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Abstract

Background: In the midst of success with malaria reduction in Uganda, there are areas that still have high preva-
lence of malaria parasitaemia. This project aimed at investigating factors associated with this prevalence and its
relationship with anaemia.

Methods: This is a secondary data analysis of the 2014 Malaria Indicator Survey dataset of children under 5 years.

All had a blood sample taken by finger or heel prick for determination of malaria parasitaemia and estimation of
haemoglobin level for anaemia status. The main outcome was the presence of malaria parasitaemia by microscopy
and independent variables included: age, gender, residence (urban vs rural), use of a long-lasting, insecticidal-treated
net, indoor residual spraying (IRS) of household in the past 6 months, mother’s highest education level, mother heard
malaria prevention message in the past 6 months, and household wealth status.

Results: The analysis included 4930 children and of these, 938 (19.04%: 95% Cl 16.63-21.71) tested positive for
malaria parasites. Malaria parasite prevalence significantly increased from 11.08 (95% Cl 9.12-13.40) among chil-
dren with no anaemia to 50.99% (95% Cl 39.13-62.74) with severe anaemia (Chi-square p-value = 0.001). Addition-
ally, prevalence significantly rose from the youngest age group (under 6 months) by 1.62 times (95% Cl 1.04-2.52,

p = 0.033) among the age group of 7-12 months and to four times (95% Cl 2.57-6.45, p = 0.001) among those
who were between 49 and 59 months. The following were associated with reduced parasitaemia: IRS use (AOR 0.23
[0.08-0.61], p = 0.004), educated mothers (primary AOR 0.75 [0.59-0.96], p = 0.023 to tertiary AOR 0.11 [0.02-0.53],
0.006), mother heard malaria message (AOR 0.78 [0.62-0.99], p = 0.037), and wealthier households (richest AOR 0.17
[0.08-0.36], p = 0.001).

Conclusions: Increasing malaria parasite prevalence among children under 5 years is still related to increasing age
and severity of anaemia even in the context of decreasing malaria prevalence. Designing interventions that include
the use of IRS and behaviour change communication tailored to include older children, especially in areas with high
malaria prevalence, could be of added value. All this should be done in an environment that improves the socio-eco-
nomic status and equity of such populations.
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Background

Uganda is one of the sub-Saharan African countries
where malaria is still endemic in over 90% of the coun-
tries regions [1-3]. In such settings, malaria is a major
contributor to anaemia, with severe anaemia (defined as
a haemoglobin level below 8 g/dl), as the main manifes-
tation of complicated malaria [4, 5]. Both conditions are
known to contribute to the huge burden of morbidity
and mortality, especially among children under 5 years
of age [6, 7]. According to the National Malaria Control
Programme (NMCP), malaria alone has been shown
to contribute to between 30 and 50% of outpatient vis-
its, 15-20% of hospital admissions and 20% of hospi-
tal deaths with most of this burden borne by children
under 5 years and pregnant women [1]. Anaemia alone
also affects over 50% of individuals in the same popula-
tions [7], making both illnesses conditions of great public
health concern.

So far, the NMCP has led a number of efforts to reduce
this malaria burden, which include universal coverage
of long-lasting insecticidal nets (LLINs), indoor residual
spraying (IRS), case management, and intermittent pre-
ventive therapy in pregnant women [1]. Already there
is great success on this front according to the recently
released 2014 Malaria Indicator Survey (MIS) report
[8], which showed that parasite prevalence by micros-
copy among children under 5 years had reduced from
42% in the 2009 MIS report to the present 19%, a 23
point decrease in a period of approximately 5 years. The
same success among this age group followed the preva-
lence of anaemia, with 10% of children estimated to have
had severe anaemia (haemoglobin (Hb) <8 g/dl) in 2009
MIS compared to 5% in the 2014 MIS, a 50% reduction
in prevalence. However, the same report clearly indicates
that the parasite prevalence reduction is not homoge-
nous, with some regions having prevalence as high as 36%
in the East Central region, while the urban capital city of
Kampala had estimates as low as 0.4%. This is an impor-
tant issue in the fight against malaria because areas of
high malaria parasite prevalence are potentially the epi-
centre of a surge of malaria infections towards areas with
lower malaria burden, whenever conditions are favour-
able for mosquito breeding [9]. It is therefore important
to understand the reasons that contribute to high preva-
lence of malaria parasitaemia in some areas and not in
the others. This is the starting point in the planning and
focused implementation of evidence-proven efforts tai-
lored towards such regions. A number of studies have
been conducted exploring factors associated with malaria
parasite prevalence, ranging from individual factors such
as age and haemoglobinopathies [10, 11], use of preven-
tion strategies such as LLINs and IRS [12, 13] and the
effects of environment and social-economic status [14,
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15]. However, there is limited evidence exploring this
relationship with a large and representative sample popu-
lation, especially in the Ugandan context. Using the 2014
MIS dataset, this project sought to examine factors asso-
ciated with malaria parasitaemia among children under
5 years of age and to explore the relationship between
malaria parasite prevalence and anaemia in the context of
decreasing trends of malaria burden.

Methods
This was a secondary data analysis project using the 2014
MIS datasets, a description of which is given below.

The 2014 Malaria Indicator Survey (MIS)
The survey was conducted during December 2014 and
January 2015 [8]. Households were selected using a strat-
ified, two-stage, cluster design from 210 enumeration
areas, representing all the regions of the country, with 44
urban areas and 166 rural areas. An EA was defined as
a natural village in rural areas and a city block in urban
areas. In the first stage, 20 sampling strata (derived from
ten regional domains: Central 1 and 2, East Central,
Kampala, Mid-Northern, Mid-Western, Mid-Eastern,
South-Western and West Nile) were created and EAs
were selected independently from each stratum by a
probability-proportional-to-size selection. In the selected
EAs, a complete listing of households and a mapping
exercise was conducted in November 2014, with the
resulting list of households serving as the sampling frame
for the selection of households in the second stage. The
average EA size was 94 households in urban areas and 77
households in rural areas, with an overall average size of
80 households per EA. In the second stage of the selec-
tion process, 28 households were selected in each EA by
equal probability systematic sampling. A total of 5802
households were selected for the 2014 MIS, of which
5494 were occupied. Of the occupied households, 5345
were successfully interviewed, yielding a response rate
of 97%. The response rate among households in rural
areas was slightly higher (98%) than the response rate
in urban areas (96%). The main reason for non-response
was failure to find individuals at home despite up to
four repeated visits to the household. Two question-
naires were used to collect survey data, the household
questionnaire (administered to all household heads) and
women’s questionnaire (administered to all women aged
15-45 years in a selected household). Informed consent
was obtained from all participating heads of households
and women of childbearing age in the households that
participated in the survey.

For the specifics of this study, information from two
2014 MIS datasets was used: children under 5 years and
individual member datasets. The children under 5 years
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dataset contained information related to a child’s indi-
vidual characteristics, health and treatment of childhood
diseases. The individual member dataset had one record
for every household member and included additional
variables such as mother’s highest education attainment,
mother’s treatment-seeking behaviour, use of LLINs, use
of IRS and household wealth.

Laboratory tests for anaemia and malaria

During the survey, capillary blood samples were
taken from the fingers or heels of children age 0 up to
59 months. Testing for anaemia was done by Hb analysis
which was carried out on-site using a battery-operated
portable HemoCue analyser, which produces a result in
less than 1 min. Malaria testing by microscopy involved
preparing both the thick and thin blood smears using 2%
Giemsa stain. As a quality control measure, each smear
was read by two independent expert microscopists who
were not involved with the participant respondent inter-
view. A third reader was only involved to settle parasite
presence discrepancy between the two readers. A posi-
tive smear parasite density (parasites/pl) was estimated
by counting the number of asexual parasites per 200
white blood cells, assuming a white blood cell count of
8000 cells/pl. A smear was only considered negative if
no parasites were seen after viewing 100 high-powered
fields. Thin smears of positive thick smears were read
to determine the species of Plasmodium parasite. Addi-
tionally, a malaria rapid diagnostic test was performed in
order to offer prompt treatment to participants that were
positive for malaria.

Study variables

The dependent variables of interest in this analysis were
the presence of malaria parasites by microscopy and
prevalence of anaemia among children under 5 years of
age. Using similar cut-offs as the 2014 MIS [8], anaemia
was grouped into four categories that included not anae-
mic (Hb >11 g/dl), mild anaemia (Hb = 10.9-10 g/dl),
moderate anaemia (Hb = 9.9-8 g/dl), and severe anaemia
(Hb <8 g/dl).

Independent variables considered for presence of
malaria parasites included: age, gender, residence (urban
vs rural), use of an LLIN, IRS of household in the past
6 months, mother’s highest education level attained, if
mother has heard malaria prevention message in the past
6 months, and the extent of the household wealth.

Data analysis

Stata version 14 (Statcorp, College Station, TX, USA) was
used for all data analysis. In order to create the dataset
for this analysis, two 2014 MIS datasets: the children
and individual member datasets were merged. Due to
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the non-proportional allocation of sample in the differ-
ent regional domains at the second sampling stage (28
households were selected in each EA by equal probability
systematic sampling), the sample was not self-weighting.
Weighting factors were calculated based on the popula-
tion of the selected regional domains and added to the
MIS datasets so that any results with the regional weight
factored into it would be representative at national and
regional level as well as survey domain level. Details of
how the weighting for the different regional domains
was estimated are available in the 2014 MIS report [8].
Therefore, for this study, only weighted survey data are
presented in this manuscript. The distributions of study
participant baseline characteristics were presented as
frequencies with respective proportions. A Chi-square
test was used to estimate the level of significance for the
differences in proportion of malaria parasite prevalence
among the four categories of anaemia. A multivariate
logistic regression model with a survey function was used
to assess for the factors associated with the presence of
malaria parasitaemia to derive first the crude and then
the adjusted odds ratio with its respective confidence
interval. Variables included in the adjusted model were:
age, gender, residence, LLIN use, IRS use, mother’s edu-
cation level, if mother heard malaria message, and house-
hold wealth. In all analyses, a p-value of <0.05 was taken
as statistically significant.

Ethical considerations

The 2014 MIS was approved by two ethical review bodies
that included the Makerere University School of Biomed-
ical Sciences Higher Degrees Research and Ethics Com-
mittee (SBS-HDREC) and the Uganda National Council
for Science and Technology (UNCST). All participants
interviewed gave their written informed consent to par-
ticipate in the 2014 MIS in addition to granting permis-
sion that information from survey could be published.
Furthermore, written informed consent was sought from
the mother or guardian of a child before any blood sam-
ple was taken. The data used in this analysis were anony-
mous with no individual names of participants captured.

Results

Participants’ characteristics

A total of 4930 children under 5 years old were included
in this analysis (Fig. 1) of which 4156 (84.29%) of
respondents were mothers of the children. Slightly more
children were females than males (2540 [51.52%] vs 2390
[48.48%]) while their age (months) ranged from 0 to
59 months with a mean age (SD) of 30.18 (16.94). Table 1
shows that children between age group 0—6 months were
the fewest, 491 (9.95%), while those in the age group
37-48 months were the most, at 1081 (21.94%). Most of
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the children [4150/4930 (84.18%)] were from a rural set-
ting and in the ten sampled regions. Just over half of the
children’s mothers had attained primary education at
2514 (60.79%), while 134 (3.24%) attained tertiary edu-
cation. The majority of children were from the poorest
households at 1108 (22.48%), while the least were from
the richest households at 836 (16.96%).

Prevalence of malaria parasitaemia

Overall, 938 (19.04%: 95% CI [16.63-21.71]) chil-
dren under 5 years, out of the 4930 in the sample had
malaria parasitaemia by microscopy, on the day of the
survey; 95.65% of all these cases of parasitaemia were
due to Plasmodium falciparum. Presence of fever in
the 2 weeks prior to the survey was reported in 285 out
of the 938 (30.33%) children diagnosed with malaria
parasitaemia.

Relationship between malaria parasite prevalence

and anaemia

Figure 2 shows that 2296 (46.65%) children were not
anaemic, 1188 (24.13%) had mild anaemia, 1349 (27.40%)
had moderate anaemia, and 89 (1.82%) had severe anae-
mia. Malaria parasite prevalence significantly increased
from 11.08 (95% CI 9.12-13.40) among those with no
anaemia to 20.73% (95% CI 17.54—24.31) in children with
mild anaemia to 28.98 (95% CI 25.15-33.13) with mod-
erate anaemia, and peaked at 50.99% (95% CI 39.13—
62.74) in the category with severe anaemia (Chi-square
p-value = 0.001).

Factors associated with malaria parasitaemia

Using the age group up to 6 months as a reference cate-
gory, there was a significant rising trend in odds of having
malaria parasitaemia with each increasing age category,
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Table 1 Baseline characteristics of study participants

Characteristic Distribution of participants

Total population, N =4930 Percentage
Age categories (months)
0-6 491 9.95
7-12 492 9.97
13-24 984 19.97
25-36 985 19.97
37-48 1081 2194
49-59 897 18.19
Gender
Male 2390 4848
Female 2540 5152
Residence
Urban 780 15.82
Rural 4150 84.18
Region
Central 1 536 10.88
Central 2 529 10.72
East central 564 1143
Kampala 183 3.70
Mid-North 556 11.29
Mid-Western 629 12.77
Mid-Eastern 534 10.83
North-East 499 10.12
South-Western 522 10.59
West-Nile 378 767
Mother’s education®
No education 755 18.26
Primary 2514 60.79
Secondary 732 17.71
Tertiary 134 324
Household wealth
Poorest 1108 2248
Poorer 1078 21.87
Middle 1000 20.27
Richer 908 1842
Richest 836 16.96

@ 795 Missing mother’s education status

from 1.62 times among those aged 7-12 months to four
times among those who were between 49 and 59 months
(Table 2). The odds of having parasitaemia among chil-
dren from households that had received IRS were sig-
nificantly reduced by 77% as compared to those that had
not received IRS, however, the opposite was observed
from LLIN use, with the odds among children who had
used an LLIN significantly increasing by 1.33 times as
compared to those who did not use one. The higher the
mother’s education attained directly correlated with a
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significant reduction in the odds of her children having
malaria parasitaemia, from a 25% reduction among those
with primary education to 89% reduction among those
with tertiary education, using those with no education as
the reference category. Similarly, children from wealthier
households had reduced odds of having parasitaemia,
with a significant reduction trend with increasing wealth
from 30% in the poorer households to 89% in the richest
households, using the poorest households as a reference.
There were no statistically significant differences in odds
of having parasitaemia for gender, residence (urban and
rural) and region.

Discussion

This analysis has identified a number of factors associ-
ated with malaria parasitaemia that could be considered
during the design and implementation of interventions
to areas with high malaria prevalence. The finding that
malaria parasitaemia prevalence increases with increas-
ing age of a child, coupled with a reducing occurrence
of the typical malaria fever symptom is in agreement
with results of other studies that have shown this similar
trend [16—18]. Additionally, there is already a scientific
explanation for this occurrence: that children in areas of
high malaria transmission intensity develop age-related
immunity due to the continuous exposure to infective
mosquito bites [19, 20]. This immunity develops first
against complicated, then uncomplicated malaria and
later on against malaria parasitaemia. This explains the
state that older children will more likely have malaria
parasites without developing clinical disease, unlike their
younger counterparts who have immature immunity and
are still battling severe clinical disease. Knowledge of this
information is useful during the design of interventions
specifically for use in such areas, which could include a
package focused on older children even when they are
not clinical ill, since such children already act as malaria
parasite reservoirs and are part of the drivers of malaria
infections [21, 22]. However, this analysis did not seek to
identify hot spots of parasitaemia since the dataset did
not include global position system (GPS) data in addition
to missing parasite density information.

There is great success with the decline of the preva-
lence of malaria parasitaemia and anaemia, however,
this analysis has shown that even in this situation, there
is still a strong association between the two conditions.
There is already strong evidence that malaria is one of
the major causes of anaemia in malaria-endemic areas
with severe anaemia as a most common malaria com-
plication in these settings [23-26], the pathogenesis of
which is not clearly understood but is thought to be a
combination of haemolysis of red blood cells, activation
of the reticulo-endothelial system leading to destruction
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of uninfected red cells, auto-immune destruction of
red cells, defective production of erythropoietin and
bone marrow depression [27, 28]. Therefore, in areas of
reducing malaria burden, malaria would no longer be
the major cause of anaemia and therefore this associa-
tion is expected to weaken, which is still not the case in
this setting.

The proportion of malaria parasitaemia among chil-
dren with anaemia increases with increasing severity of
anaemia, an indirect indication that parasitaemia is still
a major contributor of anaemia especially among those
with severe anaemia, as shown by other studies [12, 29].
This finding emphasizes the continued strategy of aggres-
sively controlling malaria and treatment of anaemia to
reduce morbidity and mortality from these two condi-
tions even at the time when parasitaemia has drastically
reduced.

Of importance in the fight against malaria, there are
two current malaria control strategies that are associ-
ated with reducing malaria parasite prevalence, the use of
IRS and behaviour change communication (BCC). Just as
in previous studies [12, 29], the spraying of households
with an insecticide showed a significant 77% reduction
of malaria prevalence among children from households
that had received IRS in the 6 months prior to the survey
compared to those who had not. However, the use of an
LLIN peculiarly did the opposite, with children who used
an LLIN more likely to have parasitaemia, a finding that
contradicts what has been reported elsewhere [13]. This
raises important questions regarding proper LLIN use
and reporting during the survey, in addition to their effi-
cacy, which unfortunately was not adequately explored in

the MIS. However, there is the possibility that at the time
of the survey, the children in areas with high malaria bur-
den, already with a high malaria prevalence, had a greater
incentive to use an LLIN or that high malaria prevalence
preceded LLIN distribution and use. One of the weak-
nesses of this cross-sectional study design is its inabil-
ity to estimate the time sequence of events, which could
have ruled out this assumption.

The second strategy is the use of BCC, which is sup-
ported by the finding that children from mothers who
had heard malaria-related messages in the 6 months prior
to the survey had 22% reduced odds of having malaria
parasites. The use of BCC in the prevention of malaria is
already well documented [30-32], and therefore the addi-
tion of a package that emphasizes and creates awareness
directed towards older children who are seemingly well,
for example embedded in a school programme, could be
of added advantage.

The significance of a higher education attainment of
a child’s mother and a better wealth status of a house-
hold in which a child dwells in reducing the risk of a
child’s ill health, including malaria, is well published
[33-35]. Mothers who have attained a higher education
have greater exposure to means and methods of living
a healthier life, and specifically to prevention and treat-
ment of malaria, which they pass on to their children, in
the same way as individuals in wealthier households [11].
This realization emphasizes the fact that malaria con-
trol and ultimately eradication is not an isolated effort
of a malaria control programme, but part of a holistic
approach of improving education and socio-economic
status of a population [36].
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Table 2 Factors associated with malaria parasitaemia
Variables Malaria parasitaemia by microscopy 0Odds ratio (95% Cl) p-value
Negative, N = 3992 Positive, N =938 Crude OR Adjusted OR?

Age categories (months)

0-6 451 (91.97) 9(8.03) 1 1

7-12 437 (88. 92) 4(11.08) (O 95-2.14) 1.62 (1.04-2.52) 0033

13-24 827 (84.03) 157 (15.97) 8(1.5 13) 2.20(1.47-3.29) 0.001"

25-36 767 (77.89) 218 (22.11) 325(2.22-4. 76) 347 (2.32-5.20) 0.001"

37-48 844 (78.03) 238(21.97) 323(2.27-4.58) 3.69 (2.47-5.50) 0.001"

49-59 665 (74.11) 232 (25.89) 4.00 (2.72-5.88) 01 (2.57-6.45) 0.001"
Gender

Male 1936 (80.99) 454 (19.01)

Female 2056 (80.94) 484 (19.06) 1.00 (0.82-1.22) 1.04 (0.82-1.32) 0.764
Residence

Urban 730 (93.65) 50 (6.35)

Rural 3261 (78.58) 889 (21.42) 4.02 (1.87-8.65) 1.74(0.92-3.29) 0.089
Use of LLIN

No 1056 (83.72) 205 (16.28)

Yes 2936 (80.01) 733(19.99) 1.29 (1.02-1.62) 1.33(1.04-1.71) 0026
IRS use

No 3742 (80.35) 915 (19.65)

Yes 2447 (92.77) 19 (7.23) 0.32(0.12-0.83) 0.23 (0.08-0.61) 0.004
Mother's education

No education 549 (72.70) 206 (27.30) 1 1

Primary 2036 (80.98) 478 (19.02) 0.63 (0.50-0.79) 0.75 (0.59-0.96) 0.023"

Secondary 660 (90.12) 72(9.88) 0.29 (0.21-0.40) 0.61 (0.43-0.86) 0.005"

Tertiary 133 (98. 92) 1(1.08) 0.03(0.01-0.13) 0.11(0.02-0.53) 0.006
Mother heard malaria message

No 1266 (77.63) 365 (22.37)

Yes 2315 (83.28) 465 (16.72) 0.70 (0.56-0.86) 0.78 (0.62-0.99) 0037
Household wealth

Poorest 799 (72.11) 309 (27.89) 1 1

Poorer 831 (77. 07) 247 (22.89) 0.77 (0.58-1.02) 0.70 (0.50-0.99) 0043

Middle 774 (77 44) 225 (22.56) 0.75(0.53-1.07) 0.75(0.50-1.12) 0.157

Richer 784 (86.26) 124 (13.56) 041 (0.29-0. 59) 040 (0.27-0.61) 0.001"

Richest 804 (96.16) 2(3.84) 0(0.06-0.18) 0.17 (0.08-0.36) 0.001"
*p <005

2 Factors adjusted for included age, gender, residence, use of LLIN, use of IRS, mother’s education, if mother heard a malaria message, and household wealth

Due to the fact this was an observational study design,
there is the possibility that some factors associated with
malaria parasitaemia were not considered in this analysis
because of reliance on variables collected only during the
survey.

Conclusions

This project has shown that malaria parasitaemia among
children under 5 years in this setting is still related to
increasing age and anaemia severity even in the context
of decreasing trends of parasitaemia, suggesting that
designing interventions that include older children who

are seemingly well could be of added value. The use of
IRS and BCC should be part of these interventions, espe-
cially in areas of high malaria prevalence. All this should
be a holistic approach, which includes improving the
socio-economic status and equity of such populations.
However, the use of LLINs was not associated with a
reduction in prevalence suggesting that further studies to
explore proper LLIN use, reporting and efficacy in such
settings are recommended. These findings are applicable
to the Ugandan population since the 2014 MIS had an
unbiased sampled population covering all regions of the
country.



Wanzira et al. Malar J (2017) 16:191

Abbreviations

BCC: behaviour change communication; EA: enumeration area; LLIN: long-
lasting insecticide-treated bed nets; MIS: Malaria Indicator Survey; NMCP:
National Malaria Control Programme; SBS-HDREC: Makerere University School
of Biomedical Sciences Higher Degrees Research and Ethics Committee;
UNCST: Uganda National Council for Science and Technology; WHO: World
Health Organization.

Authors’ contributions

HW, HK, AEO, BA, MK, and DR conceived the study idea while HW led the data
analysis with input from all authors. All authors participated in the writing of
the manuscript. All authors read and approved the final manuscript.

Author details

! National Malaria Control Programme, Ministry of Health, Kampala, Uganda.
2 Makerere University, School of Public Health, Fellowship Programme, Kam-
pala, Uganda.

Acknowledgements

The authors wish to thank the National Malaria Control Programme and
stakeholders who assisted with providing documentation during the literature
review. The views expressed herein are solely of the authors and do not reflect
the views of the NMCP or any other stakeholder.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials

The datasets supporting the conclusions of this article are available with per-
mission in the Demographic and Health survey Program repository, at http://
www.dhsprogram.com/data/dataset.

Funding
No funding was received for this data analysis project.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 15 March 2017 Accepted: 2 May 2017
Published online: 08 May 2017

References

1. Ministry of Health. Uganda Malaria Reduction Strategic Plan 2014-2020.
Kampala, 2014.

2. Talisuna AQ, Okello PE, Erhart A, Coosemans M, D'Alessandro U. Intensity
of malaria transmission and the spread of Plasmodium falciparum resist-
ant malaria: a review of epidemiologic field evidence. Am J Trop Med
Hyg. 2007;77(6 Suppl):170-80.

3. Yeka A, Gasasira A, Mpimbaza A, Achan J, Nankabirwa J, Nsobya S, et al.
Malaria in Uganda: challenges to control on the long road to elimination:
. Epidemiology and current control efforts. Acta Trop. 2012;121:184-95.

4. Sumbele IUN, Samje M, Nkuo-Akeniji T. A longitudinal study on anaemia
in children with Plasmodium falciparum infection in the Mount Cameroon
region: prevalence, risk factors and perceptions by caregivers. BMC Infect
Dis. 2013;13:123.

5. Balarajan’Y, Ramakrishnan U, Ozaltin E, Shankar AH, Subramanian
SV. Anaemia in low-income and middle-income countries. Lancet.
2011;378:2123-35.

6. WHO. Expert committee on malaria. Geneva: World Health Organization;
2000.

7. WHO. The global prevalence of anaemia in 2011. Geneva: World Health
Organization; 2015. http://apps.who.int/iris/handle/10665/177094.
Accessed 28 May 2016.

8. Ministry of Health. Uganda Malaria Indicator Survey 2014-15. MIS21,
Kampala, 2015. https://dhsprogram.com/pubs/pdf/MIS21/MIS21.pdf.
Accessed 22 May 2016.

9.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 8 of 9

Raouf S, Mpimbaza A, Kigozi R, Sserwanga A, Dorsey G. Resurgence of
malaria after discontinuation of indoor residual spraying of insecticide
in a previously high transmission intensity area of Uganda. Lancet Glob
Health. 2016;4:59.

. Williams TN. Human red blood cell polymorphisms and malaria. Curr

Opin Microbiol. 2006;9:388-94.

. Osterbauer B, Kapisi J, Bigira V, Mwangwa F, Kinara S, Kamya MR, et al.

Factors associated with malaria parasitaemia, malnutrition, and anaemia
among HIV-exposed and unexposed Ugandan infants: a cross-sectional
survey. Malar J. 2012;11:432.

. Steinhardt LC, Yeka A, Nasr S, Wiegand RE, Rubahika D, Sserwanga A,

et al. The effect of indoor residual spraying on malaria and anemia in
a high-transmission area of northern Uganda. Am J Trop Med Hyg.
2013;88:855-61.

. ter Kuile FO, Terlouw DJ, Kariuki SK, Phillips-Howard PA, Mirel LB,

Hawley WA, et al. Impact of permethrin-treated bed nets on malaria,
anemia, and growth in infants in an area of intense perennial malaria
transmission in western Kenya. Am J Trop Med Hyg. 2003;68(suppl
4):68-77.

. Matthys B, Vounatsou P, Raso G, Tschannen AB, Becket EG, Gosoniu L,

et al. Urban farming and malaria risk factors in a medium-sized town in
Cote d'lvoire. Am J Trop Med Hyg. 2006;75:1223-31.

. Wanzirah H, Tusting LS, Arinaitwe E, Katureebe A, Maxwell K, Rek J, et al.

Mind the gap: house structure and the risk of malaria in Uganda. PLoS
ONE. 2015;10:¢0117396.

. Yeka A, Nankabirwa J, Mpimbaza A, Kigozi R, Arinaitwe E, Drakeley C,

et al. Factors associated with malaria parasitemia, anemia and serological
responses in a spectrum of epidemiological settings in Uganda. PLoS
ONE. 2015;10:0118901.

. Gahutu J-B, Steininger C, Shyirambere C, Zeile |, Cwinya-Ay N, Danquah

I, et al. Prevalence and risk factors of malaria among children in southern
highland Rwanda. Malar J. 2011;10:134.

. Hetzel MW, Morris H, Tarongka N, Barnadas C, Pulford J, Makita L, et al.

Prevalence of malaria across Papua New Guinea after initial roll-out of
insecticide-treated mosquito nets. Trop Med Int Health. 2015;20:1745-55.

. Schellenberg D, Menendez C, Kahigwa E, Font F, Galindo C, Acosta C,

et al. African children with malaria in an area of intense Plasmodium falci-
parum transmission: features on admission to the hospital and risk factors
for death. Am J Trop Med Hyg. 1999;61:431-8.

Rogier C. Natural history of Plasmodium falciparum malaria and determin-
ing factors of the acquisition of antimalaria immunity in two endemic
areas, Dielmo and Ndiop (Senegal). Bull Mém Académie R Médecine Belg.
1999;155:218-26.

Walldorf JA, Cohee LM, Coalson JE, Bauleni A, Nkanaunena K, Kapito-
Tembo A, et al. School-age children are a reservoir of malaria infection in
Malawi. PLoS ONE. 2015;10:e0134061.

Nankabirwa J, Brooker SJ, Clarke SE, Fernando D, Gitonga CW, Schel-
lenberg D, et al. Malaria in school-age children in Africa: an increasingly
important challenge. Trop Med Int Health. 2014;19:1294-309.

Crawley J. Reducing the burden of anemia in infants and young children
in malaria-endemic countries of Africa: from evidence to action. Am J
Trop Med Hyg. 2004;71(2 suppl):25-34.

Korenromp EL, Armstrong-Schellenberg JR, Williams BG, Nahlen BL, Snow
RW. Impact of malaria control on childhood anaemia in Africa—a quanti-
tative review. Trop Med Int Health. 2004,9:1050-65.

Newton C, Warn PA, Winstanley PA, Peshu N, Snow RW, Pasvol G, et al.
Severe anaemia in children living in a malaria endemic area of Kenya.
Trop Med Int Health. 1997;2:165-78.

Biemba G, Dolmans D, Thuma PE, Weiss G, Gordeuk VR. Severe anaemia
in Zambian children with Plasmodium falciparum malaria. Trop Med Int
Health. 2000;5:9-16.

Ekvall H. Malaria and anemia. Curr Opin Hematol. 2003;10:108-14.
Menendez C, Fleming AF, Alonso PL. Malaria-related anaemia. Parasitol
Today. 2000;16:469-76.

Kigozi R, Baxi SM, Gasasira A, Sserwanga A, Kakeeto S, Nasr S, et al. Indoor
residual spraying of insecticide and malaria morbidity in a high transmis-
sion intensity area of Uganda. PLoS ONE. 2012;7:e42857.

Mugisa M, Muzoora A. Behavioral change communication strategy vital in
malaria prevention interventions in rural communities: Nakasongola dis-
trict, Uganda. Pan Afr Med J. 2012. http://www.panafrican-med-journal.
com/content/series/13/1/2/full/. Accessed 28 May 2016.


http://www.dhsprogram.com/data/dataset
http://www.dhsprogram.com/data/dataset
http://apps.who.int/iris/handle/10665/177094
https://dhsprogram.com/pubs/pdf/MIS21/MIS21.pdf
http://www.panafrican-med-journal.com/content/series/13/1/2/full/
http://www.panafrican-med-journal.com/content/series/13/1/2/full/

Wanzira et al. Malar J (2017) 16:191 Page 9 of 9

31. Hwang J, Graves PM, Jima D, Reithinger R, Kachur SP, and the Ethiopa MIS 34. Noor AM, Omumbo JA, Amin AA, Zurovac D, Snow RW. Wealth, mother’s

Working Group. Knowledge of malaria and its association with malaria- education and physical access as determinants of retail sector net use in
related behaviors—results from the malaria indicator survey, Ethiopia, rural Kenya. Malar J. 2006;5:5.
2007.PLoS ONE. 2010;5:11692. 35. McElroy B, Wiseman V, Matovu F, Mwengee W. Malaria prevention in
32. Koenker H, Keating J, Alilio M, Acosta A, Lynch M, Nafo-Traore F. Strategic north-eastern Tanzania: patterns of expenditure and determinants of
roles for behaviour change communication in a changing malaria land- demand at the household level. Malar J. 2009;8:95.
scape. Malar J. 2014;13:1. 36. Tusting LS, Willey B, Lucas H, Thompson J, Kafy HT, Smith R, et al. Socio-
33. Dike N, Onwujekwe O, Ojukwu J, Ikeme A, Uzochukwu B, Shu E. Influence economic development as an intervention against malaria: a systematic
of education and knowledge on perceptions and practices to control review and meta-analysis. Lancet. 2013,382:963-72.

malaria in Southeast Nigeria. Soc Sci Med. 2006;63:103-6.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central




	Factors associated with malaria parasitaemia among children under 5 years in Uganda: a secondary data analysis of the 2014 Malaria Indicator Survey dataset
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	The 2014 Malaria Indicator Survey (MIS)
	Laboratory tests for anaemia and malaria
	Study variables
	Data analysis
	Ethical considerations

	Results
	Participants’ characteristics
	Prevalence of malaria parasitaemia
	Relationship between malaria parasite prevalence and anaemia
	Factors associated with malaria parasitaemia

	Discussion
	Conclusions
	Authors’ contributions
	References




