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Abstract 

Background: The past two decades were associated with innovation and strengthening of malaria control interven-
tions, which have been increasingly adopted at large scale. Impact evaluations of these interventions were mostly 
performed in moderate or high malaria transmission areas. This study aimed to evaluate the use and performance of 
malaria interventions in low transmission areas on malaria infections and anaemia.

Methods: Data from the 2016 Sudan malaria indicator survey was used. Multi-level logistic regression analysis was 
used to assess the strength of association between real-life community-level utilization of malaria interventions 
[diagnosis, artemisinin-based combination therapies (ACTs) and long-lasting insecticidal nets (LLINs)] and the study 
outcomes: malaria infections and anaemia (both overall and moderate-to-severe anaemia).

Results: The study analysis involved 26,469 individuals over 242 clusters. Malaria infection rate was 7.6%, overall 
anaemia prevalence was 47.5% and moderate-to-severe anaemia prevalence was 4.5%. The average community-level 
utilization was 31.5% for malaria diagnosis, 29.9% for ACTs and 35.7% for LLINs. The odds of malaria infection was 
significantly reduced by 14% for each 10% increase in the utilization of malaria diagnosis (adjusted odds ratio (aOR) 
per 10% utilization 0.86, 95% CI 0.78–0.95, p = 0.004). However, the odds of infection was positively associated with 
the utilization of LLINs at community-level (aOR per 10% utilization 1.20, 95% CI 1.11–1.29, p < 0.001). No associa-
tion between malaria infection and utilization of ACTs was identified (aOR per 10% utilization 0.97, 95% CI 0.91–1.04, 
p = 0.413). None of the interventions was associated with overall anaemia nor moderate-to-severe anaemia.

Conclusion: There was strong evidence that utilization of malaria diagnosis at the community level was highly pro-
tective against malaria infection. No protective effect was seen for community utilization of ACTs or LLINs. No associa-
tion was established between any of the interventions and overall anaemia or moderate-to-severe anaemia. This lack 
of effectiveness could be due to the low utilization of interventions or the low level of malaria transmission in the 
study area. Identification and response to barriers of access and low utilization of malaria interventions are crucial. It is 
crucial to ensure that every suspected malaria case is tested in a timely way, notably in low transmission settings.
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overall anaemia, and moderate-to-severe anaemia in 
areas of low malaria transmission in Sudan.

Methods
Study setting and interventions
This study was conducted in 12 out of the 18 states in 
Sudan where LLINs were the predominant malaria con-
trol strategy, together with early diagnosis and prompt 
treatment of malaria cases with ACTs [21]. Nearly half of 
the malaria burden in the WHO Eastern Mediterranean 
Region is attributed to Sudan [1], where the prevalence 
of malaria infection was estimated at 3.3% [22] and the 
annual malaria cases at around 2 million [1]. Major fac-
tors that influence malaria transmission in Sudan include 
seasonal rains and irrigation schemes, complicated by the 
fact that Sudan is a low-income country with 32% of its 
population being urban residents [21, 23, 24]. The pre-
dominant malaria parasite is P. falciparum; however, an 
increasing rate of P. vivax was recently reported [22, 25, 
26]. The main vector is Anopheles (An.) arabiensis [27].

At the time of this study, Artesunate plus Sulfadoxine–
Pyrimethamine (AS/SP) and Artemether plus Lumefan-
trine (AL) were the first- and second-line anti-malaria 
treatments adopted and used in Sudan, respectively. 
Both malaria microscopy and RDTs are in common use 
for confirmation of malaria diagnosis in the country. The 
widely used LLINs during the period of the study were 
deltamethrin-impregnated nets.

Fig. 1 States of the study, Sudan

Background
During the past two decades, the prevention and treat-
ment of malaria received increased global attention as 
well as financial support. The fight against malaria in 
this era witnessed the mass roll-out of three new tools: 
long-lasting insecticidal nets (LLINs), malaria rapid diag-
nostic tests (RDTs) and artemisinin-based combination 
therapies (ACTs) [1]. Prompt malaria case management 
has a valuable role in malaria control at the community 
level, with the timely and accurate diagnosis being a cor-
nerstone of effective case management. The development 
and deployment of RDTs facilitated large scale imple-
mentation of the recommendation of confirming malaria 
cases via parasitological testing prior to treatment [2, 3]. 
Early and effective treatment of malaria prevents disease 
progression and reduces transmission at the community 
level [2]. In addition, insecticide-treated nets, notably 
LLINs, are recommended by the World Health Organi-
zation (WHO) for large scale deployment for popula-
tions at risk of malaria in most malaria-endemic settings. 
LLINs have shown a large public health impact by effec-
tively reducing and preventing infection at the commu-
nity as well as individual levels [2].

Many researchers studied the impact of malaria inter-
ventions and showed their effectiveness using different 
methodologies, ranging from observational studies to 
randomized control trials [4–13]. Malaria interventions 
have a large estimated impact on child health indicators 
as well, including anaemia [6]. Anaemia can be used as 
an indicator to assess the progress in malaria control [14, 
15], as the strong association between malaria and anae-
mia has been demonstrated in many endemic countries 
[8, 16]. Moderate-to-severe anaemia has higher sensi-
tivity than overall anaemia in assessing the burden of 
malaria [14, 16]. However, utilization of malaria inter-
ventions should reach high levels to exhibit measurable 
impact [17].

Most published impact assessments of malaria inter-
ventions were conducted in areas of moderate to high 
malaria transmission, where reasonably high coverage 
and/or use was ensured [7–10, 13, 18]. With the global 
target to reach high levels of interventions utilization and 
the associated challenges [1, 19, 20], there is a need to 
know how these interventions impact malaria burden in 
low transmission settings under real life conditions. This 
study aimed to assess the use and impact of utilization of 
malaria control interventions (malaria diagnosis, ACTs 
and LLINs) by the community, on malaria infection, 
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Study design and sample
Data from the 2016 Sudan malaria indicator survey from 
the states where the interventions (LLINs, malaria diag-
nosis and treatment with ACTs) were rolled out, were 
used for this study. These states were Kassala, Gedaref, 
White Nile, Blue Nile, North Kordofan, South Kordo-
fan, West Kordofan, North Darfur, South Darfur, East 
Darfur, West Darfur, and Central Darfur (see Fig.  1). 
The malaria indicator survey is a nationally representa-
tive cross-sectional population-based cluster survey. The 
2016 survey round was conducted just after the rainy sea-
son, in November 2016. The sampling of the survey was 
designed into two stages. Enumeration areas obtained 
from the Central Bureau of Statistics were selected ran-
domly with probability proportional to size as the pri-
mary sampling units (clusters), stratified by rural/urban 
status of each area. Then, 20 households were randomly 
selected from each cluster. Within each household, all 
members of the household were enrolled in the study. 
A coded and pretested questionnaire was used as a sur-
vey tool to obtain individual and household data [28]. 
Finger-prick was used to obtain a blood sample from all 
eligible individuals to assess malaria parasitaemia using 
malaria rapid diagnostic test (SD BIOLINE Malaria Ag 
Pf/Pv from STANDARD DIAGNOSTICS INC/SD, South 
Korea) and haemoglobin level using a field haemoglo-
bin analyser (HemoCue 301 + analyser from Radiometer 
Group). All methods were carried out in accordance with 
relevant guidelines and regulations. Written informed 
consent was obtained from eligible study participants 
and, for minors, from their parent and/or legal guardian. 
This study received ethical clearance from the National 
Ethical and Technical Review Board at the Federal Min-
istry of Health.

The study questionnaire included socio-demographic 
characteristics of the study population, whether indi-
viduals slept under mosquito nets the night prior to the 
survey and the type of the net, whether they had fever 
during the last 14 days, and if yes, whether they were 
tested parasitologically for malaria; and in case they had 
a positive result whether they were given an ACT for 
malaria treatment and when this was taken.

Outcome variables
The study assessed the strength of association of com-
munity-level malaria interventions with three binary out-
comes at the individual level separately: malaria infection, 
overall anaemia, and moderate-to-severe anaemia. The 
first outcome, malaria infection, is defined as the malaria 
parasitaemia status of study individuals assessed in all 
available members of the selected households (regardless 
of their age) on the survey day through malaria RDT.

Haemoglobin was measured in all children aged 6–59 
months and overall anaemia was considered as haemo-
globin < 110  g/L [29]. Moderate-to-severe anaemia, as a 
more sensitive measure of malaria burden [14, 16], was 
defined as haemoglobin < 80  g/L. Both overall anaemia 
and moderate-to-severe anaemia were used as study 
outcomes.

Independent variables
Community-level utilization of three malaria interven-
tions were the independent variables of interest in this 
study: (1) malaria diagnosis, (2) ACTs and (3) LLINs. 
These variables were elicited from the data at the indi-
vidual level and then aggregated at the cluster level. In 
this way, independent variables were designed to give an 
estimation of the community-level utilization of malaria 
interventions at the cluster level. (To see the individual-
level utilization of malaria interventions, refer to  Addi-
tional file  1: Table  S1). Utilization of malaria diagnosis 
was defined as the cluster level proportion of individuals 
with fever who were tested for malaria using malaria par-
asitological test (with microscopy or RDT) in the 14 days 
prior to the survey date. Similarly, utilization of ACTs 
was defined as the cluster level proportion of individu-
als who used ACTs for malaria treatment within 3 days 
of fever initiation, as a response to parasitologically con-
firmed malaria. In the same manner, LLINs utilization 
was defined as the cluster level proportion of individuals 
who slept under LLIN the night before the survey. These 
variables were used in the analysis as continuous vari-
ables on a percentage scale. Area of residence, classified 
into rural versus urban, was also used in the analysis to 
account for its effect.

Age in years (as a continuous variable) and sex (dichot-
omized into male versus female) were included in the 
analysis at the individual level. Individual use of LLINs 
was also included in the analysis.

Statistics
STATA 16 (Stata Corporation LLC, Texas, USA) was 
used for the analysis. To describe the overall trend of out-
comes and the demographic characteristics of the popu-
lation, the proportion of the population with the outcome 
and with the demographic characteristics were calculated 
as a percentage of the total population assessed. For 
each malaria intervention, the cluster-level proportion 
of utilization was estimated and then assigned to every 
individual in that cluster. Four levels of malaria interven-
tion utilization were defined: low (< 40%), average (40 to 
< 60%), high (60 to < 80%) and effective (≥ 80%) utiliza-
tion, as WHO classifies 80% or above as effective com-
munity interventions [30].
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Considering the two-stage hierarchical nature of this 
study, a multi-level logistic regression analysis (ran-
dom-effects model) was used to assess the strength of 
the association between malaria infection (and overall 
anaemia as well as moderate-to-severe anaemia) and 
utilization of malaria interventions, while controlling 
for potential confounders. This study used individual 
data (level 1) nested within clusters (the primary sam-
pling units, level 2). As per the multi-level analysis 
strategy, both clusters and individuals were considered 
as units of analysis of this study. Based on the objective 
of the study, the three malaria intervention variables 
were entered in the multi-level logistic regression anal-
ysis. The area of residence (rural/urban) variable was 
retained in all models because it was used to stratify 
clusters in the study design. Age and sex variables were 
included as potential confounders for malaria infec-
tion (and overall anaemia as well as moderate-to-severe 
anaemia) in the multi-level logistic regression analysis, 
to control for their effects. The cluster was used as the 
random effect to account for the within-cluster correla-
tion of outcomes.

The strategy for building the multi-level model was 
based on developing two consecutive models (see strat-
egy for multilevel model building in Additional file 1: Box 
S1). In the first step, a null model was developed that only 
included the cluster (higher level) random effect and the 
intercept. The null model aimed to identify the variation 
in outcomes that were attributed to cluster variation. In 
the next step, another model (the full model) was devel-
oped that included utilization of malaria intervention 
variables as well as all potential confounding variables 
to estimate the strength of the association between the 
variables and outcomes. Area of residence was retained 
in full model, to account for the study design effect. 
Separate models for each outcome (malaria infection, 
anaemia, and moderate-to-severe anaemia) were built 
independently.

Results
In the 242 clusters of the study, a total of 26,469 individu-
als, distributed in 12 states, were included for the current 
study analysis. The mean age of the study population was 
19.6 years [standard deviation (SD) 18.2 years]. Females 
represented 57.7% of the study population while about 
three quarters (76.6%) were rural residents.

Prevalence of malaria infection and anaemia
Overall, 7.6% [95% confidence interval (CI) 6.5–8.9] of 
the study sample (N = 26,469) had a malaria infection 
at the time of the data collection. P. falciparum was the 
major cause of infection with Plasmodium vivax rep-
resenting 9.2%. The mean age of the population with a 
malaria infection was 13.6 years (95% CI 12.9–14.3). In 
addition, the malaria infection rate among males was 
8.6% compared to 7.0% among females and it was 8.0% 
among rural compared to 6.4% among urban residents.

Among the 2300 included children between 6 and 59 
months old (8.7% of the total study participants), over-
all anaemia prevalence based on haemoglobin level was 
47.5% (95% CI 44.6–50.3). Overall anaemia prevalence 
was 51.0% among boys compared to 43.9% among girls 
and it was 48.1% in rural compared to 44.9% in urban 
communities. The prevalence of moderate-to-severe 
anaemia among children was 4.5% (95% CI 3.3–6.1). 
Moderate-to-severe anaemia prevalence was 5.4% among 
boys compared to 4.1% among girls and it was 4.8% in 
rural compared to 3.8% in urban communities.

Cluster‑level utilization of malaria interventions
As shown in Table 1, most of the participants were living 
in areas with either low (< 40%) or average (40 to < 60%) 
community-level utilization of malaria interventions, 
while only a minority were living in areas with effective 
(≥ 80%) utilization. The mean community utilization of 
malaria interventions was 31.5% for malaria diagnosis, 
29.9% for ACTs and 35.7% for LLINs.

Table 1 Population distribution by levels of community utilization of malaria control interventions, Sudan 2016

Totals in this table are the total number of individuals living in areas where specified malaria intervention utilization was assessed. Variation in totals is because some 
clusters (with their study population) were not eligible for specified intervention assessment i.e., no case of fever was reported (malaria diagnosis eligibility) or none 
was tested positive (ACTs eligibility)

95% CI 95% confidence interval, SD Standard Deviation, ACTs artemisinin-based combination therapies, LLINs long-lasting insecticidal nets

Proportion of the population living in areas with 
specified community‑level utilization of malaria 
interventions

Level of community utilization of interventions

Low (< 40%) Average 
(40 to 
< 60%)

High (60 
to < 80%)

Effective 
(≥ 80%) 
[30]

Mean (SD) 95% CI of the mean

Malaria diagnosis [in %, Total = 25,877] 68.7% 18.5% 10.4% 2.4% 31.5% (22.3) 29.0–34.0

ACTs [in %, Total = 20,763] 63.5% 21.9% 6.8% 7.9% 29.9% (29.3) 26.2–33.7

LLINs [in %, Total = 24,883] 61.1% 17.7% 13.5% 7.7% 35.7% (25.6) 32.8–38.6
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Individual use of LLINs
The average use of LLINs was 33.5% while the potential 
LLIN coverage (defined as the proportion of households 
with at least one LLIN per two persons) was 43.8%. The 
malaria infection rate among individuals who used LLINs 
was 9.0% and it was 8.4% among non-users (N = 19,901, 
i.e., only those who were eligible for multi-level multi-
ple logistic regression analysis). Overall anaemia preva-
lence among children who used LLINs was 47.2% and it 
was 47.6% among those who did not use it. Similarly, the 
prevalence of moderate-to-severe anaemia among LLINs 
users was 4.5% compared to 4.6% among non-users. The 
multi-level simple logistic regression showed a crude 
OR (for LLINs users compared to non-users) for malaria 
infection of 0.81 (95% CI 0.71–0.92, p = 0.001), for over-
all anaemia of 1.12 (95% CI 0.88–1.43, p = 0.341), and for 
moderate-to-severe anaemia of 1.16 (95% CI 0.73–1.85, 
p = 0.537).

(For distribution of outcomes per different levels of 
community utilization of interventions refer to Addi-
tional file 1: Tables S2–S4).

Association between community‑level utilization 
of malaria interventions and malaria infection
The findings of the multi-level models for the association 
of malaria interventions and malaria infection are shown 
in Table  2. The null model demonstrated an intra-class 
correlation coefficient (ICC) of 0.39 (95% CI 0.33–0.46) 
indicating that 39% of the variation in malaria infection 
was attributed to variation in cluster-level characteristics.

The full model showed that, after adjusting for age and 
sex, the odds of malaria infection was inversely associ-
ated with community utilization of diagnosis. The odds 

of malaria infection was significantly reduced by 14% 
for each 10% increase in the utilization of malaria diag-
nosis (adjusted odds ratio (aOR) 0.86, 95% CI 0.78–0.95, 
p = 0.004). Unexpectedly, the odds of malaria infection 
was significantly and positively associated with utili-
zation of LLINs and it was increasing with the increas-
ing utilization [aOR (per 10% utilization) 1.20, 95% CI 
1.11–1.29, p < 0.001]. The model identified no association 
between malaria infection and utilization of ACTs (aOR 
0.97, 95% CI 0.91–1.04, p = 0.413).

Association between community‑level 
utilization of malaria interventions and overall 
and moderate‑to‑severe anaemia
As shown in Table  3, none of the malaria interventions 
demonstrated a significant association with neither 
overall anaemia or moderate-to-severe anaemia in the 
bivariate multi-level regression analysis. Thus, no further 
models were developed.

Discussion
This study aimed to assess the community-level utiliza-
tion of several malaria control interventions and their 
impact on malaria infection, overall anaemia, and mod-
erate-to-severe anaemia, in a population living in areas of 
low malaria transmission in Sudan. The study identified 
that malaria infection rates were relatively low (7.6%). 
The peak of malaria infections in this study was among 
the adolescent population. This low level of malaria infec-
tion and the age group most at risk that was concentrated 
in older children in this study are typical findings for low-
malaria transmission areas, while in high transmission 

Table 2 Association between community-level utilization of malaria interventions and malaria infection, Sudan 2016

Estimates of multi-level (two-level) logistic regression model for the association between community-level utilization of malaria interventions and malaria infection in 
low transmission area, Sudan 2016.

Intra-class correlation coefficient (ICC) = 0.39 (95% CI 0.33–0.46) [null model]

Total number of observations = 19,901, Total number of clusters (level two units) = 242

cOR crude odds ratio, 95% CI 95% confidence interval, aOR (for the final model) adjusted odds ratio, ACTs artemisinin-based combination therapies, LLINs long-lasting 
insecticidal nets

Variables cOR (95% CI) aOR (95% CI)

Utilization of malaria diagnosis (per 10% utilization) 0.89 (0.80–0.98), p = 0.020 0.86 (0.78–0.95), p = 0.004

Utilization of ACTs (per 10% utilization) 0.98 (0.91–1.05), p = 0.588 0.97 (0.91–1.04), p = 0.413

LLINs utilization (per 10% utilization) 1.17 (1.09–1.26), p < 0.001 1.20 (1.11–1.29), p < 0.001

Area of residence

 Rural (reference) 1 1

 Urban 0.82 (0.57–1.19), p = 0.307 0.89 (0.61–1.30), p = 0.555

Sex

 Male (reference) 1 1

 Female 0.81 (0.73–0.90), p < 0.001 0.84 (0.75–0.94), p = 0.002

Age (per year) 0.98 (0.97–0.98), p < 0.001 0.98 (0.97–0.98), p < 0.001
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areas higher infection rates, morbidity, and mortality 
cluster among younger children [3].

The majority of the population live in areas where the 
community-level utilization of each of the three malaria 
interventions was low. The average utilization of inter-
ventions hardly exceeded a third of the population. Indi-
vidual use of LLINs was also low, with only one-third 
reporting that they had slept under LLINs the night 
prior to the survey. However, this study did not identify 
the reasons for the low usage of the intervention, and 
whether these related to supply or demand. It would be 
short-sighted to simply blame the population for the 
low utilization of malaria interventions identified by 
this study, since potential coverage with one LLINs per 
two household members was also low at 43.8%, indicat-
ing insufficient provision. Evidence from other studies 
showed that low universal coverage of LLINs was the 
major cause of low utilization by the population [31–34]. 
This low utilization of interventions hinders effective 
control and reduction of malaria, for which a target of 
≥ 80% has been set by the WHO [30]. Worldwide, the 
low utilization of malaria interventions is indicated as a 
major challenge [1, 19, 20]. With the current trend, the 
WHO does not expect to achieve the 2030 global malaria 
technical strategy (GTS) and the sustainable develop-
ment goals (SDGs) targets for malaria morbidity and 
mortality reduction. It was estimated that, if the current 
trend continues, the global incidence of malaria could 
be off track of the GTS by 87% by 2030 [1]. The need to 
identify and respond to the obstacles preventing access 
to and effective utilization of the current interventions 
remains crucial.

This study found that the odds of malaria infection 
decreased with the increasing utilization of malaria diag-
nosis in the community. This indicates that there was a 
protective effect of increasing access and community use 
of diagnosis against malaria infection: the more partici-
pants received malaria diagnostic services on time, the 
lower the risk of people within the community getting 
malaria. This is logical, especially if the diagnosis is fol-
lowed by prompt effective use of antimalaria treatment, 
thus offering an opportunity to early elicit cases and clear 
gametocytes, which in turn reduces transmission [3]. The 
quantified protective relationship of malaria diagnosis 
and infection identified in this study confirms the need 
for enhancing access and utilization to this key case-
management tool.

By contrast, utilization of ACTs was not significantly 
associated with malaria infection in this study. This could 
probably be due to the low community-level utilization of 
the ACT. Furthermore, it is important to mention that a 
decreasing efficacy of AS/SP was reported from Sudan, 
which was mainly attributed to the failing SP component 
[35]. This low AS/SP efficacy could have played a role in 
the current lack of effect, too. Modelling studies showed 
that a larger impact of case management, notably ACTs, 
in reducing malaria burden was noticed when coverage 
was high, in which the coverage-effectiveness curve slope 
non-linearly increases with increasing in coverage [36–
38]. Findings from this study support these mathematical 
models’ findings, which conclusively denotes that in low 
transmission areas low community utilization of ACTs 
may have little or no effect and sufficiently high usage is 
crucial. The impact of ACTs alone in areas with a prior 

Table 3 Association between community-level utilization of malaria interventions and overall anaemia and moderate-to-severe 
anaemia, Sudan 2016

Estimates of multi-level (two-level) logistic regression for the association between community-level utilization of malaria interventions and anaemia (and moderate-
to-severe) in low transmission area, Sudan 2016

Intra-class correlation coefficient (ICC) = 0.12 (95% CI 0.07–0.19) [null model]

Total number of observations = 1550, Total number of clusters (level two units) = 222

cOR crude odds ratio, 95% CI 95% confidence interval, ACTs artemisinin-based combination therapies, LLINs long-lasting insecticidal nets

Variables Overall anaemia
cOR (95% CI)

Moderate‑to‑severe anaemia
cOR (95% CI)

Utilization of malaria diagnosis (per 10% utilization) 1.00 (0.93–1.07), p = 0.988 0.94 (0.83–1.06), p = 0.303

Utilization of ACTs (per 10% utilization) 1.01 (0.96–1.0), p = 0.780 1.01 (0.94–1.098), p = 0.714

LLINs utilization (per 10% utilization) 0.98 (0.93–1.03), p = 0.415 1.00 (0.91–1.09), p = 0.983

Area of residence

 Rural (reference) 1 1

 Urban 0.88 (0.64–1.21), p = 0.434 0.93 (0.54–1.61), p = 0.794

Sex

 Male (reference) 1 1

 Female 0.72 (0.58–0.89), p = 0.002 0.55 (0.34–0.89), p = 0.016

Age (per year) 0.66 (0.60–0.73), p < 0.001 0.88 (0.71–1.08), p = 0.217
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low transmission state demonstrated some effect in mod-
elling studies, with little effect perceived in areas with 
prior high transmission [39].

On the other hand, the odds of malaria infection in 
this study increased with an increasing rate of utiliza-
tion of LLINs. In other words, the effectiveness of LLINs 
on malaria infection was not evident at this low level of 
community utilization. This may be because the impact 
of community interventions is more prominent with high 
coverage [17]. In a controlled study in Côte d’Ivoire, high 
LLINs coverage (95–100%) was associated with a decrease 
in malaria transmission [18]. In mathematical models, the 
pattern of malaria prevalence was found consistent with 
the trend in increasing LLINs coverage [37, 39]. How-
ever, coverage alone is not enough to demonstrate the 
effectiveness, unless combined with community utiliza-
tion [40]. It is not clear whether the lack of the impact of 
the community-level utilization of LLINs in this study on 
malaria infection was actually due to the low community 
utilization only, or also due to other factors. For instance, 
insecticide resistance could have played a role; vector 
(An. arabiensis) resistance to Deltamethrin was detected 
in Sudan in many studies [27, 41]. Moreover, decreas-
ing mosquito mortality was noticed associated with an 
increasing trend in LLINs use in Sudan [27, 41]. However, 
it is less likely to attribute the lack of impact of LLINs in 
this study to the insecticide resistance, since previous evi-
dence, including from Sudan, showed that even in the face 
of insecticide resistance, LLINs are still effective in provid-
ing protection against malaria [42]. The role of change in 
biting behaviors of An. arabiensis in explaining the unex-
pected association observed for community utilization of 
LLINs and the outcome was not studied. However, change 
in vector behaviors, if present, could not be ignored. The 
positive association between community-level utilization 
of LLINs and infection might be the result of the reverse 
causation where higher utilization of and probably cover-
age with LLINs were driven by higher burden. In other 
words, this might reflect that higher mosquito numbers 
drive the use of nets to diminish the nuisance of mosquito 
bites.

Nonetheless, this study showed that sleeping under 
LLINs has an individual protective effect against malaria 
infection. In modelling studies, the effectiveness of LLINs 
use was demonstrated in terms of reducing incidence 
and transmission [43]. An association of low mortality 
was observed with individuals using ITNs compared to 
non-users [44]. In a systematic review study, the effect 
of individual net use was found protective, but not the 
household use [45]. The individual protective effect of 
LLIN use seen in this study could either be due to the 
mechanical barrier of nets or the insecticidal effect, or, 
more probably, both [46, 47].

This study showed that almost half (47.5%) of the chil-
dren under five were anaemic, with 4.5% suffering from 
moderate-to-severe anaemia. The study did not find an 
association between overall anaemia and community-
level utilization of malaria interventions. Moderate to 
severe anaemia, which is a more sensitive indicator 
to measure malaria burden [14, 16], similarly did not 
show an association with malaria interventions. By con-
trast, findings from other studies did demonstrate a link 
between malaria interventions and anaemia [7–10]. The 
absence of association between malaria interventions 
and anaemia seen in the current study could be explained 
either by the low community utilization of interventions, 
or the low malaria transmission level seen in the study 
area. It is expected that in low transmission settings, 
chronic malaria and repeated malaria infections are less 
frequent and hence may not be major contributors to 
anaemia in such settings [15, 48, 49]. In low to moder-
ate transmission settings, including from Sudan, anaemia 
was previously found to be associated with malaria infec-
tion, but not with the transmission level [15, 28, 48–50].

When evaluating progress in malaria control, the way 
we are assessing the impact of malaria interventions 
needs some fine-tuning [6, 51, 52]. As a lesson learnt 
from this study, two important factors, among others, 
should be considered while measuring the impact of 
malaria interventions: the utilization level of interven-
tions and the prior level of malaria transmission [36–39, 
43, 51]. The impact of malaria interventions was noticed 
to vary with the level of transmission [36, 39, 43, 51].

This study did not assess the efficacy of malaria inter-
ventions in the ideal situation where high coverage and 
proper use were ensured or in areas of moderate and/
or high malaria transmission. It is among the few stud-
ies that assessed the impact of the population use of 
malaria diagnosis, as a case-management tool, on malaria 
burden. Furthermore, the study used a multi-level analy-
sis strategy, considering both clusters and individuals 
as units of this study, while adjusting for potential con-
founders. The large sample size of this study is one of its 
strengths. One of the limitations of this study is that it 
used individual use of LLIN the night prior to the sur-
vey as a proxy indicator for measuring utilization. This in 
fact does not reflect the real exposure–effect relationship 
but is commonly used as standard indicator in malaria 
indicator surveys. Other limitation of this study is that it 
did not include larval source management (LSM) activi-
ties in urban settings in the evaluation. This was due to 
the technical and operational difficulties in assessing this 
intervention. Evidence from a systematic review showed 
that proximity to breeding sites is associated with a 
higher risk of malaria [45].
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Conclusion
The findings of this study showed that malaria prevalence 
in the study area was relatively low (7.6%). Although 
nearly half of the children under 5 years were anaemic, 
few had moderate-to-severe anaemia. Utilization of 
malaria interventions was low, and the majority of the 
population were living in areas where intervention uti-
lization was classified as less effective. Utilization of 
malaria diagnosis demonstrated as a significant protec-
tive effect against malaria infection, but this effect was 
not seen with ACTs or LLINs utilization. None of the 
interventions showed an association with overall anae-
mia or moderate-to-severe anaemia. The lack of effect of 
ACTs and LLINs could potentially be attributed to the 
low community utilization of these interventions or the 
prior low level of malaria transmission in the study area. 
The current findings indicate that national malaria con-
trol programs and donor agencies have to prioritize high 
interventions access as well as utilization.
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