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Abstract

Background: Recent reductions in malaria burden have been attributed largely to long-lasting insecticidal nets
(LLINs). In March—June 2017, approximately 3 years after a national LLIN distribution campaign, a cross-sectional com-
munity survey was conducted to investigate factors associated with malaria parasitaemia and anaemia, in advance of
Uganda’s 2017-2018 LLIN campaign.

Methods: Households from 104 clusters in 48 districts were randomly selected using two-staged cluster sampling;
50 households were enrolled per cluster. Eligible children aged 2-10 years had blood obtained for a thick blood
smear and those aged 2-4 years had haemoglobin measured. Associations between outcomes and variables of
interest were assessed using log-binomial regression with generalized estimating equations to adjust for household
clustering.

Results: In total, 5196 households, 8834 children with blood smear results, and 3753 with haemoglobin results
were included. Only 16% of children lived in households with adequate LLIN coverage. Overall, parasite prevalence
was 26.0%, ranging from 8.0% in the South West to 53.1% in East Central. Limiting data to children 2—4 years of age,
parasite prevalence was 21.4%, up from 16.9% in 2014-2015 following the national LLIN campaign. In a multivariate
analysis, factors associated with parasitaemia included region (East-Central vs South-Western; adjusted prevalence
ratio [aPR] 6.45, 95% Cl 5.55-7.50; p <0.001), older age (8-10 vs 2-3 years; aPR 1.57,95% Cl 1.43-1.72; p<0.001), living
in a poorer household (poorest vs least poor tercile; aPR 2.32, 95% Cl 2.05-2.63; p <0.001), one constructed of tradi-
tional materials (@PR 1.13,95% Cl 1.03-1.24; p =0.008), or without adequate LLIN coverage (aPR 1.30,95% Cl 1.14-1.48;
p<0.001). Overall, the prevalence of anaemia (haemoglobin < 10 g/dL) was 15.1% and varied geographically. In a
multivariate analysis, factors associated with anaemia included region, younger age, living in a traditional house, and
parasitaemia, which was the strongest predictor (aPR 2.50, 95% Cl 2.12-2.95; p<0.001).
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survey, Uganda

Conclusions: Three years after a national LLIN campaign, LLIN coverage was low and parasite prevalence had
increased. Parasite prevalence varied widely across Uganda; older children, those living in poorer households, and
those with inadequate LLIN coverage, were at highest risk of parasitaemia. LLINs may need to be distributed more
frequently through mass campaigns or continuously through sustainable mechanisms. Targeting interventions to
geographic areas and populations at highest risk should also be considered.
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Background

Over the past 20 years, substantial progress on malaria
has been achieved worldwide, following heavy invest-
ment in control measures [1]. In Africa, much of the
decline in malaria morbidity has been attributed to the
widespread use of long-lasting insecticidal nets (LLINSs)
[2]. However, recent data suggest that progress on
malaria control may have plateaued, particularly in Africa
[1]. In 2017, the World Health Organization (WHO)
reported that malaria cases were rising in ten high bur-
den African countries, including Uganda [1]. The esti-
mated number of malaria cases in Uganda increased
from 7 million in 2014 to 8.6 million in 2017 [1], raising
questions about the coverage and effectiveness of malaria
control measures, including LLINs [3, 4].

Measuring the burden of malaria and evaluating the
impact of control interventions remains a major chal-
lenge [5]. Although the WHO calls for strengthening
malaria surveillance within national health management
and information systems (HMIS) as a pillar of the Global
Technical Strategy for Malaria (2016-2030) [6], the
potential limitations of HMIS data collected at health
centres are well-recognized [7, 8]. Instead, large cross-
sectional surveys are often used to measure key malaria
indicators, including the prevalence of parasitaemia and
anaemia, on a national scale [9]. However, such surveys
are expensive and are done infrequently in some low-
resource countries, such as Uganda [10-12]. In 2009,
the Uganda Ministry of Health (MOH) conducted its
first national Malaria Indicator Survey [10]. At that time,
household ownership of at least one LLIN was less than
50%, and the prevalence of parasitaemia and severe
anaemia (defined as haemoglobin<8 g/dL) in children
under-five were 42% and 10%, respectively [10]. As a part
of Uganda’s strategic effort to control malaria, the first
national LLIN campaign was carried out in 2013-2014,
distributing 22.2 million LLINs free-of-charge [3, 11].
The next Malaria Indicator Survey conducted in 2014—
2015 approximately 6 months after the LLIN campaign,
found that overall, household ownership of at least one
LLIN had increased to 94%, while prevalence of parasi-
taemia among children under-five had decreased to 19%
[11].

Despite attempts to intensify malaria control, malaria
remains a major problem in much of Uganda [13, 14],
and data on the longer-term impact of LLINs nation-
wide are lacking. To assess whether the effect of LLINs
distributed in the 2013-2014 campaign on malaria indi-
cators has been sustained, a cross-sectional community
survey was conducted in 2017 in 48 districts in Eastern
and Western Uganda. This is the first large-scale survey
in Uganda since the 2014—2015 Malaria Indicator Sur-
vey and will serve as the baseline for an ongoing cluster-
randomized trial to evaluate the impact of LLINs with,
and without, piperonyl butoxide (PBO) distributed in
Uganda’s 2017-2018 LLIN campaign on parasite preva-
lence in community children aged 2-10 years (ISRCTN
17516395) [15-17].

Methods

Study area

This cross-sectional community survey was conducted in
104 health sub-districts from 48 districts, approximately
40% of Uganda [15, 16]. The study area included 5 of the
10 administrative districts from the last Malaria Indica-
tor Survey (2014-2015) [11]. Areas scheduled to receive
IRS with pirimiphos-methyl (Actellic) were excluded due
to an interim WHO recommendation [18], that PBO nets
should not be distributed in areas where Actellic would
be used for indoor residual spraying, due to the possibil-
ity of antagonistic effects. However, a more recent rec-
ommendation stipulates that there is no experimental or
operational evidence of antagonism [19]. Results from
this survey on LLIN coverage and use [16], and mosquito
vectors [17], have been reported previously. The purpose
of this analysis was to evaluate malaria parasitaemia and
anaemia approximately 3 years after Uganda’s 2013-2014
LLIN campaign, which aimed to achieve universal cover-
age with LLINs defined as at least one LLIN for every two
residents in over 90% of households [20].

Recruitment and enrolment

Enumeration areas identified in the 2014 national census
served as the primary sampling unit and a two-stage clus-
ter sampling procedure was applied [15, 16]. Ten enu-
meration areas within each of the 104 health sub-districts
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were randomly selected by the Uganda Bureau of Sta-
tistics. Households within these areas were assigned an
identification number and were mapped by the study
team. A list of randomly selected households to approach
for recruitment was generated for each enumeration
area. Households were approached until five households
from each enumeration area were enrolled (50 house-
holds per cluster, 5200 total). Households were included
if: (1) at least one resident was aged 2—10 years, (2) at
least one adult (>18 years) was present, (3) the adult
was a usual resident who slept in the sampled household
on the night before the survey, and (4) the adult agreed
to provide written informed consent to participate in
the survey. Households were excluded if: (1) the dwell-
ing was destroyed or could not be found, (2) the house
was vacant, (3) there was no adult resident home on >3
occasions.

Study procedures

A household survey questionnaire, adapted from prior
surveys conducted in Uganda including the national
Malaria Indicator Survey [10, 11], was administered to
heads of household, or their designate, to gather infor-
mation on households, residents, and ownership and
use of LLINs [15, 16]. A finger-prick blood sample was
obtained from children identified from the household
questionnaire if they met the following selection criteria:
(1) 2-10 years of age, (2) usually a resident of and present
in the sampled household on the night before the survey,
(3) informed consent of parent/guardian, (4) assent of
child aged 8 years or older. If a child was not present on
the day of the survey, they were excluded. Blood samples
were taken from all eligible children for thick smear and
for all eligible children 2—4 years of age for haemoglobin
measurement.

Laboratory procedures

Thick blood smears were made by placing a drop of blood
in the middle of a barcoded slide. Slides were dried and
kept in the field for no longer than 7 days to avoid auto-
fixation and were periodically transported to the IDRC
Molecular Research Laboratory (MOLAB) in Kampala
for processing and reading. Slides were stained with 2%
Giemsa for 30 min and read by experienced laboratory
technologists. Parasite and densities were calculated
from thick blood smears by counting the number of asex-
ual parasites, per 200 leukocytes (or per 500, if the count
was less than 10 parasites per 200 leukocytes), assuming
a leukocyte count of 8000/uL. A thick blood smear was
considered negative when the examination of 100 high
power fields did not reveal asexual parasites. For quality
control, all slides were read by a second microscopist and
a third reviewer settled discrepant readings, defined as

Page 3 of 12

(1) positive vs a negative thick blood smear, (2) parasite
density differing by >25%. Haemoglobin measurements
were made using a battery-operated portable HemoCue
analyzer (HemoCue, Anglom, Sweden).

Data management and statistical analysis

Data were collected using hand-held tablet computers, as
previously described [15, 16]. All statistical analyses were
carried out using STATA version 15 (Statcorp, College
Station, TX, USA). The study area included in the 2017
survey was demarcated into 5 of the 10 national admin-
istrative districts, as previously defined for the Malaria
Indicator Surveys [11]. Comparisons of parasitaemia
were made between the 2009 and 2014-2015 Malaria
Indicator Surveys and the 2017 survey reported here.
Original data from the 2009 and 2014-2015 Malaria
Indicator Surveys were obtained from the Demographic
and Health Surveys Program (DHS). Comparative analy-
ses were restricted to data from children of comparable
ages (2—4 years) from the five administrative districts
covered in all three surveys. Comparisons of parasitae-
mia between surveys were made using the Chi-squared
test. Because the previous MIS surveys did not record
haemoglobin values greater than 8 g/dL, comparison of
anaemia between surveys was not done.

A household wealth index was generated using prin-
cipal component analysis of data based on ownership
of assets, household characteristics, and type of house-
hold construction materials (excluding floor type); a
single wealth index was calculated, categorized into ter-
ciles [16]. House type was classified as modern (cement
or wood or metal walls, a tiled or metal roof, and closed
eaves) or traditional (all other houses) [21, 22]. Two out-
come measures were assessed, (1) parasitaemia, defined
as the presence of asexual parasites, and (2) moderate
anaemia, defined as a haemoglobin <10 g/dL. Associa-
tions between variables of interest and outcomes were
made using log-binomial regression with generalized
estimating equations to adjust for clustering of study par-
ticipants within the same household. Graphical presenta-
tion of the relationships between age and parasitaemia
were made using LOWESS smoothing. A p-value<0.05
was considered statistically significant.

Results

Characteristics of households and residents

From March to June 2017, 5200 households were
enrolled in the survey, and 5196 were included in the
analysis (Fig. 1). Among 11,143 children aged 2-10 years,
8834 (79.3%) had blood smear results and were included
in the analyses of parasitaemia. Of the 3781 children aged
2—4 years, 3753 (99.3%) were successfully tested for hae-
moglobin and were included in the analyses of anaemia.
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Most children (73%) lived in houses constructed from
traditional materials, and few (16%) lived in a household
that was adequately covered by LLINs (at least one LLIN
for every two household residents, Table 1).

Changes in parasite prevalence over time

Comparisons made between the Malaria Indicator Sur-
veys and 2017 survey reported here (Fig. 2) suggest that
parasite prevalence fell from 45.6 to 16.9% between 2009
and 2014-2015, with significant decreases in all five
regions of the country (p<0.001 for all comparisons).
However, in 2017, parasite prevalence rose to 21.4%.
Although parasitaemia increased in all five regions, dif-
ferences were only statistically significant in the Mid-
Eastern (6.0% vs 19.1%, p<0.001) and Mid-Western
regions (19.5% vs 25.7%, p=0.02).

Factors associated with parasitaemia

Overall, 26.0% of children aged 2-10 years were posi-
tive for malaria parasitaemia by microscopy. Parasitae-
mia varied widely across the country, ranging from 8.0%
in the South-Western region to 53.1% in the East Cen-
tral region (Table 2). This marked spatial heterogene-
ity in parasitaemia is further illustrated in Fig. 3 which

Table 1 Characteristics of children assessed for parasitaemia
and anaemia

Variable Categories n (%)
Parasitaemia  Anaemia
N=28834 N=3753
Region of the country ~ North East 655 (7.4%) 1 (8.6%)
Mid-Eastern 1276 (14.4%) 580 (15.5%)
East Central 1539 (17.4%) 683 (18.2%)
Mid-Western 2525 (28.6%) 1079 (28.8%)
South Western 2839 (32.1%) 1090 (29.0%)
Age (years) 2-3 2550 (28.9%) 2532 (67.5%)
4-5 2379 (26.9%) 1221 (32.5%)
6-7 2181 (24.7%) NA
8-10 1724 (19.5%) NA
Gender Female 4449 (50.4%) 1922 (51.2%)
Male 4385 (49.6%) 1831 (48.8%)
Wealth index Poorest 2983 (33.8%) 1287 (34.3%)
Middle 2961 (33.5%) 1262 (33.6%)
Least poor 2890 (32.7%) 1204 (32.1%)
House type® Traditional 6428 (72.8%) 2736 (72.9%)
Modern 2406 (27.2%) 7 (27.1%)
Lives in a household Yes 01 (15.9%) 591 (15.8%)
with adequate No 7433 (841%) 3162 (84.3%)

LLINs®

@ Modern houses were defined as those with a cement, wood or metal wall, tiled
or metal roof and closed eaves; all other houses were defined as traditional

b At least one LLIN per two household members
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presents parasitaemia at the level of the cluster. Indeed,
in the South-Western region characterized by multiple
highland areas, parasite prevalence was 0% in 4 of 37
health sub-districts, and <2% in 11 clusters. In contrast,
in the East-Central region characterized by low-lying
swamp-like areas, parasite prevalence was >70% in 5 of
16 clusters, reaching as high as 76.7% in one cluster. In
an adjusted analysis controlling for household clustering
(Table 2), factors associated with parasitaemia included
region, older age, and living in a poorer household, one
constructed of traditional materials, or without adequate
LLIN coverage (at least one LLIN per two residents).
Region was the strongest predictor of parasitaemia (East-
Central vs South-Western; adjusted prevalence ratio
[aPR] 6.45, 95% CI 5.55-7.50; p<0.001), followed by
household wealth, and older age (Table 2). The relation-
ship between age and parasitaemia was further modified
by geographic differences in endemicity (Fig. 3). In the
South-Western region, parasitaemia was 5.5% in chil-
dren aged 2—4 years vs 9.8% in children aged 8-10 years.
In contrast, the difference in parasite prevalence across
different age groups appeared more marked in other
regions (Fig. 4), likely reflecting more intense malaria
transmission.

Factors associated with anaemia

Overall, the prevalence of severe anaemia (haemoglo-
bin<8 g/dL) in children aged 2—4 years was 2.5%. Given
the very low prevalence of severe anaemia in this survey,
risk factors were assessed for moderate anaemia (hae-
moglobin<10 g/dL), which was 15.1% overall. Anaemia
varied geographically and followed a similar pattern to
parasitaemia; ranging from 9.6% in the South-Western
region to 20.2% in the East-Central region (Table 3).
Anaemia had an inverse relationship with age, rang-
ing from 17.7% in 2-year-old children to 11.0% in those
4 years of age. In an adjusted analysis, factors associ-
ated with anaemia included region, decreasing age, liv-
ing in a traditional house, and parasitaemia, which was
the strongest predictor (aPR 2.50, 95% CI 2.12-2.95;
p<0.001).

Discussion

Over the past 10 years, Uganda’s Ministry of Health has
intensified malaria control efforts, scaling-up proven
interventions including LLINs, which are a key com-
ponent of Uganda’s malaria control strategy. These
efforts successfully reduced Uganda’s malaria bur-
den between 2009 and 2015 [10, 11]. However, in 2017
reports suggested that the number of malaria cases in
Uganda was rising [23]. The cross-sectional commu-
nity survey reported here, which covered 48 districts of
Uganda (approximately 40% of the country), provided
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Fig. 2 Change in parasitaemia from 2009 to 2014-2015 to 2017
Table 2 Factors associated with parasitaemia among children 2-10 years of age
Variable Category Parasitaemia Unadjusted Adjusted
n (%)
PR (95% CI) p-value PR (95% ClI) p-value
Region of the country South Western 227 (8.0%) Reference group Reference group
Mid-Eastern 294 (23.0%) 2.88(2.39-347) <0.001 2.56 (2.13-3.08) <0.001
Mid-Western 753 (29.8%) 3.76 (3.21-4.39) <0.001 3.50(3.00-4.08) <0.001
North East 208 (31.8%) 3.93(3.24-4.76) <0.001 326 (2.70-3.94) <0.001
East Central 817 (53.1%) 6.78 (5.82-7.89) <0.001 6.45 (5.55-7.50) <0.001
Age (years) 2-3 538 (21.1%) Reference group Reference group
4-5 581 (24.4%) 1.12(1.01-1.24) 0.03 1.14 (1.04-1.24) 0.004
6-7 630 (28.9%) 140 (1.27-1.54) <0.001 144 (1.32-1.56) <0.001
8-10 550 (31.9%) 1.53(1.38-1.69) <0.001 157 (1.43-1.72) <0.001
Gender Female 1107 (24.9%) Reference group Reference group
Male 1192 (27.2%) 1.06 (0.99-1.13) 0.12 1.05 (0.99-1.12) 0.10
Household wealth Least poor 377 (13.0%) Reference group Reference group
Middle 848 (28.6%) 2.18(1.91-249) <0.001 1.96 (1.73-2.22) <0.001
Poorest 1074 (36.0%) 2.78 (245-3.16) <0.001 232 (2.05-2.63) <0.001
House type® Modern 544 (22.6%) Reference group Reference group
Traditional 1755 (27.3%) 1.22(1.10-1.35) <0.001 1.13(1.03-1.24) 0.008
Livesin a househgld with Yes 222 (15.9%) Reference group Reference group
adequate LLINs No 2077 (28.0%) 178 (153-2.06) <0001 130 (1.14-148) <0001

2 Modern houses were defined as those with a cement, wood or metal wall, tiled or metal roof and closed eaves; all other houses were defined as traditional

b At least one LLIN per two household members
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Fig. 3 Heat map of parasitaemia among children 2-10 years of age stratified by cluster (health sub-district) and region

an opportunity to assess the prevalence of parasitaemia
and anaemia in 2017. The results of this survey suggest
that approximately 3 years after LLINs were distributed
nationwide in Uganda, adequate coverage of LLINs had
fallen to unacceptable levels, while parasite prevalence
in children aged 2—4 years appeared to be rising. Para-
site prevalence varied widely across the country, and
was highest in the East-Central region, where over half
of children were parasitaemic. The risk of parasitaemia
was highest in older children and those living in poorer
households, houses constructed of traditional materi-
als, or without adequate LLIN coverage, while the risk
of anaemia was highest in younger children, those with
malaria parasitaemia, and those living in a traditional
house. Although changes in parasite prevalence may
be due to multiple factors, these findings highlight the
important issue of net attrition and the substantial heter-
ogeneity of the malaria burden across Uganda. The WHO

recommends that mass LLIN campaigns be repeated
every 3 years [24]. However, these results contribute to a
growing body of evidence that calls the 3-year lifespan of
LLINs into question [25-29]. LLINs may need to be dis-
tributed more frequently in Uganda [16], and continuous
distribution channels may need to be explored to sustain
LLIN coverage in between mass campaigns [30]. Strate-
gies to target malaria control interventions to specific
areas of the country, and to high-risk populations, should
also be considered. ‘One size’ may not ‘fit all’ for malaria
control in Uganda, and other high-burden countries [31].

Parasite prevalence is commonly used as a measure of
malaria burden and transmission intensity in endemic
areas [2, 32]. The last Uganda Malaria Indicator Survey,
conducted in 2014-2015 soon after the LLIN distribu-
tion campaign in 2013-2014, reported a substantial
decrease in parasite prevalence nationwide, suggesting
encouraging progress in malaria control. In contrast,
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the 2017 survey results, which suggest that parasitaemia
had increased, raise concerns about the sustainability
of malaria control gains. These recent trends in parasite
prevalence could be attributable to net attrition, poor
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LLIN coverage and use, and the spread of pyrethroid
resistance [16, 17]. However, trends over time in parasite
prevalence estimated from large cross-sectional surveys,
such as the Malaria Indicator Survey, should be inter-
preted with caution [33]. Malaria Indicator Surveys are
conducted infrequently (approximately every 5 years) [10,
11], and provide only a snap-shot of parasite prevalence
at a single timepoint. Estimates of parasite prevalence
measured in such surveys are affected by survey tim-
ing and seasonal variation in transmission intensity [34,
35]. Moreover, parasite prevalence has a complex rela-
tionship with age and host immunity [36, 37], patterns
of anti-malarial drug use, and estimates are influenced
by the diagnostic tests used [38]. Interpreting trends in
parasite prevalence is further challenged by the heteroge-
neous nature of malaria transmission and fluctuations in
climate patterns [39—41]. Thus, national estimates of par-
asite prevalence, measured infrequently in Malaria Indi-
cator or similar surveys, are not ideal for capturing the
full spectrum of malaria transmission or tracking tempo-
ral changes and the impact of interventions. Conducting
surveys of parasite prevalence more frequently, on a roll-
ing basis [42], or within easy-to-access subgroups [43],
should be considered, along with strengthening health
facility surveillance to better capture longitudinal esti-
mates of test positivity rates or malaria incidence [6].

Table 3 Factors associated with anaemia among children 2-4 years of age

Variable Category Anaemia Unadjusted Adjusted
n (%) PR (95% ClI) p-value PR (95% CI) p-value

Region of the country South Western (9 6%) Reference group Reference group

North East 9(12.2%) 1.26 (0.88-1.82) 0.20 0.94 (0.65-1.36) 0.74

Mid-Eastern (1 6.7%) 1.70 (1.30-2.22) <0.001 1.36 (1.04-1.78) 0.02

Mid-Western 186 (17.2%) 1.77 (1.40-2.23) <0.001 137 (1.08-1.74) 0.009

East Central 138 (20.2%) 2.07 (1.62-2.63) <0.001 1.36 (1.05-1.75) 0.02
Age (years) 4 134 (11.0%) Reference group Reference group

3 198 (16.3%) 147 (1.20-1.80) <0.001 148 (1.21-1.80) <0.001

2 233 (17.7%) 1.59 (1.31-1.94) <0.001 1.64 (1.36-1.99) <0.001
Gender Female 278 (14.5%) Reference group Reference group

Male 287 (15.7%) 1.10 (0.95-1.28) 0.20 1.09 (0.94-1.26) 0.24
Household wealth Least poor 133 (11.1%) Reference group Reference group

Middle 87 (14.8%) 1.36 (1.10-1.69) 0.005 1.02 (0.82-1.27) 0.89

Poorest 245 (19.0%) 1.74 (1.42-2.14) <0.001 1.19 (0.95-1.48) 0.14
House type® Modemn 108 (10.6%) Reference group Reference group

Traditional 457 (1 6.7%) 1.60 (1.30-1.96) <0.001 145 (1.17-1.80) 0.001
Lives in a household with adequate LLINs® Yes 7 (9.6%) Reference group Reference group

No 508 ( .1%) 1.64 (1.26-2.14) <0.001 1.29 (0.99-1.68) 0.06
Asexual parasitaemia by microscopy No 2(10.6%) Reference group Reference group

Yes 253 (31.0%) 2.83(244-3.29) <0.001 2.50(2.12-2.95) <0.001

2 Modern houses were defined as those with a cement, wood or metal wall, tiled or metal roof and closed eaves; all other houses were defined as traditional

b At least one LLIN per two household members
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In this survey, increasing age among children aged
2-10 years was strongly associated with malaria parasi-
taemia, which has been well-described [37]. Anti-malar-
ial immunity is gradually acquired through repeated
parasite exposure and increases with age at a rate deter-
mined by malaria transmission intensity [37, 44, 45]. In
higher transmission areas, young children who lack pro-
tective immunity are at highest risk of clinical disease
[45], and are more likely to be diagnosed and treated for
malaria. However, older children, who have acquired
relatively more anti-disease than anti-parasite immu-
nity, are more likely to harbour asymptomatic infections,
which often go untreated [37, 46, 47]. School-aged chil-
dren often have the highest parasite prevalence within
populations [36, 48], may be more likely to carry game-
tocytes [49, 50], and are less likely to use bed nets than
other age groups [20, 51]. Thus, school-aged children are
likely to be important contributors to the human infec-
tious reservoir for onward transmission of malaria to
mosquitoes [48, 52—-54]. Moreover, as malaria control
interventions are scaled-up, and transmission inten-
sity and consequently the level of acquired immunity in
the population fall, the peak age of clinical malaria may
shift from the very young, to include older school-aged
children [55, 56]. Thus, as malaria is controlled, malaria
morbidity and mortality may paradoxically rise in school-
aged children, highlighting the need to monitor this age
group as malaria control intensifies. Although parasite
prevalence in children aged 2-10 years is a widely used
metric [2, 32], the Uganda Malaria Indicator Surveys only
assess children under-five. Recognizing the limitations of
parasite prevalence as an indicator of malaria burden and
transmission, the age-range of the population sampled in
the Uganda Malaria Indicator Survey should be reconsid-
ered, to more fully assess the malaria burden and impact
of control interventions in Uganda.

In this study, children living in poorer households,
and those made of traditional materials, were more
likely to be parasitaemic. The complex link between
malaria and poverty is well-described [57-61]. In
Uganda, a recent evaluation of the relationship between
malaria and poverty found that agricultural success
was associated with higher socio-economic position,
which was associated with lower human biting rate and
lower odds of malaria infection (but not clinical inci-
dence) in children; house type and food security partly
explained the effect of socio-economic position on risk
of malaria infection [61]. Evidence of the association
between house construction on malaria risk is growing,
and house design is a promising target for future inter-
ventions [22, 62-64]. A systematic review found that
odds of parasitaemia and clinical malaria were lower in
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residents of modern houses as compared to those liv-
ing in houses constructed with traditional materials,
although the quality of the evidence was low [63]. One
randomized controlled trial that evaluated the impact
of housing modifications on epidemiological outcomes
suggested that a housing intervention (covering doors
and windows with netting, screening ceilings and
blocking eaves) reduced anaemia in Gambian children
by 48% [62]. Improving housing and the built environ-
ment is a promising new strategy, but further research
is needed to explore the potential role and impact of
such interventions [64].

Malaria parasitaemia was the strongest predictor of
moderate anaemia in this study. The aetiology of child-
hood anaemia in low- and middle-income countries
is multifactorial and complex [65]. However, Plasmo-
dium falciparum malaria is a well-recognized risk fac-
tor for anaemia in malaria-endemic settings [66—69].
Other major causes of childhood anaemia include iron
and other nutritional deficiencies, acute and chronic
infections, and genetic haemoglobin disorders [65].
In Uganda, the prevalence of anaemia in children
under-five, as measured in the Malaria Indicator and
Demographic Health Surveys, appears to be declin-
ing. The proportion of children aged 6-59 months
with any anaemia (defined as a haemoglobin<11 g/dL)
decreased steadily from 72.6% in 2006 [70], to 61.5%
in 2009 [10], and further to 52.8% in 2016 [12]. These
results are encouraging and may reflect progress in
malaria control in Uganda [66], including use of indoor
residual spraying [71], as well as progress in controlling
other risk factors for childhood anaemia in Uganda [72,
73].

This study had several limitations. First, estimates
of parasite prevalence were based on microscopy and
may have underestimated the true prevalence of infec-
tion [74]. Indeed, there is an increasing appreciation of
the role of asymptomatic carriage in transmission and
more sensitive methods, such as loop mediated iso-
thermal amplification (LAMP) and polymerase chain
reaction (PCR), have revealed that the proportion of
infections due to sub-microscopic parasitaemia is high
[75]. Secondly, prevalence of parasitaemia and anaemia
were measured cross-sectionally in this study, provid-
ing only a snap-shot of the malaria burden at a single
point in time. Longitudinal measures of malaria bur-
den, including incidence of clinical malaria, are pref-
erable for monitoring the impact of interventions and
trends over time [76]. Finally, variation in reporting
haemoglobin values in past Malaria Indicator Surveys
limited the comparison of anaemia across severity cat-
egories; in the 2014-2015 survey, only haemoglobin
values < 8.0 g/dL were reported [11].
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Conclusions

In 2017, approximately 3 years after LLINs were distrib-
uted in Uganda through a national campaign, adequate
coverage with LLINs was low, and parasite prevalence
was rising, raising concerns about the sustainability of
malaria control gains. Parasitaemia and anaemia were
found to vary widely across the country, highlighting the
heterogeneity of malaria in Uganda. Strategies to tar-
get malaria control interventions to specific geographic
areas, and to high-risk populations including older chil-
dren and poorer households, should be considered.
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