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Abstract

Background: Based on routine health facility case data, Rwanda has achieved a significant malaria burden
reduction in the past ten years. However, community-based malaria parasitaemia burden and reasons for continued
residual infections, despite a high coverage of control interventions, have yet to be characterized. Measurement of
malaria parasitaemia rates and evaluation of associated risk factors among asymptomatic household members in a
rural community in Rwanda were conducted.

Methods: A malariometric household survey was conducted between June and November 2013, involving 12,965
persons living in 3,989 households located in 35 villages in a sector in eastern Rwanda. Screening for malaria parasite
carriage and collection of demographic, socio-economic, house structural features, and prior fever management data,
were performed. Logistic regression models with adjustment for within- and between-households clustering were used
to assess malaria parasitaemia risk determinants.

Results: Overall, malaria parasitaemia was found in 652 (5%) individuals, with 518 (13%) of households having at least
one parasitaemic member. High malaria parasite carriage risk was associated with being male, child or adolescent
(age group 4–15), reported history of fever and living in a household with multiple occupants. A malaria parasite
carriage risk-protective effect was associated with living in households of, higher socio-economic status, where the
head of household was educated and where the house floor or walls were made of cement/bricks rather than
mud/earth/wood materials. Parasitaemia cases were found to significantly cluster in the Gikundamvura area that
neighbours marshlands.

Conclusion: Overall, Ruhuha Sector can be classified as hypo-endemic, albeit with a particular ‘cell of villages’ posing a
higher risk for malaria parasitaemia than others. Efforts to further reduce transmission and eventually eliminate malaria
locally should focus on investments in programmes that improve house structure features (that limit indoor malaria
transmission), making insecticide-treated bed nets and indoor residual spraying implementation more effective.
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Background
Significant decline in malaria burden, attributed to scale-up
of interventions including indoor residual spraying (IRS),
insecticide-treated bed nets (predominantly long-lasting
insecticide-treated net (LLIN) type) and use of artemisinin
combination therapy (ACT) after confirmed diagnosis
with microscopy or rapid diagnostic tests (RDTs), have
been widely reported in multiple malaria-endemic coun-
tries, including Rwanda, during the last decade [1,2].
Following these gains, a new ‘Rwanda malaria control

strategic plan 2013-2018’, aiming at achieving malaria
pre-elimination status, with near-zero deaths from mal-
aria and a slide positivity rate less than 5% among fever
cases by 2018, is being finalized [3]. This change in strat-
egy from successful individual case treatment (with a
focus on reducing health facility-identified malaria cases)
to improved large-scale control, reducing transmission
(by increasingly targeting community-based, asympto-
matic parasitaemic individuals and foci of infection) will
require higher coverage and optimal use of implemented
control measures and generation of area-specific, timely
and accurate data to inform targeted control decisions
[4]. For Rwanda, reported data stem from health facil-
ities (HFs) that routinely monitor and report slide posi-
tivity rates (SPRs) that are important for surveillance
[2,5]. These data are, however, representative of symp-
tomatic cases captured by the health care system but not
the total burden of malaria parasitaemic individuals, a
significant proportion of whom are asymptomatic indi-
viduals in communities who are believed to be the reser-
voir pool for continued malaria transmission [6,7].
The epidemiology of asymptomatic malaria in the

population (reservoir) is relevant information needed by
control programmes to reduce both overall and area-
specific malaria transmission, as well as to mitigate the
effect of local malaria-transmission, foci-associated, risk
factors. Currently, a major source of data on population
level asymptomatic malaria parasitaemia is the nationally
representative demographic and health surveys (DHSs)
conducted every five years, which primary aim is to pro-
vide data for a wide range of monitoring and impact
evaluation indicators in population, health, and nutrition
issues [8]. However, because of the large coverage, DHSs
are not powered to facilitate an accurate assessment of
malaria reservoirs (asymptomatic-carrying, parasitaemic
persons in a population in a given area) or to identify
risk determinants of community-based, residual, malaria
parasitaemia. The World Health Organization recom-
mends field surveys that characterize baseline malaria
transmission epidemiology with the aim of identifying
Plasmodium spp. carriers and at-risk populations to in-
form targeted control for optimal impact [9]. Up to now,
no study has been published on understanding malaria
reservoirs and associated risk determinants in Rwanda.
As Rwanda embraces a transition towards achieving
malaria pre-elimination status, it becomes very impor-
tant to know the specific local determinants that predict
parasite carriage. This paper describes a community-
based, malariometric survey to measure baseline parasite
carriage rates and to study associated risk factors of re-
sidual malaria parasitaemia in order to optimize malaria
control interventions targeted to specific local needs.
Methods
Study site and population
Geopolitically, Rwanda is divided into provinces, dis-
tricts, sectors, cells, and villages with district being the
basic political administrative unit. This study was con-
ducted in 35 villages located in five cells that constitute
Ruhuha Sector (Figure 1), a rural, agricultural, tradition-
ally high malaria transmission setting in eastern Rwanda.
The area experiences two high malaria transmission
peaks associated with rainy seasons observed generally
from October to November and March to May. The
reported total sector population was 21,606 individuals
living in 5,100 households (Ananie Sibomana, pers.
comm.). Study eligibility criteria included: 1) having
spent the night prior to the interview in a studied house-
hold (HH); 2) aged ≥ six months; and, 3) provision of
informed consent.
Study design and selection of study participants
To provide baseline assessment of local malaria trans-
mission and informed decision-making on follow-up
interventions, a sector-wide, HH-based, cross-sectional
survey was conducted between June and November
2013 (rainy season was late August to November). In
summary, the night prior to the survey, a designated
village area community health care worker (CHW)
identified HHs to be visited from an enumeration list
and proceeded to request the head of household (HoH)
(a self-reported principal responsible adult ≥18 years)
and HH members to stay at home at the appointed sur-
vey date if possible. The survey consisted of two parts: a
questionnaire administered to the HoH and a laboratory
survey in which all HH members were asked to par-
ticipate. On the survey day, the study team members,
including a laboratory technician and an interviewer
(in company of the CHW) visited the prior-notified HH
and proceeded to administer the questionnaire and
perform all study clinical evaluations (see Laboratory
methods) after the HoH had provided written consent.
Where no member was found present in an HH, a re-
turn visit was scheduled in the next seven days to
optimize study enrolment; in case the survey was not
conducted on this follow-up visit, the HH was omitted
from study enrolment.



Figure 1 Map showing five cells that constitute Ruhuha Sector and the sector (red circle) location in Bugesera District (grey polygon)
in Eastern Province, Rwanda.
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Questionnaire and interviews
An interviewer-administered questionnaire was held with
the HoH. Information on demographics (sex, age, literacy,
occupation, religion, and marital status); malaria preven-
tion measures ((LLIN ownership, (number and use, and
IRS history); HH structural features (type of wall, floor
and roof); prior fever management practices and socio-
economic status indicators (HH utilities like water source
for domestic use, lighting and cooking) was collected. The
questionnaire, written in English language, was field-
tested at three sites to ensure consistency and comprehen-
sion. Field workers were trained, across all subject areas
and related questions, to administer the interviews in the
local dialect (Kinyarwanda). Questionnaire data were
collected in electronic form using Open Data Kit (ODK)
Collect setup [10]. ODK is an open-source suite of tools
that include ODK Collect, an android-based mobile client
that acts as the interface between the user and the under-
lying form used to collect data [10]. The collected data
were then electronically loaded onto a central server.

Laboratory methods
Study participants were asked to provide a finger-prick
blood sample for malaria diagnosis. A thick blood smear
was prepared, dried and stained with 2% Giemsa imme-
diately in the field and later. Light microscopy was per-
formed at Ruhuha Health Centre (RHC). Two trained
technicians independently examined all blood smears
and a third reader was used in the event of any dis-
cordant readings between the two readers. Experienced
microscopists at the National Reference Laboratory in
Kigali performed quality control for all positive slides
and 5% of all negative smears. Asexual stage parasites
were counted per 200 white blood cells (WBC). A blood
smear was considered positive in the presence of any
asexual parasites and negative if examination of 100
high-power fields did not reveal any asexual parasites.
Field laboratory data were collected and transcribed
directly into hard-copy field laboratory registers and
later entered into Microsoft Access software.

Statistical analysis
Laboratory and questionnaire data were merged and en-
tered into STATA version 12.1 (STATA Corp., College
Station, TX, USA) for analysis. Data analysis was con-
ducted in two parts: at HH and individual level to ensure
adjusting for within- and between-HH correlations. Uni-
variate logistic regression was used to assess the effect of
predictor variables on the primary outcome. All variables
with possible malaria risk association (p <0.15) were
included in subsequent adjusted multivariate logistic re-
gression models. At individual level, a random effects
model was used to adjust for within- and between-HH
clustering, allowing for a reduced weighting for each
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subsequent malaria-parasitaemic individual recorded
from a HH after the index cases. At HH level, a stepwise
backwards-elimination approach was used in the multi-
variate logistics regression model to exclude any variable
with no significant effect. At both levels, malaria risk
statistical significance was considered for any variable
with an effect associated with a p-value >0.05. Wald
tests were used to analyse the effect of included variable
in the model on the primary outcome.
The dependent variables for this study were: 1) malaria

parasitaemia per individual, defined as the presence of
any asexual parasites in the blood smear examined by
light microscopy; and, 2) malaria parasitaemia per HH,
defined as the presence of asexual malaria parasites de-
tected on a thick peripheral blood smear for at least one
HH member. Independent study variables included in-
dividual and HH demographic data (age, sex, religion,
marital status, area of residence), socio-economic indica-
tor variables (see section below), reported knowledge on
malaria prevention practices (including availability and
use of LLINs, HH use of IRS as well as reported prior
fever management experiences), and household struc-
tural features, including type of roof, floor and wall
material.

Household socio-economic status (SES)
In total, nine SES indicator variables (Table 1) were used
to generate a SES score for each HH by principal com-
ponent analysis (PCA) as described elsewhere [11]. The
PCA output was taken as a weight for each variable and
the sum of the weights for each HH taken as the
dependent variable household’s SES score. The scores
were then ranked in terciles with the highest 33% of
HHs considered high SES, the lowest 33% as low SES
and the rest as middle SES [12].

Study consent and ethical approval
Written informed consent was obtained from the HoH
and for all HH members aged ≥12 years. Verbal consent
was obtained for blood slide preparation. Study protocols
received ethical and scientific approved by the National
Health Research Committee (NHRC) and the Rwanda
National Ethics Committee (No 384/RNEC/2012), Kigali,
Rwanda.

Results
Study population
In total, 4705 households occupied by 19,925 individuals
were surveyed. In the final analysis, only data from
12,965 (65%) eligible individuals (3,968 households), who
had complete questionnaire and laboratory data on all
covariates, were included. A flow chart of the survey
process and selection of participants is detailed in Figure 2.
A greater proportion of study participants were female
(53.5%) and the age distribution was 15.1, 32.58 and
52.31% for age groups six to 59 months, five to 15 years
and ≥16 years, respectively (Table 2).

Malaria prevalence, control intervention coverage and
fever management
Overall, individual Plasmodium parasite carriage pre-
valence was 5.03% (95% CI 4.65-5.41%). At HH level,
518 HHs (prevalence of 13% (95% CI 12.01-14.10%)
had at least one member with malaria parasitaemia.
HH ownership of ≥ one LLIN was 92.9% (95% CI
92.193.7%) and the proportion of HHs where IRS had
been conducted within 12 months prior to survey was
94.5% (95% CI 93.8-95.2%). In 2,254 (56.8%) HHs, at
least one member was reported to have had fever in the
previous six months and in 1,277 (32.2%) of these HHs,
fever was reported to have occurred in the four weeks
prior to the survey date. Of the reported fever cases,
1,654 (41.67%) were treated in the government health
care system, 449 (11.31%) purchased drugs from the
pharmacy, while 151 (3.8%) used either local medicinal
herbs or home-based, malaria medications from pre-
vious episodes.

Univariate analysis
Individual risk factor analysis
Results of the univariate analysis (with adjustment for
within- and between-household clustering) are shown
in Table 2. Sex (males had 1.4-fold increase in odds),
age groups (with age-groups five to 15 years and ≥16
having 1.9 and about 0.4 times more risk than children
aged six to 59 months, respectively) and a reported his-
tory of fever during the previous six months (1.46-fold
higher odds of parasitaemia) showed a significant risk
effect. Significantly higher malaria risk was also asso-
ciated with SES-related variables. House structural fea-
tures had significant effect on malaria risk. Living in
houses with cement/brick walls had a reduced risk
(odds ratio: 0.55) odds of parasitaemia compared to
wood/mud-walled houses. Living in houses roofed with
tiles/iron sheets versus straw/wooden planks/tent roofs
was associated with a reduced risk (odds ratio: 0.56) of
parasitaemia and living in houses with cement/bricks
floors versus clay/mud/dung floors was associated with
a reduced (odds ratio: 0.38) risk of parasitaemia.

Household risk factor analysis
Results of the univariate analysis for HH level risk de-
terminants are shown in Table 3. In summary, the risk
of finding parasitaemia at HH was significantly higher
with increasing number of HH occupants. However,
the risks were lower in HHs where the HoH had any
level of education (OR = 0.777 (95% CI 0.634-0.952),
was able to save some money in the previous three



Table 1 Baseline demographic, household and malaria control characteristics

Demographics n % Household SES indicator variables n %

HoH level of education Does HoH belong to an economic group?

None 1,414 (35.63) No 1,807 45.53

Primary 2,056 51.80 Yes 2,162 54.47

Secondary 374 9.42 Does HoH have health insurance?

Tertiary 125 3.15 No 1,337 33.69

HoH religion Yes 2,632 66.31

Catholic 1,440 36.28 Has HH saved any money in last 3 months?

Protestant 1,330 33.51 No 3,163 79.7

Moslem 72 1.81 Yes 806 20.3

SDA 806 20.32 Does HH own current house of residence?

JHW 43 1.08 No 698 17.6

No religion 251 6.32 Yes 3,271 82.4

Others 27 0.68 Source of water for domestic use

HoH marital status Open (well, lake) 1,624 40.9

Never married 444 11.89 Closed (piped water) 2,345 59.1

Married 1,663 41.89 Type of material house wall is made of

Living together 886 22.32 Mud/wood 1,171 29.5

Separate/Divorced 255 6.42 Cement/bricks 2,798 70.5

Widow/widower 717 18.08 Type of material house floor is made of

HoH main occupation Earth/clay/dung 3,136 79

Farmer 3,073 77.43 Bricks/cement 833 21

Public office 171 4.31 HH source of power for cooking

Self employed 326 8.21 Firewood/straw 3,787 95.4

Private officer 170 4.28 Electricity/charcoal 182 4.6

Student 31 0.78 HH source of power for lighting

Unemployed 92 2.32 Kerosene/candles/firewood/touches 3,385 85.3

Others 106 2.67 Electricity 584 14.7

HH wealth and occupancy

Any birth in HH in last 5 years? Malaria control variables

No 1,792 45.15 HH bed net ownership of at least 1 net

Yes 2,177 54.85 No 282 7.11

Number of persons in HH Yes 3,687 92.89

1-3 1,493 37.62 IRS done in last 6 months?

4-5 1,454 36.63 No 217 5.47

6-7 757 19.07 Yes 3,752 94.53

8+ 265 6.68

SES score

Low 1150 33.4 Household with at least 1 case of malaria 518 13.05

Medium 1147 33.3 Household without any malaria carriers 3,450 86.95

High 1146 33.3
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months (OR = 0.675, 95% CI 0.524-0.869), had any form
of health insurance (OR = 0.759 (95% CI 0.628-0.919), and
where the HH had parameter values associated with a
medium and high SES class.
Multivariate analysis
Individual level predictors
In the multivariate analysis (Table 2), significant malaria
parasitaemia risk factors that remained were sex (male



Figure 2 Flow chart of study household/participant enrolment and malaria screening.
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associated with a OR = 1.2), age group (with five to
15 year olds having a 1.94-fold increase while individuals
of age group ≥16 year had a reduced risk (OR = 0.38)), a
reported history of fever and study participant residen-
tial cell. As in HH level predictors, parameters HH floor,
roof and wall material types, values associated with
medium and high SES levels, were associated with sig-
nificantly lower odds of parasitaemia (Table 2).

Household level predictors
In the multivariate model (Table 3), significant HH level
malaria risk effect was associated with HoH reported
education level, occupation, housing structural features
(walls and floors that were constructed with cement/
brick had a protective effect of OR = 0.706 (p = 0.002)
and OR = 0.640 (p = 0.023), respectively), source of light-
ing (electricity was associated with reduced (OR = 0.258,
p = <0.0001)). Malaria risk also varied by number of
people living in a HH.

Discussion
In this study, malaria parasite carriage prevalence was
5.03% among study participants, and 13% of HHs had at
least one malaria-parasitaemic member. Risk factor ana-
lysis identified variables that, alone or in combination,
significantly influenced risk of malaria to include age
group, sex, administrative cell of residence, number of
HH occupants, HH structural features, and HH SES in-
dicators. LLIN ownership and IRS activity were not asso-
ciated with malaria risk.
Malaria parasite carriage prevalence among all age

participants was 5 and 9.7% among children two to ten
years. In an earlier study in this area, asymptomatic
parasitaemia rates among HH members (of fever cases
identified at the hospital) was 5.1%, suggesting that
asymptomatic carriage rates have remained stable over
the last two years [7]. Parasite carriage rates in a com-
munity are a marker of malaria endemicity since they
correlate with the frequency and duration of parasite ex-
posure [13]. Based on endemicity classifications, the area
studied was at hypo-endemic transmission level (<10%
parasite rates in children two to ten years).
However, some areas within the Ruhuha sector showed

significantly higher malaria transmission. Living in
Gikundamvura cell was associated with a significantly
increased malaria risk, relative to the other residential
cells. A similar finding was also shown in 2011 [7].
Gikundamvura is an area surrounded in the northeast
by a vast expanse of marshland used for rice cultivation,
which is a major source of food and income. It is plaus-
ible that the marshlands support mosquito breeding and
increased malaria transmission risk for neighbouring
HHs. A follow-up study on environmental, entomolo-
gical and spatial risk features to better characterize the
observed high malaria risk is planned.
The studied area showed a high IRS coverage and

LLIN ownership (both over 90%). However, neither
LLINs nor IRS showed any significant effect on malaria
risk in this area. With respect to LLINs, possible reasons
for no observed protective effect may include infrequent
net use and poor quality of nets being used poor quality
of nets being used as reported elsewhere [14]. In a pre-
vious study in this area, only in 18% of visited HHs was
a bed net found to be physically hung onto a bed or



Table 2 Univariate and multivariate regression analysis of individual risk factors for malaria slide positivity

Variable N = 12,965 n (%) Univariate analysis Multivariate analysis

OR (95% CI), P value OR (95% CI), P value

Malaria infection (positive) 652 (5.03) – –

Gender

Female 7,567 (58.36) 1 1

Male 5,398 (41.64) 1.409 (1.191-1.667), <0.0001 1.201 (1.009-1.428), 0.039

Age group

0-4 2,199 (16.96) 1

5-15 4,431 (34.18) 1.905 (1.514-2.397), <0.0001 1.938 (1.541-2.438), <0.0001

16+ 6,335 (48.86) 0.359 (0.275-0.468), <0.0001 0.384 (0.294-0.503), <0.0001

Fever in last 6 months

No 4,838 (37.32) 1 1

Yes 8,127 (62.68) 1.464 (1.209-1.773), <0.0001 1.306 (1.072-1.590), 0.008

HH wall types

Bricks/cement 3,780 (29.16) 1 11

Wood/mud 9,185 (70.84) 0.550 (0.458-0.661), 0.001 0.543 (0.442-0.668), <0.0001

HH roof type

Wooden poles 24 (0.19) 1 1

Tiles/Iron sheets 12,941 (99.81) 0.558 (0.037-0.933, 0.04 0.239 (0.053-1.074), 0.062

HH floor type

Clay/Earth/Dung 10,301 (79.45) 1 1

Cement/bricks 2,664 (20.55) 0.384 (0.289-0.511), <0.0001 0.529 (0.389-0.719), <0.0001

Wealth index

Low 3,608 (27.83) 1

Medium 6,672 (51.46) 0.618 (0.509-0.751), <0.0001 0.726 (0.592-0.890), 0.005

High 2,685 (20.71) 0.479 (0.3760-0.610), <0.0001 0.599 (0.451-0.797), 0.002

Residential cell

Biharwe 2,249 (17.35) 1

Gatanga 2,822 (21.77) 0.920 (0.678-1.250), 0.595 1.016 (0.741-1.392), 0.923

Gikundamvura 2,565 (19.78) 1.883 (1.418-2.504), <0.0001 2.432 (1.797-3.293), <0.0001

Kindama 3,341 (25.77) 1.023 (0.977-1.304), 0.876 1.487 (1.091-2.025), 0.012

Ruhuha 1,988 (15.33) 0.631 (0.440-0.905), 0.012 0.957 (0.650-1.408), 0.822

Malaria control tools used

IRS done in HH

No 217 (5.47) 1

Yes 3,752 (94.53) 1.150 (0.729-1.815), 0.549

Own ≥1 LLIN in HH

No 282 (7.11) 1

Yes 3,687 (92.89) 1.144 (0.761-1.722), 0.517
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sleeping space suggesting that bed net use may be sub-
optimal and that ownership of a bed net does not auto-
matically lead to usage of the net [7]. It is also plausible
that most malaria-causing bites occur in the evening and
early night hours when most individuals are still outdoors
and use no control measure. Additionally, a change in
mosquito biting preferences to biting outdoors may in-
crease risk of Plasmodium parasite transmission despite
the population having and using recommended malaria
prevention indoor control measures.
Males were associated with higher malaria risk in this

study, as has been shown in comparable settings elsewhere,



Table 3 Baseline household characteristics, univariate and multivariate analysis

Univariate analysis Multivariate analysis

OR (95% CI), P value OR (95% CI), P value

Household demographics

HoH education level

None 1

Primary - Tertiary 0.777 (0.634-0.952), 0.015 0.810 (0.655-0.999), 0.05

Occupation

Farmer 1

Public office 0.829 (0.425-1.617), 0.582 1.287 (0.634-2.609), 0.485

Self employed 0.581 (0.381-0.888), 0.012 0.789 (0.506-1.231), 0.297

Private officer 0.467 (0.168-1.296), 0.144 0.667 (0.233-1.908), 0.45

Student 1.890 (0.754-4.737), 0.174 3.076 (1.121-8.436), 0.029

Unemployed 0.756 (0.376-1.522), 0.434 0.85 (0.411-1.756), 0.66

Others 0.713 (0.305-1.671), 0.437 0.740 (0.309-1.774), 0.5

Number of persons in HH

1-3 1 1

4-5 2.555 (1.976-3.303), <0.0001 2.504 (1.895-3.309), <0.0001

6 + 4.102 (3.167-5.314), <0.0001 4.911 (3.702-6.517), <0.0001

Household structure features

Type of house wall material

Mud/wood 1 1

Cement/bricks 0.622 (0.513-0.753), <0.0001 0.706 (0.567-0.878), 0.002

Type of house floor material

Earth/clay/dung 1 1

Bricks/cement 0.381 (0.283-0.513), <0.0001 0.640 (0.435-0.941), 0.023

HH source of power for lighting

Kerosene/firewood/touches 1 1

Electricity 0.194 (0.122-0.310), <0.0001 0.258 (0.142-0.466), <0.0001
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suggesting that males may exhibit a behaviour pattern sub-
jecting them to higher risk of exposure [15]. However,
other studies, including one previous study from this area,
have shown either no sex differences in malaria risk, or
with the risk changing across sex by seasonality [7,16-18].
Either inherent differences or social, occupational or cul-
tural determinants of exposure risk behaviour across dif-
ferent settings may explain these observed risk difference
by sex.
Age is an established risk factor for malaria, although its

effect is influenced by area-specific endemicity levels
[15,19,20]. In this region, reported routine data (slide posi-
tive rates) suggested reduced malaria transmission after
the scaling-up of LLINs and IRS coverage in 2000–2010
[2]. This transition in malaria transmission may have
influenced age-related risk of malaria parasitaemia. Com-
pared to children under four years, children aged five to
15 years, had increased odds of malaria risk while indi-
viduals aged ≥16 years had significantly lower risk of
parasitaemia. Other studies in Kenya and Eritrea de-
monstrated an increased higher risk in older age groups
relative to < five year olds in numeric order [21,22,15].
Similarly, a prior study conducted in Ruhuha [7] showed a
significantly higher risk in older age groups. In particular,
a shift in the age at which malaria peak prevalence was ob-
served towards older children has been seen where mos-
quito net coverage has increased concomitantly [20], and
in association with reducing entomological inoculation
rates (EIRs) [23]. A reduction in exposure to Plasmodium
spp. inoculation leading to delays (in older age groups) or
failure in acquiring protective immunity is unlikely to
account for the lower risk in the older age groups as they
were carrying asymptomatic parasitaemia and hence had
not lost their immunity to malaria.
Human activity and mosquito-biting habits may also

play a part in differential mosquito-human exposure
patterns. Behavioural patterns, including older children
working and playing where the Anopheles vector is
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present, especially at dusk when Anopheles becomes ac-
tive, have been suggested elsewhere [24]. Apart from
younger children being more likely to sleep under bed
nets compared to older siblings [25,15], older children, as
observed in this area, stay out longer in the evening and
are more likely to be bitten by malaria-carrying mosqui-
toes outdoors before returning later to their households.
In the Nigeria Garki malaria elimination project a major
reason for failure to achieve elimination was poor control
of transmission, important outdoor-feeding and resting
vector populations [26]. Age-group differences in risk of
exposure to mosquito bites including use of malaria pre-
ventive measures like LLINs are more plausible reasons
for the observed risk of parasitaemia patterns in this
study.
In this study, an increasing malaria risk was associated

with higher house occupancy. In a recent study in south-
eastern Tanzania, mosquitoes were found to be more
attracted to houses with high occupancy [27]. The pre-
sence of multiple sleepers leads to production of larger
volumes of mosquito-attracting human emanations and
hence the increased risk of transmission in comparison
to houses with lower occupancy [28,29].
House structural features, such as types of floor, roof

and wall material, have previously been shown to influ-
ence risk of malaria infection [16,22,30,31]. Study findings
confirmed that HH features associated with ease of entry,
hiding and resting places within HHs, factors that favour
mosquito survival, biting and transmission chances, pose
a higher risk of malaria parasitaemia. HHs with wall struc-
tures made of bricks and cement (vs wood and mud) and
whose floor was made of bricks/cement (vs earth/dung/
clay) had a protective effect. Houses made of poor quality
wall and roof materials are likely to have eaves and open-
ings that allow mosquitoes to easily access and stay longer
in HH [32]. In this study, type of roofing was not a signifi-
cant risk determinant, but this could be because 99.3% of
all houses in the area are roofed with iron sheets and not
enough statistical power could be generated to see an ef-
fect. This study highlights the potential value of improved
house design to prevent mosquito entry and to minimize
risk of indoor malaria transmission as efforts supplemen-
tary to maintaining high coverage of other interventions,
including IRS and LLIN [27].
Compared to low SES HHs, medium and high SES

HHs were associated with 0.73 and 0.48-fold reduction
in risk of parasitaemia. Similarly, a malaria parasitaemia
protective effect found in HHs of high SES has been pre-
viously reported [33-36]. In one study, improving house
structural features was associated with lower malaria
risk, possibly due to better restriction of mosquito entry
[37]. These findings are particularly consistent with
studies based on confirmatory parasitaemia as opposed
to self-reported malaria/fever classifications [33,38,39].
Other socio-economic indicator variables associated
with a reduced malaria risk for family members included
HHs, where HoH reported having an education (vs no
education) and where the HH main source of lighting
was electricity (vs kerosene/candles/firewood/torches).
Both variables are a proxy measure of higher SES, a
feature associated with lower risk. A possible reason for
this may be that high SES individuals may have a higher
purchasing capacity for, and access to malaria-protective
measures including better housing facilities. Conversely,
HHs where the HoH reported to be a student (as the
principal occupation) were associated with a higher risk
of having a HH with malaria.
This study has several limitations. To ensure all HH in

the study area were visited, enumeration lists generated
by CHWs were used. However, during study implemen-
tation, a number of HHs could not be found and there
was no systematic strategy to identify these missing
households. Another limitation may be the detection
method of malaria. Malaria parasitaemia was diagnosed
by light microscopy, which is known to have a lower de-
tection limit compared to molecular methods, especially
in cases with low parasitaemia. This may have underesti-
mated the malaria burden, especially for asymptomatic
cases that tend to have low parasite carriage rates. In
addition, the survey period covered (June to November)
was longer than initially planned (June to August). This
period covered times when both primary and secondary
schools were either open or closed (during school
breaks) as well as before and after rainy season periods.
For households visited during the school season, many
of the schoolchildren were not present in the HH, and
laboratory data could not be captured and were hence
missed in the final analysis, which may have limited
study representativeness. Because reported study results
were derived from a cross-sectional survey, associations
observed may be confounded by unmeasured factors
and are not suitable for drawing causal inferences. Areas
visited during the rainy season may have had a greater
risk of malaria than those visited outside the rainy
period (such as Gikundamvura). However, in a previous
study done in the same sector [7] that had no seasonality
bias, Gikundamvura cell showed a greater risk as well,
indicating that the rainy season may not have signifi-
cantly influenced malaria parasitaemia risk in this area.

Conclusion
Study results demonstrated malaria-hypoendemic levels of
transmission, with the distribution shown to vary spatially
in this area. Age, sex, house structural features, and socio-
economic status indicators were key risk determinants for
malaria parasitaemia. Study findings showed a higher pre-
valence of asymptomatic parasitaemia in children aged
5–15 years as well as in individuals aged over 16 years
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compared to children aged below five years. In addition,
improving HH socio-economic status and having house
structural features that limit indoor malaria transmission
could reduce the risk of parasitaemia and hence transmis-
sion within the community. For this area, despite high
coverage of IRS and LLIN distribution, current deter-
minants of continued malaria transmission risk remain
unknown, including, but not limited to, which are the foci
of transmission, whether malaria transmission occurs pri-
marily indoors or outdoors or both, and which factors are
responsible for the higher risks in males and older age
groups. Evaluation of spatial covariates to explain possible
malaria parasitaemia clustering, a characterization of ento-
mological risk determinants of individual and HH malaria
parasitaemia risk and identification of cost-effective mea-
sures to improve house structure features and HH socio-
economic status are needed to sustainably reduce malaria
transmission in Ruhuha sector.
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