that access to electricity was lower in the rural areas than
in the urban ones. Ideally, access to electricity can facili-
tate use of mosquito nets when the temperature under the
net is high because electric fans or air conditioners can be
switched on [51].

Probability of malaria infection in the urban areas was low-
er than in the rural ones. This may have resulted from bet-
ter access to mosquito nets, which can translate into prop-
er usage due to a high level of formal education. Similarly,

the urban residents are more likely going to live in houses
with window and door nets. Also, due to their proximity to
health centers, the urban households may have access to
vital health information that can translate into a reduced
malaria infection rate, given that majority of the mothers
have some form of formal education. Most importantly,
although poorly maintained, drainage systems can consti-
tute breeding grounds for mosquitoes in urban areas, rural
areas are often characterized by the presence of nearby
bushes for mosquito larva development [9].

Compared with residence in Yaoundé, residence in Ad-
amawa, East, South and South West Regions increased
the probability of being infected with malaria. Yaoundé is
highly urbanized and the households have better housing
facilities and access to mosquito nets. Also, due to hilly na-
ture of the city, it is expected that drainage system is good,
so that multiplication of mosquitoes is prevented. Similar
finding has been reported based on clinical records from
Cameroon [52]. However, it should be emphasized that
being located in dry savannah where malaria transmission
is expected to be less severe, households in the northern
parts of Cameroon are expected to have less exposure to
mosquito bites and malaria infections [34].

Compared to those without access, the children in house-
holds with access to an improved toilet had lower probabil-
ity of having malaria infection. The relationship between
access to improved water and malaria can be very com-
plex. This can be viewed from the fact that when an un-
protected source of water such as a pond, river, stream,
well, etc. is close to residential houses, they can serve as
breeding ground for mosquito larval, thereby increasing
malaria infections. Similarly, denial of access to improved
sanitation makes households defecate in nearby bushes.
This implies that nearby bushes are not clean and they can
facilitate breeding of mosquitoes [53-56].

Residence in landslide prone areas increased the probabil-
ity of malaria infections among the children. This can be
explained by the fact that recent incidences of landslides
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in Cameroon have been motivated by a climate change
in a form of excessive rainfall in some specific locations.
The impact of too much rainfall on malaria can be over-
whelming due to a significant increase in the number of
mosquitoes [39]. However, residence in flood-prone areas
reduced malaria infection, which is contrary to the expecta-
tions. It can as well imply that the households were using
adequate protective means against mosquito bites, or that
there were no recent incidences of flood. Also, residence in
steep hills reduced malaria infection. This is expected and
can be due to the presence of free flowing drainage system,
which is expected to reduce multiplication of mosquitoes.

Mosquito nets ownership, usage

and the incidence of malaria in children

under 3 years of age

Access to mosquito nets was moderately high among the
respondents with 64.03%. However, only 23.15% of the
children were sleeping under the nets. Although promo-
tion of the use of ITN for reducing malaria morbidity
and mortality among the children under 5 years of age
and pregnant women have received some boosts in many
developing countries [57-59], the degree of households’
compliance and its effectiveness are issues that are some-
how subjectively evaluated.

Strategies for controlling malaria in Cameroon now focus
on efficient diagnosis, treatment of clinical cases and pro-
motion of insecticide treated nets (ITNs) use [9]. Every
country under the global initiative to Roll Back Malaria has
been strongly motivated to increase households” access to
ITNs [3]. Since 2003 Cameroon government has taken sev-
eral initiatives to reduce transmission of malaria parasites.
Among these there were: distribution of some ITNs freely
for the use of pregnant women and children under the age
of 5; subsidization of ITN cost; subsidization of artemisinin-
based combination therapy; and promotion of some train-
ings for community local health assistants in order to handle
some mild cases of malaria infection [§].
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The disparities in access to mosquito nets and usage can be
explained by free distribution of mosquito nets by the Cam-
eroonian government in order to address the problem of
malaria, which is rated above acquired immunodeficiency
syndrome (AIDS) and tuberculosis in respect of associated
mortality, morbidity and labour days of incapacitation [60].
When compared with other countries, access to mosquito
net was lower than that of Papua New Guinea (80.1%) [61].
The findings also emphasized the fact that the ownership
of mosquito nets did not automatically translate into their
usage [27]. Although several reasons were given for non-use
of a mosquito net, in Cameroon, it had been reported that
in some rural areas, freely distributed mosquito nets have
been converted into fishing nets [62]. Cases of malaria were
also associated with anemia among children. Previous stud-
ies have also found association between malaria infection
among children and anemia [7,63,64].

The results indicated that some households were not having
mosquito nets due to the lack of financial means for its pro-
curement. This is as a result of poverty, which in Cameroon
is more or less a rural phenomenon [65]. Some households
did not see the need to procure a mosquito net possibly due
to the properly fixed windows and/or doors nets. Several
alternatives to malaria control had been reported in some
studies [9]. This presupposes evaluative mechanisms for de-
tecting a viable means of addressing malaria problem given
financial constraints that some households face.

The results further revealed that the households’ access
to mosquito nets reduced a child’s probability of being
infected with malaria parasites. This is expected because
mosquito nets have been found to reduce mosquito bites
which cause malaria infection [66]. However, a major is-
sue concerning the use of a mosquito net is coverage of
all household members. Due to its cost, not all household
members may be covered, which implies that some house-
holds would be still exposed to mosquito bites and be in-
fected by malaria. Therefore, the result goes in line with
a priori expectation [67].
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CONCLUSIONS

Although Cameroonian government has recently em-
barked upon mass distribution of mosquito nets as
a major step in reducing the socio-economic burden of
malaria, many children are still unable to sleep under
mosquito nets. The crucial issue for which interventions
are needed is how to bridge the gap between ownership
and usage. Since government may not provide mosquito
nets for everybody, ensuring that they are available at
subsidized prices can also help improve the current situ-
ation. Similarly, some of the houses inhabited by people
were reported to lack windows, doors and other basic
facilities.

In conclusion, in Cameroon, ownership of mosquito
nets and dwelling characteristics are critical factors
influencing infections with malaria. There is a need to
ensure compliance with its use since there are dispari-
ties between access and the actual usage. Addressing
malaria problem in Cameroon should also consider re-
gional disparity in malaria incidence rates, subsidizing
the nets for adequate coverage of household members,
engagement of radio programmes to educate people on
the need to comply with the use of the nets, provision
of informal education to women, especially during an-
tenatal period, on how to prevent their children from
malaria, and more development of egalitarian society
where poverty is fought in order to ensure access to ba-
sic housing and social facilities.
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