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Abstract. Malaria constitutes a major public health problem in Zimbabwe, particularly in the north and east bordering
Zambia and Mozambique. In Manicaland Province in eastern Zimbabwe, malaria transmission is seasonal and unstable.
Over the past decade, Manicaland Province has reported increased malaria transmission due to limited funding, drug
resistance and insecticide resistance. The aim of this study was to identify risk factors at the individual and household
levels to better understand the epidemiology of malaria and guide malaria control strategies in eastern Zimbabwe.
Between October 2012 and September 2014, individual demographic data and household characteristics were collected
from cross-sectional surveys of 1,116 individuals residing in 316 households in Mutasa District, one of the worst affected
districts. Factors associated with malaria, measured by rapid diagnostic test (RDT), were identified through multilevel
logistic regression models. A total of 74 participants were RDT positive. Sleeping under a bed net had a protective effect
against malaria despite pyrethroid resistance in the mosquito vector. Multivariate analysis showed that malaria risk was
higher among individuals younger than 25 years, residing in households located at a lower household density and in closer
proximity to the Mozambique border. The risk factors identified need to be considered in targeting malaria control inter-
ventions to reduce host–vector interactions.

INTRODUCTION

Zimbabwe lies in the southern fringe of malaria transmis-
sion in sub-Saharan Africa.1 Approximately half of the popu-
lation of 12.9 million lives in malarious areas and malaria
transmission occurs in 47 of the 65 districts in the country.2,3

Annually, malaria causes an estimated 380,000 reported cases
and 350 deaths.3 The epidemiology of malaria varies in differ-
ent regions of the country, ranging from year-round transmis-
sion in the low-lying areas of the Zambezi and Limpopo
valleys, to epidemic-prone areas along the watershed ridge
running from the east to southwest of the country.4 Malaria
transmission in Manicaland Province on the border with
Mozambique is unstable with seasonal epidemics. In 2009,
55,707 confirmed cases of malaria were reported in Manicaland
Province, which increased to 192,730 in 2013.3 Manicaland
Province reported more than half of the malaria cases and
more than one-third of malaria deaths in Zimbabwe.5

Nationally, the annual number of reported cases of malaria
declined dramatically from 1.5 million in 2000 to just over
370,000 in 2013.3,5 This has not, however, been the case for
Manicaland Province. Within Manicaland Province, the
districts of Nyanga and Mutasa are ranked nationally as the
districts with the highest incidence of clinical malaria based
on passive case-finding data from health centers.5 This
increased burden has been attributed to a combination of
insecticide resistance, drug resistance, and limited funding,
which disrupted malaria control programs that had been
effective for more than 50 years.6–8

Better understanding of the epidemiology of malaria in the
context of resurgence could support local malaria control strat-
egies and maximize the impact on reducing malaria morbidity
and mortality. Serial cross-sectional surveys were conducted
from 2012 to 2014 to identify individual- and household-level
risk factors for malaria in Mutasa District.

METHODS

Study setting and procedures. Mutasa District has an eleva-
tion ranging from 900 m in the Honde Valley to over 1,500 m
in the mountains (Figure 1). Rainfall patterns in Zimbabwe
are highly seasonal with a rainy season from November to
April and dry season with little to no rainfall from May to
October. Mutasa District received 2,352 mm of rainfall during
the 2013–2014 rainy season and 96 mm during the dry season
as measured in Hauna, the main town in the Honde Valley.
The district had an estimated 169,756 residents representing
42,479 households at the time of the 2012 census,2 and the
population depends heavily on agriculture for its livelihood.
Malaria transmission in the study area is characterized as
seasonal and unstable with major outbreaks during the rainy
season.9 Plasmodium falciparum is the main malaria species
and Anopheles funestus the dominant malaria vector,10 with
high levels of resistance to pyrethroid and carbamate insecti-
cides.8 Indoor residual spraying (IRS) and mass distribution
of insecticide-treated nets (ITNs) are the main vector control
interventions implemented by the National Malaria Control
Program and partners. The population covered by pyrethroid-
based IRS in Mutasa District was 88% in 2012 and 91% in
2013. In November and December 2014, an organophosphate,
pirimiphos-methyl was used for IRS and covered 92% of the
population. ITNs were distributed to the general population
in 2013 and limited to boarding schools in 2014.
A high-resolution satellite image of the study area obtained

in 2011 from DigitalGlobe Services, Inc. (Denver, CO) was
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imported into ArcGIS 10.2 (Environmental Systems Research
Institute, Redlands, CA), and the locations of households were
identified manually and digitized. A grid containing 1 × 1 km
cells was overlaid onto the image and the first stage of sampling
involved selection of grid cells. This selection process ensured
adequate geographic distribution of the sample, while consider-
ing logistical challenges in reaching remote areas where trans-
port is difficult, especially during the rainy season. In the
second stage of sampling, households were randomly selected
from within the selected grid cells and assigned to one of two
study cohorts: longitudinal and cross-sectional. Households
in the prospective longitudinal cohort were surveyed every
other month whereas households in the cross-sectional study
were surveyed only once during the study period. The process
of creating a sampling frame by digitizing households from a
high-resolution satellite image was previously validated.11–13

Trained interviewers followed standardized operating pro-
cedures that were developed and piloted in the field to ensure
reliability. After obtaining written informed consent for study
participation from adults and caregivers as well as assent from
children older than 7 years, interviewers administered a ques-
tionnaire to the head of the household that was used to list all
household members and collect basic demographic informa-
tion. Household members were eligible for inclusion in the
study if they were a resident of the selected household regard-
less of age and pregnancy status. A questionnaire was used
to collect data on sociodemographic characteristics, malaria-
related knowledge, malaria history, and use of malaria preven-
tative measures. A fingerprick blood sample was obtained for

malaria parasite testing using a rapid diagnostic test (RDT)
(SD BIOLINE Malaria Ag P.f.; Standard Diagnostic Inc.,
Kyonggi, Republic of Korea). Those with positive test results
were offered treatment with artemisinin-combination therapy
according to national guidelines. Responses to the question-
naires and RDT results were recorded and stored electroni-
cally on Android tablets using Open Data Kit software (ODK,
www.opendatakit.org), then transferred to REDCap 4.1, a
secure, web-based application designed to support data cap-
ture for research studies.14

Study measures and instruments. The outcome of interest
was whether an individual tested positive or negative for
malaria by RDT on the day of enrollment. Supporting data
were collected describing features at the individual and
household level as well as characteristics of the surrounding
environment. Individual-level characteristics included age,
sex, history of malaria-related symptoms, malaria knowledge,
and use of bed nets and other preventive measures. Age was
grouped into five categories: < 5, 5–14, 15–24, 25–49, and 50
or more years. A composite malaria knowledge score was
created using responses to survey questions evaluating knowl-
edge of symptoms, causes, and prevention of malaria. Use of
a bed net was determined by asking respondents “Do you
sleep under a bed net?” and responses were dichotomized
into yes/no categories. A history of recent travel within the
preceding 4 weeks was collected.
Potential household-level risk factors obtained from ques-

tionnaires administered to the heads of the households
included: education level of household head, household size,

FIGURE 1. Topographical map of Mutasa District, Zimbabwe, and the distribution of sampled households.
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and IRS in the past 6 months. A household wealth index was
constructed using a principal components analysis of house-
hold characteristics (housing floor material, primary cooking
fuel used, and water source) and asset ownership (radio,
television, refrigerator, bicycle, motorbike, and car).15,16

The first principal component accounted for 21% of the vari-
ability. Greatest weight was given to ownership of a televi-
sion (0.72), use of electricity as the primary cooking fuel
(0.69), and ownership of a refrigerator (0.68). A proxy for
household socioeconomic status was created by dividing the
wealth index into tertiles defining the poorest, middle, and
richest households.
Several variables characterizing the environment sur-

rounding households were obtained. As proximity to envi-
ronmental and social features can play an important role in
understanding spatial disease patterns, Euclidean distances
from each household to the nearest health facility, the
nearest main road, the Zimbabwe–Mozambique border, and
to different categories of streams were calculated in ArcGIS
10.2 using the “Near” tool. The distance from the nearest
health facility to each surveyed household was used as a
proxy for access to health services. The distance to the
nearest nth-order stream, distance to the nearest road, and
distance to the Zimbabwe–Mozambique border were proxies
for proximity to vector breeding sites, accessibility to trans-
portation, and cross-border migration, respectively.
Construction of a stream network was based on hydrologi-

cal models from a 90-m resolution digital elevation model
(DEM) of the study area from the Shuttle Radar Topo-
graphic Mission.17 Although lower order streams typically
flow during the rainy season only, higher order streams have
greater peak flows, are found at low elevations and flow
throughout the year. Within the study area, the highest
stream order was four; therefore, distance from a surveyed
house to first-, second-, third-, and fourth-order streams were
determined. Topographical attributes are potentially relevant
for habitat suitability of malaria vectors, thus, aspect, slope,
and elevation were extracted from the DEM.13,18 The aspect,
which ranges from 0 to 360 degrees, was categorized into three
topographically important slope orientations: north-facing,
south-facing, and all other slope orientations. In the southern
hemisphere, north-facing slopes tend to be warmer and less
humid because of more direct sunlight.13,19

Using buffering techniques and the global positioning sys-
tem (GPS) location of all houses, the number of houses
within circular buffers of radii 250, 500, and 1,000 m were
calculated to estimate local house density. A LANDSAT™

8 image from July 2014 with a spatial resolution of 30 m and
11 spectral bands was downloaded from the U.S. Geological
Survey Land Processes Distributed Active Archive Center
(USGS Earth Resources Observation and Science [EROS]
Center, Sioux Falls, SD).20 The normalized difference vegetation
index (NDVI) ranges from −1 to 1, with higher values indicat-
ing denser vegetation. NDVI was calculated as the ratio of
near infrared (NIR) and red spectral bands ½NDVI ¼ NIR � red

NIR þ red�.
Land use for the study area was generated by unsupervised
land cover classification using LANDSAT 8 image bands 2, 3,
4, 5, 6, and 7; and classified into six groups: water, crop, bare
land, impervious, grass, and forest.
Statistical analysis. The analysis was based on the single

visit conducted at cross-sectional households and the initial
visit to longitudinal households. Subsequent visits to these

households were excluded as repeated testing and treating
can alter the natural history of malaria transmission within
households.21 Descriptive analyses were performed to explore
the characteristics of both the outcome and supporting vari-
ables using χ2 tests for categorical variables and t tests for con-
tinuous variables. The outcome variable, RDT positivity for
each individual, was dichotomous for which logistic regression
was the appropriate method for analysis. As individuals were
nested within households and individuals within a particular
household may have been more similar to one another than
to individuals in other households, the assumption of indepen-
dence in standard logistic regression methods is likely to be
violated. To account for the hierarchical structure of the data
and potential clustering effect of RDT outcomes within house-
holds, multilevel logistic regression analysis was used to model
RDT positivity as a function of individual and household-level
factors. Environmental variables were obtained per household
and were considered household-level variables for analysis.
Three consecutive models were fitted to the data. In

Model 1 (null model), the probability of an individual testing
RDT positive was only a function of the individual’s house-
hold and modeled by a random intercept allowing estimation
of the overall between-household variance for the outcome
measure, RDT positivity. Model 2 (individual-level model)
included individual-level variables associated with malaria
risk. Initially, Model 2 contained all individual-level variables
significantly associated with RDT positivity (P < 0.2) in uni-
variate regressions (each variable tested one at a time) and
several variables (age, sex, and bed net use) deemed impor-
tant a priori. Variables not significant at the P < 0.05 level
were eliminated one by one in order of least significance.
Potential explanatory variables that were not found to be sig-
nificant in the univariate models were evaluated one by one
for inclusion in the model. Model 3 (multilevel model) added
household-level variables to Model 2 using the same manual
model selection. Within- and cross-level interactions were
assessed and variables were tested for multicollinearity. The
association of explanatory variables with RDT positivity was
quantified by odds ratios (ORs) and 95% confidence intervals
(CIs). Environmental data processing and maps were made
in ArcGIS version 10.2. Environmental data were linked to
parasitological data according to GPS location. Nonspatial
data analysis was conducted using STATA 12.0 (StataCorp,
College Station, TX) while spatial analyses were performed
in R development software (R Core Team, Vienna, Austria)
using geoR package.22

Ethical considerations. The study was approved by the
Johns Hopkins Bloomberg School of Public Health Institu-
tional Review Board (IRB), the Biomedical Research and
Training Institute IRB, and the Medical Research Council of
Zimbabwe. Discussions were held with chiefs and other com-
munity leaders about the study purpose and conduct, and per-
mission was given to visit households in their area. Informed
consent was obtained from the head of household before
enrollment and written informed consent was obtained from
eligible adult participants and caregivers. Assent was obtained
from children 7–15 years old.

RESULTS

Descriptive analysis. A total of 1,187 individuals from 319
households were visited between October 2012 and September
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2014. Two households with missing geographical coordinates
and 22 individuals with missing RDT results were excluded
from the analysis, giving a final sample of 1,161 individuals
residing within 316 households. Of the 316 households, only a
small proportion used electricity to cook (8.2%), had piped
water (34.5%), was situated on north-facing slopes (6.7%), or
were located at elevations ≥ 820 m (25.0%). Households were
on average 1.7 (interquartile range [IQR] = 0.6–5.0) km from
the nearest health facility and 1.3 (IQR = 0.8–3.3) km from
the nearest main road. About two-thirds of respondents
(61.1%) reported their household ever having been sprayed
with insecticide, with just over one half (50.8%) of these
households reporting that spraying had occurred within the
previous 6 months (Table 1).
Of the 1,161 individuals, 189 (16%) were children under

5 years of age and 648 (56%) were females. The rate of bed
net ownership was 82%, and the most cited barriers to bed
net ownership were cost, heat, and the perception that there
were no mosquitoes. Of those with access to a bed net, 52%
self-reported actually sleeping under a bed net (Table 2).
Use of bed nets varied by season with 60% of participants
sleeping under a bed net during the rainy season compared
with 46% during the dry season (data not shown). A low
proportion (9.8%) of the participants reported recent over-
night travel (Table 2), with the most common purpose to
visit family and friends (data not shown).
During the study period, 74 individuals from 50 households

tested positive for malaria by RDT and 16 of the households
included more than one RDT-positive household member at
the time of enrollment. The overall crude parasite prevalence
by RDT was 6.4% (95% CI = 5.0–7.8%), and was higher

during the rainy season compared with the dry season (10%
versus 3%, P < 0.05). The highest prevalence in RDT positiv-
ity was in young adults 15–24 years of age. There was a sharp
decline in RDT positivity between young adults 15–24 years
of age and adults 25–49 years of age (Figure 2). Of the RDT-
positive individuals, 16% and 23% reported a fever in the
prior 48 hours and in the previous 2 weeks, respectively
(Table 2).
Multivariate analysis. Multilevel, multivariate, logistic

regression showed that RDT positivity was associated with
age (P value = 0.05) (Table 3). Compared with the reference
group (age ≥ 50 years), individuals < 5, 5–14, and 15–24 years
of age had approximately 2.7 times the odds of RDT positivity
(OR = 2.67, 95% CI = 0.94–7.56; OR = 2.61, 95% CI = 0.97–
7.06; and OR = 2.70, 95% CI = 1.00–7.29). Individuals 25–
49 years old did not have a significantly different risk of RDT
positivity than the reference age ≥ 50 years (OR = 0.94, 95%
CI = 0.33–2.70). Sleeping under a bed net decreased the odds
of a positive malaria RDT (OR = 0.54, 95% CI = 0.29–1.00)
despite pyrethroid resistance in An. funestus.
At the household level, for every one kilometer increase

in distance from the Zimbabwe–Mozambique border, the
odds of RDT positivity decreased by 14% (OR = 0.86, 95%
CI = 0.76–0.97). The cumulative effect of distance to the
Zimbabwe–Mozambique border was substantial as half of
study households were located six or more kilometers away
from the border; the odds of malaria in individuals from
these distant households were 65% lower (OR = 0.35, 95%
CI = 0.18–0.65) than among individuals in households close
to the border. Furthermore, for every additional 10 houses
within 250 m, the odds of RDT positivity decreased by 11%

TABLE 1
Characteristics of 316 sampled households in Mutasa District (October 2012–September 2014)

Characteristic N %

Highest education level of head of household
None or primary 129 44.0
Secondary or higher 164 56.0

Land use
Crop 180 57.0
Bare land 29 9.2
Impervious 4 1.3
Grass 89 28.2
Forest 14 4.4

Aspect of slope
Northern 21 6.7
Southern 51 16.1
All other orientations 244 77.2

Piped water is main source of water 104 34.5
Electricity is main source of cooking energy 26 8.2
Household ever sprayed 187 61.1
Household sprayed in the past 6 months 95 29.8

Median Lower quartile, upper quartile
Elevation (m) 786 757, 819
Household size 5 3, 8
Distance to first-order stream (km) 0.6 0.4, 0.7
Distance to second-order stream (km) 1.3 1.0, 1.6
Distance to third-order stream (km) 1.6 0.6, 2.3
Distance to forth-order stream (km) 1.9 1.1, 3.8
Distance to nearest health facility (km) 1.7 0.6, 5.0
Distance to main road (km) 1.3 0.8, 3.3
Distance to Zimbabwe–Mozambique border (km) 6.0 4.5, 8.9
Number of households within 250-m buffer 16 8, 42
Number of households within 500-m buffer 51 31, 104
Number of households within 1,000-m buffer 174 137, 242
Normalized difference vegetation index 0.22 0.18, 0.27
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(OR = 0.89, 95% CI = 0.87–0.97). Elevation was associated
with lower risk of malaria although it did not reach statistical
significance (P = 0.1). Residing in a household ≥ 850 m
above sea level reduced the odds of malaria compared with
a household < 800 m (OR = 0.32, 95% CI = 0.09–1.09). Indi-
viduals in households surveyed during the rainy season were
4.52 times more likely to test positive for malaria (OR =
4.52, 95% CI = 2.11–9.69) than those in households surveyed
during the dry season.
The household random effect for the null model (Table 4,

Model 1) showed that RDT positivity was clustered at
the household level, confirming the need for a multilevel
approach instead of conventional logistic regression. After

adding individual-level and household-level variables, the ran-
dom effect variance decreased from 2.24 (Table 4, Model 1)
to 0.69 (Table 4, Model 3). However, the variance of the
random intercept remained significant (P = 0.04), suggesting
that there are unobserved variables that may further explain
heterogeneity across households (Table 4, Model 3).

DISCUSSION

After many years of effective control, Manicaland Province
in eastern Zimbabwe experienced a resurgence of malaria in
recent years and has now become one of the most affected
provinces in the country. This study identified individual- and
household-level factors associated with malaria based on cross-
sectional surveys involving active case detection in Mutasa
District, one of the Districts most affected by malaria in
Manicaland. The study highlights the importance of both indi-
vidual- and household-level factors in determining malaria
risk. Malaria risk was significantly higher among individuals
who 1) were younger than 25 years, 2) did not sleep under a
bed net, 3) were sampled during the rainy season, 4) lived in
sparsely populated areas, and 5) lived close to the Zimbabwe–
Mozambique border. Several of the findings have clear impli-
cations for malaria control in this district that may also be
applicable to other settings with similar epidemiology.
Of particular significance is the finding that the closer the

individuals live to the Zimbabwe–Mozambique border, the
higher their risk of malaria. Several regional studies found
a higher risk of malaria closer to international borders. In
Mpumalanga Province, South Africa, individuals living within
5 km of the Mozambique border had four times the risk of
malaria compared with individuals residing further from the
border.23 Similarly in Namibia, the highest risk of malaria was
found along the border with Angola, which is considered
malaria endemic.24,25 The increased risk of malaria transmis-
sion along international borders has been attributed to poorer
access to health care, differences in malaria endemicity, the
porosity of borders, frequent human population movement,

TABLE 2
Characteristics of individuals in Mutasa District at baseline (October 2012–September 2014)

Characteristics

Total study population RDT positive

N = 1,161 N = 74

n % n %

Age (years)
< 5 189 16.3 15 7.9
5–14 255 22 21 8.2
15–24 220 18.9 20 9.1
25+ 497 42.8 18 3.6

Sex
Male 513 44.2 36 7.0
Female 648 55.8 38 5.9

Fever on the previous day 65 5.6 12 18.5
Fever in past 2 weeks 118 10.2 17 14.4
Nausea/vomiting on the previous day 25 2.2 4 16.0
Nausea/vomiting in past 2 weeks 59 5.1 11 18.6
Chills on the previous day 62 5.3 9 14.5
Chills in past 2 weeks 105 9.0 18 17.1
Visited health facility/post in past month for malaria 166 14.3 39 23.5
Visited health facility/post in past 6 months for malaria 413 35.6 57 13.8
Owns a bed net 948 81.7 63 6.6
Slept under bed net 493 52.1 26 5.3

Recent overnight travel in past 4 weeks 114 9.8 3 4.1
RDT = rapid diagnostic test.

FIGURE 2. Rapid diagnostic test positivity by age group.
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and suitable climatic conditions for malaria transmission.26

Interestingly, proximity to a health facility was not associated
with malaria. This lack of association may be because of the
relatively good health infrastructure in Mutasa District. With
45 private and public health facilities, including several along
the border with Mozambique, most participants resided within
2 km of a health facility providing malaria diagnosis and treat-
ment free of charge. On the other hand, across the border in
Mozambique, such services currently are not available.
The conducive ecological environment for malaria transmis-

sion along the border, and cross-border migration of infected
individuals may also explain the higher risk for malaria in this
area. The elevation in Mutasa District generally slopes from
west to east, with low-lying areas near the border with
Mozambique (Figure 1), and the risk of malaria is higher at
lower elevations. Mutasa District has experienced consider-
able human population movement to and from Mozambique,
for example, during the Mozambican civil war and more
recently, during the economic crisis in Zimbabwe. The border
with Mozambique is porous and individuals move between
countries for employment, to access health care and to visit
relatives. These migrants may serve as a human reservoir of
malaria parasites.27,28 Malaria control in western Mozambique
is largely dependent on case management, with limited IRS
and distribution of ITNs only in peri-urban areas.29 The

movement of parasite-carrying individuals from the higher
transmission setting of Mozambique may be undermining
malaria control in eastern Zimbabwe, as suggested by studies
in other countries where malaria resurgence has been attrib-
uted in part to frequent human population movement across
international borders.24,30 Regionally, several intercountry col-
laborations have been developed to address cross-border
malaria, including the Lubombo Spatial Development Initia-
tive between Mozambique, South Africa, and Swaziland,31 the
Trans-Kunene Malaria Initiative between Namibia and
Angola,25 and the Trans-Zambezi Malaria Initiative between
Angola, Botswana, Namibia, Zambia, and Zimbabwe.24 The
success of these regional initiatives has been hampered, how-
ever, by lack of political will, limited funding, slow mobiliza-
tion of resources, and poor coordination.25,32 The strong
relationship between malaria and proximity to the Zimbabwe–
Mozambique border provides yet another argument for the
importance of regional collaborations in controlling malaria.
Stronger intercountry collaborations will be especially impor-
tant as malaria goals shift from control to elimination.
Malaria RDT positivity was associated with younger age.

Compared with the reference group (age 50 and older), indi-
viduals < 25 years were significantly more likely to be RDT
positive and the risk of malaria infection was highest for ado-
lescents and young adults. This might be a result of different
exposure rates and other behavioral risk factors in the youn-
ger population. In fact, individuals 15–24 years old reported
the lowest usage of bed nets, followed by 5–14 year olds.
Sleeping under a bed net was associated with a lower risk of
malaria, which is consistent with evidence from randomized
controlled trials.33 This reduced risk is in spite of the high
levels of pyrethroid resistance in Mutasa District,8 and so is
presumably because of the physical barrier effect of ITNs
rather than their insecticidal properties. Approximately 58%
of individuals did not have access to or did not use a bed

TABLE 3
Univariate and multivariate multilevel logistic regression analysis of risk factors for malaria RDT positivity (N = 1,161)

Univariate Multivariate

Odds ratio 95% CI P value Odds ratio 95% CI P value

Individual-level factors
Age category (years) 0.03 0.05
< 5 2.64 0.92–7.56 2.67 0.94–7.56
5–14 2.84 1.03–7.84 2.61 0.97–7.06
15–24 2.54 0.93–6.96 2.70 1.00–7.29
25–49 0.91 0.31–2.69 0.94 0.33–2.70
≥ 50 Reference Reference

Female 0.91 0.53–1.54 0.7 0.97 0.33–2.70 0.91
Sleep under bed net 0.65 0.35–1,19 0.1 0.54 0.29–1.00 0.05
Recent overnight travel in past 4 weeks 0.36 0.10–1.32 0.1 – – –
Household-level factors
Elevation categories (m)
< 800 Reference 0.12 Reference 0.12
800–849 0.78 0.35–1.74 1.16 0.55–2.45
≥ 850 0.31 0.08–1.12 0.32 0.09–1.09

No. of houses within 250 m (per 10 houses) 0.89 0.80–0.99 0.03 0.89 0.87–0.97 0.01
House sprayed with IRS in past 6 months 3.87 2.08–7.18 < 0.01 2.30 1.16–4.56 0.02
Peak season (December–May) 5.40 2.52–11.40 < 0.01 4.52 2.11–9.69 < 0.001
Distance to Mozambique border (km) 0.92 0.82–1.02 0.1 0.86 0.76–0.97 0.01
Distance to the nearest health facility (km) 0.97 0.83–1.14 0.7 – – –
Distance to second-order stream (km) 2.37 1.25–4.49 0.008 – – –
Distance to main road (km) 1.18 0.99–1.42 0.07 – – –
North-facing slope (aspect) 3.00 0.97–9.25 0.05 – – –
Electricity is main source of cooking energy 0.11 0.01–1.10 0.06 – – –

CI = confidence interval; IRS = indoor residual spraying; RDT = rapid diagnostic test.

TABLE 4
Household-level random effects summary for the null, individual-

level, and multilevel models
Household random effect

Estimate Standard error P value

Model 1: null model 2.24 0.86 < 0.001
Model 2: best individual-level model 2.41 0.94 < 0.001
Model 3: best multilevel model 0.69 0.52 0.04
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net, increasing their odds of acquiring malaria by 46%.
Malaria interventions including ITN distribution need to tar-
get younger populations, perhaps through school-based
interventions to achieve higher ITN coverage.
IRS reduces malaria transmission by reducing the life span

of mosquitoes and by reducing the density of mosquitoes
in sprayed households.34,35 Recent IRS of a house was
expected to be associated with a significant protective effect
against malaria infection. However, IRS within the previous
6 months was in fact associated with increased odds of
malaria. One plausible explanation for this seemingly para-
doxical result is that IRS was applied where the risk of
malaria was greater. In a resource-limited setting, targeting
higher prevalence areas can maximize impact.36 According
to Zimbabwe’s Malaria Strategic Plan, only some districts
are targeted for IRS based on previous transmission patterns
and incidence data.3 Another explanation is that insecticide
resistance that has been reported nationally may be under-
mining IRS efficacy. Results of insecticide susceptibility tests
in 2013 and 2014 showed that the main malaria vector in
Mutasa District, An. funestus was resistant in bioassays to
both pyretheroids and carbamates.8 Finally, recent IRS was
self-reported, and may have been misclassified. It is likely
that misclassification would be nondifferential with respect
to the outcome, RDT positivity, thus biasing the results
toward the null.
The results presented here should be interpreted in light

of several limitations. Given that the use of bed nets and
recent residual spraying of household were self-reported,
these exposure variables may be subject to social desirability
bias and recall bias. In the case of use of bed nets, any bias
may be minimal as interviewers requested to see the bed
nets in households reporting ownership of at least one bed
net, although the presence of a net was not necessarily
related to effective use.
Although data on a variety of potential confounding fac-

tors were collected, the final model only explained 69% of
the between-household variance. This may be because of the
relatively small number of RDT-positive individuals, limiting
the power to detect association, and other factors not mea-
sured in this study that contribute toward the understanding
of malaria transmission in an area such as Mutasa District.
For example, agriculture is the main activity in this district
and engaging in agriculture-related activities has been associ-
ated with increased malaria risk, particularly among migrant
laborers.37,38 Understanding the movement of individuals,
not just at large spatial scales such as across international
borders, but locally, may also be important to understanding
the epidemiology of malaria. No association between recent
travel and malaria risk was identified, although the power to
detect such an association was low given the infrequency of
reported overnight travel. Given the potential importance of
cross-border malaria transmission, more research attempting
to quantify the magnitude of the impact of cross-border
movement on malaria transmission in eastern Zimbabwe
is necessary.
Simple Euclidean distance to the Zimbabwe–Mozambique

border, which was used as a proxy for cross-border migra-
tion, does not account for the actual physical travel path
used, access to transportation, and the time of travel, and so
these data may underestimate actual distance and time appli-
cable to migration. However, in the absence of digital data

on road network for the study area and actual travel paths,
the distance to the border was taken to be a reasonable
proxy for cross-border migration, and has previously been
used as a surrogate measure for migration and importation
of malaria cases.39

Using multilevel modeling, individual and household char-
acteristics were identified that were predictive of malaria
risk, implying that combined interventions targeting “at risk”
individuals and “high risk” areas may effectively reduce
malaria. This study underscores the need for strong regional
initiatives to control malaria. Results from this study can
be used by malaria control managers to define priority
populations and areas for intensified efforts. Increasing
coverage of malaria interventions and undertaking inter-
country programs will be key to regaining malaria control in
Mutasa and other districts in Zimbabwe.
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