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ABSTRACT

Background: Insecticide Treated Nets are one of
the backbones of malaria prevention in Africa where
the vector mosquitos bite at night and prefer humans
for feeding. Children who sleep under Insecticide
Treated Nets though protected still get malaria
infections. This study aimed to assess the risk
factors of malaria infection among under-five
children who sleep under insecticide-treated
Treated Nets.

Methodology: This was a secondary analysis of a
cross-sectional survey the Malaria Indicator survey
of 2021 in Zambia. Data was extracted from the
database at the Ministry of Health and analysed in
STATA version 14. Data was analysed in counts and
frequencies, cross-tabulations and associations
assessed using logistic regressing using complex
data analysis.

Results: A total of 1695 children aged below five
years who had slept under an Insecticide Treated
Net the night before the survey were included in the
study, 50.9% were female while 49.1 were male.
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Over a third of them (23.9%) had a fever in the
previous two weeks, over half 51.9% of them had
anaemia and 28.8% of them had malaria infection
tested using Rapid Diagnostic tests. There was a 3.46
(95%CI 2.67 — 4.49) increase in the odds of having
malaria if the under-five child was anaemic
(haemoglobin less than 11mg/dl). Other factors that
are usually associated with malaria infection such as
younger age group, low socio-economic status,
residing in rural areas and having had a fever in the
previous two weeks.

Conclusion: In Zambia, about a third of under-five
children who slept under insecticide-treated nets still
had evidence of malaria infection. A significant risk
factor for malaria infection among the under-five
children who slept under ITNs was anaemia. Other
known risk factors for malaria among under-five
children such as age, rural residence, wealth status,
province of residence and education of guardians
were not statistically significant.

INTRODUCTION

Malaria remains one of the most significant health
challenges in developing countries, particularly
affecting children under the age of five years and
pregnant women'. Children under five years old are
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particularly vulnerable to severe malaria, which can
lead to severe anaemia, cerebral malaria, organ
failure, and death’. Children under the age of five are
especially vulnerable to the devastating effects of
malaria due to their developing immune systems and
lack of previous exposure to the parasites’. The
impact of malaria on this age group is profound,
leading to frequent and severe episodes of illness,
hospitalization, and long-term cognitive and
physical impairments’. Malaria-related deaths in
this demographic account for a significant portion of
global child mortality, hindering efforts to achieve
sustainable development goals related to child
health and well-being.

Despite considerable progress in malaria control
efforts, it remains a leading cause of morbidity and
mortality, disproportionately affecting regions with
limited access to healthcare, such as sub-Saharan
Africa and parts of Southeast Asia. Recent global
statistics on malaria show that over 95% of all
malaria cases reported in 2020 were from sub-
Saharan Africa and Asia’. Over two-thirds of the
global malaria burden of malaria cases are
concentrated in ten African countries namely
Burkina Faso, Cameroon, the Democratic Republic
of the Congo, Ghana, Mali, Mozambique, Niger,
Nigeria, Uganda and the United Republic of
Tanzania and in India’. Zambia is not one of the High
Burden High Impact (HBHI) countries but borders
three of the countries; mosquitoes know no
boundaries and areas bordering these countries have
the highest malaria prevalence in the country’. A
recent survey in Zambia found that two in every
three children had evidence of malaria antigens in
the Luapula province which borders the Democratic
Republic of Congo, and over 40% of the children in
Muchinga and Northern Provinces which border
Tanzania had malaria antigens’. The presence of
malaria antigens in the blood as diagnosed by a
Rapid Diagnostic Test (RDT) indicates that the
person has an active malaria infection, is a chronic
carrier or the individual is within a month of
recovering from an infection’. Malaria is endemic in
all parts of Zambia and has with peak seasons during
rainy seasons from November to April .

In the fight against malaria, Long Lasting
Insecticide-treated Nets (LLINs) have emerged as a
crucial tool for preventing infection alongside other
interventions such as Indoor Residual Spraying“.
These nets have insecticides and create a physical
barrier between individuals and disease-carrying
mosquitoes, reducing the likelihood of bites and
subsequent transmission of the parasite””. The
insecticides used in treated nets not only repel
mosquitoes but also kill them on contact, further
decreasing the mosquito population in the vicinity
and interrupting the disease's transmission cycle".
Despite the proven effectiveness of LLINs in
preventing malaria, several challenges persist in
ensuring their widespread and consistent use,
particularly among children under five'*. Economic
constraints, inadequate access to healthcare
facilities, cultural beliefs, and logistical barriers can
impede the distribution and utilization of mosquito
nets'". Additionally, the emergence of insecticide-
resistant mosquitoes poses a growing threat to the
efficacy of these preventive measures, necessitating
continuous research and adaptation of strategies .

The adoption and proper use of mosquito nets
among children under five have been shown to yield
numerous benefits. Firstly, consistent use of nets
significantly reduces the risk of malaria infection,
leading to fewer episodes of illness, decreased
hospitalization rates, and improved overall child
health'. This, in turn, contributes to reduced
healthcare expenditures and increased economic
productivity within affected communities' .
Moreover, the reduction in malaria cases alleviates
the burden on healthcare systems and resources,
allowing for a more targeted allocation of limited
resources toward other healthcare needs'’.

Whilst LLINs have been known to prevent malaria
in children and other demographics of the
population, it has been during surveys that even
children who use them also develop it though with
reduced odds. A recent systematic review and meta-
analysis on the effectiveness of LLINs showed that
they reduced the risk of malaria and the odds ratio
among users was 0.44 (95% C10.41 — 0.48)'8. Many
studies have investigated the malaria prevalence and
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risk factors in children under five years of age,
however, our study looked at the prevalence and
additional risk factors among children who already
use LLINs. The findings of our study will help the
scientific community, governments and program
implementers in malaria-endemic regions to
understand further interventions for those already
protected by LLINs especially as we go towards
malaria elimination by 2030.

METHODOLOGY
Study Design

This is a secondary analysis of data collected during
asurvey called the Malaria Indicator Survey.

Study Settings

The study covered all the ten provinces of Zambia. It
has a tropical climate and is covered by savannah
grasslands, river valleys and forested plateau land.
The climate and landscape are conducive to the
breeding and proliferation of malaria mosquito
vectors. The government carries out ITN mass
distribution every three years and targeted annual
indoor residual spraying to eligible areas and
households as part of its malaria prevention efforts.
Many people therefore have benefited from either
the mass distributions of ITNs or the routine
distribution to under-five children through
immunisation clinics and antenatal clinics for
pregnant women.

Sample Size

Our study was powered to detect malaria prevalence
of 29.3% in under-five children based on the
Malaria Indicator Survey of 2021 (MoH, 2021). We
powered the study at 80% to detect at least a 10%
difference at 95% confidence level at the provincial
level and urban versus rural strata. We used the
formula:

N= (poqo + plql) (Za/z + Z5)2~df/ (pl 7p0)2

Where n =number of respondents
. P, _ proportion of respondents with no exposure =
29.3% malaria (MoH, 2021)

. p,_proportion of respondents with exposure = 10%
difference
.o=level of significance =0.05
. p=power complement=80%
.df=design effect=1.5

Sampling Procedure

We included all children who were included in the
primary study who met our criteria based on the age
of six to 59 months who had slept under a net the
night before the survey.

Data Collection

We extracted the data from the Malaria Indicator
Survey database at the National Malaria Elimination
Centre into Microsoft Excel and then imported it
into Stata for cleaning and analysis. The primary
survey used a questionnaire that was administered
by trained research assistants.

Data Analysis

The data was analysed in Stata software version 14
using complex data analysis to account for the
multistage sampling. We conducted descriptive
statistics using counts, percentages, mean or median
and confidence intervals depending on the
distribution. We did parametric or non-parametric
hypothesis tests to compare among sample groups
depending on the distribution of the variable. For
associations, we used logistic regression using
stepwise forward model building by conducting
univariate and multivariable analysis. A P-value of
0.05 was considered significant.

Ethical Considerations

The data was anonymised with coded identity
numbers that were not traceable to the participants.
In the primary survey, the heads of the households
consented to participate in the study. The study had
ethical clearance from the University of Zambia
Biomedical Ethics Committee (UNZABREC).
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Results

Atotal of 1, 696 under-five children were included in
the study who had slept under insecticide-treated
nets (ITNs) the night before the survey, of these, 864
(50.9%) were female and 832 (49.1%) were male
and the proportions were not statistically different
(P-value = 0.484). By age group, the composition
was statistically different, the lowest were children
below one year at 290 (17.1%) and the most were
429 (25.3%). The majority of heads of households
had no or just primary level education 938 (65%) and
very few 48 (3.3%) had tertiary level education.
Similarly, the majority of the children resided in
rural areas 1,572 (92.7%) compared to urban
dwellers who were only 124 (7.3%). In terms of
provinces, all provinces were represented, Lusaka
province had the least number of respondents 63

(3.7%) and the highest were from Eastern province
291 (17.2). The poorest quintile was 385 (22.7%)
whilst the highest quintile was only 187 (11%).
Further, amongst these under-five children who had
slept in ITNs the previous night, almost half stayed
in indoor residual sprayed houses 812 (47.9%)
compared to 882 (52.1%) who stayed in houses
which were not sprayed with residual insecticides.
In addition, 487 (28.8%) of them tested positive for
malaria using Rapid Diagnostic Tests (RDTs), 406
(23.9%) had an episode of fever in the two weeks
preceding the survey and 847 (51.9% had anaemia at
the time of the survey. Table 1 summarises the
baseline characteristics of the respondent children.

Table 1: Baseline Characteristics of Under-five
Children

Table 1: Baseline Characteristics of Under-five Children

Variable Categories No. Percentage P value
Female 864 50.9
Sex 0.484*
Male 832 49.1
Below 1 Year 290 17.1
One year 429 25.3
Age (Years) Two year 357 21.1 < 0.001%*
Three Years 291 17.2
Four Years 329 19.4
. No or Primary 938 65
HouEsctleicoal’:jlol:ead Secondary 457 31.7 < 0.001%*
Tertiary 48 3.3
. Rural 1572 92.7
Residence Type <0.001*
Urban 124 7.3
Central 195 11.5
Copperbelt 151 8.9
Eastern 291 17.2
Luapula 262 15.5
Province Lusa.ka 63 3.7 < 0.001**
Muchinga 127 7.5
Northern 175 10.3
North-Western 96 5.7
Southern 79 4.7
Western 257 15.2

299



Medical Journal of Zambia, Vol. 50 (4): 296 - 306 (2023)

Table 1: Baseline Characteristics of Under-five Children continued

Variable Categories No. Percentage P value
1 (Lowest) 385 22.7
2 (Upper Low) 373 22
Wealth Quintiles 3 (Middle) 326 19.2 < 0.001**
4 (Lower High) 425 25.1
5 (Highest) 187 11
House Indoor Sprayed 812 479 0.081*
Residual Spray Not Sprayed 884 52.1 '
Slept ITN 1696 100
ITN Use 1.00*
Not Slept ITN 0 0
. Positive 487 28.8
Malaria (RDT) ) <0.001*
Negative 1206 71.2
i Fever 406 239
Fever in Last two <0.001*
weeks No Fever 1290 76.1
. Anaemic 847 51.9
Haemoglobin . 0.131*
Not Anaemic 786 48.1

* Test of Proportions

** Multiple Proportions Test (Marascuilo Procedure)

When the data was stratified by malaria
diagnostic results (RDT), there were no
significant statistical differences by sex, age-
group, education of household head, urban or
rural residence, province, wealth quintile and
whether a child had fever or not. However, there

were significant statistical differences among those
who had indoor residual spraying (P value = 0.004)
and anaemia (P-value <0.001). Table 2 summarises
the cross-tabulations of different independent
variables and the outcome variable rapid diagnostic
testresult.

Table 2: Summary of Stratification of Independent Variables by Malaria Status.

Rapid Diagnostic Test Result

Variable Categories . . P-Value*
No Malaria n(%) Malaria n(%)
Female 621 (72.1) 240 (27.9)
Sex 0.41
Male 585 (70.3) 247 (29.7)
Below 1 Year 197 (67.9) 93 (32.1)
One year 301 (70.3) 127 (29.7)
Age (Years) Two year 262 (73.6) 94 (26.7) 0.539
Three Years 207 (71.1) 84 (28.9)
Four Years 239 (72.9) 89 (27.1)
Education No or Primary 683 (73.0) 253 (27.0)
Household Secondary 316 (69.1) 141 (30.9) 0.248
Head Tertiary 32 (66.7) 16 (33.3)
Residence Rural 1121 (71.5) 448 (28.6) 0.492
Type Urban 85 (68.6) 39 (31.4)
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Table 2: Summary of Stratification of Independent Variables by Malaria Status continued.

Rapid Diagnostic Test Result

Variable Categories . . P-Value*
No Malaria n(%) Malaria n(%)
Central 141 (72.3) 54 (27.7)
Copperbelt 102 (67.6) 49 (32.4)
Eastern 209 (72.3) 80 (27.7)
Luapula 180 (68.7) 82 (31.3)
. Lusaka 50 (79.4) 13 (20.6)
Province . 0.53
Muchinga 87 (68.5) 40 (31.5)
Northern 127 (72.6) 48 (27.4)
North-Western 71(74.7) 24 (25.3)
Southern 62 (78.5) 17 (21.5)
Western 177 (68.9) 80(31.1)
1 (Lowest) 275 (71.4) 110 (28.6)
2 (Upper Low) 262 (70.8) 108 (29.2)
Wealth .
Quintiles 3 (Middle) 238 (73.0) 88 (27.0) 0.839
4 (Lower High) 295 (69.4) 130 (30.6)
5 (Highest) 136 (72.7) 51(27.3)
House Indoor Sprayed 550 (67.9) 260 (32.1) 5004
Residual Spray Not Sprayed 656 (74.3) 227 (25.7) '
. Anaemic 515 (60.8) 332(39.2)
Haemoglobin ) <0.001
Not Anaemic 641 (81.8) 143 (18.2)
two weeks No Fever 910 (70.7) 377 (29.3) '

* Chi Square Test of Association

There were no statistically significant differences
between female and male under-five children in the
odds of malaria who slept under ITNs. Similarly,
there were no differences in the odds of malaria
among the different age-groups from infants, those
who were aged one, two, three and four years. Other
variables such as wealth quintile, residing in urban
or rural areas, and educational levels of the heads of
the households were also not statistically
significant. In high-prevalence provinces such as
Luapula and Northern Provinces, the odds of
malaria were higher compared to Southern
province, however, these were not statistically

significant implying that the effects of ITNs
significantly reduced the risk of malaria even in
these high-burden provinces. Children who stayed in
houses that were sprayed with residual chemicals
and also slept under ITNs were associated with
reduced odds of malaria, however, this was not
statistically significant. On the other hand,children
who were anaemic and slept under ITNs were still
associated with 3.46 times higher odds of malaria
and this was statistically significant. Table 3
summarises the unadjusted, adjusted odds ratios and
the 95% confidence intervals of the odds ratios of
different variables that were included in the study.
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Table 3: Additional Risk Factors of Malaria among Children Who Sleep under ITNs

Factors Associated with Anaemia

Variable Category Unadjusted OR 95%Cl Adjusted OR 95%ClI
Female Ref Ref
Sex
Male 1.09 0.88-1.35 1.01 0.78 -1.29
Below 1 year 1.27 0.88-1.79 1.04 0.69 - 1.56
1 Year 1.13 0.82 -1.56 1.01 0.69 - 1.46
Age-group 2 Years 0.96 0.68-1.35 0.76 0.51-1.14
3 Years 1.08 0.76 - 1.55 1.24 0.82-1.86
4 Years Ref Ref
No & Primary 0.83 0.63-1.06 0.78 0.59-1.02
Education Secondary Ref Ref
Tertiary 0.44 0.36 - 0.54* 1.52 0.73-3.16
Rural 0.87 0.59-1.29 0.69 0.39-1.22
Residence
Ref Ref
Urban
Central 1.41 0.75-2.61 1.08 0.52-2.21
Copperbelt 1.75 0.93-3.31 1.22 0.56-2.71
Eastern 1.39 0.77-2.51 1.21 0.59 - 2.46
Luapula 1.66 0.91-3.01 1.48 0.73-3.01
] Lusaka 0.94 0.42-2.14 0.95 0.38-2.41
Province
Muchinga 1.67 0.87 -3.22 1.8 0.85-3.84
Northern 1.38 0.73-2.59 1.05 0.50-2.21
North-Western 1.23 0.61-2.51 1.1 0.49-2.48
Southern Ref Ref
Western 1,65 0.91-2.99 1.14 0.57-2.31
Low Ref Ref
Upper Low 1.03 0.75-1.41 0.96 0.65-1.39
Wealth Quintile Middle 0.92 0.66-1.28 0.95 0.64-1.41
Low High 1.11 0.81-1.49 1.06 0.72-1.58
Highest 0.94 0.63-1.39 0.68 0.38-1.20
RS Not Sprayed Ref Ref
Sprayed 0.73 0.59 - 0.90* 0.79 0.61-1.03
Not Anaemic Ref Ref
Haemoglobin
Anaemic 2.88 2.31-3.62% 3.46 2.67 - 4.49%*
No Fever Ref Ref
Fever
Fever 0.89 0.69-1.15 0.77 0.57-1.05

*Statistically Significant Odds Ratios and Confidence Intervals
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DISCUSSION

Insecticide Treated Nets (ITNs) are one of the
cornerstone preventive tools against malaria,
however, they are not the only ones and even people
who use them are still at risk of malaria. Among
children who slept under ITNs the night before the
survey, almost a third of them tested positive for
malaria using Rapid Diagnostic Tests. It should be
noted and emphasised that this does not reflect the
prevalence of malaria in under-five children in
Zambia, but rather, among those who slept under an
ITN the previous night using the RDT method in
2021 at the time of the survey. When RDTs are
positive, they do not necessarily indicate an active
infection as they can remain positive in the
convalesce period up to four to six weeks post-
treatment””. Our study does not imply that the third
were positive and had active malaria infections,
rather, they had evidence of malaria exposure in the
recent past despite using the ITN preventive
measures. It may be concerning that such a
proportion could still be positive for RDTs despite
using this preventive measure. A recent systematic
review and meta-analysis which included thirty
studies found that the effectiveness of ITNs was RR
0.49(95%C10.32-0.74), implying that ITNs are not
one hundred per cent protective but rather were able
to reduce the risk of infection by about 51% when
compared to those who did not use them™.
Therefore, it is not surprising that we found children
who were still positive despite having used ITNs.
We, therefore, explored other additional factors
associated with malaria infection among children
who sleptunder ITNSs.

Some common risk factors associated with malaria
infection in Zambia that were explored such assex,
rural residence compared to urban residence,
education status, wealth index and age were found
were found not to be significant in our study'“*". Our
study may not have found these to be significant
because there were minimal random or no additional
incremental or detrimental effects of these factors
among children who slept under ITNs to either
acquire or prevent malaria. To the best of our
knowledge, this study is among those pioneering

investigating additional factors among under-five
children who slept under ITNs. In terms of regions
or provinces, the differences were also not
statistically significant, due to the pioneering nature
of our study, there was limited literature on
additional risk factors among children who slept
under ITNs. Among studies that compared users
against not users of ITNs, the northern regions of
Zambia such as Luapula, Northern, Muchinga and
North-western provinces have higher risks of
malaria infection compared to the southern regions

. 14,22
such as Lusaka and Southern provinces .

Under-five children who slept under ITNs and
whose houses were sprayed with residual chemicals
were found to have reduced odds of malaria
infection implying there were some synergic effects
of IRS, however, when adjusted for other factors in
the model, it was not statistically significant. An
earlier study found that the synergistic effect of
ITNs and IRS was inconclusive and the study did not
recommend implementation of both ITNs and IRS™.
A more recent systematic review found the
beneficial effects of combining ITN and IRS
interventions but also found mixed and inconclusive
results, it did not meta-analyse the findings and thus
recommended further research™. In agreement with
the foregoing, our study is similarly showing
insignificant benefits of combining ITNs and IRS.
Of particular note is the more than three times
increase in odds of malaria among under-five
children who slept under ITNs who have anaemia.
While our study did not establish causality or
directionality of what came before the other
between malaria and anaemia, it is known that
malaria causes haemolysis which leads to anaemia
but also anaemic patients fail to synthesise enough
blood cells including immune cells to fight off
infections so anaemia may predispose a patient to
malaria®. A study done in Cote d'Ivoire found that
more than three-quarters of the anaemia in children
was hypochromic microcytic suggestive of iron
deficiency than the normochromic normocytic
which is characteristic of haemolytic anaemias’ . It
may therefore be worthy to research more on
correcting anaemia through haematic
supplementation in under-five children to boost red
blood cell production.

303



Medical Journal of Zambia, Vol. 50 (4): 296 - 306 (2023)

CONCLUSION

This study has demonstrated that the prevalence of
malaria among children who slept under Insecticide
Treated Nets in Zambia using RDT was 28.8% and
that anaemia was a significant risk factor among
children with malaria. Significant negative findings
in this study are that the benefit of adding IRS as a
preventive measure against malaria to under-five
children who already use ITNs was not statistically
significant. Other notable negative findings were
that rural and urban differences, provincial locations
and wealth quintiles were also not significant risk
factors for under-five children who sleep under
ITNs.

RECOMMENDATIONS

We recommend further research on the association
between malaria and anaemia. While it is known and
well-established that malaria causes anaemia, there
is a need to establish how anaemia predisposes to
malaria infection. Further, we recommend research
on haematic supplementation using folic acid and
iron in under-five children to see if it can reduce
anaemia in high malaria endemic settings like
Zambia. While we have no concern with folate
supplementation, we have concerns with iron
supplementation as it can argument malaria
infections among those infected, therefore we do not
make policy recommendations yet but recommend
molecular studies and randomised clinical trials to
see if iron supplementation will be of benefit before
any policies recommending iron supplementation in
children are made.

LIMITATIONS

The study used secondary data from a cross-
sectional study, by the nature of the design, we could
not elicit causal effects but association. We also
could only use variables that were already collected.
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